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Dithiocarbamate Complexes of Rhenium(v) and (m) t

By John F. Rowbottom and G. Wilkinson," St. Mary’s College, Twickenham, and Inorganic Chemistry Labora-

tories, Imperial College, London SW7 2AY

Dithiocarbamate complexes of oxorhenium(Vv) such as ReOCIy(S,CNEt;) (PPh;), ReOCI(S,CNR,),. and Re,0;-
(S:CNR,)4 have been prepared from ReOCl3(PPhg),.

The interaction of a variety of chloro-complexes of rhenium with dithiocarbamates leads to the compounds
[Re(NPh) (S,CNEt,),1,0. Re(NPh)CI(S;CNEt,);. ReN(S,CNEL,),, Re(S,CNEL,)s and ReCly(S;CNEL,) (PPhy),.

The properties and infrared spectra are reported.

THE rhenium dithiocarbamate complexes previously
reported ' are ReCly(Rydtc) (R = Me or Et; dtc =
>NCS,) whose structures are unknown but which are
possibly related to the ReyCly, cluster. Following our
preliminary note ® on the preparation of oxo and other
rhenium dithiocarbamates now reported in detail and
their structure, other workers® have confirmed the
structure of Re,04(Et,dtc),.

A number of rhenium(v) complexes and three rhenium-
(1) complexes, have been characterised. Typical
syntheses and reactions are given in the Scheme.

TLEL,dtc + PPh,

ised from acetone. Similar compounds are obtained
using sodium dimethyl- and diphenyl-dithiocarbamates.
All three compounds analyse as ReyO4(Rydtc), (R =
Me, Et, or Ph); their infrared spectra (Table 1) show the
presence of Re=0, and Re-O-Re groups, as discussed
later. The X-ray crystal structure of the diethyl
complex? confirms the structure with a linear
O=Re-0-Re=0 grouping and chelate dithiocarbamate
groups so that the rhenium(v) atom is octahedral.
Molybdenum dithiocarbamates of the same stoicheio-
metry have been reported 4 but these are thought to have

ReCl, (Et,dtc) (PPh,),
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Oxorhenium(v) Dithiocarbamates

(1) u-Oxo-bis[oxobis(dithiocarbamato)rhenium(v)] Com-
plexes—A suspension of oxotrichlorobistriphenylphos-
phinerhenium(v), ReOCl,;(PPh,), reacts rapidly when
refluxed with an acetone solution of sodium diethyldi-
thiocarbamate trihydrate, to form sodium chloride
and shiny, dark brown crystals which can be recrystall-

1 No reprints available.

1 R. Colton, R. Levitus, and G. Wilkinson, J. Chem. Soc.,
1960, 5275.

c¢is Mo(0)-0-Mo(O) groups; 5 such a grouping has been
confirmed by the X-ray crystal structure determin-
ation for the xanthate Mo,O4(EtOCS,),.8

2 S. R. Fletcher, J. F. Rowbottom, A, C. Skapski, and G.
Wilkinson, Chem. Comm., 1970, 1572.

3 D. G. Tisley, R. A. Walton, and D. L. Wills, Inorg. Nuclear
Chem. Leiters, 1971, 7, 523.

4 L. Malatesta, Gazzetta, 1939, 69, 752.

5 F. W. Moore and M. L. Larson, Inorg. Chem., 1967, 6, 998;
R. N. Jowitt and P. C. H. Mitchell, J. Chem. Soc. (4), 1970, 1702,

¢ A. B. Blake, F. A. Cotton, and J. S. Wood, J. Amer. Chem.
Soc., 1964, 86, 3024.
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It is possible that in the reaction of sodium dithio-
carbamate with ReOCl,(PPh,),, unstable hydroxo-
species, which condense to form the bridged oxo-complex,
are formed similar to the reaction of the halide with
moist pyridine 7 in the preparation of Re,O4(py),Cly.

The complex Re,O4(Etydtc), is readily available
from the reactions between sodium dithiocarbamate
and either ReOBr(PPhy), or Re,04(py),Cly and by the
action of water on ReOCl(Et,dtc), in benzene containing
triethylamine. It is also produced in good yield by the
action of sodium dithiocarbamate on ReCl,(MeCN),
and ReCly(PPhy), and in poor yield from ReO(OEt)-
CL(PPhy), and Re,Clg?~.

(2) Oxohalogenodithiocarbamatorhenium(v) Complexes.
—The oxohalogeno-compounds ReOCl(R,dtc), (R = Me,
Et, or R, = [CH,];) and ReOBr(R,dtc), (R = Me or Et),
are very readily obtained by the reaction of ReOX,-
(PPh,), (X = Cl or Br) with the appropriate thiuram di-
sulphide. The ethyl derivative can also be prepared
using thallium diethyldithiocarbamate and, in poor
yield, by an in situ reaction using carbon disulphide
and diethylamine.

The reaction of ReOCl(Et,dtc), with water in acetone
in the presence of sodium carbonate (to remove HCI)
gives the oxo-bridged complex quantitatively.

The oxodichloro-complex, ReOCly(Et,dtc)(PPh,), is
obtained as blue crystals on treatment of ReOCl;-
(PPhy), in dry acetone with one equivalent of thallium
diethyldithiocarbamate. When the blue crystals are
treated with sodium carbonate decahydrate in acetone
a brown solution is formed but the only isolable crystal-
line product is the oxo-bridged complex, Re,04(Et,dtc),.

Imido and Nitrido Derivalives

The action of aniline on Re,O4(Et,dtc), in refluxing
benzene solution leads to the formation of red-brown
crystals of an imido-derivative, [Re(NPh)(Et,dtc),],0,
which probably has the PhN=Re-0O=Re=NPh grouping.
The same compound can also be made by the reaction
of an acetone solution of sodium dithiocarbamate
trihydrate with the imido chloro complex Re(NPh)-
Cly(PPhy),.

An acetone solution of tetraethylthiuram disulphide
reacts very readily with Re(NPh)Cly(PPh,), producing
dark green crystals of Re(NPh)CI(Et,dtc), in high yield.
The interaction of aniline with oxohalogenodithio-
carbamate ReOCI(Et,dtc), gave only a dark solution
and small amounts of the oxo-bridged, imido-derivative,
[Re(NPh)(Etydtc),],0, and despite the reaction® be-
tween phenyl isocyanate and ReOCly(PPhg),, ReOCl-
(Et,dtc), did not behave similarly. The imidochloro-
dithiocarbamate, Re(NPh)Cl(Et,dtc),, in wet acetone
in the presence of sodium carbonate gives the oxo-
bridged imido-derivative [Re(NPh)(S,CNEt,),],0.

7 N. P. Johnson, F, I, M. Taha, and G. Wilkinson, J. Chem.
Soc., 1964, 2614,

8 1. S. Kolomnikov, Yu. D. Koreshkov, T. S. Lobeeva, and
M. E. Vol'pin, Chem. Comm., 1970, 1432,
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The interaction of ReNCl,(PPh,), with NaEt,NCS,,-
3H,0 in acetone leads to the formation of bright,
lemon-yellow crystals of ReN(Etydtc),, whose crystal
structure has already been determined.?

Dithiocarbamate Complexes of Rhenvum(111)

The reaction of trichloro(acetonitrile)bis(triphenyl-
phosphine)rhenium(1ir) with sodium diethyldithiocarb-
amate in acetone leads to the formation of red-brown
needles of the tris-complex Re(Et,dtc);. A similar
reaction using sodium diphenyldithiocarbamate pro-
duces a deep purple crystalline derivative, the infra-
red spectrum and analysis of which is in accord with the
formulation Re(Phydtc)y(PPhy).

Attempts to isolate an ethoxy-derivative ReO(OEt)-
(Etydtc), were unsuccessful but an attempted synthesis,
namely the reaction of ReOCly(PPh,y), with carbon
disulphide and diethylamine in anhydrous ethanol,
gave Re(Etydtc),.

The compound ReCl,(Et,dtc)(PPh,), is produced by
the reaction between ReOCly(Et,dtc)(PPhy), and tri-
phenylphosphine by prolonged refluxing in alcohol,
It is also produced in small amounts as a by-product
of the reaction between equivalent quantities of Re-
OCly(PPhy), and thallium diethyldithiocarbamate which
produces the rhenium(v) complex, ReOCl,(Et,dtc)-
(PPhy).

TABLE 1

ILr. spectra (cm™) of rhenium dithiocarbamate
complexes in Nujol and hexachlorobutadiene mulls ¢

w(CN) v(CS) v(Re=0) v(Re—O—Re)
Re;04(S,CNEt,), 1516s  995m  955m 670s
Reg0,(S,CNMe,), 15358 970s? 660s
Re,0,4(S,CNPh,), 14955 1000m 955m 870s
Re,0,(S;CN(CH,)y)e 1500s 1333; 950m 660s
(Re(NPh)(S,CNEt,),),0 1505s 995m 660s
ReOCI(S,CNEt,), 1516s 980s
ReOBr(S,CNEty), 1526s 986s?
ReOCI(S,CNMe,), 1570s 970s?
ReOCI(S,CN(CH,););  15636s 1000m 985s
970s
ReOBr(S,CNMe,), 1660s 9655
ReOCl,(S,CNEt,)PPh, 1540s 980s ®
ReCly(S,CNEt,),(PPhy), 15155 1000w
Re(S,CNEt,), 15055  1000m
Re(S,CNPh,),PPh, 1495m 1005w
1460w 980w
Re(NPh)CI(S,CNEt,), 1525s 995m
ReN(S,CNEt,), 1526m 1076s  (1005m
990m)

* Range of absorption bands for v(CN) 1480—1550 cm-1,10
v(CS) 989—1008 cm™1,11 y(Re=0) (1100—900)., * Re=0 and
CS bands overlap substantially.

Infrared Spectra of the Complexes.—Significant bands
in the spectra taken between 2000 and 650 cm™ are listed
in Table 1. All the complexes show absorption bands
in the regions expected for dithiocarbamates.®1*

# C. O'Connor, J. D. Gilbert, and G. Wilkinson, J. Chem.
Soc. (A), 1969, 84,

“2D. C. Bradley and M. H. Gitlitz, J. Chem. Soc. (A), 1969,
1152,

1t F. Bonati and R. Ugo, J. Organometallic Chem., 1967, 10,
257,
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In the complexes for which the Re-O-Re grouping is
known to be present there is a strong broad band be-
tween 660 and 670 cm™. This band does not appear
in the spectra of the free ligands or in the other com-
plexes. However, a similar strong broad band occurs
in the spectrum of ReyO4(py),Cl; compared with a
medium sharp band at 690 cm™ in the spectrum of
ReO(OEt)(py)oCl,. Consequently we conclude that
this strong band is associated with vibrations involving
the bridging oxygen.

The assignment of v(Re=0) is complicated by the
presence of C-S bands in the same region (1000—900
cm™?). However, comparison with the spectra of the
free ligand, and with the complexes in which Re=0 is
replaced by R=NPh, leads to the assignment of v(Re=0)
in Re,04(Etydtc), and ReyO4(Phydtc), at 955 cm™.
The oxohalogeno-complexes, ReOX(R,dtc),, show one
strong band in the 900—1000 cm™ region which is
probably due to overlap of v(CS) and v(Re=0) bands.

For the complex Re(Phydtc)s(PPh;) one of the
dithiocarbamate groups is evidently unidentate [cf.
Rh(Me,dtc),PPh,]® and the complex is octahedral
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mixture to prevent bumping. The product was pre-
cipitated as dark brown crystals together with sodium
chloride. The reaction mixture was cooled, filtered,
and the solid washed with ether, water, and again with
ether leaving the complex (3-8 g). The filtrate deposited a
further crop of well formed crystals (1-4 g) when set aside
for two days. Total yield 52 g (859%,). The product was
recrystallised from benzene, washed with ether, and dried
in vacuwo. This compound was shown to be diamagnetic
by direct measurement of the bulk susceptibility and by
the n.m.r. method, and was nonconducting in solution in
nitrobenzene.

Method B. Oxochlorobis(diethyldithiocarbamato)rhen-
ium(v), ReOCl{Et,dtc), (0-2 g), water (1 ml), triethyl-
amine (1 ml), and benzene (80 ml) were refluxed for 1 h.
The collected precipitate was washed with acetone and
ether leaving the complex as brown crystals (0-14 g, 739%,).

w-Oxo-bis[oxobis(dimethyldithiocarbamato)rhenium(v)].—
The reaction was carried out as above (Method A) using
NaMe,dtc,2H,0; it produced the complex as a light brown
powder (749,). The product was too insoluble for re-
crystallisation and for molecular-weight determination.

w-Oxo-bis[oxobis(diphenyldithiocarbamato)rhenium(v)].—
The reaction was carried out as above (Method A) using

TABLE 2

Analytical data for the new rhenium compounds

FounE (%)

Required (%)

) - . Mp.
Compound C H Hal N O P S M C H Ha N 0 P s M (8
Re,O4(Etydtc), 23-9 40 56 50 252 900 237 40 55 48 25:3 1012 215
Re,0,(Me,dtc), 163 27 64 27-3 160 2.7 6:2 284 900
Re,O,(Ph,dtc), 448 29 41 16-2 447 29 40 184 1396 228
Re,0,([CH,),dtc), 27-9 3-8 53 62 272 38 53 46
[Re(NPh)(Etydtc),l,0 332 43 73 19 21-3 1140 332 43 72 14 22:0 1162 230
ReOCI(Et,dtc), 22:9 37 68 49 31 240 650 2256 37 67 53 30 24-0 534 225
ReOBr(Et,dtc), 2144 35 121 47 208 35 138 48 195
ReOCl(Meydtc) 1567 28 80 658 161 25 74 59
ReOCI([CH,],dtc), 257 34 62 52 258 36 64 50 250
ReOBr(Me,dtc), 141 28 152 53 138 23 153 54 252
ReOCl,(Et,dtc)PPh, 402 39 100 21 44 40-4 37 104 21 45 170
ReCly(Et,dtc)(PPhy), 528 44 7.7 12 530 43 77 15 160
Re(Et,dtc), 28:6 46 67 306 600 285 47 67 30-4 630 230
Re(Ph,dtc),PPh, 58-2 40 31 26 151 900 579 3-8 3-6 2:6 163 1180 150
Re(NPh)Cl(Etydtc); 319 40 60 66 316 41 58 69 266
ReN (Et,dtc), 24-3 40 87 25-6 242 40 85 25-8 230

and not seven-co-ordinated. There are two bands in
the spectrum assignable to v(CN) and two assignable to
v(CS). The splitting of the v(CN)® band and v(CS)
band 1! for unidentate dithiocarbamate has been noted
previously.

EXPERIMENTAL

Analyses were by the Microanalytical Laboratory,
Imperial College. Molecular weights were measured on a
Perkin-Elmer-Hitachi model 115 osmometer. Analytical
data are collected in Table 2. Acetone was dried over
molecular sieves type 4A, XW.

u-Oxo-bis[oxobis(diethyldithiocarbamato)rhenium(v)].—
Method A. A suspension of oxotrichlorobis(triphenylphos-
phine)rhenium(v), ReOCl;(PPh;), (10 g), and NaEt,dtc,-
3H,0 (10 g) in acetone (250 ml), was refluxed for 45 min.
A stream of nitrogen was passed through the reaction

NaPh,dtc,2H,0; it produced the complex as dark brown
crystals (639%). The compound was recrystallised from
dichloromethane-acetone.
u-Oxo-bis[oxobis(cyclopentamethylenedithiocarbamato)-
rhemium(v)].—The reaction was carried out as above
(Method B) using ReOCI([CH,],dtc), (0-23 g), water (0-5
ml), triethylamine (0-5 ml), and benzene (40 ml); it
produced the complex as a light brown powder (0-21 g,
969,). The complex was virtually insoluble in acetone
or benzene but slightly soluble in dichloromethane from
which a sample was recrystallised for analysis.
Oxohalogenobis(dialkyldithiocarbamato)rhenium(v)  Com-
plexes.—Three methods were used for the preparation of
these complexes from the oxotrihalogenobistriphenylphos-
phine compound, ReOX;(PPh;), (R = Cl or Br).
Method A. Using the appropriate thiuram disulphide is
the most convenient method and gives the best yields.
ReOX,(PPh;), (X = Cl or Br) (2 mmol) and tetra-alkyl-
thiuram disulphide, (R,NCS;), (R = Me, Et, or Ry = [CH,];)
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(4 mmol), were refluxed in dry acetone (40 ml), with
stirring for 30 min and allowed to cool. The complexes
were collected, washed with ether, and dried in vacuo.

ReOCI(Et,dtc),, olive green crystals, 70%, recrystallised
from dry acetone.

ReOBr(Et,dtc),, dark brown crystals, 649, recrystallised
from dry acetone.

ReOCl{Me,dtc),, light brown crystals, 859%,, washed
with acetone and ether; too insoluble for recrystallisation.

ReOBr(Me,dtc),, light brown crystals, 709, washed
with acetone and ether, too insoluble for recrystallisation.

ReOCl({CH,]sdtc),, light brown crystals 909, washed
with acetone and ether, too insoluble for recrystallisation.

Method B. Oxochlovobis(diethyldithiocarbamaio)rhenium-
v). ReOCly(PPh,y), (04 g) and thallium diethyldithio-
carbamate (0-34 g) were dried in vacuo, over P,0; at
57 °C, before being added to dry acetone (40 ml), and re-
fluxed for 30 min, under nitrogen, with stirring. The
solution which turned pale brown and produced a white
precipitate of thallium(i) chloride, was filtered hot and
evaporated to half its volume under nitrogen; it was
then set aside overnight (over silica gel). Olive-green
crystals of the complex were deposited (0-13 g, 50%,).

Method C. Using carbon disulphide and diethylamine
is unreliable, gives poor yields, and was only used to prepare
the diethyl derivative.

Diethylamine (0-5 ml), carbon disulphide (0-25 ml),
2,2-dimethoxypropane (10 ml), and acetone (previously
dried over K,CO,) (30 ml) were refluxed under nitrogen
for 20 min. ReOCl;(PPhy), (0-4 g) was added and the
reaction mixture was refluxed, with stirring, for 1 h.
A brown solution was formed which was evaporated to half
its volume under nitrogen and then set aside; it deposited
olive-green crystals of the complex ReOCl(Et,dtc), (0-04 g,
16%).

Oxodichlovo(diethyldithiocarbamato) (riphenylphosphine)-
rhenium(v).—ReOCl;(PPh,), (0-8 g) and thallium diethyl-
dithiocarbamate (0-34 g) were dried over P,0O4 at 57 °C
in vacuo; they were then added to dry acetone (60 ml)
and refluxed under nitrogen for 5 h. The suspension
first turned brown, then green-blue and deposited a white
residue of thallium(r) chloride. The solution was filtered
whilst hot and was then set aside over silica gel overnight.
Blue crystals were deposited, which were collected, washed
with ether, and dried in vacuo (0-38 g, 679,). Thecompound
was recrystallised from dry acetone.

w-Oxo-bis[ phenylimidobis(diethyldithiocarbamato)rhenium-
(v)].—Method A. Oxobis[oxobis(diethyldithiocarbamato)-
rhenium(v)], Re,O4(Et,NCS,), (0-1 g), aniline (2 ml),
and benzene (20 ml) were refluxed under nitrogen for 5 h.
The dark brown solution was evaporated to dryness by a
stream of nitrogen, redissolved in acetone, filtered, and
then set aside. Evaporation of this solution produced
brown needles of the complex which were collected and
washed with ether (0-03 g, 259,).

Method B. Trichloro(phenylimido)bis(triphenylphos-
phine)rhenium(v) (0-1 g) and NaEt,dtc,3H,0 (0-3 g), in
acetone (25 ml), were refluxed for 30 min. The dark
brown solution was filtered free from the precipitated
sodium chloride and then evaporated to 5 ml and cooled.
The precipitated brown powder was collected, washed with
ether, water, and again with ether, and then recrystallised
from acetone to give the complex as brown needles (0-35 g,
559,).

Method C. Chloro(phenylimido)bis(dithiocarbamato)-
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rhenium(v) (0-1 g) and sodium carbonate decahydrate
(0-5 g) in acetone (20 ml), were refluxed for 30 min and
then filtered whilst hot; the brown solution was evaporated
to 5 ml. Brown needles of the complex (0-06 g, 63%)
separated when the solution was set aside.
Chloro(phenylimido)bis(diethyldithiocarbamato)rhenium(v).
—Trichloro(phenylimido)bis(triphenylphosphine)rhenium-
(v), Re(NPh)Cl3(PPhy), (1-25 g), tetraethylthiuram di-
sulphide, (Et,NCS,), (0-88 g), and dry acetone (30 ml)
were refluxed under nitrogen, with stirring, for 33 h. A
green solid was present throughout. The reaction mixture
was left to cool (3 h) and was then filtered. The dark
green crystals of the complex were washed with ether
and dried in vacuo (0-8 g, 969). The complex was re-
crystallised from benzene.
Nitridobis(diethyldithiocarbamato)vhenium(v).—A suspen-
sion of ReNCly(PPh,), (0-5 g) in a saturated solution of
NaEt,dtc,3H,0 in acetone (50 ml) was refluxed for 4 h
under a stream of nitrogen. The solution gradually became
yellow-brown and deposited a mixture of sodium chloride
and a yellow solid. The solid residue was extracted with
hot acetone giving a yellow solution which when set aside
deposited yellow crystals of the complex. These crystals
were recrystallised from acetone, washed with ether, and
dried in vacuo (0-14 g, 459%,).
Tris(diethyldithiocarbamato)rhenium (111).— ReCl,(MeCN)-
(PPhy), (0-5 g) and a saturated acetone solution of NaEt,-
dte,3H,0 (50 ml) were refluxed under a stream of nitrogen
for 1 h. The reaction mixture turned to a deep
red-brown colour and deposited sodium chloride which
was filtered off. The remaining solution was evaporated
to near dryness leaving a viscous brown liquid which was
dissolved in ethanol, filtered, and then set aside. In time
a brown powder was deposited which was contaminated
with a little white solid. This solid residue was washed
with ether, water, and then more ether. The remaining
brown powder was recrystallised from ethanol to give the
complex as red-brown needles (0-04 g, 11%,).
Tris(diphenyldithiocarbamato)triphenylphosphinerhenium-
(111).—ReCl;(MeCN)(PPh,), (0-5 g), NaPh,dtc,2H,0 (1-2 g),
and acetone (50 ml) were refluxed for 30 min to produce
a dark purple solution and an off-white residue of sodium
chloride. The reaction mixture was filtered whilst hot
and was then left to cool; it deposited dark purple crystals
of the complex (0-26 g, 499,) which were washed with ether
and dried in vacuo.
Dichloro(diethyldithiocarbamato)bis(triphenylphosphine)-
rhenium(111).—Method A. The complex was first pre-
pared as a by-product of the reaction between equimolar
quantities of ReOCly(PPh,), and thallium dithiocarbam-
ate. The filtrate remaining after the blue complex ReOCI-
(Et,dtc)(PPh,) had crystallised out was treated with ether
to produce yellow needles of the complex (0-02 g, 29%,).
Method B. Equimolar proportions of ReOCl,(PPhy),
(273 g) and thallium diethyldithiocarbamate (1:16 g)
and three molar proportions of triphenylphosphine (2-58 g)
were refluxed in dry acetone, under nitrogen, with stirring
for 20 h; the mixture was cooled and filtered. The yellow
residue was extracted with hot benzene (100 ml) to form a
yellow solution which was filtered free from the thallium(1)
chloride, and then cooled and treated with ether to yield
the complex as a yellow powder (1-81 g, 60%,).
Method C. ReOCl,(Etdtc)(PPhy) (0-32 g), triphenyl-
phosphine (0-37 g), and dry acetone (30 ml) were refluxed
under nitrogen with stirring for 20 h; the mixture was then
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cooled and filtered. The yellow complex was washed with
ether and dried (0-32 g, 74%). The filtrate was evapor-
ated to dryness and the residue obtained showed a strong
band in the i.r. region at 1190 cm™ (Nujol mull) indicating
the formation of Ph,PO.
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