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C,Fq fragment (presumably hexafluorobutyne-2) from
C.F.FeC;H;* to give C;H;FeF T which can then undergo
loss of a neutral hydrogen fluoride fragment to give
CsH,Fet. The mass spectrum of the chromium de-
rivative C,F/Cr(NO),CsHs (III, M = Cr;L = NO), as
expected, exhibited many features similar to the mass
spectrum of the isostructural and isoelectronic C4F-Fe-
(CO)2C5H5 (III, M = Fe,;L = CO)

The mass spectra of the cobalt derivatives C;Hs;Co-
(CO)(Rg) (CsF7) (V) provide qualitative comparisons of
the relative elimination tendencies of perfluoro-1-
methylpropenyl and saturated perfluoroalkyl groups.
In both cases (V, R: = CFsand CF;CF.CF;) the ion
C:H;Co(CO)(C,Fr) t is over twice as abundant as the
ion CsH;Co(CO)R:+ (Ry = CF; or CF;CF,CFy) sug-
gesting that elimination of a saturated perfluoroalkyl
group from the molecular jon C;H;Co(CO)(R¢)(CsFr)*
occurs significantly more readily than elimination of
the unsaturated perfluoro-1-methylpropenyl group.
This suggests that the bond of the cobalt atom to a sat-
urated perfluoroalkyl group is weaker than the bond of
the cobalt atom to the unsaturated perfluoro-1-methyl-
propenyl group. This effect can be rationalized by the
availability of empty antibonding orbitals in the
carbon-carbon double bond of the perfluoro-1-methyl-
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propenyl group which can overlap with filled d orbitals
of the cobalt atom to provide additional means to
strengthen the metal-perfluoro-1-methylpropenyl bond
by retrodative bonding. However, arguments of this
type based on mass spectra are necessarily imprecise
since they rely on the assumption of similar further
fragmentation tendencies of the ion. C;H;Co(CO)-
(CiF7)*+ and the saturated perfluoroalkyl ion C;H;Co-
(CO)Rs™.

The mass spectra of the cobalt derivatives C;H;Co-
(CO) (Rf)(C4F7) (V, Rf = Cst and CF3CF2CF2) also
exhibited some features similar to those found in the
mass spectra of the iron derivative C.F:Fe(CO).CsH;
(IIT, M = Fe; L = CO) discussed above. Thus
metastable ions were observed in the mass spectra of
both cobalt compounds which correspond to the elim-
ination of a neutral C,Fs fragment from C;H;CoC,Fr*
to give C;H;CoF * and the elimination of a neutral HF
fragment from CsH;CoF * to give CsH,Co™.
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Fluorocarbon-bridged di(tertiary arsines and phosphines) react with Ma(CO)w (M = Mn, Re) under a variety of conditions
to give complexes of formula (L-L)M,(CO); which are ligand bridged. The bridged complexes readily react with iodine with

|
cleavage of the M-M bond and yield (L-L)[M(CO)I];. Inthecase where (L-L)is (CH,):AsC=CAs(CHj;).CF,CF; isomers
of the bridged complexes can also be prepared. These have the structure (CO)4£I(CH3)2ASM(CO)4(CH3)zASCL=—ICCF2JCF2

and are the result of a ligand rearrangement reaction.

Introduction

Reactions of dirhenium and dimanganese decacar-
bonyls with various monodentate ligands have re-
sulted in the replacement of one to four carbonyl
groups with the formation of dinuclear compounds such
as Mz(CO)gL,1_4 [M(CO)4L]2,2_11 Mz(CO)7L3,3_5 and
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[M(CO)sL;}2 in which the metal-metal bond of the
parent carbonyl is preserved. Bidentate ligands are
reported to yield some chelated products of the types
M(CO)s(L-L),1.12 M(CO)(L~L)y, "2 Mp(CO)s(L~
L),4% and [M(CO)s(L-L)],*!* in which the ligand re-
places two or four carbonyl groups on a single metal
atom.

In the course of a systematic study of the reactions of
the versatile fluorocarbon-bridged ligands fifars and

| R .
f4fOS YC=CYCF2CF2 (Y = (CHa)zAAS or (CeHs)zP) with
metal carbonyls,’®18 we have found that these ligands
react with dimanganese and dirhenium decacarbonyls to
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produce dinuclear compounds of the type My(CO)s-
(L-L)" (M = Mn, Re) in which ffars and f.fos are
biligate and bimetallic acting as a bridge between the
two metal atoms. In the present paper, we describe
the preparation and reactions of these ligand-bridged
metal carbonyl derivatives in detail. In addition we
report two new mononuclear products of the type
(L~L)M{CO)sCl (M = Re, Mn) and two other inter-
esting compounds formed by ligand rearrangement.

Experimental Section

All reactions and chromatography were carried out under a
nitrogen atmosphere using nitrogen-saturated solvents. The
petroleum ether mentioned below is the 30-60° bp fraction.
Infrared spectra were recorded on a Perkin-Elmer 457 spectro-
" photometer, and nmr spectra on Varian T-60 and HA-100
instruments. Chemical shifts are given in ppm downfield from
internal or external TMS and upfield from external CFCl;.
Microanalyses were performed by Mr. P. Borda of this depart-
ment. The experimental details given in sections (1) and (2)
have been selected from a number of related experiments and
describe the conditions that have been found to result in the
highest yields of the desired compounds. A 100-W source was
used for ultraviolet irradiations. Rhenium and manganese
carbonyls were purchased from Strem Chemicals Inc. and Pres-
sure Chemical Co., respectively. The preparations of fifars!®
and ffos'? have been described previously.

(1) Preparation of Bridged f.farsM:(CO )s and f.fars M (CO );:Cl.
(a) ffarsMn,(CO); (I) and ffarsMn(CO);Cl.—Dimanganese
decacarbonyl (1.1 g, 2.8 mmol) and fifars (1.2 g, 3.6 mmol)
were sealed in a Carius tube in 20 ml of acetone and irradiated
with ultraviolet light for 18 hr. The tube was opened and the
acetore solvent was removed and the solid contents of the tube
were chromatographed on Florisil. The first band which
eluted in petroleum ether contained unreacted Mn,(CO)y (0.3 g).
A second orange band was eluted with 95:5 petroleum ether-
diethyl ether and gave, after crystallization from 1:1 hexane-
acetorie, orange crystals of fyfarsMn.(CO)s (I) (0.6 g, 449 based
on Mny(CO)y used). A third band eluted with 1:1 petroleum
ether—diethyl ether gave yellow crystals of ffarsMn(CO);Cl
(0.05 g, 5%) after crystallization from cyclohexamne.

(b) fdfarsRe,(CO); (II) and f.farsRe(CO);Cl.—Dirhenium
decacarbonyl (5.0 g, 7.7 mmol) and fifars (5.0 g, 15 mmol) were
refluxed in 50 ml of m-xylene (139°) for 5 hr. After removal of
solvent under reduced pressure, the residue was chromatographed
on a Florisil column. Unreacted Re(CO)y (2.9 g) was eluted
with petroleum ether. A second yellow band was eluted with
9:1 petroleum ether—diethyl ether and gave, after crystallization
from acetone-hexane, yellow crystals of fifarsRe,(CO)s (II)
(1.77 g, 599 based on Rez(CO)yp used). A third red band was
eluted with diethyl ether. This product was concentrated and
crystallized at Dry Ice temperature to yield 0.15 g of a mixture
of fifarsRe (CO); (II) and ffarsRe(CO)Cl. Since only a small
amount of ffarsRe(CO);Cl was obtained even when using large
quantities of Rex(CO)y and f.fars, no further attempt to isolate
this product was made. The 'H nmr spectrum (CDCI; solution)
of the mixture consisted of two singlets at 1.98 (area 2) and 2.02
ppm (area 1). Qualitative tests confirmed the presence of
chlorine in the sample.

(2) DPreparation of the Isomers of ffarsM,(CO)%. (a)
i-ffarsMn,(CO); (III).—Dimanganese decacarbonyl (1.0 g,
2.6 mmol) and ffars (1.0 g, 3.0 mmol) were refluxed in m-xylene
for 5 hr. After filtration of the precipitate and removal of the
xylene at low pressure, repeated crystallization of the combined
solids from dichloromethane-hexane yielded light yellow crystals
of ¢-ffarsMne(CO)y (II1) (0.4 g, 29%,). During this reaction
(0.5 hr from start), 509, of the mixture consisted of bridged
fifarsMny(CO)s (I) as shown by the infrared carbonyl spectrum.
However, after 5 hr ¢-fifarsMn,(CO)s (III) was present as the
major component (80%,). ‘
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(b) ¢-ffarsRe;(CO)s (IV).—Dirhenium decacarbonyl (2.61 g,
4,0 mmol) and fdfars (2.50 g, 7.5 mmol) in 40 ml of acetone were
sealed in a Carius tube and irradiated with ultraviolet light for
24 hr. After opening the tube and concentrating the solution,
the oily residue was chromatographed on a Florisil column.
Petroleum ether and 9:1 petroleum ether-diethyl ether eluted
1.50 g of unreacted Rey(CO)y and 0.20 g of a mixed product,
respectively. Crystallization of this mixed product from diethyl
ether at Dry Ice temperature gave white crystals of ¢-f,farsRes-
(CO) (IV) (0.17 g, 119, based on Rey(CO); used). Evap-
oration of the mother liquor yielded yellow crystals of bridged
ffarsReg(CO)s (II) (0.03 g, 2%), identified by its carbonyl
infrared spectrum.

(3) Preparation of ffosMny(CO);.—Dimanganese decacar-
bonyl (1.0 g, 2.6 mmol) and fifos (1.3 g, 2.6 mmol) were refluxed
in toluene for 2 hr. Work-up as in section (la) (elution with
20:1 petroleum ether—diethyl ether followed by crystallization
from acetone-hexane) gave yellow crystals of ffosMny(CO)
(0.3 g,14%).

(4y Preparation of Bridged fifosRe;(CO)s.—Dirhenium deca-
carbonyl (0.65 g, 1 mmol) and fifos (0.50 g, 1 mmol) were re-
fluxed in 10 ml of m-xylene for 3 hr. Work-up as in section
(1a) (elution with 1:1 diethyl ether—-dichloromethane followed
by recrystallization from diethyl ether-dichloromethane) yielded
red crystals of ffosReq (CO)s (0.22 g, 209, ).

(5) Conversion of Bridged f.farsM,(CO); into the Isomeric
i-ffarsM,(CO)s. (a) Conversion of Bridged ffarsMn,(CO);
I) into ¢-ffarsMn,(CO)s (III).—Bridged fifarsMn,(CO); (I)
(0.5 g) was refluxed in m-xylene for 5 hr. Work-up as in section
(2a) gave i-f4farsMny(CO)s (111) (0.4 g, 809).

(b) Conversion of Bridged f.farsRe,(CO); (II) into ¢-f,fars-
Rey(CO)s (IV).—Bridged ffarsRe,(CO) (II) was refluxed in
m-xylene. After 87 hr, the infrared carbonyl spectrum showed
that ~909, of II had been converted to IV.

(6) Iodine Cleavage Reactions. (a) ffarsMn,(CO); (I).—
Bridged fifarsMnz(CO)s (I) (0.5 g, 7.5 mmol) was dissolved in
5 ml of dichloromethane. To this was added slowly, with
vigorous stirring, a solution of iodine (0.2 g, 7.0 mmol) in 50 ml
of dichloromethane. Crystallization of the product from hexane-
dichloromethane yielded brown crystals of ffarsMmn,(CO)sl,
(0.6 g,43%).

(b) When fifars Mny(CO)slz (0.5 g, 5.4 mmol) was refluxed in
cyclohexane for 1 hr, a new solid was obtained. Crystallization
from hexane yielded ffarsMn(CO)I (0.1 g, 319,). The mother
liquor contained Mn(CO)I, identified by its infrared carbonyl
spectrum,

(c¢) ffarsRe,(CO)s (II).—Bridged fdarsRe,(CO); (II) (0.15
g, 0.16 mmol) was dissolved in 10 ml of dichloromethane to
which a solution of iodine (0.045 g, 0.18 mmol) in 15 ml of di-

ScHEME 1
REACTIONS INVOLVING fsfars AND Mng(CO)yo

m-xylene, 5 hr (via I)

| uv irradiation
fifars + an(CO)m —_—18_;1_) f4farsMn2(CO)g (I)
r

acetone,
7 139°, 5 h&-xylene
2

ffarsMns(CO )1, i-fsfarsMne(COY (111)

81° I
cyclohexane 2

Mn(CO)I + ffarsMn(CO);I no reaction

ScHEME I
REeactions INvoLVING fifars AND Rex(CO)yp

uv irradiation, acetone, 24 hr
I m-xylene

fifars 4+ Rex(CO)ype ——W fafarsRea(CO)s (I1)
°, r

139°, 87 hr \ m-Xylene

fifarsRe(CO )1,
81°
cyclohexane

[Re(CO)I]2 + fifarsRe(CO )l

i-fifarsRe(CO)s (IV)
I

no reaction
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TaBLE I
ANALYTICAL RESULTS FOR NEW COMPLEXES
o~ % caled: % found
Complex C H F Other [od H F Other
fafarsMny(CO)s (1) 28.8 1.8 11.4 28.9 1.8 11.1
fifarsMny(CO)s (I11) 28.8 1.8 11.4 28.8 1.9 11.2
fifosMna(CO)s 52.2 2.4 9.2 51.9 2.6 9.0
fifarsMnz(CO)sl: 20.7 1.3 27.6 (1) 20.5 1.2 28.1 (I)
fifarsMn(CO),I 22.0 2.0 21.8 2.0
fifarsMn(CO)Cl 25.9 2.3 7.0 (C1) 25.8 2.2 7.0 (C
fifarsCr(CO) 28.9 2.4 28.8 2.2
ffarsRes(CO) (I1) 20.7 1.3 8.2 20.7 1.2 8.0
fifarsRe;(CO)g (IV) 20.7 1.3 8.2 20.7 1.4 8.0
fifosRes(CO)g 39.6 1.8 7.0 39.1 2.0 6.7
ffarsRes(CO)sl: 18.2 1.0 21.4 (I) 16.2 1.1 21.6 (1)
TABLE II TaABLE III
INFRARED BaNDS oF NEW COMPLEXES IN THE NMR DATA FOR NEwW COMPLEXES®
CARBONYL STRETCHING REGION 1H nmr in As—~CHs
Complex Complex region 19F nmr

ffarsMng(CO) (I) 2062 (5), 1994 (10), 1988 (10), 1944 (7),
1930 (9)
fifarsMna(CO)s (III) 2080 (1), 2060 (7), 2006 (8), 1996 (10),

1974 (9), 1964 (7)

ffosMnz(CO)s 2074 (4), 2034 (8), 2000 (7), 1982 (10),
1976 (8), 1960 (6), 1034 (6)

ffarsMnz(CO)sl, 2090 (6), 2026 (9), 2010 (10), 2006 (sh),
1972 (sh), 1968 (6)

fifarsMn (CO)I 2036 (8), 1972 (9), 1924 (10)

fifarsMn(CO)Cl 2040 (8), 1972 (8), 1922 (10)

ffarsCr(CO) 2020 (4), 1930 (5), 1910 (10)

fifarsRes(CO) (II) 2076 (8), 2024 (9), 1985 (10), 1957 (9),
1953 (sh), 1937 (sh), 1932 (10)
2102 (1), 2086 (6), 2003 (10), 1974 (9),

1963 (7)

fifarsRe;(CO)s (IV)

fifosRey(CO)s 2079 (6), 2026 (6), 1990 (9), 1965 (6),
1957 (3), 1942 (sh), 1935 (10)
fifarsRes(CO I, 2105 (4), 2026 (8), 2015 (10), 2010 (sh),
1965 (sh), 1955 (sh), 1952 (5)
fifarsRe(CO);I 2047 (7), 1968 (10), 1917 (6)
ffarsRe(CO)Cl 2048 (8), 1967 (9), 1916 (10)

¢ In cm™!; CgH,; solution.

chloromethane was added slowly. Crystallization of the product
from dichloromethane at Dry Ice temperature gave ffarsRep-
(Co)slz (0.16 g, 85%).

(d) When ffarsRe;(CO)sIz (0.27 g, 0.23 mmol) was refluxed
inr cyclohexane for 3 hr, a new product was obtained. Crystal-
lization of the resulting solid from cyclohexane yielded 0.045 g
of a mixture of ffarsRe(CO);I and [Re(CO).I]; as identified by
their infrared and mass spectra.

(e) The Isomeric i-ffarsMny(CO)s (III) and 7-f.farsRe.(CO)s
(IV).—No reaction was ohserved when III and IV were treated
with jodine, using the same procedure as in section (6a).

(7) Preparation of ffarsCr(CO),,—This compound was pre-
pared in 809, yield by refluxing equimolar quantities of fifars
and norbornadienechromium tetracarbonyl in heptane. Purifi-
cation was effected by crystallization from hexane.

Results and Discussion

The reactions of the fluorocarbon-bridged ligands
with dimanganese and dirhenium decacarbonyls were
investigated under a variety of conditions because we
wanted to increase the yields of desired products and
also because our previous experience with iron!® and
ruthenium!® carbonyls indicated that the products
would be dependent upon the reaction conditions.
This expectation has been found to be true since ultra-
violet irradiation afforded fgfarsMn.(CO)s (I) and ¢-
ffarsRe,(CO)s (IV). ffarsRe,(CO)s (II) and -
f,farsMn,(CO)g (I11) were obtained in thermal reactions
(Schemes I and IT). Both bridged compounds I and 11
are converted to their isomers IIT and IV by refluxing
in m-xylene. This reaction is slower in the case of the

fifarsMn2(CO)s (I) 1.88 (s)
fifarsMna(CO)s (III) 1.86 (s), 1.92 (s)

107.0 (s)
Complex patterns centered at
103.0 and 106.8

fifosMn2(CO)s Complex patterns centered at
' 106.5 and 110.1

fifarsMnz(CO)sl: 2.02 (s) No satisfactory solvent
fifarsMn (CO)sI 1.88 (s), 2.06 (s) 110.5 (s)

fifarsMn (CO)sC1P 1.70 (s), 1,80 (s) 110.3 (s)

fafarsCr(CO)4 1.74 (s) 110.0 (s)

fdfarsRes(CO)s (II) 1.98 (s) 108.9 (s)

fifarsRe:(CO)s (IV) 2.13 (s), 2.27 (s) Complex patterns centered at

130.5 and 134.5

fifosRes(CO)s 107.8 (s)
fifarsRe:(CO)ala® 1.22 (s) 104.8 (s)
fofarsRe(CO)sCl 1.98 (s), 2.02 (s) No satisfactory solvent

¢ In ppm; CDCl; solution unless otherwise specified. * CHCl;

solution, ¢ CCl4 solution.

rhenium compound and allows the isolation of the
bridged intermediate II. The thermal production of
IIT also seems to involve initial formation of I.

The structures of I and II were deduced from ana-
lytical, mass spectral, and ‘H and F nmr data. Ana-
lytical and spectroscopic data for these and other new
complexes are given in Tables I-III. The analytical
data for I and II indicate that they have the general
formula ffarsMp(CO)s (M = Mn, Re). The mass
spectra confirm this formulation and show peaks with
an m/e ratio attributable to {molecular ion — #(CO)]*
(n =03, 45,6, 7 8) and also peaks attributable to
fifarsM+ and fdarsM.*. Since the H and F nmr
spectra show only a singlet, this suggests that fifars is
bonded symmetrically to the rest of the molecule and
acts as a bridging ligand in these two complexes. This
has been confirmed in the case of f;farsMn,(CO)s(I) by
a crystal structure determination!” which indicates a
structure as shown in Figure 1.

These are the first examples of ligand-bridged deriva-
tives containing metal carbonyl fragments otherwise
held together only by metal-metal bonds. Previous
examples of ligand-bridged products also contain
bridging carbonyl groups as in fifarsCo:(CO)e,*
bridging SR groups asin ffars[Fe(CO):SR ], or cluster
systems as in fifarsFes(CO)1p,%?? fifarsRus(CO)i, %
and (ffars);Rus(CO)s.1%24 The structure shown in

(20) J. P. Crow, W. R. Cullen, W. Harrison, and J. Trotter, J. Amer.
Chem. Soc., 92, 6339 (1970); W. Harrison and J. Trotter, J. Chem, Soc. 4,
1607 (1871).

(21) W. R. Cullen and J. P. Crow, Can. J. Chem., 49, 2048 (1971).

(22) P. J. Roberts, B. R. Penfold, and J. Trotter, Inorg. Chem., 9, 2137

1070).
( (23) P. J. Roberts and J. Trotter, J. Chem. Soc. 4, 1479 (1971).

(24) P, J. Roberts and J. Trotter, ibid., 3246 (1970).
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Figure 2.—The structure of fyfarsMno(CO)s (III). This com-
pound is an isomer of that shown in Figure 1.

Figure 1 has staggered carbonyl groups which results in
a nonplanar “cyclohexene” ring involving the bridging
ligand. The nmr results, singlet As—CHj and *F res-
onances, suggest that the ring is planar in solution or,
more likely, that the ring is involved in a conformational
equilibrium so that an averaged spectrum is obtained.

Two other products, 7-ffarsMn,(CO)s (III) and -
fifarsRe.(CO)s (IV), were obtained from the reactions of
fifars with Mny(CO)1o and Rex(CO)1e (Schemes I and
IT). Analytical and mass spectral data indicate that
III and IV are isomers of I and II, respectively. How-
ever, the two singlets in the 'H nmr spectra and the very
complex pattern in the !F nmr spectra indicate that
the molecules have lower symmetry than I and II.
Initially, they were thought to have a structure where
the ligand is chelated to one metal and represented by
the formula ffarsM(CO);sM(CO)s; (M = Mn, Re).
Although this accounted for most of the spectroscopic
properties, it did not explain the lack of reaction with
iodine since the metal-metal bond in both I and II is
readily cleaved by this reagent (quod vide). An X-ray
crystallographic study® has found the structure of III
is as shown in Figure 2. Here the metal-metal bond
has been broken and one Mn(CO); moiety has in-
serted into one of the arsenic—carbon bonds. The
formation of III and IV is interesting in that it involves

(25) F. W. B. Einstein, R, D. G. Jones, A. C. MacGregor, and W. R.
Cullen, to be submitted for publication,
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the breaking of a normally strong As-C bond and re-
sults in the formation of M—C and M-As ¢ bonds. It
should be pointed out that the mass spectrum of II1I is
identical with that of I so it is probable that I rear-
ranges to III in the mass spectrometer. The rear-
rangement of fifars involved in the formation of III
and IV is not unique. Other examples of such rear-
rangement are found in ffarsFe;(CO)q!%% and ffars-
Co04(CO)(?2H). %

Two by-products of formula fifarsM(CO);Cl (M =
Mn, Re) were also obtained in low yields from the reac-
tions of f,fars with Mns(CO)y and Reo(CO)yo when large
quantities of reactants were used. Since they were not
isolated in small-scale reactions, the source of the
chlorine was probably a small amount of 1-chloro-2-di-
methylarsinotetrafluorocyclobutene which was present
in fifars as an impurity. The presence of this im-
purity is not unexpected since the preparation of f,fars
involves it as an intermediate product.!®

The structure of ffarsMn(CO);Cl was deduced from
its spectroscopic properties. The three almost equally
intense carbonyl stretching bands which are character-
istic of compounds of the type cis-Mn(CO);L,X# indi-
cate that all carbonyl groups are cis to each other in
ffarsMn(CO);Cl. The 'H nmr spectrum shows two
singlets as expected for this structure.

An analytically pure sample of fifarsRe(CO);Cl
could not be obtained and this compound was identified
spectroscopically. The infrared spectrum shows three
almost equally intense carbonyl bands in the same
region as ffarsMn(CO);Cl. Furthermore, the mass
spectrum of a mixture of ffarsRe(CO);Cland f,farsReq-
(CO);s shows parent peaks for both fi.farsRey(CO)s and
fifarsRe(CO);Cl followed by loss of eight and three car-
bonyl groups, respectively.

The formation of these two by-products provides rare
examples of complexes in which the ligand fsfars acts as
a chelating ligand without also utilizing the double
bond of the bridging fluorocarbon group as in fsfarsMo,-
(CO)s (M = Ru,'® Fe®), Other examples in which
fdars is chelated include ffarsCr(CO), (prepared during
this investigation) and ffarsMo(CO)+?° The related
compounds ffarsM(CO)I (M = Mn, Re) will be de-
scribed next.

Reactions of the bridged compounds I and II with
iodine at room temperature simply result in the rupture
of the metal-metal bonds to give the derivatives fifars
[M(CO).d];,. The proposed structure has been con-
firmed in the case of ffars[Mn(CO)ILY where the
ligand bridges two M(CO), moieties. The iodine
atoms are cis to the arsenic atoms. These cleavage
reactions also occur with the parent carbonyls M,-
(CO)y but apparently the rates are much slower® and
it is difficult to understand why a bridging ligand should
have this effect, although it is expected that substitu-
tion of carbonyl groups in Ma(CO)wp by poorer = ac-

(26) F. W. B. Einstein, A, M. Pilotti, and R, Restivo, Inorg. Chem., 10,
1947 (1971).

(27) R. J. Angelici, F. Basolo, and A. J. Po&, J. Amer, Chem. Soc., 88,
2215 (1963).

(28) W. R, Cullen, D. A. Harbourne, B. V. Liengme, and J. R. Sams,
Inorg. Chem., 8, 95 (1960); F. W. B. Einstein and J. Trotter, J. Chem. Soc.
A, 824 (1987).

(29) W. R, Cullen, P, S. Dhaliwal, and C. J. Stewart, Inorg. Chem., 6,
2256 (1067).

(30) L. I. B. Haines and A. J. Pog, J. Chem. Soc. 4., 2826 (1869), and
references therein.
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ceptors should decrease the M-M bond strength.
Certainly the Mn-Mn bond length in fsfarsMn,(CO)s
(2.971 (3) A) is longer than in Mn,(CO)y, (2.923 (3)
A)." However, the mechanism of cleavage of Mn,-
(CO)yo is probably different from that of Rey(CO)yo.%
The iodine complexes ffars[M(CO),I], are unstable
and, on heating, give metal carbonyl iodides and the
chelate complexes ffarsM(CO);I (M = Mn, Re).
This also is an unexpected result in view of the above-
mentioned reluctance of ffars to form chelate com-
plexes,3?

The reactions of fifos with Mna(CO)ye and Re;(CO)yo

(81) C. E. Coffey, J. Lewis, and R. S. Nyholm, J. Chem. Soc., 1741 (1964).

(82) A referee has pointed out that in view of the rather drastic rearrange-
ments of groups involved in these thermal reactions structural assignments
based on products of similar degradations may not be reliable. A case in
point is the characterization of Mns(CO)s(o-phen) as (CO)sMnMn(CO)s-
(o-phen) because of its photochemical decomposition to Mn:(CO)w and
“Mn(CO)z{o-phen)”’: 'W. Hieber and W. Schropp, Z. Naturforsch, B, 18,
271 (1960).
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produce ffosMn,(CO)s and ffosRe,(CO)s, respectively.
These were identified by elemental analysis and by mass
spectrometry. In the case of the rhenium compound
the calculated intensities for the parent multiplet, due
to the two isotopes of rhenjum, agreed very well with
the observed spectrum. Since the °F nmr spectrum of
ffosRey(CO)s consists of a singlet at 107.8 ppm, we
propose a bridged structure similar to that in Figure 1
for it. The YF nmyr spectrum of ffosMns(CO)s, how-
ever, shows two absorptions at 106.5 and 110.1 ppm,
indicating that fifos does not act as a bridging ligand in
this case. It is not certain whether it acts as a che-
lating ligand or it rearranges itself as in Figure 2 with
the breaking of a phosphorus—carbon bond, although the
former seems more likely.
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A nomenclature symbolism for bridged inorganic complexes, chatacterized by an interplay of configurational and conforma-
tional chiralities, is described. The complexes are represented by two-dimensional projection formulas containing chirality
descriptors (4, A, 8, A) which make them three-dimensional as far as their manipulation and symmetry properties are con-
cerned. The symbolism is applied to characterize and enumerate the isomers for dinuclear and tetranuclear skeletons

known from X-ray crystallography.

1. Introduction

Many bridged inorganic complexes exist as different
isomers caused by different configurations about the
central ions combined with different conformations of
chelate rings, including those rings involving the
bridges. The present paper is concerned with giving
account to the different isomers of the above type, in a
systematic way, using symmetry considerations, and at
the same time proposing a simple nomenclature sym-
bolism, applicable to their classification and the unique
specification of individual isomer species.

The number of structures, that one can think of, is
immense, and this paper, therefore, does not attempt
to cover the subject exhaustively. Rather, it takes as
its starting point certain bridged complexes, which
have been illucidated by structure analyses, and uses
these to illustrate the way of going about the augmen-
tation of the standard nomenclature for their skele-
tons.2

A recent IUPAC publication?-2 proposed the symbols
A and A for characterizing configurational chirality

(1) (a) University of Braunschweig. (b) University of Copenhagen.

(2) (a) International Union of Pure and Applied Chemistry, ‘“Nomencla-
ture of Inorganic Chemistry,” Butterworths, London, 1959; (b) 2nd ed,
London, 1971.

(3) International Union of Pure and Applied Chemistry, Information
Bulletin No. 33, 1968; Inorg. Chem., 9, 1 (1970).

and & and X for conformational chirality. These pro-
posals have been adhered to without exception.

In the present paper the basic idea is to represent a
given complex by a kind of projection formula which is
two dimensional, but which, by replacing the chiral
components by the relevant A, A, 8, A symbols, becomes
effectively three dimensional. Or, in other words,
these symbols allow one to build a sterically correct
model (from wire, e.g.) of the complex under consid-
eration. It is important that this extended projection
formula exhibits the same three-dimensional symmetry
properties as the complex it represents.

2. Illustration of Principles

In order to clarify at the outset the interplay of con-
figurational and conformational chiralities to give rise
to diastereoisomerism we consider an example,

The tris(ethylenediamine)chromium(II1) ion, which
has the point group symmetry D;-32 (where the
Schénfliess and Hermann—-Mauguin symbols have been
given connected by a hyphen), exists in two configura-
tional isomers, A and A (Figure 1). In the A form the
edges covered by. a pair of chelating ligands are skew
lines defining a right-handed screw. By proper rota-
tions the A form remains A and the A form A, but by
improper rotations, e.g., by inversion at the site of the



