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SUhMARY 

The substitution of carbon monoxide in the Group VI metal carbonyls by 
tertiary phosphines, arsines, stibines or certain tertiary amines in boiling ethanol is 
strongly catalysed by sodium borohydride. This catalysis has been used to prepare a 
wide range of known and new substituted carbonyls of chromium, molybdenum and 
tungsten. 

INTRODUCTION 

Despite considerable investigation, very few well-characterised complexes of 
the type MX,,(QR,), (M =Mo or W; X=halogen ; QR3 =tertiary phosphines or 
arsines) are known’. Two approaches to their preparations have been made. The first 
is by the reaction of tertiary phosphines or arsines with the common metal halides in 
high oxidation states, e-g_ MoCl, or WCl,, or with well-characterised halo-complexes 
with easily displaceable ligands, e.g. MoCl,(MeCfl),, or MoC~~(THF)~~~*~‘. The 
second is by the reaction of the tertiary phosphines or arsines with the metal hexacar- 
bonyls or their simple derivatives, followed by halogenation’“*ld. We have investiga- 
ated both approaches in this laboratory and prefer the first. The details of the prepara- 
tions of some molybdenum compounds have appeared2 and those concerning tung- 
sten are about to be published3. However, our preliminary investigation of the second 
approach to the problem led to the discovery of a convenient method of substituting 
carbon monoxide by tertiary phosphines, tertiary arsines, tertiary stibines or nitrogen 
donor ligands in the hexacarbonyls of the Group VI metals. By older methods the 
direct substitution reactions often lead to a mixture of products and, because of the 
volatility of the carbonyls, require the use of sealed systems. Sometimes to-get the 
required degree of substitution it is necessary to vent the carbon monoxide and then 
continue the reaction. Alternatively, the phosphine derivative may be prepared by 
first displaciig some carbon monoxide from the hexacarbonyl by ligands such as 
pyridine4 or cyclooctadiene’ (which displace two molecules of carbon monoxide) or 
cycloheptatriene6 (which displaces three molecules). These ligands may then be 
displaced in turn by tertiary phosphines, giving specific products +&-as cis-M(CO),- 
(PR3)2 and&c-M(CO),(PR,),. This latter synthetic route has the disadvantage that 
it involves at least two steps from the carbonyls. 
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We find that sodium borohydride catalyses the substitution reaction and also 
reduces the tendency of the hexacarbonyls of Group VI elements to volatilise from boil- 
ing ethanol solution. Some labile non-volatile intermediate is apparently -formed. 
This property can be expioited for the direct substitution of the hexacarbonyls by 
nitrogen-, phosphorus-, arsenic-, or antimony-donor hgands.A list ofthe compounds 
obtained in this way was as shown in Table 1. In general the standard reaction time of 
5 h at reflux temperature was used although highly reactive ligands undergo reaction 
in a much shorter period (e.g. Ph3P in 0.5 h). The product was induced to crystallise by 
continued stirring of the cold reaction mixture for up to 12 h, This stirring in the cold 
appears to be necessary_ The structures of the new substituted carbonyl complexes 
were assigned on the basis of their IR spectra. 

TABLE 1 

THE REACno?cS or GROUP “I HEXAC.-XRBONYLS ‘WITH LIGANDS E-4 THE PRESENCE OF SODIUM BOROHYDRIDE 

Hexa- 
earbonyl 

L&and Product Yield v(CzO)” Ref. 

(%) (cm- ‘) 

TV, 
ww% 
WKQ6 
w (CO), 
w (CO), 

W(Ca5 
W(CO), 

w (CO), 
W(W6 

w w% 
~fJ(COh 
wu% 
WKO), 

wwhs 

am, 

wems 

PPh, rrons-W(CO),(PPh,), 
P-n-BuPh, trans-W(COjl(P-n-BuPh,)2 
P-n-PrPhz trclns-W(CO),(P-n-PrPh.)L 
PEtPh2 truns-W(CO),(PEtPh& 
PMePh, far-W(CO),(PMePh& 

P(i-Bu)aPh 
P-n-Bu,Ph 

P-n-Pr,Ph 
PEt,Ph 

truns-W(CO),[P(i-Bu),Fh], 
fic-W(C0)3(P-n-BulFh), 

trans-W(CO)L(F-n-F;,Ph), 
fat-W(CO),(PEt,Fh), 

PMe,Ph 

P-n-Pi, 
PEt, 

fuc-W(CO)a(PMezPh)s 

tram-W(CO),( P-n-Pr,), 
fit-W(CO),(PEt,), 

Ph,PCH2CH2PPh2 W(CO),(Fh,FCH,CH2FFh2) 

Ph,PCHZPPh, W(CO),(Fh,PCH,FFh,) 

Ph,P(CH&PFh2 W(CO),(PhzFCHzCHzCH2PPh2) 

80 

40 

CH$Z(CH,FFh& W(CGj&H,C(CH,FFh,),] 80 

70 

50 
30 
30 
65 

40 
70 

45 
60 

65 

35 
25 

so 

1892 s 9 

1883 s 
1884 s 
1888 s 
1939 s 
1844s 10 
1878 s 
1923 s 
1818 s 
1878 s 
1928 s 
1828s I1 
1932 s 
1833s 14 
1869 s 
1922 s 
1818 s 
2020 m 
1920 (sh) 
1903 s 
188S(sh) 7 
2020 m 
192s (sll) 
1909 s 
188O(sh) 7 
2016 m 
1923 (sh) 
1893-s 
1878 (sh) 
2016 m 
1924 (sir) 
1895 s 
1884 (sh) 
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Hexa- 
carbonyl 

L&and Product Yield v(C&)” Ret 

(“/,) (cm- ‘) 

W(W6 AsPh, cis-W (CO),(AsPh,), 25 

w vxs AsEt cis-W(CO),(AsEf,)z 25 

w(co)6 SbPh3 25 

w Px5 2,2’-Bipyridine W(C0),(2,2’-Bipyridine) SO 

wwh o_Phenanthroline W (CO),(o-Phenanthroline) 50 

MO (CO)6 PPh, 

MO (co)6 Ph,PCH2CHIPPh2 

90 
80 

Mo(CO), CHJ(CH,PPh& 85 

AsPh, cis-Mo(CO),(AsPh,), 60 

SbPh3 cis-Mo(CO),(SbPhJ, 70 

PPh, 
AsPh3 

45 
10 

Cr (CO), SbPh, ci&-Cr(CO),(SbPh,), 10 

Cr(C0)6 CH$Z(CH,PPh& Cr(CO),[CH,C(CH,PPh,),] 60 

2020 m 
1917 (sh) 
1900s. 
1875 (sh) 
2012 m 
1908 (sh) 
1892 s 
1862 (sh) 
2020 m 
1922 (sh) 
1907 s 
1880 (sh) 
2009 m 
1895 (sh) 
1880 s 
1840 (sh) 12 
2010 m 
1902 (sh) 
1879 s 
1838 (sh) 13 
1901 s 9 
2021 m 
1926 (sh) 
1909 s 
1884 (sh) 7 
2019 m 
1928 (sh) 
1906s 
1889 (sh) 
2025 m 
1927 (sh) 
1914 s 
1886 (sh) 15 
2023 m 
1931 (sh) 
1921 s 
1897 (sh) 16 
1890 s 9 
2066 m 
1988 (sh) 
1940s 17 
2X)08 m 
1984 (sh) 
1922 (sh) 
1904s 
1883 (sh) 18 
2000m 
1915 (sh) 
1875,s 
1825 (sh) 

p In chloroform. 
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Substitution apparently occurs stepwise but we had no indication of significant 
amounts of substitution products other than those which were isolated. Where yields 
are low, the greater part of the hexacarbonyl is recovered unchanged, indicating that 
the substitution intermediate is labile. The magnitude of the catalytic effect of the 
sodium borohydride is indicated by comparing the reaction of tungsten hexacarbonyl 
with l&bis(diphenylphosphino)ethane which, by our method, gives a 50% yield of 
pure W(C0)4(Ph2PCH2CH,PPh,) in 5 h at 80°, but in the absence of borohydride 
only minute quantities of product are formed. Also the reaction mixture develops a 
yellow colour when borohydride is present, but stays colourless in its absence. Direct 
substitution in the absence of ethanol and borohydride requires the use of a sealed 
system (17 h, 150°, 60% yield)‘. 

We have not investigated the mechanism of the catalysis_ Generally substitu- 
tion into metal hexacarbonyls involves primary dissociation of carbon monoxide from 
the carbonyl, which is slow*. Since our reaction is relatively fast it seems likely that the 
initial step is attack by hydride ion either at carbon or, less likely, into the co-ordina- 
tion shell of the metal to give a relatively labile intermediate salt. Neither pyridine nor 
sodium ethoxide in alcohol catalyses the substitution. 

EXPERiMENT.iL 

Microanalyses were carried out by Mr.A. G. Olney, The Chemical Laboratory, 
The University of Sussex, melting points were determined in sealed, evacuated tubes, 
molecular weights were determined in 1,Zdichloroethane using a Hitachi-Perkin- 
Elmer molecular-weight bridge, conductivities were measured in nitrobenzene solu- 
tion using a Portland Electronics conductivity bridge, infrared spectra were determ- 
ined using a Unicam SP1200 spectrophotometer, and magnetic moments were meas- 
ured using a Faraday balance. 

Reactions, except those involving liquid phosphines, were carried out in air. 
Industrial methylated spirit was used as reaction medium. The mole ratio of ligand to 
hexacarbonyl was generally 3/l, although where products of the type M(CO),L,_ 
were obtained the isolation was easier when a mole ratio of 2/l was used. Using an 
excess of ligand did not force a greater degree of substitution than shown in Table 1, 
and even CH,C(CH,PPh,), displaced only two carbon monoxide molecules from 
chromium, molybdenum and tungsten carbonyls, as shown by IR and analysis. A 
typical preparation is described. 

Tungsten hexacarbonjjl (2.7 g), sodium borohydride (0.8 g) and dimethyl- 
phenylphosphine (3.2 g) were heated together in methylated spirit (150ml) under gentle 
reflux for 5 h. The reaction mixture was stirred and allowed to crystal&e at room tem- 
perature overnight. The crystals _were filtered off, washed repeatedly with water and 
then with ethanol, and dried in air (3.2 g, 65%). The product was recrystallised from 
dichIoromethane/methanol. (Found : C, 47.6 ; H, 5.09 ; Mol.wt., 634. C27H3303P3W 
calcd:; C, 47.5; H, 4.87%; Molwt., 682. 

When P-n-Pr,Ph and P-i-BuzPh were used, the reaction mixtures were 
evaporated to half the original volume before filtration. Aqueous ethanol as reaction 
medium with PEt,, PPr, and AsEt, gave a better separation of product. 
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TABLE 2 

XmU’ DERNA- OF GROUP VI B HEXACARBOPc’YIS 

Compound 

truns-W’(CO),(P-n-BuPh& 

truns-W(CO)+(P-n-PrPhz)za 

rran.s-W(CO),(PEtPh,)Z 

truns-W (CO),[P (i-Bu),Ph] ZLl*b 

fat-W(CO),(P-n-Bu.Ph), 

rrans-W(CO),(P-n-Pr,Ph)l’ 

rruns-W(CO),(P-n-Pr,), 

W(CO),[CH,C(CH,PPh,)>] 

cis-W(CO),(AsPh& 

cis-W(CO),(AsEt,), 

cis-W(CO),(SbPh& 

Mo(CO),[CH,C(CH2PPh,),] 

Cr(Co),CCH,C(CH,PPh,),1 

Colour and 
crystal form 

Yellow 
prisms 

Yellow 
plates 

Yellow 
needles 

Yel!ow 
prisms 

White 
prisms 

Yellow 
prisms 

Yellow 
prisms 

Light yellow 
prisms 

Yellow 
prisms 

Light yellow 
needles 

Light yellow 
prisms 

White 
prisms 

Yellow 
plates 

180-181 

173174 

154-155 
(decompn.) 
115-116 

16@-161 
(decompn.) 
112-114 

127-128 

210 
(decompn.) 
204-205 
(decompn.) 

69-70 

190-191 

215 
(decompn.) 
276 

Analyses found 
(calcd.) (;<) 

C H 

55.4 4.89 
(55.4) (4.87) 
54.3 4.65 

(54.3) (4.52) 
52.7 416 

(53.1) (4.17) 
52.5 6.48 

(51.9) 
58.7 (%) 

(57.8) (7.44) 
49.2 5.70 

(49.1) (5.56) 
42.3 6.96 

(42.7) (6.83) 
58.4 4.24 

(58.7) (4.24) 
52.9 3.41 

(52.8) (3.35) 
31.3 4.86 

(31.0) (4.88) 
48.0 3.03 

(47.9) (3.00) 
64.7 4.96 

(64.9) (4.69) 
68.6 5.3 1 

(68.5) (4.94) 

LI Nonelectrolytes, others not tested. * Mol.wt 736; calcd.: 740. E Moi.wt 696; calcd.: 684. 
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