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Unlike CS,, which provides good yields of
M(CO),S,CNHCH; on treatment with M(CO),-
(NH,CH;)(CONHCH,3) [1] (M =Mn, Re):

M(CO),(NH, CH,)CONHCH; + CS, ~
M(C0),;S,CNHCH,; + CO + NH,CH, )]
moderate yields of products arising from desulfuriza-

tion and sulfur incorporation are obtained from
M(CO), (NH,R)CONHR and R'NCS:
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M = Mn; R = CH;, C¢Hyy 5 R' = CHj, C¢Hs, CeH,
CH,C¢Hs; M = Re; R=CH;;R' = CH;,

In fact by reacting the carbamoyl derivative
Mn(CO),(NH, CH;)CONHCH; with excess of CHj-
NCS in tetrahydrofuran at room temperature for
several hours, we have obtained the stoichiometric
amount of the disubstituted N,N-methylthiourea,
CH;NHC(S)NHCH;, the dithiocarbamate complex
Mn(CO),S,CNHCH;, (Ja) in about 10% yield and
the methyl isocyanide derivative fac-Mn(CO);-
(CNCH;)S,CNHCH3, (24), in about 25% yield. These
two complexes have been recently obtained by Knox
et al. [2] as unique products from the reaction
between [Mn(CO)s]™ and CH;3NCS. Their formation
has been explained in terms of a sulfur abstraction
from methylisothiocyanate [3, 4] which leads to the
formation of an intermediate anion [Mn(CO),S,-
CNCH,]™ which, in agreement with the high nucleo-
philicity explicated by the nitrogen of the dithio-
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carbonimidate ligand [5], abstracts a proton from
some source to give the corresponding dithiocarba-
mate complex (/a). The consequent evolution of
methylisocyanide accounts for the isolation of the
isocyanide derivative (2a).

Despite the striking similarities between our reac-
tion products and those obtained from carbonyl
anions and isothiocyanates, the mechanisms involved
must be substantially different. These differences are
well evidenced by the reaction scheme (2) which
shows that the carbamoyl derivatives M(CO),(NH,-
CH,)CONHCH; react with R'NCS to produce
together with N,N'-disubstituted thioureas the dithio-
carbamate complexes (/ and 2) in which the dithio-
ligand bears the alkyl or aryl group of the incoming
R'NCS. In addition, the isocyanide coordinated in
type 2 complexes must not be formed by simple
sulfur abstraction from the R'NCS but more likely
arises from the coordinated —CONHR group of the
starting derivatives.

As an example, by reacting Mn(CO),(NH,CH,)-
CONHCH; and C¢HsNCS in benzene at room
temperature, the thiourea CH3;NHC(S)NHC¢H; is
quantitatively recovered together with Mn(CO),S,-
CNHCHs, (Ib), and the isocyanide Mn(CO);-
(CNCH3)S,CNHC¢Hs complex, (2b), which have
been separated by column chromatography.

As shown in Table I, the i.r. spectrum of Mn(CO);-
(CNCH;)S,CNHC¢H; exhibits strong CO absorptions
at 2020, 1950 and 1922 cm™' (consistent with a
fac-Mn(CO); arrangement), and a medium-strong
band at 2200 cm™! attributable to the ¥CN of the
coordinated CNCH; group. However the 'H n.m.r.
spectrum shows a singlet at 7 6.40 and a broad signal
in the range 7 2.1-2.9, attributable to the CH; and
NHC¢H; groups respectively. The mass spectrum of
the isocyanide derivative reveals, together with the
parent ion, signals due to the successive loss of the
three CO and the base peak at 223 m/e correspond-
ing to [MnS,CNHC¢H;]®, which is also present as
the most intense peak in the mass spectrum of
MH(CO)4SQCNHC6H5 .

Additional evidence of this unusual reaction path
comes from the reaction of Mn(CO)4(NH,C¢Hy,)-
CONHC¢H,; with CH3NCS and from the reaction of
Mn(CO),(NH,CH;)CONHCH; with C¢H;; NCS which
form (la)and (2e) or (I¢) and (2c)respectively. The dif-
ferent natures of the type 2 complexes fac-Mn(CO);-
(CNCH3)(S)CNHC6H11), (26'), and faC-MIl(CO)3-
(CNCg¢H,,)S,CNHCHj3, (2¢), readily detectable by
'H n.m.r. analysis (see Table I), is an indication that
the coordinated isocyanide does not arise from a
direct metal—isothiocyanate interaction. The latter
would afford M(CO)3;(CNR')S,CNHR' complexes
resulting from a disproportion of the heterocumu-
lene R'NCS, as proposed in all the cases in which
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similar reactions have been studied and mixed iso-
cyanide—dithiocarbamate complexes such as Pt-
(PPh, XCNPh)(S,CNPh) [4], [Rh[X-C(Z)-Y](CNR)-
(S:CNR)PPh;), ([X-C(Z)-Y] = an unsaturated
hetero-allylic chelate group [6]), and M(CO),CNR)-
S,CNHR [2] have been obtained. On the other hand,
the quantitative formation of N,N'-disubstituted
thioureas which probably arise from the reaction of
the amine and the R'NCS, excludes the possibility
that the coordinated NH,R group is the source of the
isocyanide complex.

Although we cannot at present develop a complete
explanation for the reactions studied, the results
obtained may substantiate the idea of a nucleophilic
attack on the electrophilic carbon atom of the iso-
thiocyanate by the nitrogen of the coordinated
CONHR group. Thus by analogy with the known
reactivity of CS, toward the same carbamoyl deriva-
tives [1], formation of a probable intermediate of
the type:

el
N, H
to-w -]
£ R

may occur, which by interaction with a second
R'NCS molecule ejects the isocyanide CNR group to
afford complexes of the type M(CO),S,CNHR' which
in turn are the source of M(CO);(CNR)S,CNHR'
complexes on carbon monoxide substitution by the
formed isocyanide.

Experimental

The carbamoyl derivatives M(CO)4(NH,R)-
(CONHR), M = Mn, Re, were prepared according to
literature methods [7, 8]. L.r. and 'H n.m.r. spectra
were recorded on Perkin-Elmer 180 and on JEOL
C-60 ML or on Varian XL-100 spectrophotometers
respectively. Mass spectra were recorded on a JEOL
JMS-DI100 working at 75 eV,

All the reactions were carried out in inert atmo-
sphere and the products reported in scheme 2 have
been fully characterized by elemental analysis and
spectroscopic properties.
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General preparative procedures are described
as follows: One mmol of M(CO);(NH;R)}CONHR)
dissolved in 100 ml of tetrahydrofuran was treated
at room temperature with a tenfold excess of R'NCS.
After stirring for several hours the mixture was filter-
ed and the solvent was evaporated under reduced
pressure. The residue was slurried in CH,Cl, and
placed on a 2 X 30 column of silica gel. Elution
with a 2:1 mixture of CH,Cl,—hexane gave the
products in the following sequence: thiourea, tetra-
carbonyldithiocarbamate complex, and tricarbonyl-
isocyanide-dithiocarbamate complex. The complexes
were recrystallized from CH,Cl, by addition of
hexane.

Anal.: [Ml’l(CO)g(CNCHg )52 CN(H)CgHs] :
Found: C, 412, H, 2.7; N, 8.1%; C12H9N203Mn52
requires: C, 41.38;rH, 2.60; N, 8.04%. [Mn(CO);-
(CNCH;)S,CN(H)C¢H,; ] : Found: C, 40.5; H, 4.3;
N, 7.8%, C12H15N203Mn82 requires: C, 40.68; H,
427, N, 7.91%. [MD(CO)g(CNC6 H11)52 CN(H)CH3] :
Found: C, 40.6; H, 4.1; N, 7.8%; C;,H;5N,0;MnS,
requires: C, 40.68; H, 4.27; N, 7.91%. [Mn(CO);-
(CNCH;)S,CN(H)CH, C¢Hs]: Found: C, 43.2; H,
3.1; N, 7.6%; C,3H;; N, O3MnS, requires: C, 43.09;
H,3.06;N, 7.73%.
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