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Abstract—Platinum(Il) complexes

formally derived from the

thiourea dianion

[MeNC(S)N(CN)]*~ have been synthesized from the platinum-halide complexes cis-
[PtCLL,] [L = tertiary phosphine or L, = cyclo-octa-1,5-diene (COD)] by reaction with
the sodium salt of N-methyl N-cyanothiourea. The complexes have been fully characterized,
including an X-ray crystal structure determination of [Pt{NMeC(:NCN)S} (COD)]. The
results of an electrospray mass spectrometry study on platinum(II) complexes of thiourea
dianions are also reported, including the in situ coordination chemistry with silver(I) ions.

Copyright © 1996 Elsevier Science Ltd

Thioureas are versatile ligands, the hybrid hard
nitrogen/soft sulfur donor atom set yielding a mul-
titude of possibilities for coordination to both hard
and soft metal centres. Thioureas are able to coor-
dinate as neutral ligands, monoanions or as
dianions, with the first of these being by far the most
extensively observed binding mode.! We recently
reported the synthesis of a number of platinum(II)
complexes (1a) formed from 1,3-diphenylthiourea,
PhNHC(S)NHPh.> The complexes were syn-
thesized from the platinum(ll) halide complex cis-
[PtCL,(PPh;),], either by reaction with the dianion
[PhNC(S)NPh}*~ or more conveniently by reaction
with  PANHC(S)NHPh in refluxing dichloro-
methane, mediated by excess silver(I) oxide. In the
latter case anhydrous solvents and exclusion of oxy-
gen are unnecessary. Silver(I) oxide has been
recently employed in the synthesis of a range of
metal-nitrogen, oxygen, carbon and sulfur-bonded
four-, five- and six-membered ring metallacyclic
complexes.”’

Examples of metallacyclic complexes derived

* Author to whom correspondence should be addressed.

from thiourea dianions are relatively rare. A num-
ber of other platinum(II) complexes have been syn-
thesized and an X-ray structure determination on
the N,N-diethyl derivative 1b has been reported.*
A related molybdenum complex (2) has also been
structurally characterized.” N,S-Chelated thiourea
monoanions coordinated to rhodium(III)* and
platinum(II)* have been reported. Four-membered
ring M—N—C(N)—S metallacycles derived from
related monoionic ligands, such as thiouracil,” and
pyridine- or pyrimidine-2-thiolates and related
ligands® are much more common, including com-
plexes with such ligands bridging two or more metal
centres.” A number of metal clusters containing
monodeprotonated thiourea ligands on Ru; and
Os; cluster cores are also known.'* We now describe
the preparation of thiourea dianion complexes of
platinum(ll) formed from the sodium salt of N-
cyano-N'-methylisothiourea (3).

EXPERIMENTAL

General

The sodium salt of 1-cyano-3-methylisothiourea
(3, Aldrich), triphenylphosphine (Pressure Chemi-
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cal Co.), triphenylphosphite (BDH) and 1,1’-bis(di-
phenylphosphino)ferrocene (Aldrich) were used as
supplied. The complexes cis-[PtCl,(PPh;),] and
[PtCL,(DPPE)] were prepared by ligand dis-
placement of the COD ligand of [PtCL(COD)]"
using the appropriate molar amount of phosphine
in_dichloromethane, as described previously.!?
[Pt{NPhC(=NPh)S} (PPh;),] was prepared by the
literature procedure.* All complexes described
herein are air-stable and reactions were carried out
in laboratory-grade solvents, without prior puri-
fication or exclusion of air.

Melting points were recorded on a Reichert hot-
stage apparatus and are uncorrected. IR spectra
were recorded on a Bio-Rad FTS-40 spec-
trophotometer as KBr discs. 'H and “C['H] NMR
spectra were recorded in CDCl,; solution (unless
otherwise specified) on a Bruker AC300P spec-
trometer at 300.13 and 75.47 MHz, respectively,
referenced relative to SiMe, (5 0.0). *'P['H] NMR
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spectra were recorded in CDCl, solution on a JEOL
FX90Q spectrometer at 36.23 MHz, with 85%
H,PO, (6 0.0) as external reference.

Electrospray mass spectra were obtained in posi-
tive-ion mode with a VG Platform IT mass spec-
trometer using a 1:1 v/v acetonitrile-water mobile
phase. The compounds were dissolved in the mobile
phase to give a solution typically of approximate
concentration 0.1 mM. The diluted solution was
injected into the spectrometer via a Rheodyne injec-
tor fitted with a 0.01 cm® sample loop. A Thermo
Separation Products SpectraSystem P1000 LC
pump delivered the solution to the mass spec-
trometer source (60°C) at a flow rate of 0.01 cm®
min~' and nitrogen was employed both as a drying
and nebulizing gas. Cone voltages were typically
varied from 10 to 100 V in order to investigate the
effect of higher voltages on fragmentation of the
parent ions. Typically, 10-12 scans were acquired,
yielding an averaged spectrum. Excellent agreement
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between observed and calculated isotope dis-
tribution patterns was observed for all major peaks.
Theoretical isotope patterns were calculated using
the Isotope program.'?

Synthesis of [PtUNMEC(=CN)3} (COD)] (4a)

A mixture of [PtCL(COD)] (300 mg, 0.802
mmol), 3 (111 mg, 0.809 mmol) and silver(I) oxide
(0.9 g, excess) was refluxed in dichloromethane (30
cm?®) for 4 h. Filtration to remove the silver salts
afforded a pale yellow solution, to which was added
petroleum spirit (60 cm®) giving a pale yellow micro-
crystalline precipitate. This was filtered off and
dried in vacuo to afford the title complex 4a (253 mg,
76%). Found: C,31.0; H, 3.6; N, 7.5. C;,HsN;PtS
requires: C, 31.7; H, 3.6; N, 10.1% ; m.pt decom-
posed >210°C. IR : v(C=N) 2161, v(C=N) 1560
cm~!. NMR: 'H éH 546 [m, 2H, CH, COD,
2J(Pt,H) = 61.0 Hz, 529 [s, 2H, CH, COD,
2J(Pt,H) 58.8 Hz], 2.97 [s, 3H, PtNMe, *J(Pt,H)
39.2 Hz], 2.71 (m, 4H, CH, COD] and 2.36 (m, 4H,
CH,, COD); “C['H]: 6C 180.3 [s, C=N, 2J(Pt,C)
not discernible], 115.6 (s, CN), 100.0 [s, CH, COD,
J(Pt,C) =1174 Hz}, 947 [s, CH, COD,
1J(Pt,C) = 135.5 Hz], 34.9 [s, br, Me, 2J(Pt,C) not
resolved], 31.3 (s, CH,, COD) and 30.2 (s, CH,
COD).

Synthesis of [Pt{NMeC(—=NCN)S} (PPh,),] (4b)

A suspension of ¢is-[PtCL(PPh;),] (200 mg, 0.253
mmol) and 3 (35 mg, 0.255 mmol) in methanol (30
cm®) with triethylamine (0.5 cm®) was refluxed for
1 h and then stirred at ca 30°C overnight to give
a white suspension. Volatiles were removed under
reduced pressure and a mixture of water (10 cm?)
and 2-propanol (70 cm®) added. The white product
was filtered off, washed with a small quantity of 2-
propanol and then diethyl ether (5 cm®) and dried
invacuo to give [Pt{NMeC(=NCN)S} (PPh,),] (4b,
188 mg), m.pt 240-250°C (decomposed). IR:
v(C=N) 2162, v(C=N) 1541 cm~'.NMR : *'P['H],
(CDC1,/DMSO 3:1), 6P 15.2 [d, 'J(Pt,P) = 3171,
2J(P.P) = 19.5 Hz] and 10.9 [d, 'J(Pt,P) = 3308
Hz]; 'H (CDCly), 6H 7.46-7.20 (m, 30 H, PPh,)
and 2.16 [d, 3H, NMe, *J(P,H) = 4.0, *J(Pt,H) ca
31 Hz).

Alternative synthesis of [Pt{NMeC(=NCN)3}
(PPh,),] (4b)

To a solution of 4a (80 mg, 0.192 mmol) in
dichloromethane (2 cm®) was added tri-
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phenylphosphine (100 mg, 0.382 mmol), to give a
yellow solution. Petroleum spirit (4 cm®) was added
to give an off-white precipitate which was filtered
off, washed with petroleum spirit (4 cm®) and dried
in vacuo to give 4b (140 mg, 78%). The product was
identical to that by the first route described, as
evidenced by *'P and '"H NMR, and appeared to be
pure. The complex crystallizes with both CH,Cl,
and H,O of crystallization (the former confirmed
by '"H NMR). The best fit for the microanalytical
data is given by the composition 4b - CH,Cl, - H,O.
Found: C, 51.0; H, 3.9; N, 4.2. C,,H;;N,P,PtS
+CH,Cl, - H,0 requires: C, 51.3; H,4.0; N, 4.5%.

Synthesis of [Pt{NMeC(=NCN)S8} (DPPF)] (4c).

To a solution of 4a (50 mg, 0.120 mmol) in
dichloromethane (2 cm?®) was added DPPF (67 mg,
0.121 mmol) to give a bright yellow solution. Pe-
troleum spirit (4 cm®) was added to give a yellow
precipitate which was filtered off, washed with pe-
troleum spirit (4 cm?) and dried in vacuo to give 4¢
(94 mg, 90%). Yellow needles for microanalysis
were obtained by slow recrystallization from
dichloromethane—petroleum spirit. Found: C,
52.3;H,3.7; N, 4.9. C;;H;,FeN;P,PtS requires : C,
51.5; H, 36; N, 49%; mpt (decom-
posed) > 175°C. IR : v(C=N) 2177, v(C=N) 1541
cm~!. NMR: *'P['H] (CDCI;/DMSO 3:1), 6P 16.0
[d, \J(Pt,P) = 3259,%J(P,P) = 19.5Hz] and 11.4 [d,
'J(Pt,P) = 3347 Hz] ; '"H (CDCl,), 6H 8.00-7.15 (m,
20H, Ph), 4.81 {d, 2H, Cp, J(H,H) = 1.8 Hz], 4.57
(s, br, 2H, Cp), 4.21 (s, br, 2H, Cp), 3.58 [d, 2H,
Cp, J(H,H) = 1.8 Hz] and 2.17 [d, 3H, NMe,
‘J(P,H) = 4.0, °J(Pt,H) = ca 33 Hz].

Synthesis of [PL{NMeC(=NCN)$} (DPPE)] (4d)

A suspension of [PtCL,(DPPE)]} (168 mg, 0.254
mmol) and 3 (35 mg, 0.255 mmol) in methanol (20
cm?) with triethylamine (0.5 cm®) was refluxed for
1 h and stirred overnight at ca 30°C to give a pale
yellow suspension. Water (50 cm®) was added and
the product filtered off, washed with isopropanol
(10 cm?) and diethyl ether (10 cm?®), and dried in
vacuo to give 120 mg (67%) of 4d. Found: C, 48.8 ;
H, 5.0; N, 6.0. C,;H,,N;P,PtS requires: C, 49.3;
H,3.9; N, 6.0% ; m.pt (decomposed) > 230°C. IR :
v(C=N) 2163, v(=N) 1539 cm~'. NMR: *'P['H]
(CDCl,/DMSO 3:1), 6P 43.8 [d, 'J(Pt,P) = 3164,
2J(P,P) = 7.4 Hz] and 36.7 [d, 'J(Pt,P) = 3091 Hz].
The complex 44d was also prepared by displacement
of COD from 4a by excess DPPE and found to be
identical by *'P NMR to that prepared as above.
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In addition, the complexes 4e and 4f were syn-
thesized for study by ESMS, by ligand displacement
of COD from a small quantity (ca 10 mg) of 4a
dissolved in CH,Cl, (ca 1 cm®), followed by addition
of petroleum spirit (ca 4 cm®) to effect precipitation
and removal of excess phosphine or phosphite
ligand and displaced COD. The complexes were
washed with petroleum spirit prior to vacuum dry-
ing and ESMS characterization.

Crystal structure determination of [Pt{NMeC

(=NCN)S}(COD)] (4a)

Yellow crystals were obtained by allowing a
concentrated CDCl; solution to stand for several
days. A crystal of approximate dimensions
1.08 x0.70 x 0.28 mm was selected for the study.
The space group and crystal quality were deter-
mined by precession photography.

Crystal data. C,\H;sN;PtS, M, = 416.41, mono-
clinic, space group P2/c, a=11.270(3),
b=12268(2), ¢=17.0534) A, p=96.00(2)°,
U=2344.809) A’ (from 26 reflections
9 <26 <29°), 1=0.71073 A, D, = 2.359 g cm >,
Z =8, F(000) = 1568, u(Mo-K,) =12.1 mm™',
T= —143°C.

Data collection. Nicolet R3 automatic diffrac-
tometer, w scans. A total of 2567 reflections were
measured, 2403 unique, 2091 1> 2g(l), in the
range4 <20 < 50°,0<h<6,0<k <14, -20 <
! < 20. The data were corrected for absorption by
a semi-empirical method with 7, i, 0.425, 0.160,
respectively.

Structure analysis and refinement. The structure
was solved by Patterson methods and routinely
developed. Full-matrix least-squares refinement
was based on F2. Only the Pt and S atoms were
treated anisotropically since lighter atoms gave sev-
eral “non-positive definite” ellipsoids. Hydrogen
atoms were included in calculated positions with
isotropic thermal parameters 1.2* U, of the carbon
atom to which they are attached. The refinement
converged with R, = 0.0372, wR, = 0.0920 (for 26
data), 0.0467 and 0.0972, respectively (all data),
where w = [6*(F,)*+(0.0645P)*+10.91P]~', where
P =1/3(F:+2F?). Goodness of fit was 1.082.
A final difference map showed no feature greater
than +1.18/—1.56 ¢ A3 The SHELX programs
were used for the crystallography.'

Additional material available from the Cam-
bridge Crystallographic Data Centre comprises
hydrogen atom coordinates, thermal parameters
and bond lengths and angles for both independent
molecules of the structure determination.
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RESULTS AND DISCUSSION

Reaction of [PtCL(COD)] (COD = cyclo-octa-
1,5-diene) with 1 mol equiv. of the monosodium
salt of MeNHC(S)NHCN (3) in refluxing dichlo-
romethane in the presence of excess silver(I) oxide
gives the new complex 4a. This is formally derived
from the thiourea dianion [MeNC(S)N(CN)]*~
and is analogous to previously reported examples
of this relatively rare class of metallacycle, viz. 1
and 2. The availability of the labile COD complex
allows the potential synthesis of a wide variety of
derivatives, via ligand displacement reactions, as
illustrated by the reactions with triphenylphos-
phine, 1,1"-bis(diphenylphosphino)ferrocene (DPPF),
1,2-bis(diphenylphosphino)ethane (DPPE), tri-n-
butylphosphine and triphenylphosphite, giving the
complexes 4b—f, respectively. Alternative syntheses
for the triphenylphosphine 4b and DPPE 4d com-
plexes utilized the reaction of c¢is-[PtCl,(PPh;),] or
[PtCL(DPPE)] with 3 in refluxing methanol with
added triethylamine base, giving the complexes as
white microcrystalline solids. The complexes were
found to be identical by *'P['"H] NMR and ESMS
to those from the COD displacement reactions. All
complexes 4 were air-stable, both in solution and
in the solid state.

Only a small number of complexes derived from
thiourea dianions have been structurally char-
acterized. We therefore undertook a single crystal
X-ray diffraction study on the COD complex 4a.
The complex crystallizes with two independent mol-
ecules in the unit cell, with relatively minor con-
formational differences in the COD ligands. The
molecular structure of molecule 1, together with
the crystallographic numbering scheme, is shown
in Fig. 1. Selected intramolecular bond lengths for
both independent molecules are given in Table 1,
while bond angles are given in Table 2.

The complex contains the expected square-planar
platinum atom, coordinated to a chelating COD
ligand and to the formally dianionic thiourea
ligand, via the nitrogen (with the attached methyl
group) and the sulfur atom. The coordination
environment is therefore similar to the other plati-
num(II) (1)>* and molybdenum(IV) (2)° analogues
structurally characterized previously. In molecule 1
the platinum atom and the entire thiourea ligand
are essentially coplanar, with the greatest deviation
from the least-squares plane being C(13) (0.19 A).
In molecule 2 the Pt—S—C(1)—N(1) metallacycle
is planar, but the N—C—N unit is tilted sig-
nificantly from this plane. For each molecule, the
dihedral angles between the least-squares plane of
the thiourea ligand and that defined by the four
platinum-bound carbon atoms of the COD ligand
is 87°.
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Table 2. Selected intramolecular bond angles (") for
[Pt{(NMeC(==NCN)S}(COD)] (4a) with estimated
standard deviations in parentheses

Molecule 1  Molecule 2¢

N(11)—Pt(1)—C(105) 156.3(4) 155.7(5)

N(11H)—Pt(1)—C(101) 99.2(5) 99.7(4)

C(101)—Pt(1)—C(106) 81.4(5) 81.3(5)

N1 1)—Pt(1)—C(102) 99.9(4) 101.9(4)

C(105)—Pt(1)—C(102) 82.5(5) 81.4(5)

N(11)—Pt(1)—S(1) 70.7(3) 70.7(3)

C(105)—Pt(1)—S(1) 100.0(3) 98.8(3)

C(106)—Pt(1)—S(1) 103.1(3) 103.0(3)

CA1—S()—PKh) 78.0(4) 79.1(4)
CUDH—N({11H)—C(13) 124(1) 124(1)

C1DH)—NADH—Pt(1) 102.8(9) 102.3(8)

C(13)—N(11)—Pt(1) 132.0(7) 132.6(8)
C(12)—N(12)—C(11) 119(1) 117(1)
N(11)—C(11)—N(12) 126(1) 124(1)

N(11)—C(1DH—S(1) 108.4(9) 107.8(8)

N(12)—C(11)—S(1) 125.7(9) 127.8(9)
N(13)—C(12)—N(12) 177(2) 172(1)

. . COD ligand
Fig. 1. Molecular structure of one of the independent

molecules (molecule 1) of [Pt{NMeC(=NCN)S} gﬁgﬁ_gggg_gggg gggi 338;
(COD)] (4a) showing the atom numbering scheme. The C(102)—C(103)—C(104) 13(1) 113(1)
other molecule has a comparable geometry. C(105)—C(104)—C(103) 114(1) 113(1)
C(106)—C(105)—C(104) 126(1) 125(1)
i C(105)—C(106)—C(107) 125(1) 127(1)
The platinum-sulfur [average 2.311(3) A] and C(106)—C(107)—C(108) 114(1) 113(1)
platinum-nitrogen [average 2.01(1) A] bond dis- C(101)—C(108)—C(107) 112(1) 113(1)

tances of 4a are somewhat shorter than the cor-
responding values in 1a (L = PPh;)? [2.331(1) and “Equivalent bond angle to that in molecule 1.
2.054(3) A] and 1b* [2.332(8) and 2.05(3) A]. This
is presumably a result of the higher trans influence

Table 1. Intramolecular bond lengths (A) for [P't{NMeC(:NCI\T)S} (COD)](4a) with estimated standard deviations
in parentheses

Molecule 1 Molecule 2¢ Molecule 1 Molecule 2¢
Pt(1)—N(11) 2.00(1) 2.01(1) Pt(1)—S(1) 2.318(3) 2.303(3)
Pt(1)—C(101) 2.17(1) 2.17(1) Pt(1)—C(102) 2.20(1) 2.18(1)
Pt(1)—C(105) 2.15(1) 2.17(1) Pt(1)—C(106) 2.19(1) 2.20(1)
S(1H)—C(11) 1.78(1) 1.77(1) NODH—C(11) 1.29(1) 1.31(2)
N(@11)—C(13) 1.46(2) 1.46(1) N(12)—C(12) 1.32(2) 1.34(2)
N(12)—C(11) 1.34(2) 1.33(2) N(13)—C(12) 1.16(2) 1.13(2)
COD ligand
C(101)—C(102) 1.37(2) 1.33(2) C(101)—C(108) 1.51(2) 1.54(2)
C(102)—C(103) 1.53(2) 1.49(2) C(103)-—C(104) 1.55(2) 1.53(2)
C(104)—C(105) 1.51(2) 1.50(2) C(105)—C(106) 1.35(2) 1.39(2)
C(106)—C(107) 1.49(2) 1.50(2) C(107)—C(108) 1.55(2) 1.54(2)
Pt(1)---C(11) 2.615(12) 2.63(1)

“Equivalent bond distance to that in molecule 1.
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of the triphenylphosphine ligands compared with
that of COD." Unfortunately, a detailed com-
parison of the relative trans-influences of the S and
N donor atoms of the thiourea dianion ligand is
precluded by the relatively large e.s.d.s for the
Pt—C distances and the spread of values 2.15(1)—
2.21(1) A. The average Pt—C distance opposite S
is 2.18 A, the same as the average distance opposite
the nitrogen atom.

Of the five C—N bond distances in the molecule,
N(11)—C(13) is, as expected, the longest at 1.46(2)
A, while that for the cyanide group C(12)—N(13)
is the shortest, at 1.16(2) A. However, on examining
the remaining C—N bonds, the metallacyclic
C(11)—N(11), the exocyclic C(11)—N(12) (which
is nominally a double bond) and the N(12)—C(12)
bonds, these are found to be quite similar at 1.29(1),
1.34(2) and 1.32(2) A, respectively. This suggests
that there is a certain amount of conjugation occur-
ring between the cyano and C=N moieties. The
C—N bond lengths of the CNCN moiety of 4a are
overall very comparable with those of 2-cyano-1,3-
dimethylguanidine.'® The C—S bond of 4a [1.78(1)
A] is the same as that in 1a (L = PPh;)? [1.782(5)
A] and has a substantial amount of single-bond
character.

Itis noteworthy that the complex exists as a single
isomer for both independent molecules, with the
cyano group directed away from the methyl sub-
stituent on the metallacyclic nitrogen, presumably
for steric reasons. Other structurally characterized
analogues show similar selectivity. No evidence was
found in NMR studies for any other isomers. As
far as we are aware, complexes 4 represent the first
containing a chelating dianionic thiourea with two
different substituents on the nitrogen atoms.

The "*C['H], 'H and, where appropriate, *'P['H]
NMR spectroscopic properties of complexes 4a—d
are consistent with their formulation as complexes
of thiourea dianions. The olefinic CH carbons of
the COD complex 4a appear as two distinct singlets
at § 100.0 and 94.7, showing one-bond coupling
to Pt of 117.4 and 135.5 Hz, respectively. The
relatively low solubility of 4a precluded resolution
of Pt coupling to the C=N carbon atom. Such
signals are ordinarily weak in “C NMR spectra in
the absence of attached hydrogen atoms to provide
relaxation effects. The N-methyl group in 4a
appeared as a broad singlet at § 34.9 and "°Pt
coupling could not be resolved, while the nitrile
carbon appeared in the expected region at 6 115.6.

The COD CH protons of 4a also yield two res-
onances in the "H NMR spectrum, at § 5.46 and
5.29, showing coupling to '**Pt of 61.0 and 58.8 Hz,
respectively. The spatial proximity of the N-methyl
hydrogens to the COD CH protons on the same side
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of the molecule allows confirmation of the latter by
nOe difference spectroscopy. Upon irradiation of
the N-methyl protons at § 2.97, a 1.4% nOe
enhancement was observed to the COD CH protons
at 6 5.46. Unfortunately, poor solubility of the com-
plex in both CDCI, and CDCl,—(CD;),SO mixtures
did not allow assignment of the individual COD
CH carbons via a *C—'H correlation experiment.
In the '"H NMR spectra, the N-methyl group
showed four-bond coupling (4.0 Hz in the PPh,
complex 4b) to one of the phosphines. This is pre-
sumably to the frans-phosphine ligand, since cis
couplings in square-planar platinum(II) complexes
are known to be substantially smalier than their
trans counterparts. Three-bond coupling to '*°Pt
was again observed, being 39 and 31 Hz in 4a and
b, respectively.

For the phosphine complexes 4b-d, the *'P['H]
NMR spectra showed the expected doublet of
doublets due to two inequivalent phosphine
ligands, zrans to differing trans influence donor
atoms.

The IR spectra of 4a-d show two strong C—N
stretching bands, the nitrile group appearing in the
region 2161-2177 cm ™' and the imine group in the
region 1539-1560 c¢cm~'. For comparison, the
diphenyl analogue 1a (L = PPh;) displays a
v(C=N) stretch at 1550 cm~"'2

Electrospray mass spectrometry

The thiourea complexes described in this paper,
together with the previously reported diphenyl ana-
logue 1a, have been investigated by electrospray
mass spectrometry'” (ESMS). This new technique
is finding rapidly increasing applications in the
analysis of organometallic and other coordination
complexes.’® Examples involving anionic thiolate
ligands have also been reported.” ESMS provides
soft ionization, transferring existing ions in solution
into the gas phase and typically yielding strong
molecular ions under conditions of low frag-
mentation (i.e. when low skimmer cone voltages
are employed). Upon increasing the cone voltage,
fragmentation can be induced, to provide
additional structural information. The versatility of
the ESMS technique accordingly lends itself to the
study of the thiourea-derived metallacyclic com-
plexes 4.

Positive-ion ESMS spectra were recorded in
aqueous acetonitrile (1:1 v/v) at a range of cone
voltages ; data for the major ions observed are sum-
marized in Table 3. All of the complexes gave excel-
lent spectra, with protonated [M +H]" ions at low
cone voltages (20-30 V). Aggregates of the type
[2M +H]" and [2M + NH,]* were also observed in
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Table 3. Positive-ion electrospray mass spectral data for the thiourea complexes 1a and 4a—{*

Complex (M)

Cone voltage (V) Major ions (m/z)"

[Pt{NMeC(=NCN)S}(COD)] (4a) 20
80
[Pt{NMeC(=NCN)S} (PPh,),] (4b) 20
60
[Pt{NMeC(=NCN)S} (DPPF)] (4c) 20
60
[Pt{NMeC(=NCN)S} (DPPE)](4d) 20
[Pt{NMeC(=NCN)S} (PBu3}),] (4e) 20
40
[Pt{NMeC(=NCN)S} {P(OPh),},] (4f) 20
80
[Pt{NPhC(=NPh)S} (PPh.),] (1a) 20-60
80
[Pt{NMeC(=NCN)S} (PPh,),] 20
(4b) -+ AgNO,
[Pt{NMeC(=NCN)S} (COD)] 20
(4a) + AgNO;

[M+H]" (417, 100%), [2M +H]* (833, 11%),
[2ZM+NH,]* (850, 4%), [3SM+H]™ (1249, 5%)
[Pt(NCNH)(COD)]* (344, 33%), [M+H]"* (417,
100%), 2M +H]* (833, 20%), plus a number of
unidentified species.

[M+H]* (833, 100%), [2M+H]* (1666, 19%)
[Pt{Ph,P(0o-C¢H,)} (Ph;P)] 7 (6, 718, 6%),
[(Ph;P),PINCNH]* (760, 100%), [M+H]™* (833, 55%),
[2M+H]* (1666, 20%)

[M+H]* (863, 100%), [2M +H]* (1725, 12%)
[Pt(NCNH)(DPPF)]* (790, 55%), [M+H]* (863,
100%), 2M +H]* (1725, 43%)

[M+H]* (707, 100%), 2M +H]* (1413, 18%)

[M+H}* (713, 100%), [2M +H]* (1425, 4%)
[(Bu;P),PtNCNH]™* (640, 85%), 652 (unidentified),
[M+H]* (713, 100%), [M + Na]* (735, 25%),

[2M +H]* (1425, 28%), [2M + Na]* (1447, 8%)
[M+H]" (929, 100%)

[Pt{o-OCH,P(OPh),} {P(OPh),}]1* (814, 88%),
[M+H]* (929, 100%)

[M+H]" (946, 100%)

[Pt{Ph,P(0-CsH,)} (Ph;P)]* (6, 718, 18%),
[Pt(NHPh)(PPh,),]* (811, 48%), [M+H]"* (946, 100%)
[2M +2Ag]** (940.5, 100%), 2M +Ag]* (1773, 30%)
plus a number of minor unidentified species

361 (unidentified), 402 (unidentified),
M +Ag(NCCH,)]* (565),+[2M +Ag]* (941)

“Recorded in CH,;CN-H,0.

b Species are identified by the major peak in the isotope distribution pattern; M = parent complex.

many instances. The principal exception was the
diphenylthiourea-derived complex 1a, which
showed only an [M +H]™" peak at m/z 946. Figure
2 shows the positive-ion ESMS spectrum of the
triphenylphosphine complex 4b, recorded at a cone
voltage of 20 V. The two peaks are unambiguously
assigned as [M +H] ™" (m/z833)and 2M +H]* (m/z
1666). There is excellent agreement between
observed and calculated isotope distribution
patterns, shown in the inset to Fig. 2. The pro-
tonated species [M+H]* formed in the ESMS
experiment is of interest. The related platinum com-
plex 1b derived from 1,3-diethylthiourea has been
reported to give the chelated thiourea monoanion
5 upon reaction with a molar equivalent of p-tolu-
enesulfonic acid.? It is likely that the imine nitrogen
is also the most basic centre in the complexes 1 and
4, and protonation for ESMS is most likely to occur
at this site. Protonation at either the N-methyl or
nitrile nitrogen atoms is also possible, however, and
ESMS cannot distinguish between these various

possibilities. lonization can also be achieved by al-
kali metal cations; addition of a small quantity of
KCl to the solution of 4b yielded additional peaks
due to the potassium adducts [M+K]* (m/z 871)
and [2M+K]* (m/z 1704). Potassium ions have
been used previously as an ionization reagent in
aprotic media.”

Increasing the cone voltage under which the
ESMS spectra are recorded typically leads to frag-
mentation of the complexes 4. The tri-
phenylphosphite complex, however, showed little
tendency for fragmentation, yielding a strong
{M+H]™ peak up to relatively high cone voltages
(ca 100 V). At moderate cone voltages (40-60 V),
fragmentation leads to identification of species
nominally formed by loss of MeNCS (for com-
plexes 4) or PhNCS for complex 1a (L = PPh;).
Thus, for 4a the species [(COD)PtNCNH]* was
observed at m/z 344, whilst for the phosphine
complex 4b the corresponding  species
[(Ph;P),PtNCNH]* was observed at m/z 760. The
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Fig. 2. Positive ion electrospray mass spectrum of [P't{NMeC(:NCN)S} (PPhs,),] (4b) recorded at a
cone voltage of 20 V. The inset shows the (a) observed and (b) calculated isotope distribution patterns
for the principal ion [M + H]*.

nature of these species is uncertain, but may involve
coordinated amido ligands, such as [(Ph,P),Pt
NH(CN)]*. There was no evidence for fragment
ions containing the PINCMeH moiety. The loss of
MeNCS clearly involves a major structural
rearrangement of the complex.

At yet higher high cone voltages (typically > 80
V), the complexes containing phosphine or tri-
phenylphosphite ligands undergo orthometallation
of the aryl groups, typified by the species 6 observed
at m/z 718 for the triphenylphosphine complex 4b.
Confirmation was again assisted by the use of simu-
lated isotope distribution patterns. Ortho-
metallated triphenyl- and other aryl-phosphine
ligands have been observed previously in ESMS
spectra® and are well established as isolated
species.?

The presence of the soft sulfur atom in complexes
4 suggested that it might be possible to use these
complexes as “ligands” in the synthesis of het-
erobimetallic complexes. There is considerable
literature precedent in the use of compounds con-
taining metal-sulfur bonds in such reactions,
including metal-sulfido and -thiolato complexes.?
We have used ESMS in a preliminary study to inves-
tigate interactions between the complex 4b and Ag™
ions. Excess aqueous AgNO; solution was added
to a solution of 4b in CH;CN-H,0. The peak due
to [M+H]" disappeared and was replaced by a
number of new species. The major species, centred
around m/z 940, was initially tentatively assigned
as the monosilver adduct [4b- Ag]*. However, the
isotope distribution pattern under high resolution

conditions, shown in Fig. 3, indicated that the spec-
ies is in fact a dication, viz. [4b* Ag*]3*. Structural
assignment of the species can only be tentative,
based on the ESMS data alone. A species con-
taining coordinated thiolate and either imine or
nitrile nitrogen atoms in a dimeric structure is the
most likely possibility, which would retain the pre-
ferred linear coordination at silver. The C=N,
C=N and S donor groups are the most likely to
coordinate to the soft silver atom since the N—Me
group is unlikely to have any donor characteristics,
being essentially sp* hybridized, with the lone pair
residing in a p-orbital. Molecular models suggest
that the dimeric species 7 and 8 are both feasible
structures, however the species 8 involving coor-
dinated imine groups would require isomerization
of the metallacycle, to place the nitrile group on the
same side of the molecule as the N—Me group. The
species 7 requires no such isomerization to occur
prior to dimer formation and is thus the tentatively
preferred structure. Silver has a strong tendency
to coordinate to nitrile groups, as shown by the
observation of the silver species [Ag(NCCH,)]*
and [Ag(NCCH,),]* at m/z 148 and 189, respec-
tively, in solutions containing AgNO;. The other
main species detected in the ESMS spectrum of
the mixture of 4b and silver cations is the adduct
[(4b),- Agl™, at m/z 1773.

Different ESMS behaviour was observed when
excess AgNO; solution was added to the COD com-
plex 4a. The two main platinum species identified
are [4a*- Ag(INCCH,)]™ (m/z 565) and [(4a),- Ag]*
(m/z 941), confirmed by excellent agreement
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between the experimental and theoretical isotope
patterns. For the diphenyl thiourea derivative la
(L = PPh;), much less tendency to coordinate to
Ag* was observed. Even in the presence of a large
excess of AgNO; (evidenced by large peaks due to
[Ag(NCCH,)]" and [Ag(NCCH,),]* as described
above) a significant peak due to the protonated
species [M +H]* (m/z 946) was observed. Another
monocationic species at m/z 1116 is assigned as
[M+H+AgNO,]*. These observations support
the notion that the nitrile moiety of complex 4b is
involved in the coordination of this complex to Ag™
ions.

In conclusion, ESMS provides a rapid means of
screening coordination chemistry systems for com-
plex formation, identifying promising com-
binations for more detailed preparative studies.
Further detailed investigation of the synthesis of
complexes derived from asymmetric thiourea
dianions, together with their coordination chem-
istry, is currently in progress.
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