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Synthesis of Silver(I) Complexes Containing N and P
Donor Ligands
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Abstract

Treatment of one equivalent of 3,4,5,6-tetraphenyl-2,2'-bipyridine
(tpbpy) with AgClO4 afforded [Ag(tpbpy)]ClO4 (1a). Similarly,
[Ag(tpbpy)|BFs (1b) was prepared using AgBF4. Reaction of two
equivalents of tpbpy with AgClOs yielded the homoleptic Ag(l)
complex [Ag(tpbpy)2]ClO4 (2). The four-coordinate heteroleptic Ag(l)
complex [Ag(tpbpy)(xantphos)|ClO4 (3) containing both N and P
donor ligands was prepared by treating AgClO4 with a (1:1) mixture
of tpbpy and 4,5-bis(diphenylphosphino)-9,9'-dimethylxanthene
(xantphos). [Ag(dmbpy)(xantphos)|ClO4 (4) (dmbpy = 6,6'-dimethyl-
2,2'-bipyridine) was prepared in a similar manner. Reaction of one
equivalent of xantphos with AgClO4 in acetonitrile produced the
labile three-coordinate Ag(I) complex [Ag(xantphos)(MeCN)|ClO4 (5).
Treatment of (5) with one equivalent of tpbpy or dmbpy afforded
the heteroleptic complexes (3) and (4), respectively. Reaction of (5)
with one equivalent of 4'-(4-methylphenyl)-2,2":6',2"-terpyridine
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(ttpy) afforded the five-coordinate Ag(]) complex
[Ag(xantphos)(ttpy)]ClO4+ (6). Treatment of AgClO; with one
equivalent of bis(diphenylphosphino)methane (dppm) in a (1:1)
solvent mixture of chloroform and methanol resulted in the
formation of [Agz(p-dppm)2][ClO4]2 (7). Reaction of (7) with one
equivalent of 3,6-di(2-pyridyl)-4,5-diphenyl-pyridazine (dppz) gave
the binuclear complex [Agz(p-dppm){p-dppz}|[ClO4]2 (8). Above
complexes were characterized by a combination of elemental
analysis, IR, Mass and NMR spectroscopy.

Keywords: homoleptic, heteroleptic Ag(l) complexes, xantphos,
dppm, pyridyl ligands

Introduction

Pharmaceutical application of silver was first recognized with the
use of silver nitrate (AgNOs3) in the early 1800s for the treatment of
ulcers. Silver complexes containing ligands such as N-heterocyclic
carbenes (NHC), N-heterocycles and phosphines possess several
properties: - ranging from antimicrobial, antibacterial, anti-
inflammatory and antiseptic to anti-neoplastic activity (Medici et
al., 2016; Kizrak et al., 2019; Jimenez et. al., 2017). Water-soluble
homoleptic Ag(I) complexes of the type [Ag(N”N)z](CF3SO3) based on
adamantylamines showed antibacterial properties (Jimenez et al.,
2017). Many applications of silver nanoparticles are known in
addition to their antimicrobial property (Handoko & Gulo, 2019;
Abbas et al., 2018). Silver(I) salts are good catalysts for alkyne-
based organic reactions such as alkynylation,
hydrofunctionalization, cycloaddition, cycloisomerization and
cascade reactions (Fang & Bi, 2015). Coordination complexes of
Ag(I) centre usually exhibit linear, tetrahedral or trigonal planar
geometry with ligands containing donor atoms such as CAN (NHC)
(I, II) (Medici et. al., 2016; Kokunov et. al., 2016; Hasson et al.,
2019; Ath & Gulle, 2019), NAN (III-VII) (Durini et al., 2017;
Carbonell-Vilar et. al., 2019; Xing et al., 2020; Fresta et al., 2019),
NANAN (VIII) (Jimenez et al., 2017; Artem’ev et al., 2019), PAP (IX-
XI) (Kaltzoglou et al., 2007; Bruce et al., 2016; Hutton et al., 1983;
Gimeno et al.,, 1995), PAN (XII, XIII) (Hung-Low & Klausmeyer,
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2008; Skoch et al., 2017; Artem’ev, 2020), PANAP (XIV) (Nayeri et
al., 2020) (Figure 1).
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Figure 1. Molecular structures of ligands I - XIV.

Ag(I) centres form mononuclear (Medici et al., 2016), binuclear
(Medici et al., 2016; Hung-Low & Klausmeyer, 2008; Artem’ev, et.
al., 2020), trinuclear (Artem’ev et al., 2019; Nayeri et al., 2020),
tetranuclear (Medici et al., 2016; Nayeri et al., 2020) and
polynuclear (Medici et al., 2016; Skoch et al., 2017; Artem’ev et al.,
2020) complexes with pyridines, bypyridines, diphosphines and
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pyridyl phosphines; some of these complexes show weak Ag-Ag
interaction. A few basic mononuclear, binuclear and trinuclear
Ag() complexes with linear, trigonal planar and tetrahedral
geometries are shown in Figure 2.

Figure 2. Molecular structures of complexes XV- XX.

First examples of emissive square-planar Ag(l) complexes [Ag(N,N'-
PysPO),]X (X = OTf, ClO4) were reported recently by reacting tris(2-
pyridyl)phosphine oxide (PysPO) with Ag(I) salts (Artem’ev et al.,
2019). Five- and six-coordinated Ag(l) complexes are less common
(Medici et al., 2016; Jimenez et al., 2017; Nayeri et al., 2020,
Artem’ev et al., 2019). Two examples of octahedral Ag(I) complexes
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include [Ag(N,N',N"-PysPO);|BFs (Artem’ev et al., 2019) and
[Ag(N,N',N"-VIII);]OTf (Jimenez et al., 2017).

Silver is a less expensive metal with promising catalytic, structural
and photophysical properties which can be tuned with other co-
ligands (Artem’ev et al., 2020), thus, it is of interest to explore the
chemistry of Ag(l) centres with different chelating (N/N), (NAN/N)
and (PAP) donor ligands. Here we report studies carried out to
synthesise Ag(I) complexes wusing 3,4,5,6-tetraphenyl-2,2'-
bipyridine (tpbpy), 6,6'-dimethyl-2,2'-bipyridine (dmbpy), 4'-(4-
methylphenyl)-2,2":6",2"-terpyridine  (ttpy), 3,6-di(2-pyridyl)-4,5-
diphenyl-pyridazine (dpp2z), 4,5-bis(diphenylphosphino)-9,9'-
dimethylxanthene (xantphos), and bis(diphenylphosphino)methane
(dppm). The bidentate dmbpy ligand and terdentate ttpy ligand are
planar symmetrical molecules whilst tpbpy is a bulky
unsymmetrical bidentate ligand. The symmetrical dppz ligand has
four nitrogen donors which can bridge two metal centres or
produce polynuclear complexes.

Methodology

All the experiments were carried out in an inert atmosphere of
dinitrogen or argon. IR spectra were recorded on a Perkin-Elmer
Spectrum One spectrometer fitted with a diffuse reflectance
accessory. Electrospray mass spectra were obtained on a
Micromass LCT electrospray mass spectrometer. MALDI-TOF mass
spectra were recorded on a Waters MALDI-QTOF Premier
spectrometer using o-cyano-4-hyrdoxy cinnamic acid matrix.
Accurate mass spectra were referenced against Leuicine
Enkephalin. Elemental analyses were carried out on a Carlo Erba
1006 automatic analyser. NMR spectra were recorded on a DPX
400 spectrometer operating at 400.13 MHz for 'H and 100.62 MHz
for 13C; the 'H and 13C chemical shifts (§) are in ppm with respect
to TMS while coupling constants (J) are in Hz. 3'P NMR spectra
were recorded at 161.02 MHz and are standardized with respect to
phosphoric acid. AgBF4, AgClO4, 6,6'-dimethyl-2,2'-bipyridine
(dmbpy), 4,5-bis(diphenylphosphino)-9,9'-dimethylxanthene
(xantphos) and bis(diphenylphosphino)methane (dppm) were
purchased from  Aldrich. 3,4,5,6-tetraphenyl-2,2'-bipyridine
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(tpbpy), 4'-(4-methylphenyl)-2,2:6',2"-terpyridine or tolylterpyridine
(ttpy) and 3,6-di(2-pyridyl)-4,5-diphenyl-pyridazine (dppz) were
prepared according to literature procedures (Ollangnier, et al.,
2008; Schubert, et al., 2006; Gil, et. al., 2011).

[Ag(tpbpy)]ClO. (1a)

A solution of AgClO4 (9 mg, 0.0434 mmol) in methanol (1 mL) was
added to a solution of 3,4,5,6-tetraphenyl-2,2'-bipyridine (tpbpy)
(20 mg, 0.0434 mmol) in dichloromethane (1 mL) to yeild a
colourless solution and the reaction mixture was heated to 50 °C
for 1 h. The solution was concentred to a low volume under
reduced pressure to yeild (la) as a white solid, (20 mg, 71%).
Found: 61.63; H, 4.02; N 4.03, calcd. (%) for Cz4H24CIN2O4Ag: C,
61.14; H, 3.62; N 4.19. IR (neat, cm™): 1579, 1477, 1404, 1269,
1094, 833, 792, 750 and 703. Maldi (DCM, m/z): found: 567.0973;
calcd. 567.0990 for C34H24N2Ag, [M—CIO4]+. IH NMR (400 MHz,
CDCly): 8.57 (d, br, 1H, 3J(HH) = 4.0 Hz, H¥), 7.50-7.39 (m, 2H,
HFy) 7.32-7.24 (m, 2H, HP» overlaps with chloroform signal), 7.22-
7.12 (m, 3H, HPh), 7.10-6.94 (m, 9H, HPh), 6.88 (d, 2H, 3J(HH) = 7.0
Hz, HPh), 6.85-6.77 (m, 3H, HPy & HFh) and 6.73 (d, 2H, 3J(HH) = 6.5
Hz, HPh),

[Ag(tpbpy)]BF 4 (1b)

A solution of AgBF4 (8.4 mg, 0.0431 mmol) in methanol (1 mL) was
added to a solution of 3,4,5,6-tetraphenyl-2,2'-bipyridine (20 mg,
0.0434 mmol) in dichloromethane (1 mL) to give a colourless
solution. After 3 h, the solvent was removed under reduced
pressure and the residue triturated with methanol to yield (1b) as a
white solid, (18 mg, 64%). Found: 61.95; H, 4.00; N 4.05, calcd. (%)
for C34H24BN2F4Ag: C, 62.32; H, 3.69; N 4.28. IR (neat, cm™'): 3057,
1592, 1536, 1470, 1443, 1397, 1058, 1029, 832, 763 and 699.
Maldi (DCM, m/z): Found: 567.0963, calcd. 567.0990, for
CssH24N2Ag, [M-BF4]*. 1TH NMR (400 MHz, CDCl3): 8.57 (d, br, 1H,
3J(HH) =4.5 Hz, H®), 7.52-7.39 (m, 2H, H?) 7.26 (d, 2H, 3J(HH)
=7.5 Hz, HPh), 7.21-7.11 (m, 3H, HP?), 7.10-6.95 (m, 9H, HFh), 6.88
(d, 2H, 3J(HH) = 7.0 Hz, HPh), 6.84-6.76 (m, 3H, 3J(HH) = 7.5 Hz,
HPy & HPh) and 6.73 (d, 2H, 3J(HH) = 7.0 Hz, HFh).
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[Ag(tpbpy)]ClO4 (2)

3,4,5,6-Tetraphenyl-2,2'-bipyridine (22 mg, 0.048 mmol) and
AgClO4 (4.8 mg, 0.023 mmol) in acetonitrile (1.5 mL) were heated
under reflux for 3 h. The resulting colourless solution was
concentrated to obtain a low volume and diethyl ether was added
to yield (2) as a white solid (23 mg, 88%). Found: C, 70.63; H, 4.17;
N 4.72, calcd. (%) for CesH4sCIN4O4Ag 0.5CH2Clo: C, 70.26; H, 4.22;
N 4.79. IR (neat) cm™: 3057, 1592, 1535, 1473, 1443, 1395, 1088,
998, 765 and 658. Mass (acetone, m/z): found: 1027.2948, calcd.
1027.2930 for CesHasNsAg, [M-ClO4]*. 'TH NMR (400 MHz, CDCls):
8.57 (d, 2H, 3J(HH) = 4.5 Hz, H¥), 7.51-7.24 (m, 2H, H?), 7.33-7.24
(m, 4H, overlaps with the solvent peak), 7.22-7.11 (m, 6H, HPh),
7.10-6.94 (m, 18H, HPh), 6.88 (d, 4H, 3J(HH) = 7.5 Hz, HPh), 6.85-
6.77 (m, 6H, HPy & HPh) and 6.73 (d, 2H, 3J(HH) = 7.5 Hz, HPh).

[Ag(xantphos)(tpbpy)]ClO4 (3)

A suspension containing 4,5-bis(diphenylphosphino)-9,9-dimethyl
xanthene (xantphos) (41 mg, 0.071 mmol), 3,4,5,6-tetraphenyl-2,2'-
bipyridine (tpbpy) (33 mg, 0.071 mmol) and AgClO4 (14 mg, 0.067
mmol) in acetonitrile (3 mL) was heated under reflux for 2 h. The
resulting colourless solution was concentrated to a low volume and
diethyl ether was added to yield (3) as a white solid (77 mg, 91%).
Found: C, 69.85; H, 4.47; N 2.22, calcd. (%) for C73Hs6CIN2OsP2Ag:
C, 70.34; H, 4.53; N 2.25. Mass (acetone, m/z): found: 1145.2926,
calcd. 1145.2919 for C73HseN2OP2Ag, [M-ClO4]*. IR (neat, cm™):
3054, 1596, 1548, 1436, 1399, 1220, 1083, 746 and 695. 'TH NMR
(400 MHz, CDCls): 7.67 (d, 2H, HP), 7.49-7.32 (m, SH, HPh/Ar/Py),
7.27-7.00 (m, 19H, HPh/A/Py) 6.99-6.76 (m, 18H, HPh/A/PY) 6.72-
6.60 (m, 4H, HPh/Ar/Py) 6.55-6.26 (br, 2H, HPh/A/PY) and 1.69 (br,
6H, Me). 31P NMR (161 MHz, CDCly): -5.4 (dd), 1J(107AgP) = 384 Hz
and 1J(109AgP) = 444 Hz.

[Ag(xantphos)(tpbpy)]ClO4 (3) from [Ag(xantphos)(MeCN)|ClO4
[Ag(xantphos)(MeCN)|ClO4 (5) (15 mg, 0.018 mmol) and 3,4,5,6-
tetraphenyl-2,2'-bipyridine (9 mg, 0.0195 mmol) were dissolved in
dichloromethane (1.5 mL) to yield a colourless solution. After 2 h, it
was concentrated, and hexane was added to deposit (3) as a white
solid (19 mg, 84%). Characterizing data are as same as given above
for (3).
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[Ag(xantphos)(dmbpy)]ClO, (4)

A suspension containing 4,5-bis(diphenylphosphino)-9,9'-
dimethylxanthene (xantphos) (82 mg, 0.14 mmol), 6,6'-dimethyl-
2,2’-bipyridine (dmbpy) (25 mg, 0.135 mmol) and AgClO4 (29 mg,
0.14 mmol) in acetonitrile (5 mL) was heated under reflux for 1 h.
The resulting colourless solution was concentrated to yield (4) as a
white solid (111 mg, 82%). Found: C, 63.55; H, 4.40; N 2.60, calcd.
(%) for Cs1H44CIN2OsP2Ag: C, 63.14; H, 4.57; N 2.89. Maldi (MeCN,
m/z): Found: 685.1021, calcd. 685.0979 for CzoH320P2Ag,
[Ag(xantphos)]*. IR (neat, cm™): 3049, 2961, 1594, 1574, 1435,
1402, 1222, 1085, 785, 736 and 692. 'H NMR (400 MHz, CDCly):
8.23 (d, 2H, 3J(HH) 8.0 Hz, H¥), 8.00 (t, 2H, 3J(HH) 7.5 Hz, H¥),
7.66 (d, 2H, 3J(HH) 7.5 Hz, Har), 7.33 (t, 4H, 3J(HH) 7.5 Hz, HPh/Ar),
7.30-7.23 (m, 2H, HPh/Ar overlap with the solvent peak), 7.22-7.12
(m, 8H. HPh/Ar/Py) 7.09-6.98 (m, 8H, HPhAr), 6.66-6.58 (m, 2H,
HPh/Ar) 217 (s, 6H, Me), and 1.74 (s, 6H, Me). 31P NMR (161 MHz,
CDCls): -6.2 (dd) 1J(197AgP) = 357 Hz and 1J(199AgP) = 412 Hz.

[Ag(xantphos)(dmbpy)]Cl04 (4) from [Ag(xantphos)(MeCN)]|ClO4

[Ag(xantphos)(MeCN)|CIOs (5) (20 mg, 0.024 mmol) and 6,6'-
dimethyl-2,2'-bipyridine (6 mg, 0.035 mmol) were dissolved in
dichloromethane (1.5 mL) to yield (4) as a colourless solution. After
3 h, it was concentrated, and hexane was added to yield a white

solid (22 mg, 95%). Characterizing data are same as given above for
(4).

[Ag(xantphos)(MeCN)]ClO4 (5)

4,5-Bis(diphenylphosphino)-9,9'-dimethylxanthene (xantphos) (164
mg, 0.28 mmol) and AgClO4 (58 mg, 0.28 mmol) were heated under
reflux in acetonitrile (10 mL) for 2 h. The resulting colourless
solution was concentrated to yield (5) as a white solid (191 mg,
83%). Found: C, 59.27; H, 4.06, N, 1.75 calcd. (%) for
C41H35CINOsP2Ag: C, 59.55; H, 4.27, N, 1.69. Maldi (MeCN, m/z):
found: 685.0958, calcd. 685.0979 for CzoH3,OP2Ag, [M-ClO4]*. IR
(neat, cm™): 2978, 2937, 2270, 1586, 1480, 1445, 1403, 1236,
1109, 1059, 789, 746 and 694. 'H NMR (400 MHz, CDCls): 7.62 (d,
2H, 3J(HH) 7.5 Hz, HA), 7.41-7.27 (m, 20H, HPh), 7.16 (t, 2H, 3J(HH)
7.5 Hz, HA1), 6.71 (m, 2H, HAr), 2.04 (s, 3H, MeCN), and 1.69 (s, 6H,
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Me). 3P NMR (161 MHz, CDCly): -5.3 (dd), 1J(1°7AgP) = 461 Hz and
1J(109AgP) = 532 Hz.

[Ag(xantphos)(ttpy)] ClO4 (6)

[Ag(xantphos)(MeCN)|ClOs (5) (15 mg, 0.018 mmol) and
tolylterpyridine (ttpy) (7 mg, 0.021 mmol) were dissolved in
dichloromethane (1.5 mL) to yield a colourless solution. After 3 h, it
was concentrated, and hexane added to yield (6) as a white solid
(18 mg, 90%). Found: C, 65.26; H, 4.31; N 3.72. calcd.(%) for
Ce61H4oN3AgClOsP2-0.25CH.Cl,, C, 65.07; H, 4.41; N 3.72. Mass
(acetone, m/z): found: 1008.2442, calcd. 1008.2402 for
Cs1HasOsN3P2Ag, [Ag(ttp)(xantphos)]*. IR (neat, cm™): 3054, 2960,
1600, 1584, 1567, 1477, 1434, 1402, 1220, 1089, 789, 746 and
694. 'H NMR (400 MHz, CDCls): 8.44 (s, 2H, H¥), 8.27 (d, 2H,
3J(HH) 7.7 Hz, H3), 8.21 (s, 2H, H¢), 7.85 (d, 2H, 3J(HH) 8.0 Hz,
Har), 7.65 (d, 2H, 3J(HH) 7.5 Hz, Hxan), 7.58 (vt, 2H, 3J(HH) 7.5 Hz,
H%), 7.42 (d, 2H, 3J(HH) 8.0 Hz, HAr), 7.34-7.24 (m, 8H, HPh), 7.22-
6.96 (m, 16H, HPh Hxan & H5), 6.63 (m, 2H, Hxan), 2.49 (s, 3H, Me)
and 1.72 (s, 6H, Me-xan). 3!P NMR (161 MHz, CDCl3): -6.2 (br, d),
1J(107/109AgP).y = 402 Hz. 13C NMR (101 MHz, CDCls, § in ppm):
155.99, 154.90, 153.63, 151.50, 149.46 (C¢), 137.93 (C%), 133.14
(CPh), 132.56, 131.34 (Cxan), 130.23 (CAr), 129.02 (CPh), 128.88 (CFh),
127.31 (Car), 127.25 (Cxan), 124.56, 122.63 (C3), 120.67 (C?), 29.20
(Mexan) and 21.39 Meto)).

[Ag2(u-dppm)2|(ClO.)2 (7)

A solution containing bis(diphenylphosphino)methane (dppm) (54
mg, 0.14 mmol) and AgClO4 (29 mg, 0.14 mmol) in a degassed
mixture of chloroform and methanol (1:1) (4 mL) was heated under
reflux for 1.5 h. The solution was concentrated to a low volume to
yield white crystals, which were filtered off and washed with cold
methanol (71 mg, 85%). Found: C, 50.45; H, 3.40, calcd. (%) for
Cs0H44Cl20sPsAgs: C, 50.75; H, 3.75. IR (neat) cm™: 3057, 1590,
1480, 1438, 1085, 990, 700 and 680. Maldi (MeCN, m/z): found:
1080.9888, calcd. 1080.9980 for CsoH44ClO4PsAgs, [M-ClO4]*.
Found: 491.0232, calcd. 491.0248 for CasH2P2Ag, [Ag(dppm)]*.
Found: 875.1442, calcd. 875.1444 for CsoH44P4Ag, [Ag(dppm)2]*. 1H
NMR (400 MHz, CDCly): 7.64-7.55 (br, m, 16H, HPh), 7.41-7.31 (m,
24H, HPh) and 3.95 (m, 4H, J(PH) ca. 5 Hz, CHy). 'H NMR (400
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MHz, CD3CN, §): 7.54-7.50 (br, m, 16H, HFh), 7.44 (t, 8H, J 7.5 Hz,
HPh) 7.33 (t, 16H, J 7.7 Hz, HPh) and 3.74 (m, 4H, J(PH) 4.8 Hz,
CHy). 3P NMR (161 MHz, CDCl3): 10.4 (m, 2nd order), Tentative
1J(197AgP) = 499 & 1J(199AgP) = 576 Hz. 31P NMR (161 MHz, CD3CN):
7.0 (br, dt, 2nd order), N = 36.2 Hz, J(AgP)., = 507 Hz. 13C NMR
(101 MHz, CDsCN, §): 134.02 (t, J(PC) 3.4 Hz), 132.30 (s), 131.13
(m, J(PC) ca. 10 Hz), 130.02 (s), and 25.53 (m, J(PC) ca. 7 Hz).

[Agz(u-dppm)z{p-dppzfJ[ClO4] (8)

3,6-Di(2-pyridyl)-4,5-diphenyl-pyridazine (dppz) (6 mg, 0.0155
mmol) was added to a solution of [Agz(u-dppm)2](ClO4)2 (7) (18 mg,
0.0152 mmol) in dichloromethane (1.5 mL) to give a colourless
solution. This solution was allowed to concentrate at room
temperature for 5 h. Addition of diethyl ether precipitated (8) as a
light off-white solid (21 mg, 88%). Found: C, 56.24; H, 3.92; N
3.29, calcd. (%) fOI‘ C76H62012N408P4Ag2-1.OCHQCIQZ C, 55.89; H,
3.90; N 3.39. IR (neat) cm™: 3656, 3057, 1590, 1483, 1435, 1377,
1083, 998, 739 and 689. Maldi (MeCN, m/z): Found: 1080.9933,
calcd. 1080.9980 for CsoH44ClO4PsAg>, [Aga(dppm)2ClO4]*. 1H NMR
(400 MHz, CDClg): 8.00 (br, d, 2H, J(HH) 4.0 Hz, Hpy), 7.53 (br, m,
4H), 7.40 (br, t, 2H, JHH) 8.0 Hz), 7.36-7.25 (br, m, 28H), 7.24-
7.16 (br, m, 8H), 7.15-7.03 (br, m, 16H), 6.86 (br, m, 2H, J(HH)
8.0 Hz) and 3.76 (br, m, 4H, CHy). 3P NMR (161 MHz, CDCly): -5.7
(br, dt), 1J(107/109AgP),, = 449 Hz.

Results and Discussion

First, the coordination chemistry of the Ag(I) centre with the bulky
bidentate nitrogen-donor ligand 3,4,5,6-tetraphenyl-2,2'-bipyridine
(tpbpy) was studied. The two-coordinate Ag(l) complex of the type
[Ag(tpbpy)]* (1) was prepared by treating AgClO4 or AgBF4 with one
equivalent of the ligand (Scheme 1).
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X (i) AgX (ii)

X = Clo, ClO,

(1a) X =CIO,
(1b) X = BF,

Scheme 1. Synthetic routes to (1)-(2). (i) 1 equiv. tpbpy; (ii) 2 equiv.
tpbpy

This complex and other Ag(l) complexes were characterized by a
combination of elemental analysis, IR, Mass and NMR
spectroscopy. Mass spectrum of (1la) indicated an accurate mass
value of (m/z 567.0973) for the [M-ClO4]* ion and elemental
analyses confirmed the proposed structure with the composition
C34H24CIN20O4Ag. The four-coordinate Ag(l) complex [Ag(tpbpy)2]ClO4
(2) was isolated in 88% yield as a white solid by reacting AgClO4
with two equivalents of tpbpy in acetonitrile. The elemental
analysis and mass spectral analyses (m/z 1027.2948 for [M-ClO4]*)
confirmed the proposed structure with the composition
C68H48C1N4O4Ag-.

Four-coordinate heteroleptic Ag(I) complexes containing both P and
N donor ligands can be achieved by reacting silver(l) salt with a
(1:1) mixture of bidentate (PAP) and (N”N) ligands. The four-
coordinate Ag(I) complex [Ag(xantphos)(tpbpy)]ClO4 (3) was obtained
as a white solid in 91% yield by treating AgClO4 with a (1:1) molar
ratio of tpbpy and xantphos in acetonitrile. The 31P-{1H} spectrum of
(3) showed a doublet of doublets (or two doublets coupled to two
isotopes of silver) at -5.4 ppm with 1J(107AgP) = 384 Hz and
1J(109AgP) = 444 Hz. 'J(AgP) values agree with the published data
(M. C. Gimeno, et al, 1995). Similarly, the complex
[Ag(xantphos)(dmbpy)|ClO4+ (4) (dmbpy = 6,6'-dimethyl-2,2'-
bipyridine) was isolated as a white solid with 82% yield. The 31P-
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{tH} spectrum of (4) showed a doublet of doublets at -6.2 ppm with
1J(107AgP) = 357 Hz and 1J(19°AgP) = 412 Hz.

/ (i)
(ii)

(iif)
clo,

O Ag—NCMe |CIlO,4

O
PPh,

L (5) _

Scheme 2. Synthetic routes to (3)-(5). (i) tpbpy and xantphos (1:1);
(ii) dmbpy and xantphos (1:1); (iii) 1 equiv. xantphos.; (iv) 1 equiv.
tmbpy ; (iv) 1 equiv. tpbpy

The possibility of stepwise preparation of heteroleptic complexes of
the type [Ag(N/~N)(PAP)]* via the complex [Ag(P/P)(labile ligand)]*
was explored by replacing the labile ligand with a bidentate ligand
NAN as shown in scheme 2. Treatment of AgClO; with one
equivalent xantphos in acetonitrile gave a white solid with 83%
yield. Characterizing of data including elemental analysis suggests
it to be a three-coordinate Ag(l) complex [Ag(NCMe)(xantphos)]ClO4
(5). It showed a phosphorus-31 resonance at -5.3 ppm (dd) with
1J(107AgP) = 461 Hz and !J(199AgP) = 532 Hz. The proton resonance
of the coordinated MeCN appeared as a singlet at 2.04 ppm.
Treatment of this Ag(I) complex (5), containing a labile acetonitrile
ligand, with one equivalent of tpbpy gave the heteroleptic complex
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[Ag(tpbpy)(xantphos)]ClO4 (3) in 84%  yield. Similarly,
[Ag(dmbpy)(xantphos)]ClO4 (4) was prepared in 95% yield.

The five-coordinate heteroleptic complex [Ag(xantphos)(ttpy)]ClO4
(6) was prepared in 90% yield by treating (5) with one equivalent of
ttpy in dichloromethane (Scheme 3). Elemental analysis and mass
spectral data of (6) agreed well with the composition
Ce61H49N3ClOsP2Ag. The proton NMR and phosphorus-31 NMR data
suggest (6) to be a symmetrical molecule; only one set of signals
was observed for H3, H3' and H6 protons. The 3!P-{{H} NMR
spectrum showed a broad doublet centred at -6.2 ppm with
average 1J(107/109AgP) of 402 Hz.

clo,

Scheme 3. Synthetic routes to (6) (i) 1 equiv. ttpy.

The chemistry of AgClOs  with the diphosphine,
bis(diphenylphosphino)methane (dppm) was then studied. The
diphosphine dppm is known to bridge two metal centres than
forming 4-membered chelate rings. “A-frame” Ag(l) complexes
[Ag2(dppm)2(FBF4)2], [Ag2(dppm)2(PO2F2)|PFe and
[Agz(dppm)2(MeCN)2(PO2F2)|PFs have been structurally
characterised (Bruce, et. al., 2016). In order to prepare a binuclear
complex of the type [Ags(p-dppm)2]?2*, the reaction was carried out
in chloroform and methanol in the absence of MeCN. Treatment of
AgClO4 with one equivalent of dppm in a (1:1) mixture of chloroform
and methanol resulted in the formation of [Agz(p-dppm)2][ClO4]2 (7)
as a white solid in 85% yield (Scheme 4).
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thP/\Pth Pth/\Pth
i ‘ _CO
Agcio, ) Ag Ag |10 Ag—Cl
Ph,P—___PPh, Ph,P—___PPh,

(7) (9)
Scheme 4. Synthetic routes to (7) (i) 1 equiv. dppm and the
molecular structure of (9)

Elemental analysis confirmed the proposed structure with the
composition CsoH44Cl2P4OsAgs. The proton resonance at 3.95 ppm
(4H, broad multiplet) was assigned to the CH, groups. The 3!P-{IH}
NMR spectrum was recorded in CDCls (Figure 3); it showed a
complex second order spin system centred at 10.4 ppm with
probable 1J(107AgP) = 499 and !J(199AgP) = 576 Hz; very similar
spectrum was reported for the P>AgCl moiety of the binuclear
complex [(PhC,(OC)Ir(p-dppm)2AgCl] (9) (Hutton et al., 1983).

" . T . . T . T T .
1.9 12.5 11.5 10.5 9.5 9.0 8.5 8.0 7.9
ppm

Figure 3. The 31P-{1H} NMR spectrum of (7) in CDCls.

In CD3CN for (7), simplified 31P-{{H} NMR spectrum was observed:
7.0 (br, dt, 2nd order), N = 36.2 Hz, J(AgP)s = 507 Hz (Figure 4),
probably due to coordination and exchange of CD3CN molecules to
Ag(I) centres.
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Figure 4. The 31P-{{H} NMR spectrum of (7) in CDsCN

Treatment of complex (7) with one equivalent of dppz in
dichloromethane afforded an off-white solid of [Agx(p-dppm)2f -
dppz}][ClO4]2 (8) in 88% yield (Scheme 5). The elemental and mass
spectral analyses (m/z 1080.9933 for [M-ClO4]* confirmed the
proposed structure with the composition C76He2ClaN4OsgPsAgs. In
the 'H NMR spectrum, the proton attached to carbon adjacent to
nitrogen of the pyridyl group appeared at 8.00 ppm as a broad
doublet (3J(HH) = 4.0 Hz) whilst CH, protons appeared as a
multiplet at 3.76 ppm.

(i)

(7) [CIO4]2

(8) N
Scheme 5. Synthetic routes to (8) (i) 1 equiv. dppz.

The 3'P-{{H} NMR spectrum showed a second order spin system
centred at -5.7 ppm (br, dt) with average !J(107/109AgP) = 449 Hz.
[Cuz(p-dppm)2{ pn-3,6-di(2-pyridyl) tetrazine}|[PFe¢]2 was prepared in
a similar manner (Perera, 2020) and the crystal structure of the

69



Sarath D. Perera

analogous heteroleptic Cu(l) complex [Cuz(p-dppm)2{ p-dppz}|[NO3]2
has been reported (Gil et al., 2011).

Conclusions

We have developed synthetic routes to homoleptic Ag(l) complexes
of the type [Ag(N”N)]* and [Ag(N”~N);]*. Four-coordinate heteroleptic
complexes of the type [Ag(NAN)(PAP)]* can be prepared by mixing
both PAP and N”N to a solution of AgClO4 in acetonitrile or by
adding one equivalent of a bidentate NAN ligand to a solution of
[Ag(NCMe)(PAP)]*. Five-coordinate heteroleptic complex
[Ag(xantphos)(ttpy)]ClO4+ was synthesised. A route to binuclear
heteroleptic Ag(l) complex containing bridging ligands 3,6-di(2-
pyridyl)-4,5-diphenyl-pyridazine and dppm was developed.
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