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Summary 

The cyclopentadienylmetal carbonyl halides C,HjMo(CO)xCI, CSHjW(CO),CI, 
CjH5CoCO12 and CjHjCoCOC3F71 react with the cyanodithioformate ion 
-S,C2N to yield the following derivatwes: CjH<hlO(CO)>(S,C2 N), CjHjW(CO),- 
(SZCZN), CjHjCoI(S:C~N), CjH,CO(S2C~N) [SC(S)CN] and CsHjCOCJF7(S,C,N)- 
\Yhen acting as a bidentate the cyanodlthloformate hgand is superior to other 
univalent dlthio chelating agents as based upon its ability to remove charge 
from the metal. 

Introduction 

Whereas numerous accounts of the Interaction of monoanlonic dlthio 
ligands C&R, where typically R = PF1, [l-3], P(OC7H5)2 [3, 51, C=C(CN)? 
[6], COCzHj [5, ‘7, S] ad CN(C>Hj), [S-11]) with transition metal compounds 
are found in the literature, the cyanodithioformate ion CS,CIN) has been con- 
fined to three areas, (1) study of its organic chemistry [12-151 (2) the prepara- 
tion of simple salts of mam group metals [13, 161 and (3) its use as an inter- 
mediate in the synthesis of the well studied Cal ,2-dicyanoethylene-l,Zdithio- 
late dianion [ 11, 17-191. 

This initial investigation is concerned with reactions of the cyanodithio- 
formate ion (CNDF) with selected cyclopentadienylmetal carbonyl kralides, the 
structures of resulting compleses, and the comparative bonding abthty of 
CNDF with that of other dithio chelating agents. 



Esperimental 

Microanalyses were performed by Pascher Mikroanalytisches Laboratorium, 
Bonn, Germany, and M-H-W Laboratory, Garden City, Michigan. Infrared spectra 
were recorded in methylene chloride solutions and potassium bromide pellets 
on a hlodel 621 Perkin-Elmer spectrometer. Proton NMR spectra were taken 
in chloroform-d on Varian Associates Model T-60 and HA-100 mstruments with 
tetramethylsilane as an internal standard. Melting points were taken in open 
capillaries and are uncorrected. lL1as.s spectra were recorded on a Varian AS- 
sociates Model CH-7 spectrometer using a direct inlet probe heated from 
100-150”. Chemicals were obtaned from the following sources: Mo(CO), and 
W(CO)h (Pressure Chemical Co.), CjHSCo(CO)z (Alpha Ventron), and CJF,I 
(Columbia Chemical Co.). Florisrl (60-100 mesh) used for column chromato- 
graphy was obtained from Fisher Scientific Co. The starting materials 
C~H~MO(CO)~CI [20], CsHSW(CO)JCl [20], CjH,CoCOI, [21], C~H~COCOC~F~I 
[22], NaS&?N-3DMF [16] (DMF = NJV-dimethylformamide), and 
(C:HS)~NSzC2N [ 13) were prepared from Irterature methods. 

CjH,hlo(CO),CI 0.71g (2.53 mmol) and NaS?C,N-3DhlF O.S7g (2.53 
mmol) were stirred at ambient temperature in acetone for 72 h. After evapora- 
tion (25”, 40 mm) the residue was estracted with chloroform (5 ml) and 
placed on a Florisrl column. Evaporation of the 50/50 benzene/CH,CI, eluant 
followed by two recrystakzations from CH,Cl,/heptane yielded violet crystals. 

CjHSW(CO)&I 0.5Og (1.35 mmol) and NaSJ,N-3DhlF l.Og (2.90 mmol) 
were stirred at 56” in acetone for 72 h. After solvent evaporation the residue 
was ext_ratted with 6 X 20 ml portions of hesane. Crystals were obtained by 
sIow evaporation of the hesane under a stream of dry nitrogen. 

CjH,CdTfl;(S,CJV) 
C5HjCoCOC,F;I 0.3Og (0.67 mmol) and NaS&?N-3DMF 0.23g (0.67 mmol) 

were stirred at 56” in acetone for 1S h. Solvent evaporation followed by two re- 
crystallizations from CH&L/heptane yrelded the product. 

c 

&H,CoCOI, 0.5Og (1.23 mmol) and ((CzH5)JN] (S&N) 0.29g (1.25 
mmol) were stu-red at 25” in acetone for 2 h. After evaporation of the solvent 
the residue was extracted mto CH2C12, washed with water, and dried by filter- 
ing through anhydrous Na,SO,. The pure product was obtained by two re- 
crystallizations from CH2Cl,/heptane. 

CjH5CoCOII 0.5Og (1.23 mmol) and NaS,CzN.3DMF l.lOg (3.22 mmol) 
were heated at 56” in acetone for 12 h. The solvent from the filtered solution 
was evaporated and the residue was dissolved in CH&I, and placed on a Florisil 
column. Elution with 50/50 CH,Clz/acetone followed by recrystallization from 
CH$12/heptane yielded the product. 
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Results and discussion 

Discounting bridged dimeric or polymeric species (Table l), three modes 
of bonding appear plausible between the tigand and metal in the C,H,M(CO),- 
(CNDF), (M = MO, W, Co) derivatives prepared in this study. 

i 
M -_S-_C-_C=N 

(I) (II) 
tm) 

Since III should cause a drastic reduction in u(CN) which was not ob- 
served, structures I and II appear to be the most likely candidates for these 
cyclopentadienylmet derivatives of the CNDF ion. 

When C5H5M(CO)J21 (M = MO, W) were allowed to react with CNDF in 
acetone solution, two new v(C0) bands appeared concurrently with a red to 
violet color change. Although transient CjH,M(CO)a(CNDF) species are 
probably generated, their presence was never revealed by frequent monitoring 
of the v(C0) region. However, minute quantities of these fugitive tricarbonyls 
were quite possibly present with their v(C0) bands hidden beneath those of 
C5H5M(CO)JIl or emerging C,H,M(C0)2(CNDF). Subsequent purification 
yielded violet crystals of CSH5M(C0)2(CNDF) adopting the half-sandwich 
structure IV. 

TABLE I 

PHYSICAL PROPERTIES AND ANALYSES OF CYCLOPEND.~DlENYLhlETAL CARBONYL 
COhlPLEXES OF THE CYANODITHIOFORMATE LIGAND 

Compound Color Yield Xf P Al-dYS~S 6 found (calcd.) (5) 

(5) (‘CP 
C H N s 

Cs Hs hfo(CO)~(CNDF) = VlOkt 

c5Hjv3(~0),fC~~~1 c wolel 

CsHjColfCNDF) Purple- 
black 

Cj HsCofCNDF): purple- 
bbck 

C;H5CoC3F7(CNDF) purple- 
black 

65 75-77 34.11 

(33 86) 

60 98-100 26.72 
(26.25) 

87 13-t-135 24.03 

(23.81) 

60 llfl-115 32.50 
(32.91) 

33 s-I-95 30.36 
(30.39) 

I.55 

(1.58) 

1.23 

(1.24) 

1.41 

(1.43) 

l.i3 
(1.53) 

1.18 
(1.28) 

4.41 

(-f.39) 

3.54 
(3.44) 

3.9-f 

(3.97) 

8.63 
(8.56) 

3.42 
(3.54) 

19.88 

(20.09) 

15.75 

(15.75) 

18.15 

(18.16) 

39.10 
(39.05) 

16.32 
(16.22) 

a Welt rvlth decomponlioo. b Parent ions were observed m the mass spectra run al 50% dnd 1 50° belween 
lO-70eV (no higher mof. wt. loosobsemed).’ hlol. it. by V.P.0.. for CjHShlo(C0)2(CNDF). found. 310. 
calcd: 319.2. for C.~HSW(CO)~(CNDF). found. 400.calcd: 107.1. 
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Even though the r(CjHj) values for specific metal systems appear to be rather 
insensitive to ligand effectus, the v(C0) frequencies (Table 2) reveal an effective 
bonding order CNDF > SIPF2 > S2CN(CZH5)z for bidencate sulfur chelating 
agents. Based upon this inference from u(C0) values, CNDF is superior to all 
dithio ligands previously reported_ The following resonance pair apparently 
contributes to this removal ofcharge from the metal and the resulting lower v(CN) 
value for CNDF as a bidentate ligand. Consistent with all the prior data the u(C0) 
frequencies are lower for tungsten than for the molybdenum derivative. 

/s& zT 

M,cg-c 
+/s\ 

- Mvc=c=N- 
Both C5H5CoCOI? and CjHjCOCOIC3F7 reacted with one mole of CNDF 

displacing an iodide ion and the carbon mcnoxrde to produce C;H,CoI(CNDF) and 
CjHjCoC3F,(CNDF), respectively. When C5H5C!oCO12 and the ligand were allowed 
tointeract in a l/2 molar ratio, a molecule containing one bidentate and one 
monodentate CNDF ligand resulted. The CSHjCo(CNDF)2 formulation is 
supported by the two u(CN) stretching bands observed (monodentate, 
2232 cm-’ ; bidentate, 2220 cm-’ )_ 

TABLE I! 

INFRARED AiVD F;VR SPECTRA OF CVDF COMPOUNDS 
---.------ --.--. - - 

Compound L(COLU cm-’ 
-------- -- -- - ---- - - ---- --.. --__ 
Cj kIj%lo(CO>~(CKDF, 1997 rs 19-lo 5 

CjHj\\(CO)~(CKDF) 1989 .s 1916 s 

C<lfjCOl(CNDF) 

CjHjCO(CNDF)z 

CjiijCOC~F7(CI4;DF) 

CjH5hlO(CO)?(S~PF~) 
e 

1980 YS 1889 s 

CjHjhlo(CO)Z[S2C~(C~Hj), I c 1931 vs 1839 5 

__-_--___-- -_-____ 

a Run WI mclb~lrne chloride. bR un III chloroform-d. = Ref. 1. 
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