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Abstract.  The crystal and molecular structures of
(PhePLM[S2CN(Me)CHCH,OH], M = Cu, isolated as a
1:1 dichloromethane solvatd.CH.Cly), and M = Ag 4)
show the central metal atom to be coordinated lsyra-
metrically @.CH,Cl;) and asymmetrically chelatingd)(
dithiocarbamate ligand. The distorted tetrahededme-
tries are completed by two PPligands. The presence of
hydroxyl-O—H-S(dithiocarbamate) hydrogen bonds leads
to centrosymmetric dimeric aggregates in each alryst
structure. In the molecular packing bCH,Cl,, channels
comprisingl are formed via aryl-C—HO interactions with
the solvent molecules associated with the wallhefchan-
nels via methylene-C—Hs, mi(aryl) interactions. Fod, the
dimeric aggregates are connected via a networkydCx
H-mqaryl) interactions. Preliminary screening for iant
microbial activity was conducted. The compoundgewe
only potent against Gram-positive bacteria. Sooréhér
selectivity in activity was noted. Most notably| eom-
pounds were active against methicillin resist&taphylo-
COCcus aureus

* Correspondence authors: E-mail: ykcheah@medic.wanmsy
(Y.-K.C.); edwardt@sunway.edu.my (E.R.T.T.)
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I ntroduction

In response to increasing bacterial resistancéyagpsrover-
prescription of anti-biotics, certainly wide-usedancorrect
disposal, and emerging new infections, the oncectffe
anti-microbial drugs are becoming less efficacipasing
great challenges in human health [1-4]. In a vemgent
Nature Editorial on the subject, copper and silver were
specifically mentioned as providing hope in deveigp
new and effective anti-microbial agents [5]. Withe
above in mind, it is not surprising that both coppad
silver, as nanoparticles and incorporated in mdé;thave
attracted considerable attention of those devetppietal-
based therapeutics as summarised in a number efitrec
reviews [6-10].

The utility of a full range of transition metal amaain
group element dithiocarbamates as potential metséd
drugs has been reviewed recently [11]. Prominemirayst
these are gold dithiocarbamates, including phosphan
gold(l) dithiocarbamates. The exploration of thatemtial
anti-cancer activity of phosphane gold(l) dithidzamates
dates back over a decade [12] and studies on detabs-
pounds continue [13-15]. Recently, phosphanegpldifl
thiocarbamates, functionalised with ethylhydroxyugs,
proved to be very effective against breast canc€FMR
cell lines and to induce cell death (apoptosis ecrosis)
via both extrinsic and intrinsic pathways [16]. eThame
dithiocarbamate ligands when complexed to bismlijh(l
[17] and zinc(Il) [18] also provide cytotoxic comyads.
Over and above displaying interesting cytotoxigtgfiles,
phosphanegold(l) dithiocarbamates also displayriateas
anti-microbial agents; see [19] for a recent reviewthe
utility of gold compounds in this context. Intetiagly, for
these RPAU[SCN(iPr)CHCH,OH] compounds, activity
was found to be dependent on the nature of thephlaoe-
bound R substituent. Thus, when R = Ph and Cy,ifspec
activity against Gram-positive bacteria was obseriet,
when R = Et, broad range activity against both Gram
positive and Gram-negative activity was noted. tikan; the
latter compound proved to be very effective, astéa the
chosen in vitro models, against methicillin resis@taphy-
lococcus aureugMRSA) [20]. A further differential was
observed in that R = Ph and Cy compounds were umijo
bactericidal against susceptible bacterial strawsereas
the R = Et derivative was variously bactericidadl d&xacte-
riostatic.

Given the foregoing, hamely the pharmaceuticaresie

in copper(l) and silver(l) compounds, and the pi&trof
metal dithiocarbamate compounds in tackling baateiti
was thought of interest to explore the utility dfogphane
copper and silver compounds of dithiocarbamatestiom-
alised with ethylhydroxy substituents in this conteHere-
in, the synthesis, characterisation, including terystal
structure determinations, and results of preliminanti-
bacterial screening for a series of six compounfdshe
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general formula, (PR)LM[S.CN(R)CH.CH,OH], Fig. 1,
are reported.
OH

N
TN

S R

PhsP

PhsP

M/R Me iPr CH,CH,OH
Cu 1 2 3

Ag 4 5 6

Fig. 1. Chemical structures of the copper(l) and silveg@m-
pounds investigated herein.

Experimental

| nstrumentation

Elemental analyses were performed on a Perkin ER&er
2400 CHN Elemental Analyser.!H and 3C{*H} NMR
spectra were recorded if-BMSO solution on a Bruker
Avance 400 MHz NMR spectrometer with chemical shift
relative to tetramethylsilane as the internal efee. IR
spectra were measured using an Attenuated Technique
Reflectance (ATR) on a Perkin Elmer Spectrum 2Qits
trophotometer in the region 400 to 4000 tm

Synthesis and characterisation

[(Ph3P)2Cu{S:CN(Me)CH2CH20H}] (1): A modified
procedure from the literature [21] was employedhu§,
CuCl (Aldrich, 1 mmol; 0.099 g) was stirred withi-tr
phenylphosphane (Aldrich, 2 mmol) in acetone (20 atl
323 K until a white precipitate was obtained. Than
aqueous solution of KEN(Me)CHCH,OH] [16] (1
mmol) was added to the reaction mixture followedskiy
ring for 1 h. The product underwent solvent extcacwith
chloroform:water (1:3), filtered and dried at robempera-
ture. The precipitate was then washed in dietkykreun-
der vigorous stirring and filtered. Recrystallisat was
performed in acetone via quick evaporation at antbie
temperature to yield a white solid. Crystals wren ob-
tained from the same solvent by slow evaporatidh. pt:
428 K. Yield: 0.58 g; 78%. Elemental analyses :(%)
Found C, 64.99; H, 5.04; N; 1.78. 40H3sCuNORS; re-
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guires: C, 64.98; H, 5.32; N, 1.89. IR (&nv(O-H) 3353
(m); V(C—N) 1432 (M)¥(C—~Skeym 1092 (M, sh)y(C—~Sheym
992 (m) 3C{H} NMR: 207.0 (SC); 128.3-134.0 (aryl-C);
61.1 (OCH); 56.7 (NCH); 31.1 (CH) ppm. SP{*H}: -
1.26 ppm.

[(Ph3P)2Cu{SCN(iPr)CH2CH20H}] (2):

Synthesis and crystallisation was as fbr but using
Na[SCN(iPr)CHCH,OH] [16] as the dithiocarbamate
ligand. M. pt: 448 K. Yield: 0.54 g; 70%. Elenananal-
yses (%): Found C, 65.56; H, 551; N, 1.69.
Ca2Hi2CUNOBS, requires: C, 65.73; H, 5.65; N, 1.83. IR
(cnt): v(O-H) 3467 (m);v(C—-N) 1432 (m);v(C—Sksym
1092 (m, sh)V(C—Shsym 993 (m) *C{*H} NMR: 209.8
(SC); 128.9-134.5 (aryl-C); 63.4 (OGH 52.1 (NCH);
48.8 (CH); 20.3 (Ch) ppm. 3'P{*H}: -1.78 ppm.

[(Ph3P)2Cu{S:CN(CH2CH20H)2}] (3):

Synthesis and crystallisation was as fbr but using
K[S2CN(CH.CH,OH);] [16]. M. pt: 437 K. Yield: 0.58 g;
75%. Elemental analyses (%): Found C, 63.39; BB;AN,
1.61. GiH4CuNQO:P;S; requires: C, 64.00; H, 5.37; N,
1.82. IR (cm): v(O-H) 3353 (m)¥(C-N) 1432 (m)v(C-
S)sym 1094 (m, sh)y(C-Skhsym 993 (M) PC{*H} NMR:
208.7 (SC); 128.9-134.5 (aryl-C); 58.7 (OGH 56.0
(NCHy) ppm. 3P{*H}: -1.03 ppm.

[(Ph3P)2Ag[S:CN(M e)CH2CH20H}] (4):

A modified literature method [22] was employed wétsr
AgNO; (Fluka, 1 mmol; 0.14 g) was stirred with tri-
phenylphosphane (2 mmol) in acetone (20 ml) in2aratio
at room temperature until a suspension was obtaifiéen,
K[S2CN(Me)CH.CH,0OH] [16] (1 mmol) in water (20 ml)
was added to the reaction mixture which was stifoed. h.
Chloroform was added and stirring was continuedafior
other 1 h, after which the yellow chloroform sotutiwas
separated from the aqueous layer. After drying awdny-
drous sodium sulphate, the solution was filteredl guickly
evaporated to yield a white solid. The solid weaassked
with diethyl ether and was isolated through filvat Re-
crystallisation was performed in acetone via slaapora-
tion, yielding colourless blocks. M. pt: 444 K.ie\d: 0.60
0; 76%. Elemental analyses (%): Found C, 61.304.B6;
N, 1.87. GoH3zsCuNORS; requires: C, 61.30; H, 5.02; N,
1.79. IR (cmt): v(O-H) 3360 (br);v(C-N) 1432 (m, sh);
V(C—Sksym 1094 (m, sh);v(C—Shsym 983 (m) BC{H}
NMR: 208.0 (SC); 127.3-135.0 (aryl-C); 60.1 (OGH
54.7 (NCH); 29.1 (CH) ppm. *P{'H}: 4.43 ppm.

[(PhsP)2Ag{S:CN(iPr)CH2CH20H}] (5):
Synthesis and crystallisation was as fér but using

Na[SCN(iPr)CHCH,OH] [16] as the dithiocarbamate

ligand. M. pt: 425 K. Yield: 0.57 g; 70%. Elentananal-

yses (%): Found C, 62.13; H, 4.95; N, 1.73.

CaHi2CUNOBS;, requires: C, 62.14; H, 5.34; N, 1.73. IR
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(cnt): v(O-H) 3384 (br);v(C-N) 1434 (m);v(C—Sksym
1092 (m, sh)V(C—Sksym 971 (W) BC{H} NMR: 211.2
(S,C); 128.3-134.2 (aryl-C); 63.1 (OGH 54.8 (NCH);
49.5 (CH); 20.3 (Ch) ppm. 3P{*H}: 5.30 ppm.

[(PhzP)2Ag[S2CN(CH2CH20H)2}] (6):

Synthesis and crystallisation was as fér but using
K[S2CN(CH.CH2OH);] [16]. The crystals were obtained
from a chloroform:acetone (1:1 v/v) mixture by slewap-
oration. M. pt: 435 K. Yield: 0.63 g; 77%. Elemtal
analyses (%): Found C, 60.34; H, 5.00; N, 1.44.
CaoH3sCUNOBRS, requires: C, 60.52; H, 5.08; N, 1.72. IR
(cnTh): v(O—H) 3322 (br)v(C-N) 1434 (m, sh)y(C—Sksym
1094 (m, sh)v(C—Sksym 983 (W) *C{*H} NMR: 211.0
(SC); 128.7-133.9 (aryl-C); 60.0 (OG}H 58.8 (NCH)
ppm. 3P{*H}: 5.80 ppm.

Crystal structure determination

Crystals suitable for crystallography bfvere grown by the
slow evaporation of its dichloromethane solution avere
characterised crystallographically as the 1:1 diakl
methane solvate. Crystals #fvere grown by slow evapo-
ration of its acetone solution. Intensity data foand 4
were measured at 100 K on a Bruker SMART APEX-II
CCD diffractometer with graphite-monochromatised Mo
Ka radiation = 0.71073 A). Data processing was with
APEX2 and SAINT [23] and the absorption correctioas
conducted with SADABS [24]. Details of unit celitd, X-
ray data collection and structure refinement angemiin
Table 1. The structures were solved by direct puth
[25]. Full-matrix least-squares refinement Bhwith ani-
sotropic displacement parameters for all non-hyeinog
atoms was performed with SHELXL-2014/7 [26]. The C
bound H atoms were placed on stereochemical groands
refined in the riding model approximation withs, = 1.2-
1.5Ueq(carrier atom). Fod, the O-bound H atom was in-
cluded in its calculated position withiso = 1.8JeO).
Owing to poor agreement, a number of reflectiorss, (D 1

0; affected by the beam-stop), (2 -10 11), (-8 x9(4 10
11), (-1 9 10), (-4 11 11), (10 -15 4), (-6 6 404l -15 6),
were omitted from the final cycles of refinemeiithe max-
imum and minimum residual electron density peaks.06
and 0.48 &, respectively, were located 0.75 and 0.61 A
from the H3A and O1 atoms, respectively. Bptwo posi-
tions were resolved for the O1-@EH,O chain of the di-
thiocarbamate ligand. These were refined withadice
restraints O—C, N-C and C-C of 1.42, 1.47 and 52
respectively. The majaomponent of the disordered chain
has a site occupancy factor0=683(7) The hydroxyl-H
atom was included in the model with O—H = 0.84+0/01
and withUiso = 1.8Je((O). Only one position was included
for this atom (at full weight) as this was locatedh chemi-
cally sensible position based on hydrogen bondovgic-
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erations. This gives rise to a PLATON [27] alewtiing to
an impossibly close contact with an H atom of thiean
A weighting scheme taf t
form w = 1/[o%(F,?) + (@P)3] whereP = (Fo? + 2F2)/3 was
introduced in each case. The final difference mapse

component of the disorder.

featureless.

probability

DIAMOND [29] were also used in the study.

The programs WIinGX [28], ORTEP-3 for
Windows [28] {at the 70%

level} and

Table 1. Crystallographic data and refinement details for

1.CH:Cl2 and4.2
Compound 1.CH:Cly) 4
Formula CGoH3sCUNORS,,  CaoH3sAgNOPRS,
CHzCl2
Formula weight  823.24 782.64

Colour, habit
Dimensions/mm

Colourless, prism

Colourless, prism

0.07x0.07x0.12 0.18 x 0.20 x

0.30
Crystal system triclinic monoclinic
Space group P1 P2i/c
alA 12.3145(7) 13.6595(5)
b/A 12.8280(6) 10.1048(4)
c/A 13.7989(13) 25.5522(10)
al® 97.894(5) 90
A 93.688(5) 95.127(2)
u° 115.535(3) 90
VIA3 1929.6(2) 3512.8(2)
21z 2/1 4/1
Ddg cm?® 1.417 1.480
F(000) 852 1608
u(MoKa)/mmt  0.930 0.818
Measured data 18472 32615
Data complete- 1.00 1.00
ness
Rint 0.050 0.091
0 range/° 1.9-27.5 1.5-27.5
Unique data 8815 8057
Observed data 6370 5779
[I'=2.00(1)]
R, obs. data; all 0.048;0.072 0.044; 0.7
data
a in weighting 0.049 0.029
scheme
GoF 1.03 1.01
Rwv, obs. data; 0.108; 0.122 0.081; 0.092
all data

a Supplementary Material: Crystallographic data far $tructures
reported in this paper have been deposited withGhmbridge
Crystallographic Data Centre as supplementary puldits no.
CCDC-1437530 and 1437530. Copies of available matesia
be obtained free of charge, on application to CCDCUhn
Road, Cambridge CB2 1EZ, UK, (fax: +44-(0)1223-3360B88-0
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mail: deposit@ccdc.cam.ac.uk). The list of Fo/Rtadis availa-
ble from the corresponding author (ERTT) up to oearafter the
publication has appeared.

Evaluation of in vitro anti-microbial activity

Microorganisms

The bacteria tested in this study wé&eromonashydrophil-
la (A. hydrophilld ATCC35654,Acinetobacterbaumannii
(A. baumannji ATCC 19606,Bacillus cereugB. cereup
ATCC 10876,Bacillus subtilis(B. subtilig ATCC 6633,
Citrobacterfreundii(C. reundi) ATCC 8090,Enterobacter
cloacae(E. cloacag ATCC 35030Enterobacteraerogenes
(E. aerogengs ATCC 13048, Enterococcus faecaligE.
faecali ATCC 29212 Enterococcus faeciurE. faeciun
ATCC 19434, Escherichia coli(E. col) ATCC 25922,
Klebsiella pneumonia@k. pneumoniae ATCC 700603,
Listeria monocytogengd.. monocytogeng@sATCC 19117,
Proteus mirabilis(P. mirabilis) ATCC25933,Proteus vul-
garis (P. vulgarig ATCC 13315,Pseudomonas aeruginosa
(P. aeruginosp ATCC27853,Salmonella paratyphA (S.
paratyphiAd ATCC 9150, Salmonella typhimurium(S.
typhimuriun) ATCC 14028,Shigellaflexneri (S. flexneri)
ATCC 12022, ShigellasonnefS. sonngi ATCC 9290,
Staphylococcus aurey$. aureus ATCC 25923, methicil-
lin resistantStaphylococcus aureyRSA) ATCC 43300,
Staphylococcus saprophyticU$. saprophyticys ATCC
15305, Stenotrophomonasmaltophilia(S. maltophilid
ATCC 13637 and/ibrio parahaemolyticu¢V. parahaemo-
lyticus) ATCC17802. All bacterial cultures were purchased
from American Type Culture Collection (ATCC).

Screening of anti-bacterial activity

Anti-bacterial screening was performed using thebyd
Bauer disc diffusion method in accordance withNfagion-
al Committee for Clinical Laboratory Standards (NG}
guideline. The inoculum suspension of each badtstiain
was adjusted to 0.5 McFarland standard turbidityrrées
sponds to approximately 4@FU/ml) by adding Mueller-
Hinton broth (Difco, USA). Then, this suspensiomswy
swabbed on the surface of Mueller-Hinton agar (MHA;
Difco, USA) plates. The tested compounds wereotlissl
in DMSO to a test concentration of 10 mg/ml. $¢e@i mm
filter paper discs were aseptically placed on MareHinton
agar surfaces and 8 of each of the dissolved compounds
was immediately added to the discs. Each plat¢éagmed
one standard anti-biotic paper disc which servedhas
positive control, one disc served as negative obrff pl
broth) and one disc served as solvent contrall BMSO).
The plates were incubated at 37 °C for 24 h. Thi& a
bacterial activity was evaluated by measuring tizenéter
of inhibition zone against the test bacterial siai Each
trial was performed in duplicate.

Author Title File Name Date Page
Nazzatush ShimarBis(phosphane)copper(l) and silver(l) dithiocarbtesa crystallog- Shima_text.docx 30.10.2017 7 (21)
Jamaludin,| Siti Nadiahraphy and anti-microbial assays

Abdul Haliml Chai-Hoon

Khoo,Il Bao-Jing Chen,ll

Tian-Hong See,ll  Jiun-

Horng Sim,Il Yoke-

Kqueen Cheahf Hoi-

Ling Senglll and

Edward R. T.

TiekinklV,*



Results and discussion

Synthesis and characterisation

Compoundsl-6 were obtained in good yields from the
facile metathetical reaction between the respectiop-
per(l) or silver(l) salt with an alkali metal salt the dithio-
carbamate anion. Characteristic absorption bangstd
v(C-N) andv(C-S) of the dithiocarbamate ligands were
observed in their IR spectra. THEC{'H} NMR showed
the expected resonances due to the phosphane thia di
carbamate ligands. Finally, th&P{*H} NMR showed
singlets a few ppm downfield for the copper(l) campds,
and upfield for the silver(l) compounds. The appeae of
singlets is consistent with rapid exchange of thesphane
ligands in solution [30]. Full structure deterntioa for
two species, namel$.CH,Cl, and4 were afforded by X-
ray crystallography.

Crystal and molecular structure of 1.CH2Cl2

The molecular structures ihCHyCl, are shown in Fig. 2
and selected geometric parameters are collectédbie 2.
The copper(l) atom is chelated by the dithiocarkantig-
and and the tetra-coordinate geometry is complieyetivo
triphenylphosphane (BR) ligands. The dithiocarbamate is
chelating in the symmetric mode with Cu-S1, S2 dein
experimentally equivalent at 2.4171(9) and 2.4190(&-
spectively; the symmetric Cu-S bond lengths are eds
flected in the experimental equivalence of the eissed
C1-S1, S2 bond lengths of 1.719(3) and 1.727(3pee
tively. There are significant deviations from ideal tetra-
hedral angle of 109.5°, most notably in the acutelate
angle of 75.03(3)° and the wide angle subtendedhiy
bulky PhP ligands of 124.09(3)°. While the S1-Cu-P1, P2
angles of 112.88(3) and 109.50(3) are close to edubr
and to the ideal tetrahedral values, the S2—CufRlan-
gles, i.e. 125.64(3) and 99.13(3)°, differ fromteather by
over 25° Based on the value calculated tgra four-
coordinate geometry index [30], i.e. 0.78 cf. 1 éorideal
tetrahedron, the coordination geometry is bestridest as
distorted tetrahedral.

Author Title File Name Date Page
Nazzatush ShimarBis(phosphane)copper(l) and silver(l) dithiocarbtesa crystallog- Shima_text.docx 30.10.2017 8 (21)
Jamaludin,| Siti Nadiahraphy and anti-microbial assays

Abdul Haliml Chai-Hoon

Khoo,Il Bao-Jing Chen,ll

Tian-Hong See,ll  Jiun-

Horng Sim,Il Yoke-

Kqueen Cheahf Hoi-

Ling Senglll and

Edward R. T.

TiekinklV,*



Fig. 2. Molecular structures it..CH2Cl2. Displacement ellipsoids
are drawn at the 70% probability level.

The molecular structure afin 1.CH,Cl, complements a
number of literature precedents [32-36] for whidomet-
ric data are collated in Table 2. Noteworthyhis structure
of [(PRPLCu{S;CN(CH,CH,OH),}], as its tri-
phenylphosphane lattice adduct, which correspoadsin
the present report. All structures are relatiietynogene-
ous in that all adopt the distorted tetrahedrahgetoy, as in
1.CHCl,, with a symmetric mode of coordination of the
dithiocarbamate ligand, and a wide angle subteiiyethe
phosphane ligands. However, non-systematic vanatin
other angles subtended at the copper(l) centrevddent,
Table 2.

The most prominent supramolecular aggregation én th
crystal structure ofl.CH.Cl; is based on hydroxyl-O—
H--S(dithiocarbamate) hydrogen bonding which leada to
centrosymmetric dimer, Fig. 3a; geometric data atiaris-
ing supramolecular interactions for bdticH,Cl, and4 are
listed in Table 3. Globally, dimeric aggregateacktin
columns along thea-axis and define channels in which
reside the dichloromethane molecules, Fig. 3b. néon
tions between molecules df are of the type aryl-C—
H--O(hydroxyl), and the solvent is attached to thedm®f
the channels via methylene-C—-H...S and methylene-C—
H-1qaryl) interactions.
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Fig. 3. Molecular packing irl.CH:Clz: (a) view of the supramo-
lecular dimeric aggregate sustained by O—H...S hyelrdgpnding
(orange dashed lines), and (b) view in projectifithe unit cell
contents down tha-axis. The C-H...S, C-H...O and C-Hr..
interactions are shown as brown, blue and purpheth lines,
respectively. For the packing diagram, only hyémgtoms
involved in the discussed intermolecular interactiare included.
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Table 2. Selected geometric parameters (A, °)@H.Cl-, 4 and literature precedents.

Structure

Cu-S1, S2 Cu-P1, P2 S1-Cu-S2  P1-Cu-P2  S1-Cu-P1, P2 S2-®eP1, 1, Ref.
1.CH.Cl 2.4171(9), 2.4190(8) 2.2418(8), 2.2778(9) 75.03(3) 124.09(3) 112.88(3), 109.50(3)  125.64(3), 99.13(3)0.78  This work
[(PhePRCU{S;CN(CH.CH.OH),J]®  2.3948(11), 2.4288(11)  2.2594(13), 2.2849(14) 7dAy6  124.52(5)  112.35(4), 109.85(4) 122.04(4), 10@5 0.81 32
[(PhsP).CU{S,.CN(n-Pr}}] ® 2.4036(17), 2.4063(14)  2.2516.(15), 2.2764(15) 6&P 124.09(6)  119.67(5), 106.03(6) 110.73(5), 11(5) 0.82 33
[(PhePX.CU{S:CN(CH.CH),S}]® 2.3808(10), 2.4063(9)  2.2556(9), 2.2651(9) 75)4(3 125.85(3) 113.89(3), 113.39(4)  112.20(3), 108p5( 0.85 34
[(PhsPRCU{S;,CN(CH,CH,).NPh}]°  2.3887(12), 2.4055(10)  2.2700(14), 2.2347(11)  3EP 119.36(4)  113.94(4), 115.94(4) 102.46(4), 19¢) 0.84 34
2.3956(12), 2.4167(10)  2.2299(11), 2.2661(14)  TdY 122.49(4)  113.87(4), 108.32(4)  126.31(4), 88(4) 0.79

[(PhePLCU{S:CN(Me)CHPh)]° 2.3974(14), 2.4021(12)  2.2382(17), 2.2604(19) UGB 124.86(6)  110.15(5), 118.32(5) 109.72(5), 6486) 0.83 35
[(PhsP%CU{S;CN(CHPh)CHpy-4}]¢ 2.406(2), 2.4166(16) 2.275(2), 2.263(2) 74.60(6)  3.98(7) 111.45(7), 117.66(7)  112.73(6), 105.02(7) .840 36

4 2.5045(9), 2.70%(10)  2.4577(9), 2.4849) 68.18(3) 124.36(3)  118.89(3), 115.57(3)  109.29(3), 182 0.83  This work
[(PhsPRAG{S.CN(Me)CHCH,OH}]® 2.6380(9), 2.6592(9) 2.4173(11), 2.4964(11) 68.B4(3 122.53(3) 118.11(3), 108.10(3)  131.93(3), 95.02(3 0.75 30
[(PhePRAG{S.CN(N-BU)CHCH,OH)] 2.6091(10), 2.6717(11)  2.4255(13), 2.4658(13) 6@W8  123.52(4)  125.31(3), 103.12(4) 114.54(4), 1688 0.79 30
[(PhsPRAG{S.CN(CH)s}] 2.5690(10), 2.7082(11)  2.4646(9), 2.4756(8) ) 124.43(3)  117.86(3), 114.53(3) 108.11(3),28@) 0.84 37

a Crystallised as a 1:1 B lattice adductb Crystallised as a 1:1 dichloromethane solvat&wo independent molecules in the asymmetric whiCrystallised as a dihydrate.
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Table 3. Summary of intermolecular interactions (A-H...B;%\pperating in the crystal structuresloEH,Cl, and4.2

A H B A-H H...B A..B A-H...B Symmetry opera-
tion

(€

o1 Hlo S2 0.84 2.41 3.207(4) 159 x12y, -z

C12 H12 o1 0.95 2.58 3.270(5) 129 x,12y, -z

C54 H54 o1 0.95 2.47 3.409(4) 169 X, Y, 1+z

C5 H5a S1 0.99 2.85 3.752(4) 152 X1y, z

C5 H5b Cg(C61-C66) 0.99 2.73 3.553(4) 140 XMz

©)

o1 Hlo S2 0.84(3) 2.55(3) 3.38) 174(3) 2X, 2y, 2z

C25 H25 Cg(C61-C66) 0.95 z7 3.63(4) 151 X, 1%y, Yotz

C34 H34 Cg(C41-C46) 0.95 291 3.554(4) 126 X, ¥y, 1Yoz

C45 H45 Cg(C51-C56) 0.95 2.86 3.425(4) 119 X, 264y, 1%7

a Cg is the ring centroid of the specified atoms.
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Crystal and molecular structure of 4

The molecular structure dfis shown in Fig. 4 and selected
geometric parameters are given in Table 2. Tos &p-
proximation, the molecular structure is the saméag in
1.CH.Cl, with the notable difference being that the dithio-
carbamate ligand id coordinates in an asymmetric mode
whereby the difference between the Ag-S1, S2 bond
lengths is greater than 0.10 A. This change resulta
contraction of the chelate angle subtended by itftéodar-
bamate-sulphur atoms. Based on the value comported,

i.e. 0.83, the coordination geometry is less distbifrom
the ideal tetrahedral geometry compared with in

1.CHCl>.
@ 01
a3
) PC4
N1
1
51 S

C22

Fig. 4. Molecular structure off. Displacement ellipsoids are
drawn at the 70% probability level. Only the magomponent of
the disordered O1-hydroxyethyl group is shown.

There are three literature precedents for
(PhPXLAQ(S.CNRy) [30, 37], including a very recently
reported structure fo# but, as its dichloromethane solvate
[30]; see Table 2 for salient geometric data. Mparison
of the key geometric parameters thrand 4.CH,Cl, [30]
clearly confirms the flexibility in this class ofatecule as,
for example, the Ag—S bond lengths4rCH,Cl, differ by
only 0.02 A cf. 0.10 imd. This is opposite to the trends in
the Ag—P bond lengths for which the difference @& A
in 4 but, this expands to 0.08 A #xCH,Cl,. There are also
considerable differences in the angles subtendethet
silver(l) centre with the range being 10° greater i
4.CHyCl,. The value ofts in 4.CH.CI, is 0.75 revealing
this structure to exhibit the greatest deviatiamfrtetrahe-
dral behaviour of all structures listed in Table 2.
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Further, a comment of the isostructural relatiopshs
appropriate. It is noted that six out of the térmuctures
included in Table 2 have occluded dichloromethanénéir
crystal structures. Indeed, for the silver(l) ssrithe pair of
solvated compound${) are isostructural as is the pair of
unsolvated compound®Zi/c). The unit characteristics of
three of the dichloromethane solvates in the cdppseries
are also isostructural with their silver(l) coumterts, the
exceptional structure being that of
{(PhsP)Cu[SCN(CH,CH>),S]} [33] which has monoclinic
(P2:/c) symmetry.

As for 1.CH.Cl,, the formation of a centrosymmetric
supramolecular dimer stabilised by hydroxyl-O—
H--S(dithiocarbamate) hydrogen bonding is the most con
spicuous feature of the molecular packingtoFig. 5a and
Table 3. The dimers stack in columns alonghtfexis and
are consolidated into the three-dimensional archite by
aryl-C—H-n(aryl) interactions, Fig. 5b.
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Fig. 5. Molecular packing i4: (a) view of the supramolecular
dimeric aggregate sustained by O-H...S hydrogen bgn(br-
ange dashed lines), and (b) view in projection faf tnit cell
contents down thb-axis. The C—H.minteractions are shown as
purple dashed lines. For the packing diagram, dmlgirogen
atoms involved in the discussed intermolecularratigons are
included.

It is of interest to note that in each bCH,Cl, and4,
hydroxyl-O—H-S(dithiocarbamate) hydrogen bonding is
observed rather than the what might be anticiphtebfox-
yl-O—H-O(hydroxyl) hydrogen bonding, as hydroxyl is
both a good donor and acceptor of hydrogen borgis3g).
Mono-alcohols can potentially self-associate viaroyyl-
O-H-O(hydroxyl) hydrogen bonds into zero-dimensional
aggregates, such as a dimer or an oligomer, aodoimné-
dimensional supramolecular chains, as illustrateHig. 6.
Indeed, these modes of supramolecular associatwme h
been observed in the crystal structures of reldtddocar-
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bamate species. Thus, referring to Fig. 6, theedim
synthon has been found, for example, in
[Zn{S:CN(Me)CH.CH,OH}3-
NCsH4CH:N(H)C(=0O)C(=O)N(H)CHCsHsN-3}]n [40] in
one of the supramolecular isomers of
[{Cd[S2CN(iPr)CHCH,0OH].} 2.2MeCN.2HO], [41] and in
1:2 co-crystal [{Cd[2CN(iPr)CH.CH;OH]2} 2:2[3-(propan-
2-yl)-1,3-oxazolidine-2-thione]] [42], and cycliettametric
synthons in [Ni{SCN(iPr)CH.CH,OH}] [43] and in co-
crystal [Zn{SCN(Me)CHCH,OH}{3-
NCsH4CH,N(H)C(=0O)C(=O)N(H)CHCsHN-3}.2S] [44].
Supramolecular chains have been observed in thetstes

of [Zn{S2CN(Et)CH,CH,OH} ;] [45] and
[Zn{S:CN(Me)CH.CH:OH};] [18]. On the other hand
supramolecular chains mediated by hydroxyl-O-
H--S(dithiocarbamate) hydrogen bonding have beeniseen
the aforementioned RAU[SCN(iPr)CHCH,OH], R = Et
and Cy, structures [16]. Further, charge-assibtehtoxyl-
O-H-S(dithiocarbamate) hydrogen bonding features
prominently in a series of salts of dithiocarbamatéons
bearing hydroxylethyl substituents. [46]. The widege of
observed hydrogen bonding patterns in these stegtu
perhaps provides an explanation why disorder in e
droxyethyl residues is prevalent in these systems.

R
| |
~ .‘O\
He AOHL g
.?/ T cl)/
R 2O H
He
0
(@ (b) |
R
R R
| |
O O ‘
H.. H H.. H
.(lJ/ |/
C
(c) R R

Fig. 6. Common supramolecular synthons found in mono-alcoh
crystal structures: (@) zero-dimensional dimer, (bgro-
dimensional oligomer formed by four mono-alcohol lecoles,
and (c) one-dimensional chain.

Preliminary anti-microbial studies

In the present study, compountiss were screened against

a panel of 24 bacteria; the dithiocarbamate ligatesn-

selves are not active. The first key observatias what

none of the studied compounds exhibited any agtivit

against Gram-negative bacteria. By contrast, sactigity

was seen against Gram-positive bacteria with regatiu-

lated in Table 4. A possible explanation for thédectively

might relate to the permeability barrier &6 since the
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structure and properties of the cell membraneb®f3ram-
positive and Gram-negative bacterial cells arardist The
outer membrane of Gram-negative bacteria is an a®tm
ric bilayer, with an inner leaflet comprising phbstipids
and the outer leaflet comprising mainly of lipopsdgcha-
ride. The presence of this barrier enables Gragatnee
bacteria to overcome harsh environments and toudgcl
several antibiotics effective against Gram-positovgan-
isms [47].

Amongst the Gram-positive bacteria screened, s@ane s
lectivity toward bacteria was noted in that6 were non-
potent againsB. cereusandE. faecium Only silver com-
pounds were potent agairt subtilis(4 and6) andS. sap-
rophyticus(6), and only compounds with two hydroxyethyl
groups 8 and 6) were potent againdt. faecalisand L.
monocytogenes By contrast, both copper and silver com-
pounds were active againSt aureugexcluding2) andS.
aureus (MRSA) While some interesting selectivity is not-
ed, none of the compounds was active as the sthrzhdir
biotics.

A comment on the potency of related phosphanegdold(l
dithiocarbamates, JRAU[SCN(iPr)CHCH,OH] [20], is
apposite. Interestingly, when R = Ph and Cy is Heries,
selective activity was also seen against Gram-peskiac-
teria. This observation suggests that thePPligand im-
pacts upon the selectivity of metal compound. Bmgtrast,
the R = Et compound was active against both Gram-
positive and Gram-negative bacteria and generallyem

potent than the compounds with more bulky phosphane

ligands. While all three compounds were activeirsis.
aureus (MRSA)as in the present series b6, the R= Et
was particularly potent with a MIC value of 0.98/ml
[20].
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Table 4 Anti-bacterial activity ofl—6 and standard anti-biotics against Gram-positive@dya as measured by zone of inhibition (ndm).

Microorganism 1 2 3 4 5 6 Anti-biotic
B. subtilisATCC 6633 - - - 7 - 7 (3‘1
E. faecalisATCC 29212 - - 7 - - 7 »
L. monocytogenesTCC 19117 - - 7 - - 7 7
S. aureud\TCC 25923 8 - 7 8 7 8 17
S. aureugMRSA) ATCC 43300 8 7 8 8 7 8 15
S. saprophyticusTCC 15305 - - - - - 7 30

a The diameter of inhibition zones in millimetresrf) were measured around the disc after 24 h iimma-, no zone of inhibitionb Tetracycline.c Chlorophenicol
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Conclusions

A comparison of newly determined crystal structuods
1.CH.Cl; and 4 with literature precedents reveal a high
degree of concordance in the modes of coordinatfahe
dithiocarbamate ligands in the respective serigb @m-
mon coordination geometries based on a tetrahd®&al
donor set. In the molecular packing, hydrogen bugnaf
the type hydroxyl-O—-HS(dithiocarbamate) form in prefer-
ence to hydroxyl-O—HS(hydroxyl), and serve to link mol-
ecules into centrosymmetric aggregates. Whileasopo-
tent as standard anti-biotics, compou@d8 how selectivi-
ty toward Gram-positive bacteria and additionaksglity

is exhibited depending on i) the central atom, @nhdhe
nature of the dithiocarbamate-bound substituenguch
results suggest that further investigation of &aiiterial
activity of related systems is warranted.
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