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SUMMARY 

Some reactions of [(CH,),C,M(CO),JI (M=Cr and MO) and (CH,),C,M- 
(CO),CH, (M=Mo and W) are described Reactions of the bimetallic derivatives 
CU%),C,WCO)III (M=C r and MO) generally result in complete cleavage of the 
metal-metal triple bond often with carbonyl transfer to give monometallic (CH,),- 
C,M(CO),X derivatives_ Thus treatment of[(CH,),C,M(CO),], (M=Cr and MO) 
with sodium amalgam in tetrahydrofuran at room temperature gives the anions 
[(CH3)sC5M(CO)J- identied by reactions with (C,H,),SnCl, HgCI, and Hg(CN), 
to give the corresponding yellow (CH3)&SM(CO)3R derivatives [p= (C6H5)$n, 
ClHg, and I/2 Hg]. Reactions of [(CH,),C,M(CO),], (M=Cr and MO) with iodine 
at room temperature give the corresponding violet to red tricarbonyl iodides (CH,),- 
C,M(CO),I (M=C r and MO). Reactions of [(CH,),C,M(CO),], (M=Cr and MO) 
with nitric oxide at room temperature give the corresponding orange nitrosyls 
(CH3)5C5M(C0)2N0 (M = Cr and MO). The methyl derivatives (CH,)&,M(COh- 
CH3 (M= MO and W)react with iodine to give the iodides (CH,)5C,M(CO),I(M =Mo 
and W) and (CH&C,W(CO)& and with sulfur dioxide to give the yellow S-sullinates 
(CH,).&M(CO)$30,CH3 (M=Mo and W). The reaction of acetylpentamethyl- 
cyclopentadiene with (CH,CN),W(CO), in boiling methylcyclohexane gives the 
yellow +acetyl derivative (CH,),C,W(CO)3(COCH3) in low yield in addition to the 
previously reported c-methyl derivative (CH3)5CsW(C0)3CH3. 

INTRODUCl-ION 

Reactions of acetylpentamethylcyclopentadienez*3 or pentamethylcyclo- 

* For Part III of this series, see reL 1. 
n hst-doctotal research a&sac&c 196~1971. Present address: School of Chemistry, Rutgers U& 

varsity. New Brunswi~ New Jersey. 08903, USA 
- Post-doctoral research associate 1971-1973. 
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pentadiene4 with the hexacarbonyls of chromium and molybdenum give derivatives 
ofthestoichiometryIPgC5M(CO)J2(R=CH,M=CrandMo).Thisstoichiometry 
is unusual since the corresponding unsubstitutecl cyclopentadienylmet carbonyl 
derivatives of these metals have the stoichiometry [p&,M(CO),], (R = H, M =C?, 
MO’ and W”). The presence of a metabmetal triple bond in the pentamethylcyclo- 
pentadieuyl derivatives @SCSM(CO)z]l(P=CH,; M=G and MO) was original- 
1Y z.3V4 postulated in order to give the chromium or molybdenum atoms the favored 
18-electron’ rare gas configuration. A recent X-ray crystallography study on the 
chromium derivativee [CH&C&r(CO),], indicated structure (I) (M = Cr). Features 
of particular si ificance in this structure were the very short chromium-chromium 
distance (2.276 In ) indicative of chromium-chromium triple bonding and four terminal 
carbonyl groups (G-C = 1.79 20.01 A) relatively close (Cr-C = 2.45 A in some cases) 
to the chromium atom to which they are not bonded. 
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The unusual structural features of the compounds [(CH,),C,M(CO),],[(I): 
M=G and MO] make their chemical reactivity of interest particularly with regard 
to the following questions: (1) Will a metal-metal triple bond in structure (I) undergo 
addition reactions with appropriate reagents similar to the carbon-carbon triple 
bond in alkynes? (2) Does the close proximity of the carbonyl groups in structure (I) 
to the metal atom to which they are not bonded lead to unusual intramolecular 
carbonyl transfer reactions? This paper describes some reactions of the compounds 
C(CH,),C,M(CO),l,C(I) M = C r and MO] directed towards the clarification of 
these questions. Some simple reactions are also described of the a-methyl derivatives 
(CH,),C,M(CO),CH,[(IJ): M =Mo and W-J, which are products of the reactions of 
acetylpentamethylcyclopentadiene with Mo(CO), and (CH,CN),W(C0),2~3. 

MPERIMENTAL 

Microanalyses (Table 1) were carried out by P&her Mikroaualytisches Labo- 
ratorium, Bonn, G ermany; Meade Microanalytical Laboratory, Amherst, Massa- 
chusetts; and Mr. W. Swanson and co-workers of the microanalytical laboratory at 
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TABLE 2 

SPECTROSCOPIC PROPERTIES OF SOME PENTAMETHYLCYCLOPENTADIENYL. DERIVATIVES 01 
CHROMIUM, MOLYBDENUM, AND TUNGSTEN 

Compound Infrared specnwn (cm - ‘) Proton NMR spectrum(r) 

Sokenr r(C0) and r(N0) s01ce?lt MeSCl Other 

Me&Cr(CO),SnPh, 
Me,C,Mo(CO),SnPh, 
CMQXr(COM2-b 
CM~,C,~~WVAHE 
CMc&,‘JWWzHg 
Mc,C&r(CO),HgCl 
Mc,C,W(CO),(COMe) 
Me&Cr(CO),I 
Me,C,Mo(CO),I 
Me&W(CO)J 
M%CsW(CG)Ja 
Me&Mo(CO),SO,Me 
MeSCSW(CO),SO,Me 
Me,CsG(CO),NO 
Me,C,Mo(CO),NO 

c-&H,, 
- CH,CI, 

CH$l, 
CH,C’k 
CH,Cl, 
CH,CI, 

1972 s, 19115.1893 s 
1988 s, 1915 s. 1891 s 
.1966 m, 1940 s, 1870 s(br) 
1978 m, 1950 s, 1875 s@r) 
1994s. 1903 s(br) 
1985 s. 1910 s(br) 
2005,1912 s, 1639 m 
202.2 s, 1965 s, 1931 s 
2036 41960 5,1939 s 
2030 s, 1936 s(br) 
2056s.2004~ 
2041 s, 1959 s(br) 
2039 s, 1947 s(br) 
2010 4 1932 s, 1680 P 
2015 s, 1935 s, 1665 P 

CDCI, 
CDs 
CDCI, 
CD& 
CDCl, 
CDCI, 
CDCl, 
CDCl, 
CDCI, 
CDCI, 
CDCI, 
CDC& 

CDCI1 
CDCI, 

823 
8.14 
8.15 
8.02 
7.85 
8.08 
7.96 
8.09 
7.95 
7.87 
7.84 
7.93 

821 
8.04 

CsHs :=27(m), 298 (t) 
C,Hs: 26 (br), 285 (br) 

CH,CO: 7.47 s 

CHISO, : 7.07 s 

- v(N0) kequmey_ 

the University of Georgia Molecular weight determinations (Table 1) were deter- 
mined by the commercial laboratories listed above using vapor pressure osmometry 
in the indicated solvents. Infrared spectra in the 2200-1500 cm.-’ v(C0) and v(N0) 
region (Table 2) were taken in the indicated solvents and recorded on a Perkin-Elmer 
Model 621 spectrophotometer with grating optics. The NMR spectra (Table 2) were 
taken in chloroform-d solution and recorded at 60 MHz on a Perkin-Elmer-Hitachi 
R-20 spectrometer. Melting points were taken on samples in capillaries and are 
uncorrected. 

A nitrogen atmosphere was routinely provided for the following operations: 
(a) carrying out reactions with metal carbonyl derivatives; (b) handling filtered solu- 
tions of organometallic compounds ; (c) filling evacuated vessels containing organo- 
metallic compounds. 

The pentamethylcyclopentadienyhnetal carbonyls [(CH,),C,M(CO)J,[(I): 
M=Cr and MO] and (CH,)SCSMo(CO)3CH3[(II): M= MO] were prepared from 
acetylpentamethylcyclopentadiene and the corresponding metal hexacarbony12s3. 
The raw materials needed for these syntheses and other reagents used in this work were 
purchased 6rom the usual commercial sources indicated in previous papers. 

Reactions of (CH-,CN), W(CO), with acetylpentamethylcyclopentadiene 
This reaction was previou~l~.~ reported to give the cr-methyl derivative (CH,),- 

C,W(CO),CH,[(II): M=W].A more careful investigation of this reaction as shown 
below indicates that it gives not only the a-methyl derivative (CH,),C, W(CO),CH, 
but also the cr-acetyl derivative (CH,),CjW(CO)j(COCH3). 
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A mixture of 4x) g (102i mmoles) of freshly prepared (CH,CN),W(CO),, 
1.76 g (10 mmoles) of acetylpentamethylcyclopentadien~ and 150 ml of methyleyclo- 
hexane was boiled under reflex for 48 h Solvent was then removed from the reaction 
mixture at 40°/35 rnmHg_ The residue was extracted with three 50 ml portions of 
boiling bexane. The filtered hexane extracts were chromatographed on a 2 x 60 cm 
Florisil ColumIL Elution of the f%st yellow band with hexane followed by evaporation 
of the eluate gave 15 g (36% yield) of yellow (CHJsC,W(CO)&Hs. After removal of 
the (CHx)sCsW(CO)sCHs, the second yellow band was eluted with a l/l mixture of 
dichloromethane and hexane and the eluate evaporated to dryness at 25O/35 mmHg. 
A hexane solution of the residue was chromatographed on a 2 x 60 cm Floiisil column 
After development of this second chromatogram with 500 ml of hexane, the yellow 
band was eluted with a l/3 mixture of dichloromethane and hexane. Evaporation of 
this eluate followed by sublimation at 70”/0_1 mmHg gave 0.1 g (23% yield) of yellow 
(CH,),C,W(CO)(COCH,). 

Preparation of Na[(CH&CsCr(CO)J from [(CH&&sCr(CO)& 
A solution of 0.6 g (123 mmoles) of [(CH,),C,Cr(CO& in 100 ro 200 ml of 

redistilled tetrahydrofuran was stirred vigorously with excess (z 10 ml) of dilute (0.7 
to 1%) sodium amalgam The original green color of the [(CHs),C&r(CO)& soon 
became violet and more gradually yellow-brown After stirring for 1 to 3 h the excess 
amalgam was removed and the resulting yellow-brown solution of Na[(CH,),C,Cr- 
(CO),] used for experiments such as those described below. 

Reuction o/ Na [ (CH,), C, Cr(CO),] with (C,H,), SnCI 
A solution of Na[(CH&Z5Cr(CO),] prepared from 0.65 g (1.34 mmoles) of 

cw3w5~w)zlz as described above was treated dropwise with a solution of 1.03 
g (2-68 mmoles) of triphenyltin chloride in 30 ml of redistilled tetrahydrofuran. After 
stirring for 4-$ h, solvent was removed from the reaction mixture at 25’/35 mmHg_ 
The residue was extracted with two 100 ml portions of hot hexane. The solution was 
chromatographed on a 2 x 60 cm Florisil column The yellow band was eluted with 
l/9 to l/3 mixtures of dichloromethane and hexane. These eluates were evaporated 
and the product recrystalked several times from mixtures of dichloromethane and 
hexane to give 0.32 g (19% yield) of yellow (CHa)sCsCr(CO),Sn(CGH&. 

Repetition of this reaction in an atmosphere of carbon monoxide rather than 
nitrogen resulted in a 27% yield of (CHs)&Cr(C0)3Sn(CsH5)3_ 

Reaction ofNa[(CH&C,Cr(CO),] with Hg(CZV), 
A solution of Na[(CH,)&Cr(CO)s] prepared from 0.6 g (1.23 mrnoles) of 

WHd~~&r~W~l~ as described above was treated with a solution of 0.35 g 
(1.38 mmoles) of mercury(U) cyanide in 50 ml of redistilled tetrahydrofuran. After 
stirring for 45 mim chromatography followed by crystallization sin&u to the isolation 
of (CH3)sCsCr(CO),Sn(CsH,)s described above gave a 10% yield of yellow [(CH,),- 
C,WCOLLH~ 

Reaction of fVa[(CH3),C,Cr(CO)3] with H&f, 
A solution of Na[(CHn)sCsCr(CO)3] prepared from 0.6 g (1.23 mrnoles) of 

[(CH&CxCr(CO)& as described above was treated dropwise with a solution of 
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03 g (1.10 mmoles) of mercury(H) chloride in 50 ml of tetrahydrofuran After stirring 
for 2 h chromatography (second yellow band) followed by crystalhzation similar to 
the isolation of (CHx)sCsCr(C0)3Sn(CsH& described above gave an 8% yield of 
yellow (CH,),C,Cr(CO),HgCl. 

Reaction o/ [(CH&C5Cr(CO)J2 with iodine 
A solution of 1.0 g (2.06 mmoles) of [(CH,),C,Cr(CO)~, in 50 ml of dichloro- 

methane was treated dropwise with a solution of 0.50 g (195 mmoles as 12) of iodine in 
100 ml of dichloromethane over 60 min After stirring for an additional 30 min, 
solvent was removed from the reaction mixture at 25O/35 mmHg A solution of the 
residue in a l/4 mixture of dichloromethane and hexane was chromatographed on a 
2 x 60 cm Florisil column. A green band first appeared on the column, but this de- 
composed upon development of the chromatogram. The major red-violet band which 
followed was eluted with a l/3 mixture of dichloromethane and hexane. Concentration 
of the filtered red-violet eluate at z2S”/40 mmHg followed by cooling to -78O gave 
0.065 g (8% yield) of violet crystalline~(CH,)&Cr(CO)~L Attempts to recrystallize 
this compound led to signikant decomposition 

Reaction of [(CH3),C5Cr(CO),], with ninic oxide 
Nitric oxide was passed for 15 min through a solution of 0.75 g (1.57 mmoles) 

of [(CH,),C,Cr(CO)& in 125 ml of carbon disultide. Solvent was removed from the 
reaction mixture at =25O/35 mmHg A pentane solution of the residue was chromato- 
graphed on a 2 x 50 cm Florisil column The orange band which first appeared was 
eluted with pentane Evaporation of this eluate at z W/35 mmHg followed by subli- 
mation at 25O/O_Ol mmHg gave 0.104 g (12% yield) of orange crystalline (CH,),C,Cr- 
(CO),NO. 

After removal of the orange band of (CH3),CSCr(C0)2NO; the chromatogram 
was eluted with l/S to l/3 mixtures of diethyl ether and pentaue Evaporation of the 
eluates followed by sublimation at 70°/0.01 mmHg gave 0.084 g of a rather unstable 
deep red-brown solid The inkared spectrum of this red-brown solid exhibited strong 
v(NO)frequencies at 1784and 1681 cm-’ indicating this second product to bea(CH,),- 
C,Cr(NO)& derivative. 

A sample of this red-brown (CH3)&Cr(NO)& derivative (~0.1 g) was 
treated at -78O with the pentaIluorophenyllit solution obtained by stirring 
1.4 ml (22 mm&s) of commercial 15% n-butyllithium in hexane with 05 g (3.0 
mmoles) of pentafluorobenzene in ~50 ml of diethyl ether. After stirring for 1 h at 
-78’, solvent was removed from the reaction mixture at 29/35 mmHg. The residue 
was chromatographed on a 2x 50 cm Florisil column in 30-60° petroleum ether. 
Elution of the fit yellow band with a l/4 mixture of chloroform and petroleum 
ether followed by a low temperature crystallization from a minimum of petroleum 
ether gave a trace (x0.002 g) of a green solid, m-p. 127-130’. 

An analytically pure sample of this green solid could not be obtained. However, 
the mass spectrum of this solid (Perkin-Elmer-Hitachi RMU-6 : chamber temperature 
210°, sample temperature 125’) indicated it to be the expected pentafluorophenyl 

derivative (CH&ZsCr(NO)&FS. Major ions observed include CL&llSCr(NO)l- 
CiFf (m/e 414, relative intensity 8), C,,H,,CrNOC,Ff (m/e 384, relative intensity 
30), C l,,H,&rCsFf (m/e 354, relative intensity 18) C,,H,,CrF+ (m/e 206, relative 
intensity 87). and CsFSH+ (m/e 168, relative intensity 168). 
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Reducfion of [(CH,),C,Mo(CO)J, with sodium amalgam followed by reaction with 
tripknyltin chloride 

A solution of 0.4 g (0.7 mmoles) of [(CH,),C,Mo(CO)& in 200 ml of redistilled 
tetrahydrofuran was stirred with excess sodium amalgam for 2 h Excess amalgam 
was then removed_ The resulting solution was treated dropwise with a solution of 
027 g (0.7 mmoles) of triphenyltin chloride in M ml of redistilkd tetrahydrofkan. 
After stirring for an additional 1 h, solvent was removed f+om the reaction mixture at 
z25O/35 mmHg. A faltered solution of the residue in a minimum of a l/3 mixture of 
dichloromethane and hexane was chromatographed on a 2 x 60 cm Florisil col~me 
Trace amounts of a pale band of [(CH,),C,Mo(CO),], were first eluted from the 
chromatogram with a l/3 mixture of dichloromethane and hexane The more major 
yellow band of the product was eluted with dichloromethane. After evaporation of 
the eluate at x25”/35 mmHg the product was crystallized from &Xl ml of boiling 
hexane to give 0.047 g (5% yield) of yellow (CH&CSMo(CO),Sn(CsH&, which was 
dried at lCW/O.l mmHg_ 

Reaction of[(CHs)&,Mo(CO)J2 with iodine 
A solution of 0.40 g (0.7 mmoles) of [(CH,),C,Mo(CO)J1 in zz2G ml of di- 

chloromethane was treated dropwise at room temperature with a solution of 0.165 g 
(0.65 mmoles as 11) of iodine in 100 ml of dichloromethane over a period of 30 min. 
After stirring for an additional 30 min, solvent was removed at s25”/35 mmHg_ An 
extract of the residue in hot hexane was chromatographed on a 2 x 60 cm Florisil 
column. The red band was eluted with a l/3 mixture of dichloromethane and hexane. 
Slow evaporation of the red-orange eluate at 2 25”/35 mmHg gave 0.15 g (26 0/O yield) 
of red crystalline (CH&C,Mo(CO),I. 

Reaction of [(CH,),C,Mo(CO),],with nitric oxide 
Nitric oxide was passed through a solution of 0.40 g (0.7 mmoles) of [(CH&- 

C,Mo(CO)& in 100 ml of cyclohexane for 7 min Solvent was then removed at 
25”/35 mmHg A pentane extract of the residue was chromatographecl on a 2 x 60 cm 
Florisil column_ Elution of the orange band with cyclohexane followed by evapora- 
tion of the eluate at 25O/35 mmHg and sublimation of the residue at 40°/O_05 mmHg 
gave 0.16 g (37% yield) of orange crystalline (CH,&MO(CO)~NO, m.p. 87-88”. 

Ulrt-auiolet irradiation of (CH,),CsMo(CO),CH, 
A solution of 0.4 g (1.21 mmoles) of (CH,),CgM~(C0)3CH3 in 75 ml of 

redistilled tetrahydrofuran in a Pyrex flask was exposed to the irradiation from an 
ultraviolet lamp for 65 h in air rather than under nitrogen as usual. Solvent was then 
removed from the reaction mixture at 25O/35 mmHg. A solution of the residue in a 
zz l/4 mixture of dichloromethane and hexane was chromatographed on a 2 x 60 cm 
Florisil column The initial red band was eluted with the same solvent mixture_ Evapo- 
ration of this eluate followed by removal of any (CH,), C, Mo(CO), CHa by subli- 
mation at 700/0.1 mmHg gave 0.07 g (20% yield) of red [(CH,),C,MO(CO)~]~. 
m-p. 271” (lit” dcc. 273”). 

A similar ultraviolet irradiation of a solution of 05 g (1.51 mmoles) of (CH,),- 
C,Mo(CO)$H, in a mixture of 30 ml of 1,kyclooctadikne and 75 ml of cyclohexane 
gave 0.05 g (I 1.5% yield) of red [(CH,),C,Mo(CO),J, rather than a cyclooctadiene- 
molybdenum complex. 
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Reactions the methyl derivatives (CH,), C, M (CO), CH, (M = MO and W) with suljlrr 
dioxide 

The methyl derivative (CH~&MO(CO)&H~ (12 g 3.97 mmoles) was stirred 
with 75 to 100 ml of liquid sulfur dioxide at - 40” to - 50° for 5 b_ The reaction mixture 
was then warmed to room temperature to allow the s&u dioxide to evaporate. A 
solution of the residue in a l/3 mixture of dichloromethane and hexane was chromato- 
graphed on a 15 x 50 cm Florisil column Minor side products were removed from the 
chromatogram with diethyl ether. The major yellow band remaining was then eluted 
with acetone. Evaporation of the eluate at 25”/35 mtnHg followed by recrystallization 
from a mixture of dichloromethane and hexane gave 0.84 g (58% yield) of golden 
yellow (CH,),C,MO(CO)~SO~CH~_ 

A similar reaction of 0.5 g (0.96 mmoles) of (CHJ&W(CO)sCHs with excess 
sulfur dioxide gave 0.021 g (45 oA yield) of yellow (CH,),C,W(CO)$O,CH,. 

Reaction OJ(CH~)&,M~(CO),CH, with iodine 
A solution of 7.25 g (22 mmoles) of (CHJsC,Mo(CO)&H, in 50 ml of dichlo- 

romethane was treated dropwise with a solution of 55 g (21.7 mmoles as 12) of iodine 
in 300 ml of dichloromethane over a period of 45 min. The reaction mixture was then 
boiled under reflw for 11 h Solvent was removed from the reaction mixture at 
25O/35 mmHg The residue was taken up in a l/l mixture of dichloromethane and 
hexane and cbromatographed on a 2.5 x 60 cm Florisil column The orange band was 
eluted with the same solvent mixture_ Evaporation of the eluate followed by- recrys- 
tallization from a mixture of dichloromethane and hexane gave 4.0 g (44% yield) of 
dark red (CHs)sCSMo(CO)$ 

Reaction of (CH,),C, W(CO),CCr, with iodine 
A solution of 0.85 g (1.92 mmoles) of (CH3)5C5W(C0)3CH, in 20 ml of di- 

chloromethane was treated dropwise with a solution of 0.48 g (1.88 mmoles as I,) 
of iodine in 100 ml of dichloromethane over a period of 30 min After stirring for an 
additionaI 12 h at room temperaturq the solution was concentrated to 60 ml at 25”/35 
mmHg Addition of 80 ml of hexane gave a brown precipitate A solution of this preci- 
pitate in a l/l mixture of dichloromethane and hexane wss chromatographed on a 
Florisil column The dark brown band was eluted with a l/l to 2/l mixture of dichloro- 
methane and hexane. Slow evaporation of the eluate at 25O/35 mmHg gave 0.125 g 
(zz 13% yield) of brown (CH3)5C5W(C0)113. 

The fdlltrate from the original separation of the (CH,)&W(CO)Js was chro- 
matographed on a 2 x 35 cm Florisil column. The orange band was eluted with a l/l 
mixture of dichloromethane and hexane. Evaporation of the eluate at 25’/35 mmHg 
gave 0.153 g (15% yield) of deep red (CH&Z5W(CO)J. 

. . Preparation of [(ClY3),C,Mo(CO)J.Hg 
A mixture of 0.55 g (124 mmoles) of (CH,),CsMo(CO),I., 15 ml (204 g, 62 

mmoles of sodium) of 0.7% sodium amalgam, and 100 ml of redistilled tetrahydrofuran 
was stirred vigorously for 1 h Excess amalgam was removed and the reaction mixture 
treated dropwise at -30’ with 0.55 g (1.24 mmoles) of (CH3)5C5Mo(C0)31 dissolved 
in 20 ml of redistUed teti-abydrofuran After stirring the reaction mixture for 30 ruin 
at -30° and at 25O for 1 h, the solvent was removed at 25O/35 mmHg. An extract of 
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the residue in a l/S mixture of dichloromethane and hexane-was chromatographed on 
a2x6Ocmalumina column The yellow band was eluted with a l/8 mixture of di- 
chloromethane and hexane Evaporation of the eluate gave 0.070 g (6.8% yield) of 
yellow C(CH,),C,Mo(CO),12Hg- 

After removal of the [(CH3)5CgM~(C0)3],Hg, an orange band remained on 
the chromatogram. Elution of this band with a l/l to 2/l mixture of dichloromethane 
and hexane followed by evaporation of the eluategave ~0.15 g (13.7°/0 recovery) of 
unreacted (CH&C,Mo(CO)& 

Preparation of [(CH,),C, W(CO),]Jfg 
A mixture of 030 g (0.57 mmoles) of (CH&CsW(CO)J, 15 ml (204 g, 62 

mmoles of sodium) of 0.7% sodium amalgam, and 100 ml of redistilled tetrahydrofu- 
ran was stirred vigorously for 90 min. After removal of excess amalgam a solution of 
1.0 g (3.68 mmoles) of mercuric chloride in z 40 ml of redistilled tetrahydrofuran was 
added dropwise at 25O. After stirring for an additional hour, the solvent was removed 
at zz40”/35 mmHg The residue was extracted with a l/6 mixture of dichloromethane 
and hexane and the extracts chromatographed on a ~2 x 60 cm Florisil column. 
The yellow band was eluted with the solvent mixture. Evaporation of the eluate gave 
~~0.15 g (~52% yield) of yellow crystalline [(CH,),C,W(CO)&Hg 

DISCUSSION 

A. Reactions of the bimetallic derivatives [(CH,),C,M(CO),], [(l): M = Cr and MO] 
All of the reactions of the bimetallic derivatives [(CH,),C,M(CO),],[(I): 

M=Cr and MO] observed in this work involve cleavage of the metal-metal triple 
bond In many cases, intramolecular carbonyl transfer to give a pentamethylcyclo- 
pentadienylmetal tricarbonyl derivative (CH,),C,M(CO),X is observed For ex- 
ample, reaction of [(CH,),C,Cr(CO)] q 1 with sodium amalgam in tetrahydrofuran 
under nitrogen at room temperature causes the original green color to become yellow- 
brown through an intermediate violet stage. The presence of the tricarbonyl anion 
C(CW5C5WC0)31- in this yellow-brown solution is shown by its reactions with 
triphenyltin chloride to give yellow (CH&C, Cr(CO), Sn(C, H,),, with mercuric 
chloride to give yellow (CH,),C,Cr(CO),HgCl. and with mercuric cyanide to give 
yellow [(CH&C5Cr(CO)JaHg in yields of 8 to 20%. The reaction of [(CH,),C,Cr- 
(CO)l]l with sodium amalgam in tetrahydrofuran under carbon monoxide rather than 
nitrogen proceeded similarly to give a yellow-brown solution which gave only a 
slightly higher yield of the triphenyltin derivative (CH,),C,Cr(CO),Sn(C,H,), upon 
reaction with triphenyltin chloride. Reactions of the anion [(CH,),C,Cr(CO),]- 
with the halides (C6H&PCl, (CH,),SiCl, (CH&SnClr, ClCH,SCH,, AsF,, acetyl 
chloride, and hexafluorobenxene failed to give new organochromium compounds in 
quantities sufhcient for characterization. The molybdenum derivative [(CH,),C,Mo- 
(CO)=]= also reacts with sodium amalgam in tetrahydrohrran to give a solurion 
containing the [(CH,), C, Mo(CO),] - anion as indicated by its reaction with tri- 
phenyltin chloride to give (CH,),C,Mo(CO),Sn(C,H&. Similar chemistry is 
knowr~~~‘~ of the unsubstituted cyclopentadienyhnetal tricarbonyl anions [C, HS M- 
(CO),]- (M=C r and MO) prepared either by reaction of sodium cyclopentadienide 
with the metal hexacarbonyls or by sodium reduction of the cyclopentadienylmetal 
tricarbonyl dimers [C,H,M(CO)&. 
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Reactions of the bimetallic derivatives [(CH,),C,M(CO)&[(I) : M = Cr and 
MoJ with halogens also result in cleavage of the metal-metal triple bond The iodine 
cleavage of the bimetallic derivatives [(CH,),C,M(CO)& [(I): M=Cr and MO] 
also involves iutramolecular carbonyl transfm to give the pentamethylcyclopent- 
dienylmetal tricarbonyl iodides (CH,),C,M(CO),I(M =Cr and MO). The purple 
chromium derivative (CH3)sC,Cr(CO)J, like the unsubstituted cyclopentadienyl 
derivative” C5H5Cr(CO)J, was rather unstable in solution and thus was obtained 
only in rather low yield and could not be completely purihed by recrystallization be- 
cause of decomposition in solution. Titration of [(CH,),C,Cr(CO),], with bromine 
in dichloromethane solution resulted in the gradual appearance of new infrared 
u(C0) frequencies at 2033 $ 1971 5 and 1949 s cm-’ which may be assigned to the 
bromide (CH,),C,Cr(CO)sB r on the basis of comparison with the frequencies found 
for the iodide (CH,),C,Cr(CO),I (Table 2). However, attempts to isolate a pure 
sample of (CH3)5CSCr(C0)3Br from this solution led instead to a blue carbonyl-free 
solid with analyses not corresponding to a simple empirical formula This observa- 
tion is consistent with the relative instability of C5H5Cr(C0)a (X=halide) deriva- 
tiVC& 1. 

Another characteristic reaction of the bimetallic derivatives [(CH,)&,M- 
(CO)& C(I): M=C r and MO] is the cleavage of the metal-metal triple bond with 
nitric oxide to give the orange monometallic derivatives (CH3)5C,M(C0)2N0 (M= Cr 
and MO). The reactivity of the chromium derivative [(CH,),C,Cr(CO),], towards 
nitric oxide to give (CH&ZsCr(C0)2N0 resembles the reportedr2 reactivity of the 
unsubstituted cyclopentadienylchromium derivative [C,H,Cr(C0)J2 towards nitric 
oxide to give C5H5Cr(CO)2N0. However, the reactivity of the molybdenum deri- 
vative ~(CH,)&MO(CO),]~ towards nitric oxide to give (CHJ)sC,Mo(CO)2N0 
contrasts with the rep~rted’~ inertness of the unsubstituted cyclopentadienylmolyb- 
denum derivative [C,H,Mo(CO),], towards nitric oxide. This suggests that the 
molybdenum-molybdenum triple bond in [(CH,),C,Mo(CO)J, [(I): M=Mo] 
is more susceptible to cleavage with chemical reagents (at least of certain types) than 
the molybdenum-molybdenum single bond in [C5H,M~(CO),],. 

The reaction between [(CH,),C,Cr(CO),],[(I) M=Cr] and nitric oxide in 
carbon disulfrde solution besides giving orange (CH,),C,Cr(CO),NO gave also an 
unstable brown less volatile but still sublimable solid The instability of this second 
product prevented reliable and consistent elemental analyses from being obtained. 
The infrared spectrum of this brown solid exhibited two v(NO) frequencies at 1784 and 
1681 cm-’ consistent with its formulation as a (CH,),C,Cr(NO)JC derivative [e.s_ 
reportedI v(N0) for C5H5Cr(NO),CI at 1823 and 1715 an-l]_ Reaction of this 
brown solid with pentalluorophenyllithium gave a trace of a volatile green solid 
shown by its mass spectrum to be the pentafluorophenyl derivative (CH,)5C5Cr(NO)I- 
CeF,. The yield of this product was insullicient for complete characterization. 

An extensive search was made for reactions of the bimetallic derivatives 
C(~,),C,M(CO)212 C(I): M = C r and MO] involving addition to the metal-metal 
triple bond without cleavage but no such reactions were found The following reao- 
tions of [(CH&Z5Cr(CO)J2 resulted in unchanged [(CH&C,Cr(CO),], as the 
only organometallic product in quantities suflicient for unambiguous identification : 

W- WU~,~rWLl2 and cyclooctatetraene or cycloheptatriene in boiling me- 
thylcyclohexane for 24 h. 
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(2). ~hWdGWWil~ and trimethyl phosphite in boiling methylcyclohexane for 

(3). [(CHs)&&r(CO)2l~ and triphenylphosphine in boiling octane for 30 h. 
(4) CCHd&~r(W212 and tetraphenylbiphosphine in boiling hexane for 24 h. 
(5). C(CHs)&sCr(CO)& and diphenylacetylene in boiling octane for 22 h. 
(6 C(CH,),C,Cr(CO),l, and boiling carbon disullide for 132 h. 
(7) C(CJh),GWCW, and sulfur in boiling carbon disulllde for 50 h 
(8). Ultraviolet irradiation of C(CH,),C,Cr(CO),], with diphenylsilane in tetrahydro- 

furan for 20 h. 
6% C(CH&Xr(CO)J~ and gaseous hydrogen chloride in cyclohexane at room 

temperature. 
Reactions of [(CH&C,Cr(CO)& (0.4 to 0.5 g) with potential addends such as te- 
tracyanoethylene, cbmethyl acetylenedicarboxylate, dicobalt octacarbonyl, &methyl 
disulfide and tetraphenylbiphosphine in boiling methylcyclohexane for ~520 h 
gave only traces (~0.01 g) of new products which couId not he identilied because of 
the extremely limited quantities available_ Similar addition reactions of the molyb- 
denum derivative [(CH&C,Mo(CO),J, [(I): M=Mo] under similar conditions to 
potential addends such as diphenylacetylene, 1,7-cyclododecadiyne, and trimethyl 
phosphite gave no products in quantities sulkient for characterization. These ex- 
tensive observations indicate that the metal-metal triple bonds in the [(CH,),C,M- 
(CO)&UI): M=C r and MO] derivatives do not normally undergo addition reactions 
without concurrent and complete cleavage of the metal-metal triple bond There is 
therefore no analogy between the chemistry of the metal-metal triple bond in the 
C(CH,),C,M(CO)& C(I): M = C r and MO] derivatives and the chemistry of the 
carbon-carbon triple bond in alkynes. 

B. Reactions of the cr-methyl deriuatiues (CH,),C,M(CO),C& (i%f = MO and W) 
A byproduct from the preparation of [(CH,),C,Mo(CO)&[(I): M=Mo) 

by the reaction between acetyIpentametbylcyclopentadiene and Mo(CO), is the 
methyl derivative (CH,),C,MO(CO)~CH~ Similarly, the reaction of acetylpentame- 
thylcyclopentadiene with (CH3CN)aW(CO)J is reported”m3 to give the analogous 
u-methyl derivative (CH&C,W(C0)&H3 [(II): M = W]. Several reactions of these 
methyl derivatives have been investigated. The reactions of (CH3)&,M(CO),CHa 
[(II): M =Mo and W] with liquid sulfur dioxide to give the sulfiiates (CH,),C5M- 
(CO),SO&H, are further examples of a well-established’~ type of insertion reaction 
of transition metal alkyls. The much lower yield of (CH3)sCSW(CO)$OlCHs from 
the reaction of the tungsten compound (CH,),C,W(CO),CH, [(II): M=W-J with 
liquid sulfur dioxide relative to the yield of (CH,),C,Mo(CO),S0,CH3 horn the 
analogous reaction of the analogous molybdenum compound (CH&C,Mo(CO),- 
CHs[(IL): M=Mo] may relate to the greater strength of tungsten-carbon bonds 
relative to molybdenum-carbon bonds”. 

The methyl derivatives (CH&CSM(CO)&HJ[(II): M=Mo and Wj also 
react with iodine in dichloromethane at room temperature with simple cleavage of 
the methyl-metal bond to give the tricarbonyl iodides (CH,)&M(CO),L The molyb- 
denum compound (CH&C5Mo(CO)sI is identical to the product obtained from 
C(CH,),C,Mo(CO)J 1 and iodine as discussed above. The reaction of the tungsten 
compound (CH,),C,W(CO),CH, [(II): M=W) with iodine also gave small quan- _ 
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tities of the dicarbonyl triiodide (CH&C5W(C0)& analogous to a series of lmown’* 
dicarbonyl trihalides of the type CSHSM(C0)2X3 (M = MO and W ; X= Cl, Br, and I) 
containing unsubstituted cyclopentadienyl rings. The infrared w(C0) Liequencies 

(2056 and 2004 cm-l) of (CH3)&W(C0)& resemble closely those found for C,HT 
W(CO)& (2068 and 2027 cm- ‘) with the small downward shift expected for complete 
methyl substitution for hydrogen on the cyciopentadicnyi ring”. 

The halides (CH&C5M(C0)31 (M=M o and W) are useful intermediates for 
the preparation of the mercury derivatives [(CH,),C,M(CO),],Hg (M=Mo and W) 
by procedures involving sodium amalgam reduction as described in the Experimental 

Section. The complete series of three mercury derivatives [(CH,),C,M(CO),],Hg 
(M=Cr, MO, and W) is thus available_ The patterns of the infrared v(C0) frequencies 
in the three mercury derivatives [(CH,),C,M(CO),],Hg (M=Cr, MO, and W) 
change noticeably upon descending the column of the periodic table probably be- 
cause of different coupling between the stretches of the carbonyi groups bonded to 

dserent metal atoms. 
Ultraviolet irradiation of the methylmolybdenum derivative (CH,),C,Mo- 

(CO),CH, was investigated as a possible low temperature synthetic approach to the 
unknown tricarbonyi dimer [(CH&C5Mo(C0)& analogous to the well-known6 
[C,H,Mo(CO),],. However, only the dicarbonyl cbmer [(CH3)5CSM~(C0)& 
[(I): M=Mo] was obtained. Another possible low-temperature synthetic approach 
to the unknown tricarbonyi dimer [(CH,),C,Mo(CO),], is the reduction of (CH,),- 
C,Mo(CO),I with sodium amalgam followed by reaction of the presumably ge- 
nerated [(CH,),C,MO(CO),]- with more (CH,),CSMo(C0)3L However, this ap 
preach gave instead the mercury derivative [(CH&C5Mo(CO)J]zHg as discussed 
above. From these somewhat limited observations we suspect that the unknown 
(pentamethyicyciopentadienyl)molybdenum tricarbonyl dimer [ (CH,), C5 Mo- 
(CO)& is unstable even at room temperature with respect to decarbonylation giving 
[(CH,),C,MO(CO)~]~[(I)I M=M o III contrast to the unsubstituted cyciopenta- ] - 
dienylmolybdenum tricarbonyi dimer [C, H, MO (CO)&“. 

The (CH&C5W(CO)&H, [(II): M =Wl used for this work was isolated 
from the fit yellow band from chromatography of the mixture obtained by heating 
acetyipentamethyicyclopentadiene with (CHaCN)xW(CO)J in boiling methyicycio- 
hexane. A second weaker and more strongly adsorbed yellow band was also observed 

co co 
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in this chromatogram. This was identilied as the c-acetyl derivative (CH,),C,W- 
(CO),(COCH,) (III) by elemental analyses and the presence of an acyl v(C0) fre- 
quency at 1639 an -I in addition to the usual terminal v(C0) li-equencies for a (CH& 
C,W(CO), group. The mass specbxm of (CH&2,W(CO)S(COCH~) was essentially 
identical to the rna~ spectrum reported3 for the a-methyl derivative (CH&C5W- 
(CO),CH,[(II): M=W’J indicating decarbonylation within the mass spectrometer. 
The isolation of the c--ace@ tungsten derivative (CH,),C,W(CO),(COCH,) (III) 
from the reaction of acetylpentamethylcyclopentadiene with (CH,CN),W(CO), 
resembles the previously observed 2~3 isolation of the o-acetylircm derivative (CH,),- 
C5Fe(C0)2(COCH,) from the reaction of acetylpentamethylcyclopentadiene with 
Fe,(CO), and is consistent with the previously discussed2~’ general scheme for the 
reactions of acetylpentamethylcyclopentadiene with metal c-arbonyls. 
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