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Bis(N,N-dimethylthiocarbamoyl) sulfide (Tetramethylthiuram monosulfide) reacts with copper(ll) halides (halide
= Cl and Br) to yield 3,5-bid{,N-dialkyliminio)-1,2,4-trithiolane trihalocuprate(l) and the neutral halogeno(bis-
(N,N-dimethylthiocarbamoyl) sulfido)copper(l) complex. The proposed structure for the trihalocuprate(l)
compounds is supported mostly by infrared studies. The copper(l) adducts may also be prepared by straightforward
reaction of copper(l) halides and the ligand, and single-crystal x-ray studies show a wide diversity of structural
variations. All molecules consist of basigCX units. The CI derivativél) is an S-bridged dimer (14
CICuN;OSs, monoclinic,P2:/c (No. 14),Z = 4,a = 9.525(8) A,b = 13.022(10) Ac = 10.835(7) A), while the

Br analogue(2) features a polymeric network of,SuBr units, also bridged by S atoms gtG.BrCuN,S;,
orthorhombic, P2:2; (N0.19),Z = 4, a = 7.043(2) A,b = 9.442(3) A,c = 17.889(4) A). The iodo compound

(3) exists as a halogen-bridged dimerkz.CulN,Ss. monoclinic,P2:/m (No. 11),Z=4,a=9.570(1) Ab =
10.578(1) A,c = 12.422(1) A). The molecular structures found support the assignment of the IR and Raman
spectral data in all three cases. The diversity of structural variations is attributed to the relative basicity of the
S and halogen potential bridging atoms. Molecular weight studies in acetonitrile are consistent with a monomer
for 2, while the temperature dependence of theNMR for 1 is interpreted in terms of a monomedimer
equilibrium.

Introduction

Thiuram sulfides, otherwise known as d{-dialkylthio-
carbamoyl) sulfides, C(S)SC(S)NR; are the thiocarbamoy!
esters of dialkyldithiocarbamic acids. The disulfides= 2)
Rstds are known on account of their biological activity, which

leads to applications as fungicides, rubber vulcanization ac-

celerators, and agents of alcoholism thetayd, quite recently,

as arrestors of human immunodefficiency virus infections such

as AIDS? This wide diversity of examples of biological activity

has been attributed to a combination of at least two faétors:

capability to fit into a receptor site and ability to undergo

reversible redox reactions at suitable potentials. From this point

of view, the equilibrium relating thiuram disulfides and dithio-

carbamates is very relevant to the chemistry of the disulfides.
Coordination compounds containing ligands with sulfur atoms
as donors have received much attention, due to their role as

analogues of proteins containing metallfur bonds! Among

these ligands, dithiocarbamates have been used to synthesize
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model compounds for enzyme activft§. Also, polynuclear
metal dithiocarbamates may act as mineral analogues and thus
as models of sulfide mineral degradation by microorganisms,
a topic which has a strong relevance in connection with
biolixiviation.® It must also be stated that one successful
approach to the development of new metal sulfide catalysts
involves thermolysis of discrete metal thio complexes containing
coligands rich in sulfur, such as dithiocarbama&s.

The monosulfidesn(= 1) Ritms, perhaps because they lack

the wide breadth of applications known for the disulfides in

agriculture and experimental medicine, have been much less
extensively studied, and where such studies deal with the subject
of interaction of monosulfides and metal species, the field
remains virtually unexplored. Exceptions have been reports
dealing with the preparation and properties of the neutral
complexes MRmsX; (M = Zn'! Hg,*2 Ni, and Co!3 X =
halogen) or MRgtmsX (M' = Ag¥) and of the cationic [CrR
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tmsX;] .15 The spectroscopic properties of the latter complexes s,1266 s, 1070 s, 1036 s, 885 m, 870 m, 570 s, 510 m, 211 m, 179 m,
are inconsistent with a possible oxidative addition of the ligand 158 w, 103 vsuerg 0.0045. Low solubility and general lack of

to the metal center and it has been suggested that theirstability prevented further_ characteri_zation _in solution.
electrochemistry be examiné®l. Thiuram monosulfides may Cul\ﬂe;tmsCI (0): red microcrystalline solid; mp blackens from 80
also undergo €S bond scission to give dithiocarbamate ?12270 ?ac';‘ld Tf';? g} 123?;5%‘13‘:-43”5"':- Ca('j‘fdcfm 521‘5127'\.‘223'0'1(;%. .
metal-thiocarboxamido complexes or straightforward dithio- o <2 " 20 ©o2 b £9:9, T, 4.9. Found: »u, 28,1 L 129, ~

. 23.4; H, 3.9. IR: 2941 w, 1531 s, 1389 s, 1245 s, 1227 s, 1143 s,
carbamates. Examples of the former are the reaction of 149 m 985 s 943 s 867 m. 527 m. 347 s. 310 m. 280 w. 247 m.

monosulfides with tris(triphenylphosphirenetal halides (metal O4(CDCl): 3.57 (s, 4.5), 3.51 (s, 1.5), 3.48 (s, 1.5), 3.43 (s, 4.5).
= Rh and Py’ or zerovalent molybdenum complex&syhile uere 0.02us. Aw: 30—35 Q-1 cn? mol! (1031074 M).
the interaction of a series of metal halides with thiuram  CuMeitmsBr @): bright red, needle-shaped microcrystalline solid,
monosulfides has afforded metal dithiocarbamates (metal mp 174-176 °C dec. Anal. Calcd for €H:2N,SBrCu: Cu, 18.1;
Niz+, PE*, CL#t, Co**, and Fé").19 Br, 22.7, C, 20.5; H, 3.4. Found: Cu, 18.1; Br, 22.6; C, 20.4; H, 3.4.
Thiuram monosulfides may also undergo a two-electron R 2941 w, 1524 s, 1383 s, 1250 5, 1230 s, 1143 s, 1050 m, 987's,
oxidation and generate cyclic 5-membered cations upon interac-g“?z:s’c |8§73 g‘g 57% ";’ 4‘145 rg, 345 0”(“)'0 324Am'_ 12%3_357 éiz sh.
tion with a suitable agent. Thus, tetramethyithiuram monosul- 2#{CDChk): 3:59 (s, 6), 341 (S, B)uerr: 0.00us. Au : .
. - . Lo cn? mol~! (1073-10* M). Mol wt (osmometry): 318-320 (assoc in
fide and Fed afford 3,5-bisN,N-dimethyliminio)-1,2,4- X 3_1m4
e . . CH:CN: 0.91 at 103-10* m).
trithiolane pentachloroferrate(l1?. The studies of this unusual

ot : : The iodo derivative was prepared as follows. Cul (0.57 g, 3.0 mmol)
pattern of reactivity are now extended to the reaction of thiuram \yas dissolved in CECN (15 mL) and added to a cooled (ice-salt bath)

monosulfides and copper(ll) halides. solution of Matms (0.62 g, 3.0 mmol) in the same solvent (10 mL).
) ) The solid formed was filtered, washed with,Gtand dried.
Experimental Section CuMeitmsl (3): orange-red powder; mp blackens progressively up

to 189°C, melts at 192C dec. Anal. Calcd for €H1N.S;ICu: Cu,
15.4; |, 31.8; C, 18.1; H, 3.0. Found: Cu, 15.4; |, 31.7; C, 18.0; H,
3.0. IR: 2929 w, 1507 s, 1370 s, 1229 m, 1145 w, 1045 w, 989 m,
945 m, 860 w, 365 s, 325 stere 0.0ug. Limited solubility prevented
further characterization in solution.

Crystal Growth for X-ray Diffraction.  Approximately 0.1 g of
crudel or 2 was dissolved in 23 mL of CH;CN, and the supernatant
was filtered into a test tube which was taken to a freezer s °C.
Approximately £2 mL of diethyl ether was layered on top of the
CHsCN solution, and the tube was capped and left until crystals were
apparent (210 h). The excess solvent was decanted, and the crystals
were washed with fresh ether and dried. The red-orange plates obtained
for the chloro derivative had the composition CufitesCIXH,O, which
was not specroscopically characterized. The iodo derivative was
obtained from the mother solutions of the reaction mixture, using the
same layering technique.

Crystal Structure Determinations. Diffraction intensities were
collected on a Siemens P3 diffractometer, which included a beam
monochromator. Two standard reflections checked every 98 reflections
showed no significant crystal decay. Intensities were corrected for
Lorentz and polarization effects. The structures were solved by direct
methods using the program package SHELXTL PBU@ersonal
computer version), and refined by full-matrix least-squares methods
on F2 using the SHELDRICK93 prograft. H atoms were included
in their idealized position with the isotropic thermal parameter fixed
at 0.08 &, except for the water molecules, which were found from the
difference Fourier map.

Additional material comprises H-atoms coordinates and thermal
parameters.

General Preparative Methods, Spectroscopy, and Analyses.
Synthetic manipulations were carried out in air. No special precautions
to exclude water and/or air were taken. This was an important
modification to previous experimental procedufesyhich made
extensive use of Schlenk or cannulation technigée€uBr, was
prepared from CuBr and an excess oh.Br Mesgms (Fluka) was
recrystallyzed from hot EtOH. Cug&PH,O (Merck) was used with
no further purification. CuBr was made from aqueous copper(ll)
sulfate, potassium bromide, and sodium sulfite. Cul was obtained by
reaction of potassium iodide with copper(ll) sulfate and further reduction
of the iodine produced with sodium thiosulfate. Instrumentation and
analyses have been described in previous publicatfons.

Preparation of the Complexes. The complexes CuMansX (X=Cl
(1) and Br @)) were prepared by a general procedure described here
in full for the bromo derivative.

CuBr, (0.67 g, 3.0 mmol) dissolved in EtOH (60 mL) was cooled
to —10 °C (ice-salt bath) and a solution of the monosulfide (0.63 g,
3.0 mmol) in EtOH (250 mL) was added dropwise while stirring. The
red-orange solid was filtered, washed with 20 mL of fresh EtOH,
pumped dry and ground to a fine powder, which was extracted with
three 50-mL portions of CECN. The orange insoluble solid was
characterised as 3,5-bi§{N-dimethyliminio)-1,2,4-trithiolane tribro-
mocuprate(l). The acetonitrile extracts were concentrated in a rotary
evaporator, keeping the temperature below °8 The resulting
solution was cooled te-10 °C and the red crystalline material given
off was filtered and recrystallized in the same fashion. Experiments
performed with copper(ll) chloride dihydrate resulted in an acetonitrile-
insoluble greenish solid residue, which was not further investigated.
From the acetonitrile solution the corresponding monosutcgpper-

(1) chloride complex {) could be isolated in the manner just described. Results and Discussion

[Megbitt-3]>"CuBr?~: orange amorphous powder; mp 192 dec.

Anal. Calcd for GH12N»S:BrsCu: Cu, 12.4; Br, 46.8; C, 14.1; H, 2.4. Reaction of Copper(ll) Halides and Tetramethylthiuram
Found: Cu, 12.4; Br, 46.5; C, 14.1; H, 2.3. IR: 3030 w, 1587 s, 1408 Monosulfide. The interaction of thiuram monosulfides and
copper(ll) halides is described by the following scheme

(14) (a) van de Leemput, P. J. H. A. M.; Willemse, J.; Cras J. A.; Groen,
L. Recl. Tra. Chim. Pays-Ba4979 98, 413. (b) Contreras, J. G.;

N S RN
Gnecco J. A.; Carbacho, H. . Coord. Chem1989 19, 371. ks Seg RN—, “—NR, 2N
(15) Contreras, J. G.; CogeH. J.Inorg. Nucl. Chem1971, 33, 1337. 2 SC +2 CuX, — TZLS]: + S%S C -
(16) Coucouvanis, DProg. Inorg. Chem1979 26, 301. R1N>:S . N ux
(17) Gal, A. W.; van der Ploeg, A. F. J. M.; Vollenbroek, F. A.; Bosman, [CuX RN’
W. J. Organomet. Cheni975 96, 123.
(18) Steggerda, J. J.; Cras, J. A.; WillemseRdcl. Tra. Chim. Pays-Bas . . .
1981, 100 41. This unusual reaction generates the 3,5Mi{dimeth-
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15, 1315.
(21) Shriver, D. F.; Drezdzon, M. AThe Manipulation of Air Sensite (23) SHELXTL PLUS, Release 4.1. Siemens Analytical X-Ray Instruments,
Compounds2nd ed.; Wiley Interscience: New York, 1986. Madison, WI, 1990.
(22) Gmelins Handbuch der Anorganische Chervierlag Chemie: Wein- (24) Sheldrick, G. M. SHELXL93, Program for Structure Refinement.

heim, Germany, 1958; Teil B, Kupfer. University of Gadtingen, Germany, 1993.
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Table 1. Crystallographic Data and Refinement Details 16r3

Victoriano et al.

Table 2. Atomic Coordinates %10 and Equivalent Isotropic
Displacement Parameters3{A 10°%) for 1—3

1 2 3
chemformula  GHuCICUNOSs CeHiBrCUNSS; CoHioCUIN,S X y z Ueay
alA 9.525(8) 7.043(2) 9.570(1) (MegtmsCuCl) (1)
/A 13.022(10) 9.442(3) 10.578(1) Cu 0.5420(1) 0.9637(1) 0.1389(1)  0.0433(4)
c/A 10.835(7) 17.889(4) 12.422(1) S(1) 0.4436(1) 1.1243(1) 0.0623(1)  0.0344(5)
a/deg 90 90 90 S(3) 0.3436(2) 0.8886(1) 0.1878(2)  0.0407(5)
Bldeg 110.78(1) 90 104.42(1) cl 0.7605(2) 0.9308(1) 0.3071(2)  0.0444(5)
ylldeg 0 90 90 S(2) 0.7617(2) 1.1739(1) 0.1013(1)  0.0403(5)
VIA3 1256.5(16) 1189.6(6) 1217.9(2) c(1) 0.5674(6) 1.2058(4) 0.0349(5)  0.0307(13)
z 4 4 4 N(1) 0.5293(5) 1.2946(3) —0.0273(5)  0.0373(11)
crystdimens/mm 0.7% 0.45x  0.13x 0.16x 0.12x 0.09x c(3) 0.3685(8) 1.3215(5) —0.0847(8)  0.059(2)
0.20 0.12 0.09 c() 0.6339(8) 1.3693(5) —0.0452(7)  0.052(2)
fw 325.36 351.81 398.80 N(2) 0.9391(5) 1.1397(4) —0.0318(5)  0.0407(12)
space group (No.P2i/c (14) P2,2:2; (19)  P2y/n(14) c() 0.7970(6) 1.1415(4) —0.0449(6)  0.0331(13)
DJg cni3 1.72 1.96 2.17 C(4) 1.0590(6) 1.1740(6) 0.0939(7)  0.056(2)
ulemrt 24.2 56.8 48.0 c(5) 0.9902(7) 1.1131(5) —0.1400(7) 0.053(2)
Re 0.049 0.046 0.037 O(lw)  1.0226(8) 1.1047(6) 0.3866(6)  0.112(3)
b
R/ 0.151 0.085 0.052 (MetmsCuBr), (2)
AR =S| |Fo| — IFell/3 |Fol. ® Ry = [S[W(Fo? — FA? S [W(Fo2)Z]] 5. Cu 0.0101(3) —0.5976(1) —1.0034(1) 0.0571(5)
2 2 L2 VVZIW(FYY Br —0.0359(2) —0.4391(1) —0.9029(1) 0.0497(4)
prate(l) anion, while the excess of cuprous ion generated by S(1) 0.0284(6) —0.4953(3) —1.1221(2) 0.0569(11)
the reaction is stabilized as the thiuracopper(ly-halide S(3)  —0.1392(5) —0.8115(3) —1.0059(2)  0.0368(8)
complex. When CuGlis used as the oxidizing agent, no g(é)) :8'8%282}) :8-;2338%)) :1-%332% 8'823%
tetrameth_yllmonlum tr|th|o!ane is isolated. Its formauc_m IS C(1) —01235(31) —0.6212(12) —1.1506(7) 0.041(4)
therefore inferred from the isolation of the CulitesCl species N(2)  —0.0455(15) —1.0254(8) —1.0938(5) 0.034(2)
(1). The latter and its analogy®) are isolated from the reaction ~ C(5)  —0.0141(21) —1.0947(10) —1.1665(6)  0.052(4)
mixture by a tedious extraction procedure. A convenient C(6)  —0.0519(20) —1.1211(11) —1.0307(6)  0.048(4)
alternative is the direct synthesis of the complexes from cuprous EE‘B :g-gggggg; :8-;88282 :1%332223 8-8228
hahdes and the ligand. This is a trivial transformation which C(3) —013762(21) —0:4569(14) —1:1666(8) 0:079(5)
merits no further comment. (MedmsCul) (3)
: estmsCu
S_olld State Struct_ure of CuMetmsX Complexes. Because cu() 0.0268(1) 0.5208(1) ~0.1120(1)  0.0474(3)
assignment of the infrared spectral featuresifef3 has been (1) 0.1011(1) 0.3142(1) 0.0080(1) 0.0410(2)
done on the basis of the results of the X-ray crystallographic s(1) 0.2328(2) 0.6158(2) —0.1438(2) 0.0383(5)
work, the latter will be presented first. The solubility properties S(3) —0.1377(2) 0.4576(2) —0.02846(2) 0.0462(6)
and low melting point of the complexes hint at a discrete non S(2) 0.1301(2) 0.4750(2) —0.3600(2)  0.0448(6)
ionic structure in the solid. This expectation is for the most C(1) 0.2694(7) 0.5475(7) —0.2558(5)  0.028(2)

X . " N(2)  —0.0540(6) 0.6667(6) —0.3706(4)  0.035(2)
part confirmed from the single-crystal X-ray structure determi- N(1) 0.3977(6) 0.5380(6) —0.2728(5)  0.036(2)
nations. Crystal data for complex&s 3 are given in Table 1. C2) —0.0292(7) 0.5480(8) —0.3363(5) 0.030(2)
Additional experimental details are found in the Supporting C(4) 0.4250(8) 0.4733(7) —0.3714(6) 0.047(2)
Information section. Final fractional atomic coordinates are C(6)  —0.1844(8) 0.7300(8) —0.3559(6)  0.052(2)
reported in Table 2. Figures-B show the structural diagrams ~ C(3) 0.5221(7) 0.5922(8) —0.1927(6)  0.052(2)

C(5) 0.0452(8) 0.7469(8) —0.4140(6)  0.055(2)

and the atomic numbering scheme. Packing diagrams for the
chloro and bromo derivatives are found with the Supporting

Information. Selected bond distances and angles for all threetensor.

complexes are given in Table 3.

Complexes CuMgmsX exist as fundamental chelated units
formed by a molecule of the ligand and one of copper(l) halide,
degrees of association being different for each compound. In
all three cases, coordination about copper(l) is tetrahedral and
is completed by sulfur and halogen atoms. Compleis a
dimer, which contains two ligand molecules forming bridges
between two copper atoms through one of the sulfurs from the
ligands. The other terminal sulfur atom of the organic ligand
completes copper coordination. The coppeopper distance
of 2.981(2) A is indicative of no metaimetal interactions. The
angles around the copper atoms indicate slight distortion from
the tetrahedral geometry. Atoms €8(1)-Cu(a)-S(1a) form
a plane, a consequence of the center of symmetry. The dihedral
angle between this plane and the one defined by Cu(1), C(I),
and S(3) has a value of 82,4vhich deviates from the expected
value of 90, probably due to ligand form requirements in order
to complete coordination. The packing structure Dfis
stabilized by CH---Cl contacts. The smallest hydrogen chlorine
distances are 2.934 and 3.000 A. Complémcorporates water

aU(eq) is defined as one-third of the trace of the orthogonalized

in its crystalline structure. Water does not coordinate directly distance has a value of 2.501 A.
The molecular structure o2 corresponds to a polymer.

to the copper atom, the smallest -©0 distance being 4.776

A. The packing structure shows hydrogen bonds between theAssociation of basic chelated units generates long chains parallel

Figure 1. Structure of (CuMgmsCl) (1) and numbering scheme with
50% displacement ellipsoids for non-hydrogen atoms.

water hydrogens and chlorine atoms. The smallest H---Cl
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Table 3. Selected Bond Lengths (A) and Angles (deg) fer3?

(MegtmsCuCl} (1)
Cu—Cl 2.268(2) Cu-S(1) 2.322(2)
Cu—S(3) 2.349(2) CuS(1)#1 2.509(2)
Cu—Cu#1 2.981(2) S(HC(1) 1.689(5)
S(3-C(2)#1 1.695(6) S(2C(1) 1.781(5)
S(2-C(2)
C1-Cu—S(1) 126.60(6) C+Cu—S(3) 108.82(8)

S(1)-Cu-S(3) 101.56(7)  GFCu—S(1)#1 107.14(7)
S(1)-Cu-S(2)#1 103.89(6) S(3)Cu-S(L)#1  107.60(6)

(MegtmsCuBr), (2)
Cu—S(3) 2.278(3) CuS(1) 2.336(3)
Cu—Br 2.362(2) Cu-S(3)#1 2.620(4)
S(1)-C(1) 1.678(13) S(3yC(2) 1.694(10)
S(2-C(2) 1.751(10) S(2C(1) 1.796(12)
Figure 2. Structure of (CuMgmsBr), (2) and numbering scheme with S(3y-Cu—S(2) 111.98(13) S(3)Cu—Br 120.90(11)
50% displacement ellipsoids for non-hydrogen atoms. S(1»-Cu—Br 115.97(10) S(3yCu—S(3)#1 98.39(7)

S(1y-Cu—S(3)#1 98.10(14) BrCu—S(3)#1 106.76(10)
Cu—S(3)-Cu#2

(MegtmsCul}, (3)

Cu(1)-S(1) 2.332(2) Cu(Bs@) 2.417(2)
Cu(1)-1(1) 2.6411(12)  Cu(BI(1)#1  2.6453(11)
Cu(l}-Cu(l)#l  2.985(2) S(HC(1) 1.680(6)
S(3-C(2) 1.653(7) S(2yC(1) 1.784(7)
S(2)-C(2) 1.798(7)

S(1)-Cu(1)-S(3) 111.11(8) S(BCu(l)-I(1)  109.38(7)
S(3)-Cu(1)-1(1) 107.22(7) S(1yCu(1)-I(1)#1 108.18(7)
S(B)-Cu(l)y-I(1)#1  109.72(7) S(HCu(l)-I(1)#1 108.18(7)
Cu(1)-191)-Cu(l)#1l  68.75(4) I(IyCu(l)-I(1)#1 111.25(4)

a Symmetry transformations used to generate equivalent atoms:
(MegtmsCuCly (1), #1,—x + 1, —y + 2, —z (MestmsCuBr) (2), #1,

. ) ) —X+1, =y =3, —z2— 2, #2,X — Yy, =y — 3, —z — 2; (MestmsCul}
Figure 3. Structure of (CuMgmsl), (3) and numbering scheme with  (3) #1 —x —y+ 1, -z

50% displacement ellipsoids for non-hydrogen atoms.

. . ... reported for [Cu(1-methylimidazoline-2-thion€)],,%> [CuCl-

to the x axis of the umt cell. The copper coordination is (2,4-dithiobiuret)},26 or [CuCK bis((diphenylphosphino)thioyl)-
completed by one bromine and three sulfur atoms; two of these e hanej 27 1n complexes containing both chlorine and sulfur
be_long o the same chelated unit as the copper atom, and the,q potential donor atoms, the trend is for chlorine to form the
third one belongs to the closest chelated ring. This is reflected bridge2® The most relevant comparison for theCILCUS
in the copper sulfur distances, tw/g of which are shorter than gy ejeton found irg involves the isostructural iodo(dipentam-
fge other (Cu(l—}S_(l)— 2'33%(\3) y Cu(_l}S_(B)T 2'_27_8(3) ethylenethiuram monosulfide)copper{f)the crystal structure

and Cu-S(1a)= 2.620(4) )'_ The situation is similar ©0 ¢ \yhich was brought to our attention only during revision of
the case of comple, except that in the latter only wo chelated e present text. As expected, both structures present similar

units conform the association. bonding distances and geometries. The polymeric chains of
Complex3 contains twou-iodine bridged units of CuMe —Cu--S--Cu--S- associations featured in the structure 2f
tmsl (see Figure 3). As i and2, coordination about copper  admit many preceden#8 although none of these are based on
is tetrahedral, and it is completed by two iodine and two sulfur BrCuS, monomeric units.
atoms. The dihedral angles formed by the planes defined by  Eyrther crystallographic work on ethyl and isopropy! deriva-
Cu, Cu(a), I, and I(a) on one hand, and Cu, S(1), and S(3) ontjves of thiuram monosulfides and copper(l) halides is in
the other, has a value of 92.3The crystal structure is stabilized progress and will be reported shortly.
by van der Waals interactions between independent dimeric gpectroscopic Characterization of the Reaction Products.
units. [Me4bitt-3]>+ CuBr?~ is an orange, diamagnetic, noncrystalline
The structural trends in the crystals are explained on the basissolid, properties which are in accord with its formulation as a
of the relative donor strengths of the potential bridging halogen Cu(l) species. lIts limited solubility and general lack of stability
and sulfur atoms in a hypothetic monomer. Thus the lower have so far prevented further characterization in solution, while
electron density available on the halogen atom of a monomeric at the same time frustrating attempts at crystal growth. The
chloro complex prevents intermolecular donation towards cop- CuMegtmsX adductsl—3 are red, highly crystalline, diamag-
per, and 4-coordination on the latter is achieved by bridging to netic, low melting point solids which dissolve well in organic-
one of the sulfur atoms of the chelate ring from another
monomeric unit. A similar type of bridge is observed in the (25) Creighton, J. R.; Gardiner, D. J.; Gorvin, A. C.; Gutteridge, C.; Jackson,
Br derivative, except that copper now binds to a singly bridging ?63?'1\5,9\/5; Raper, E. S.; Sherwood, P. M. korg. Chim. Actal985
Su”_ur gtom, leading to a polymeric network. For the iodo (26) Pignedoii,A.; Peyronel, G\cta Crystallogr., Sect. B979 35, 2009.
derivative, the better base | from the monomer competes (27) Ainscough, E. W.; Brodie, A. M.; Brown, K. L1. Chem. Soc., Dalton
successfully with S for coordination positions on Cu(l). The Trans.198Q 1042.
results are in good agreement with the trends noted in the (28) We thank a reviewer for bringing this point to our attention.
. . . 29) See ref 14a and literature cited therein.
literature, as far as a comparison can be established. Thus th 30) Hathaway, B. JComprehensie Coordination Chemistrywilkinson,
CISCuSCuSCI chromophore found ifh is similar to the one G.; Pergamon: Oxford, England, Ed. 1987.
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Table 4. Infrared and Raman Spectral Data fbr32

Victoriano et al.

VYcu-s VYCu—X
VC—N Vc=s Vc—s IR Ra IR Ra
Mestms 1507 961 863
1 1531 985, 943 867 347, 310 339, 332 247 264
2 1524 987, 943 867 345, 314 340, 328 193 184
3 1507 989, 945 860 365, 325 344, 331 120, 115
Megbitt>" CuBr?~ 1587 877, 866 b b

a All frequencies in cmt. See Experimental Section for band intensitieSee Experimental Section.

like solvents to yield nonconducting solutions, although the
stability of such solutions is in most cases low. We shall return
to this point later.

(Etpdtc)s oxidized with NO™ and our synthesis of [Mitt-3]2*
FeCk?>" from the reaction of FeGland Matms?.
The low frequency region of the IR spectra, also reported in

Table 4 summarizes the characteristic IR bands of the Table 4, supplies additional support for the structures assigned.
compounds prepared. Thiuram sulfides display a strong IR Copper dithiocarbamates and thiuram sulfide complexes are

absorption atca. 1500 cntl. This band corresponds to a
stretching of the RN—C bond, and the unusually high position

characterized by medium intensity bands in the-3600 cnt?!
region, which are assigned to €6 stretching modes. The

of the absorption has been attributed to the contribution of a position of these bands is sensitive to the oxidation state of the

polar canonical fornTS,C=N" to the total resonance hybrid
of the ligand3! The drain of electron density about the sulfur

metal. Thus Cu(lll}-S stretches are found between 345 and
410 cnT! 33 and Cu(l)}-S vibrations span the region 310 to 365

atoms upon complexation to metal ions shifts the absorption of cm~1 42 while Cu(ll)—S stretchings have been assignedaat
this band to higher wavenumbers, and is a good indicative of 350 cntlin a series of dithiocarbamate compleXeszor [Mey-

complexatiort? This effect is noted upon inspection of the
values from Table 4. Complexation of the monosulfide to Cu-
() produces a shift of 510 cnT?! in the position of the
absorption.

The C-N stretch is also sensitive to the oxidation state of
the metal attached. In a series of copper dithiocarbanidies
IR band of copper(lll) compounds has been reported some 50
80 cn1? higher than the corresponding copper(ll) compoutids.
Thus the high C-N stretching frequency observed in the;Me
bitt-3]2* compound reported in Table 4, which is presently
attributed to the iminium-type linkage, would also be consistent
with structures incorporating Cu(IHdithiocarbamate units.
This alternative is ruled out upon inspection of the 90000
cm~! region of the IR spectra. Thiuram sulfides display two
bands in this region, assigned te=S stretching modes. The

bitt-3]2+ CuBrs?~, the featureless spectra between 300 and 400
cm™! rule out interactions between the metal and the sulfur
ligand, and support the structural assignment as ionic. The
nature of the anion is unclear. The far-IR is inconsistent with
trigonal planar CuB#£~, for which a strong 185 cr# absorption
would be expectedf The ionic alternative consisting of a linear
CuBr,~ + Br~ is also rejected on the basis of the absence of a
313 cnr! feature, as present in the spectra of fR&P)
CuBr,7Br=.38 A third possibility of overall stoichiometry
CuBrs?~ involves polymeric infinite chains of vertex-linked
tetrahedra® A polymeric ionic form would explain the lack
of solubility of the compound.

The series of CuMgmsX compounds show bands which are
consistent with formulations involving Cu)S bonds. As-
signment of the features in this region has been possible only

intensity of these bands is greatly enhanced in dithiocarbamateyith the hindsight afforded by the crystal structure determina-

complexes$* The corresponding stretches for the-8 bands
are located near 850 cth Both spectral features are apparent
in the IR of the CuMgtmsX complexes. However, in the
compound formulated as [Meitt-3], the G=S stretch is

tions, reported above. Thus, the abnormally low Cull)
frequencies at 120 and 115 ciin CuMegtmsl (cf. 170 and

161 cnt! in Cwls™ 4% and comparable values for @i~ 41)

may now be understood on the basis of halogen bridges in a

conspicuously absent. This agrees with the proposed StrUCturecentrosymmetric four-coordinate structure Df, symmetry.

The 5-membered cyclic organic cationsijiRt-3]2+ have been

Group theory predicts four CtS stretching modes, two IR

reported in oxidation reactions of metal dithiocarbamates. For gctive (B, + Bsy) and two Raman active @+ Bag), and four

example, chlorine oxidation of iron(lll) dithiocarbamates yields
[Et4bitt-3]272FeCl~, which can also be prepared fromyfels
and anhydrous Feg® Similarly, ["BuyBitt-3]2"CupXg?~ is

Cu—X stretchings, of symmetries A+ B,g (Raman) and B
+ Bsu (IR). The data agrees reasonably well with this model,
although attempts to obtain reliable IR data in this region have

accessible through halogen oxidation of cuprous dithiocarbam- proved unsuccessful for the | derivative. The low intensities

ates (X= Cl and Br). An oxidation-desulfurization reaction is
also responsible for the formation of pitt-3]2"Hgyle2~, which
affords the only known crystal structure of tetraalkyliminio
trithiolane cations® Recent reports dealing with this sort of
complexes are the observatfénof the molecular ion of
(Fedte),[Et4bitt-3]%" in the mass spectra of solutions of Fe-

(31) Brinkhoff, H. C.; Grotens, A. M.; Steggerda, JREcl. Tra.. Chim.
Pays-Basl97Q 89, 11.

(32) For general information concerning infrared spectra of thiuram sulfide
metal complexes, see references 11 through 18.

(33) Golding, R. M.; Harris, C. M.; Jessop, K. J.; Tennant, WAGst. J
Chem.1972 25, 2567.

(34) Jowitt, R. N.; Mitchell, P. C. Hinorg. Nucl. Chem. Lett1968 4, 39.

(35) Willemse, J.; Steggerda, J.Ghem. Commuril969 1123.

(36) Beurskens, P. T.; Bosman, W. P.; Cras, JJACryst. Mol. Struct.
1972 2, 183.

(37) Bond, A. M,; Colton, R.; D’'Agostino, A.; Harvey, J.; Traeger, J. C.
Inorg. Chem.1993 32, 3952.

of the IR and Raman bands for the chloro and bromo derivatives
make the assignment of the spectral features less certain. Still,
for the chloro complex, compliance with the rule of mutual
exclusion is observed. No coincidences of IR and Raman lines
are apparent, in agreement with the presence of a centrosym-
metric SCwX, kernel

The CuMeatmsX complexes show conductivities which are
typical of nonelectrolites in acetonitrile or chloroform. Mo-
lecular weight determinations could only be performed in a
reliable manner for the CuMemsBr derivative. A monomer

(38) Bowmaker, G. A,; Clark, G. R.; Rogers, D. A.; Camus, A.; Marsich,
N. J. Chem. Soc., Daltoh984 37.

(39) Jagner S.; Helgesson, &dv. Inorg. Chem1991 37, 1.

(40) Bowmaker, G. A.; Brockliss, L. D.; Earp, C. D.; Whiting, Rust. J.
Chem.1973 26, 2593.

(41) Bowmaker, G. AAdv. Spectrosc1987, 14, 1.



Copper(I>-Sulfur Complexes Inorganic Chemistry, Vol. 36, No. 4, 1995693

formulation in acetonitrile is not surprising, considering the decomposition products is the corresponding Cufhiis,
strong coordination properties of the solvent. The halogen compound, which has been isolated and characterized by melting
bridges present in the solid are broken and acetonitrile occupiespoint, IR and elemental analyses. The ability of tetraalkylthi-
the fourth coordination position on copper. uram monosulfides to generate metal dithiocarbamates has been
The H-NMR spectra of the complexesand?2 are reported used as a synthetic alternative to the preparation of the latter
under the protocol for each compound. The temperature compound®. It is now clear, after the work of McCleverty
dependence of th#1-NMR spectra of thiuram sulfides has been and Morrison, that rupture of the-€S bond is a consequence

interpreted in terms of restricted rotation about theNCbond of the nucleophilic attack on the thiocarbamoyl carbon, by a
which causes inequivalence of the alkyl groups and broadeningsuitable ager? Our work with tetramethylthiuram monosulfide
of the signals at temperatures close to ambiénflhis is and iron(lll) chloride has given indirect evidence on the course

apparent in the spectra of the complexed @aRX and parent of the degradation of the monosulfiéwhich may be written
ligand. Two sets of Cklresonances are present in all the cases as:

studied. MeN

The spectra of CuMgmsCl calls for additional comments. *Nuﬂr s o mim | MeN
At room temperature the spectrum consists of four singlets of S%SaMLm Ny . s Mmoo - " LW =3
approximately equal height. The outer components are much = >—s~ MeN>:S MeN}’ ¢

broader and altogether account for three quarters of the overall RN

integrated intensity (see Experimental Section). In a range of  possible nucleophiles in our case are the solvent or the halide
temperature between ambient and’85 pronounced broadening  ions, but efforts to determine the fate of the missing dimeth-
and shifting of the position of the outer components to higher yithiocarboxamido residue have been unsuccessful.

field is observed. These changes, which are accompanied by’ Fyrther crystallographic work is in progress for analogues
darkening of the originally red solutions, are irreversible and of the series CuRmsX with different alkyl substituents.
therefore attributed to degradation of the materials, the nature pre|iminary results indicate striking changes in the degrees of
of which is addressed further on. Below room temperature, association in the solid and in the stereochemistry of the metal
and down to—10 °C, the outer signals decrease in intensity center.

(63% of the total), and the center of the system shifts slightly

upfield (0.01 ppm). These changes are reversible and are Acknowledgment. Support to L.I.V. was provided by
attributed to the onset of a monometimer equilibrium in Universidad de ConcepaidDireccian de Investigacio Pl 94-
solution. If the bond-making process of dimer formation from 21-01-1) and from a joint fund by International Copper
monomers were the only thermodynamically relevant event, one Association and Centro de Investigatiblinera y Metalugica.
would expect the monomeximer equilibrium (exothermic)to ~ M.T.G. and A.V. also acknowledge the support from Grant
shift to monomer at room temperature, and to dimer at lower FONDECYT-1940515.

temperatures. This allows one to assign the room temperature  gynnorting Information Available:  Listings of full crystal-
most intense signals as monomer, and in turn allows evaluation|ographic data with refinement details, anisotropic displacement
of the related equilibrium constant. The values thus obtained parameters, hydrogen coordinates, and isotropic displacetestand

are 0.22 and 0.47 L mot at +27 and—10 °C respectively. packing diagrams fot and2 (9 pages). Ordering information is given
The limited temperature range available does not warrant furtheron any current masthead page.

speculation as to the significance of the enthalpy value thus IC960625R

obtained for the dimerization process.

Solutions of CuMgtmsX complexes are not stable. Upon  (42) mcCleverty, J. A.; Morrison, N. Jl. Chem. Soc., Dalton Trank976
standing or heating, decomposition is observed. One of the 2169.






