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A new type of isomerism is reported for a wide 
variety of transition metal carbonyl complexes of the 
general type (x-Ring)M(CO)(L)X where L is a ter- 
tiary phosphine or phosphite l&and. The effects of 
solvent and temperature upon this isomerism are 
described, and possible reasons for it are discussed. 

Introduction 

Infrared and n.m.r. spectroscopy show that deri- 
vatives of the general type yGH5M(CO)(L)X exhibit 
conformational isomerism due to restricted rotation 
about the M-X bond (e.g. in 7F-CsHsFe(CO)$iClzMe,’ 
~CsHsFe(C0)2(a-CsH5),2 and ~E-GH~Ru(CO)Z(Q- 
C~HS)~), optical isomerism due to an asymmetric me- 
tal atom (e.g. in rr-CsHsFe(CO)(PMe2Ph)COMe,3 and 
7c-GHsMn(NO)(PPh3)(COY) where Y- is the L-men- 
tholate anion4), or both (e.g. x-C5H5Fe(CO)(PPh3)- 
(COCH2SiMe#). 

We have previously reported that there are two 
absorption bands in the infrared spectra of n-CsHs- 
Fe(CO)[ P(OMe)J I and related compounds which 
may be attributed to C-O stretching vibrations.6 
Subsequent work, which is described herein, shows 
that similar behaviour is exhibited by a wide variety 
of compounds of the general types (n-Ring)M(CO)- 
[P(OR)J]X or (7c-Ring)M(CO)JP(OR)31 (see Tables 
I and II for a list of these). It is suggested that this 
type of isomerism is due either to restricted rotation 
about the M-P bond, or to conformational isomerism 
within the P(OR)x ligands. The absence of isomerism 
in complexes of P(OCH&CMe alone amongst those 
of the trialkylphosphites, tends to favour the second 
of these explanations. 

Experimental Section 

Cn-CJ-I~Fe(CO)~l~, Cn-MeCsH4Fe(C0)2]2, 7~- 
MeCSHaMn( CO)x, Fe( CO)5 and Cr( co)6 were purcha- 
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(1969). 

(3) H. Brunner and E. Schmidt, Angew. Chem. Infernal. Edit., 8, 
616 (1969). 

(4) H. Brunner, Angew. Chem. Infernal. Edif., 8, 382 (1969). 
(5) K.H. Pannell, C&m. Comm.. 1346 (1969). 
(6)D.A. Brown, H.J. Lyons, A.R. Manning, and J.M. Rowley, Inorg. 
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sed from Strem Chemicals Inc.. Other chemicals 
were obtained from the usual commercial sources. 
Published methods were used to prepare x-CsHSFe- 
(CO)zBr,’ n-CsHSFe(C0)21,8,9 7c-CH3CsH4Fe(CO)zC1,6 
n-CHGHJFe(CO)zBr, 7c-CH3C5H4Fe(C0)J 16 7~- 
CsHsRu(CO)zI, lo ~-C6HhCr(CO)~,” n-C5H5Mn(CO)2- 
(NO),” and the ligand P(OCH2),CMe.‘3 

The preparation of x-CsHsFe( CO)[ P( OPh)J] I by 
a thermal reaction between n-GHsFe(CO)J and 
P(OPh)l has been described.6 All other compounds 
given in Table II were prepared similarly except for 
x-CsHsFe(CO)(SbPhJ)I, 7c-CHGH4Fe(CO)(AsPh3)I, 
7c-CH3C5H4Mn(C0)2L I: L = P(OMe)3 and P(OPhJ, 
7c-C6H6Cr(C0)JP(OMe)J], and x-GHsMo(CO)(NO)- 
[P(OMeh]. For these a photochemical method simi- 
lar to that of Strohmeier was used.14 The progucts 
were isolated by removal of the solvents from the 
filtered reaction mixtures. In some instances, they 
were purified by chromatography followed by recry- 
stallization from benzene/hexane or methanol/water 
mixtures. In other cases, recrystallization was suffl- 
cient. Melting point and analytical data for most 
compounds are given in Table I. Some others were 
very unstable and did not give satisfactory analyses. 

Infrared spectra were run on Perkin Elmer 337, 
457 and 125 spectrometers in the 1700-2100 cm-’ 
region. They were calibrated with DC1 and water 
vapouri5 so that peak positions are accurate to within 
+l cm-‘. Variable temperature spectra were obtai- 
ned using a cell manufactured by Research and In- 
dustrial Instruments Co.. The spectra are summari- 
sed in Table II. 

Results and Discussion 

For all compounds in Table II, the distributions 
of the ligands about the metal atoms are probably 
similar to those found by X-ray diffraction for x- 

(7) B.F. Hallam and P.L. Pauson. 1. Chem. Sot., 3030 (1956). 
(8) T.S. Piper and G. Wilkinson, I. Inorg. Nuclear Chem., 2, 38 
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1133 (1963). 
(11) M.C. Whiting and B.S. Nicholls, J. Chem. Sot., 551 (1959). 
(12) T.S. Piper and G. Wilkinson, 1. Inorg. Nuclear Chem., 3. 104 

11956). .~~ 
(lj) J. Verkade and C.T. Reynolds, I. Org. Chem.. 25. 663 (1960). 
(14) W. Strohmeier and H. Hellmann, Chem. Ber.. 96. 2859 (1965). 
(15) aTables of Wavenumbers for rhe Calibration of Infrared Spec- 
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Table I. Analytical and melting point data for the complexes 

Compound M.p. (“C)= 

II 

n--CH,Fe(CO) P(OCH&]I 
cc x-C,H,Fe(CO) P(OGH&]I 

x-CHGH,Fe(CO) P(n--CH&]I 
rc-CH&H,Fe(CO) P(CH&]I 

i x-CH&H,Fe(CO) P(OCH&]I 
rc-CH,C,H,Fe(CO)[ P(O-i-GH&]I 
rc-CHGH,Fe(CO) 

E 
P(OCH2hC. CH,] 

rc-CHGH,Fe(CO) P(OGH&]I 
n-CsH,Fe(CO)[ Sb(GBh]I 
x-CH,GH,Fe(CO)[As(CsHs)ill 
n-GHIFe(CO)[ P(OCH&]Br 
x-CHJCsHIFe(CO)rP(OGH~blBr 
x-CH,CsH,Fe(CO)[P(OCH& jC1 
n-CHGH+Fe(CO)[P(OGH~)~]CI 
x-C,H9Fe(CO)[P(OCH&]I 
n-C,H,Fe(CO)rP(OCzH,),lI 
x-C,HsFe(CO j [ PiO-i-Gk,),] I 
x-C,H,Ru(CO)rP(OCH,),lI 
x-C,HsRu(CO j [P(OCaH,),-] I 
n-CH,GH,Mn(COhrP(OCH,hl 
x-CHGH,Mn(CO)z[P(OC6Hs);l 
rc-C6H6Cr(CO)~[ P(OCH&] 
x-C,H5Mo(CO)(NO)[ P(OCH&] 

82-84 
136-138 
42-44 

114-115 
44-46 
36-38 

160-2 (d) 
102-103 
128-129 
94 (d) 
84-85 (d) 

108-112 (d) 

102-104 
51-53 
66-67 
72-73 
77-78 

170-172 

75-76 
136 

Found % 
C H X 

27.5 3.4 31.6 
49.4 3.4 - 
46.8 7.1 25.3 
54.0 4.4 23.1 
28.5 :.: 30.2 
38.6 - 
33.7 413 - 
50.0 3.8 21.4 
45.4 3.5 20.5 
50.2 3.6 21.4 
30.5 4.0 21.6 
54.3 4.1 14.7 

unstable liquid 
59.3 4.3 - 
31.0 4.3 30.0 
36.2 5.2 - 
39.4 6.1 28.7 
24.7 3.3 - 
46.0 3.5 - 

unstable liquid 
62.8 4.4 - 
46.0 4.9 16.4 

Required % 
C H 

27.0 3.5 
49.2 3.4 
46.4 6.9 
54.2 3.2 
29.0 3.8 
38.6 5.6 
32.8 3.7 
50.0 3.7 
45.8 3.7 
50.3 3.7 
30.6 4.0 
53.8 4.0 

59.0 4.3 
30.9 4.2 
35.8 5.1 
39.9 5.9 
24.3 3.2 
45.6 3.2 

62.4 4.4 
46.5 4.9 

X 

31.5 
- 

25.8 
22.9 
30.6 

- 

21.2 
21.3 
21.3 
22.6 
14.4 

- 
29.7 

- 

28.4 
- 

16.8 

a (d) s melts with decomposition. 

Table II. Infrared spectra of the Complexes in the v(C0) and v(N0) regions. Peak Positions (cm-‘) and relative peak heights 
in Parentheses. The Solvent is heptane unless it is stated otherwise 

Compound Absorption bands b 

n-CrHrFe(CO)[P(OCH&]I 
x-C,H,Fe(CO)[ P(OC6Hsh]I 
n-CH,CsH,Fe(CO)[P(n-CH9),11 
n-CH,GH,Fe(CO) r P(GH&] I 
rt-CH,GH+Fe(CO)[ P(OCH&] I 
n-CHGH,Fe(CO)rP(O-i-C,H7),]I 
x-CHIC~H,Fe(CO)[P(OCH&CCHz]I c 
x-CH,C5HIFe(CO)rP(OC~H~~,]I 
x-CsHsFe(CO)[ Sb(GH&] I d 
x-CHGH+Fe(CO) [ As(GH&] I d 
rc-GH,Fe(CO)[ P(OCH&]Br 
n-CHIC,H,Fe(CO)[P(OGH&]Br 
x-CH,C,HPe(CO)rP(OCHI)I1CI 
x-CH,CsH,Fe(COj[PiOC6H,)~]Ci 
x-C,H9Fe(CO)[P(OCH,),11 
x-C,H9Fe(CO)[P(OC2H5)~]I 
x-C,H,Fe(CO)rP(O-i-C,H,blI 
r+CsHsRu(Cdj[ P(OCHI),]I - 
r+C~H~Ru(CO) [ P(OCaH&] I 
w-CH,CsH,Mn(C0)2[ P(OCH,),] 
x-CHJCsHIMn(CO)J P(OGH&] 
n-CsH6Cr(CO)z[ P(OCH&] 
x-C,H,Mo(CO)(NO)[P(OCH&] 

1978 (4.9) 

1961 (10) 
1976 (4.3) 
1972 (5.4) 

1982 (5.1) 

1977 (5.2) 

1984 (3.0) 
1981 (4.1) 
1980 (5.6) 
1985 (7.9) 

1955 (3.5) 
1964 (sh) 
1922 (sh) 
1932 (10) 

1988 
1950 

1976 
1983 
1954 
1951 

1986 

1987 

1993 
1949 (8) 
1960 (9) 
1917 (10) 
1926 (9.0) 

1966 (10) 

1955 (8.5) 
1963 (10) 
1955 (10) 

1971(10) 

1965 (10) 

1970 (10) 
1966 (10) 
1961 (10) 
1975 (10) 

1895 (3.7) 1887 (10) 
1905 (sh) 1901(10) 
1876 (3) 1867 (9) 
1640 (10) 1636 (8.5) 

(1 sh = shoulder. a carbon disulphide solution. c chloroform solution. 

CsH&(C0)~,16 x-CsHsMn( CO)3,‘7 z-CsHsFe(CO)r 
SnPh3,‘* and many related compounds. Those com- 
plexes which contain only one CO ligand sometimes 
show two absorption bands in their infrared spectra 
which are due to v(C0) vibrations. Similarly, those 
which contain two carbonyl groups may show four 
absorption bands at cu. 2000 cm-‘. Consequently, it 
is clear that both types exhibit some form of iso- 
merism. 

(16) M.F. Bailey and L.F. Dahl. Inorg. Chem.. 4, 1314 (1965). 
(17) A.F. Berndt and R.E. Marsh, Acta Cryst., 16, 118 (1963). 
(18) R.F. Bryan, /. Chem. Sm. (A), 192 (1967). 

The v(C0) absorption band in the infrared spec- 
trum of n-MeCsHdFe(CO)[ P(OMe)3]1 is clearly re 
solved into two components for n-heptane solutions. 
They may be completely separated by a graphical me- 
thod on the assumption that both are symmetrical 
about their band centres. Variable temperature stu- 
dies using solutions of this compound in pentane 
at -80°C and decalin at cu. 150°C show that the 
relative peak heights of these components vary from 
0.285: 1 to 0.657: 1 respectively. That at higher fre- 
quency is the weaker, and there are no comparable 
changes in relative band widths. Variable solvent 
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studies were less conclusive due to increased absorp- 
tion band widths in the more polar solvents.‘9 These 
tend to obscure tine detail. The two absorption 
bands in the spectrum of this compound are well- 
resolved in heptane and cyclohexane, and less well. 
separated in xylene, carbon disulphide or carbon 
tetrachloride solutions. However, only one broad, 
but symmetrical, absorption band is observed when 
chloroform is the solvent. 

The isomerism is not a consequence of a particular 
(z-Ring) ligand, a particular group X, or a particular 
metal atom although variations of each of these do 
affect the isomer ratio. Furthermore, its occurrence 
in compounds which possess a plane of symmetry, 
e.g. rr-GH&r(C0)2[P(OMe)3] suggests that it is not 
due to an asymmetric metal atom in derivatives such 
as x-CHK%H4Fe( CO)[ P(OMe)J] I. The ligand L is 
important. Isomerism has been observed in all com- 
plexes of the trialkylphoshpites which we have pre- 
pared except one. It is also shown by some of the 
derivatives of P(OPh)s and PPh3, but not by those 
of AsPhJ, SbPhx, PMe3 or PBu3. 

(19) G. Bor and L. Markd, Sjmfrochim. Acta, 16, 1105 (1960). 

We feel that there are two possible explanations 
for the observed isomerism, (a) restricted rotation 
about the M-P bond with the formation of eclipsed 
and staggered isomers, or (b) restricted rotation within 
the P-0,-C groups of the ligand which allows two 
conformational isomers of L, and thus two isomers 
of the complex. Derivatives of P(OCH&CMe are 
the only complexes of the trialkylphoshpites which 
do not exhibit isomerism. As there can be no rota- 
tion of the P-O-C groups in this ligand, it suggests 
that (b) is the more probable. As isomerism is not 
observed in (MeO)JPMo(C0)5, the -bonded hydro- 
carbon ring ligand must be important. Possibly, its 
proximity prevents interconversion of the conforma- 
tional isomers of the coordinated ligand, L. 

The presence of isomers among some of the PPhJ 
complexes may also be explained on the basis of 
isomerism within this ligand. For AsPhJ and SbPh3, 
the larger arsenic or antimony atoms may cause less 
restriction of the rotation of the phenyl groups, and 
so conformational isomerism does not occur. 
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