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Reaction of Mn(COJX (X = ClI, Br) with PhP(CH,),P(Ph)(CH).PPh (P,P) in refluxing xylene led to the
formation of isomerically pureis,merMn(CO)(;73-P.P)X. Cyclic voltammograms in dichloromethane (0.1 M
BusNPFs) show a reversible one-electron oxidation (proce$s 2= 0.142 V) to givecismer[Mn(CO),(P.P)X] *.
However, in acetone (0.1 M BNPFs) at room temperature, process 1 is not reversible and an additional redox
process 43, = 0.048 V) is observed. Process 4 is not observed at low temperatures, and at higher temperatures
in acetone it merges with process 1 and also a new reversible redox couple (prdegss5;0.411 V) appears.

A combination of electrolyses, chemical oxidation, and subsequent reduction, coupled with FPaNMR
spectroscopies and electrospray mass spectrometry (ESMS), is used to show that processes 1, 4, and 5 are all
associated with redox and interconversion reactions of different isomers of Ms(fE®)X and [Mn(CO)-
(P,P)X]*. Other irreversible processes due to oxidation of the different isomers of [Mp({&B)X] ™ are observed

at very positive potentials. Reaction between Re@@nd RBP in refluxing mesitylene gives a soluble product

and a small amount of precipitate. The major soluble product was identifieid, aerRe(COX(P,P)X, and the
oxidative chemistry is similar to that of the manganese analogues. The precipitate consists of five compounds,
one of which wasismerRe(CO}P,P)X. The new compound8—D were identified as followsA is cismer
{Re(CO}P,P)X},, a dimeric species with bridgingP ligands. The spectroscopic data #®iindicated that it

was a form oftis;merRe(CO}(P.P)X, but not the same as the major product. Compo@risd cis,fac-Re(CO}-

(P.P)X, and compound was shown to béac-[Re(CO}(P.P)]X. The crystal structures afismerRe(CO}-
(P.P)CI(I) and cismerRe(COXP,P)CI(Il) show the compounds to be diastereoisomers with the same
geometry of the P ligand, which of necessity generates a cavity formed by three phenyl rings on one side of
the rhenium atom. The coordination geometry of the two compounds differ only by the interchange of the mutually
trans chloro and carbonyl ligands. In (I) the carbonyl ligand is within the cavity and in (Il) the chloro ligand is
within the cavity.

Introduction the existence of relatively stable [M(C)3-P.P)X]* com-
The reactions between Mn(C&) (X = CI, Br, 1) and the plexes. The numerous isomerically related products of elec-

. : trochemical and chemical redox reactions associated with the
triphosphine P3P(CH)-P(Ph)(CH):PPh (P,P) have been [M(CO)2(53-P2P)X] +° system have been isolated and identified
|nveitlg§teg l;/)lltvg:o grg%p;oéworrlﬁrsé K||ng an((j:i E:O'V\.’l?géers by a range of techniques, including multinuclear magnetic
Eynt esize d n(CQly 5 2P)Br, Wdl e Butler 2” ovi h resonance and IR spectroscopies and electrospray mass spec-

ave prepare Mn(CQh.'PZP)X an Mn(CQ)(" -PoP)X. T € trometry. X-ray crystallography has been used to characterize
only structural information previously available for the dicar-

: : two novel diasteroisomers afs,merRe(COX(#3-P,P)CI.
g?gg;l)got?%gifs is from the IR spectra which show the carbonyl In all of the compounds described in this paper, the ligand

In this paper, Mn(COJn*-PsP)X and the previously un- P,P is bound to the metal as a tridentate ligand so the prefix

g ) . :
reported rhenium analogues Re(G@J-P,P)X (X = CI, Br) ?orr\rl1vlljl:a2e omitted in all subsequent representations of the
compounds have been fully characterized by IR and multinuclear '

(*'P, 13C) magnetic resonance spectroscopies. The electro-gxperimental Section

chemical behavior of these complexes has been investigated on

both the voltammetric and coulometric time scales and reveal Materials and Preparations. All solvents were Analytical Reagent

grade. Manganese and rhenium carbonyls aftl(Strem) were used
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hours. Upon cooling the solution, a small amount of white solid Table 1. Crystal Structure Data for Isomers of

precipitated and was filtered off and washed with hexane. Subsequentlycis,merRe(CO}(P.P)CI

Bond et al.

this solid was dissolved in dichloromethane and separated into five

components by chromatography on silica as described in the text. cismer(l)-CHLCI, cismer ()
Hexane was added to the filtered solution of mesitylene to precipitate formula GHasClsOPsRe  GeHasClOPsRe
a solid which was recrystallized from dichloromethane/hexane to yield M 897.1 812.2
crystals of Re(COIPP)X. color colorles_s _ colorles_s.
. . . cryst syst monoclinic monoclinic
Electrochemical Methods. Conventional voltammetric measure- space group P2,/n P2,/c
ments were typically obtained with 1.0 mM solutions of compqund in a A 18.749 (3) 13.898 (4)
dichloromethane (0.1 M BINPFs) or acetone (0.1 M BINPFs), using b, A 32.307 (6) 15.845 (1)
a Cypress Systems (Lawrence, KS) Model CYSY-1 computer controlled ¢, A 18.978 (3) 15.443 (5)
electrochemical system or a BAS 100A electrochemical analyzer g, deg 107.76 (2) 105.14 (1)
(Bioanalytical Systems, West Lafayette, IN). The working electrode vol, A3 10948 (7) 3283 (1)
was a glassy carbon disk (0.5 mm radius), the auxiliary electrode was Z 12 4
a platinum wire, and the reference electrode was Ag/AgCl (saturated p(calc), g/icnt 1633 1.643
LiCl in dichloromethane (0.1 M BINPR)) separated from the test ~ Crystdimens (distancein —1-21)0.173 (110) 0.12
solution by a salt bridge. The reversible voltammetry of an ap- mm from centroid) (12-1)0.226 (1-10)0.12
proximately 1.0 mM ferrocene (Fc) solution in the same solvents was gzll)_(l) 522?)) 0.165 ((_ﬁi 8)) 8%%
used as a reference redox couple, and all potentials are quoted relative (-12 1') 0.140 (200) 0 167
to Fct/Fc. Steady-state voltammograms were recorded using a 12.5 (1-2-1) '0.140 €10 0)'0_107
um radius platinum microdisk electrode. Solutions were purged with (001) 0.313
solvent-saturated nitrogen before voltammetric measurements and then (00-1)0.313
maintained under an atmosphere of nitrogen during measurements.  temp, K 203 293
Bulk electrolysis experiments were undertaken with either a PAR radiation, A (graphite Mo Ko (A = Mo Ko (A =
Model 273 potentiostat or the BAS 100 A electrochemical analyzer monochrometer) 0.710 69) 0.710 69)
using a large platinum basket working electrode and a platinum gauze F(000) 5328 1608
auxiliary electrode separated from the test solution by a salt bridge & cm* 37.1 40.1
and the same reference electrode as used in the voltammetric studies.transmn factors max 0.4654, max 0.5103,
Spectroscopic Methods.NMR spectra were recorded on a Bruker . . mn 0'3;434 mn 0"1700
AM 300 spectrometerd'P at 121.496 MHz in dichloromethane or Imits 2:2<20<50.0 2.0< 26 < 50.0
. ; . no. of reflns collecd 18769 6000
ace'tc')ne an#C a_t 75.469 MHz in CD'QIsquFlon. .The high-frequency no. of unique refins 16 453 5003
positive convention is used for chemical shifts with external 85R®4 mal 0.0326 0.0303
and internal TMS references, respectively. Infrared spectra were no. of unique reflcns 12 464 4664
recorded on a Perkin-Elmer FT-IR 1720X or a Perkin-Elmer 1430 IR used (> 20(1))
spectrometer. refinement full matrix full matrix
Electrospray Mass Spectrometry. Electrospray mass spectra of ~ R¢® 0.0398 0.0187
cationic complexes were obtained with a VG Bio-Q triple quadrupole R’ 28223 88;;5

mass spectrometer using a water/methanol/acetic acid (50:50:1) mobile GOPF
phase. Solutions of the compounds (2.0 mM in dichloromethane) were

3 Ramai= 0|Fo? — Fo?(mean)/oF2. Ry = Y (|Fo| — |Fcl)/3|Fol). ° R

mixed, if necessary, with oxidant or sodium acetate as described in = [S(F2 — F2)/TuFA}Y2 wherew = [0?F2 + (0.033P)2 +

the text. The mixed solution was then diluted 1:10 with methanol and
immediately injected directly into the spectrometer via a Rheodyne
injector fitted with a 10uL loop. A Pheonix 20 micro LC syringe
pump delivered the solution to the vaporization nozzle of the electro-
spray source at a flow rate of - min~%. Nitrogen was used as the

50.86P] 1 for cismer(l) and [0?F2 + (0.0296°)2 + 0.9028°]* for
cismer(Il) with P = (Fo? + 2F2)/3). ¢ GOF = {[3IW(Fs? — FA]%(n
— m)}*2, wheren is the number of reflections used in the refinement
andm is the number of parameters refined.

drying gas and for nebulization with flow rates of approximately 3 L  thermal parameters of a Cl atom (CI9) of one dichloromethane molecule
min~! and 100 mL min, respectively. The voltage on the first in the structure ofcismer(l) indicated a strong libration. To
skimmer (B1) was usually 40 V, but higher voltages were used to induce approximate this effect, the coordinates of this atom were split into
collisionally activated fragmentations as described in the text. Peaks eight components and each given an occupancy factor of 0.125 (see
are identified by the most abundant mass in the isotopic mass Table 7). To decrease computational time only the 12 464 terms for
distribution. In all cases the agreement between experimental andwhich| > 201 were used in the refinement of the structureisfmer
theoretical isotopic mass patterns was good. (). Extinction corrections were not applied to the data, but one term
Crystal Structure Determinations for cis,mer-Re(CO)- (—1 0 2) was omitted from the final refinements @gmer(Il).
(P.P)CI(I) -CHZCIl, and cismer-Re(CO)(P,P")CI(Il). Crystallo-
graphic Data. Crystals of the two compounds identified eismer-
Re(CO)(P.P)CI were obtained by slow evaporation of dichloromethane/
hexane solutions of the complexes at room temperature. Intensity dat

were collected on an Enraf-Nonius CAD-4 Mach S diffractometer at - :
20°C. Crystal data for both structures are given in Table 1. describe the chemistry of the two metals separately.

Structure Determination and Refinement. Analytical absorption A. Reactions of Mn(COxX with P2P'. Spectroscopic
corrections were applied to the intensities before structure solution. €vidence (Table 2) outlined below shows that the reaction of
The positions of the rhenium atoms were derived from vector maps, both carbonyl halides with 7 gives only a single isomer of
and the sites of the remaining non-hydrogen atoms were determinedthe product previously characterized as Mn(g{®)P)X. The
from successive difference maps using SHELX878he structures infrared spectrum of Mn(CQ{P.P)Br shows two carbonyl
were refined againsF? with SHELX-93° Hydrogen atoms were  stretches of approximately equal intensities, whose positions
included at idealized positions using-€l bond lengths of O._97 and agree with literature valuéss This spectrum shows that the
0.93 A for the methylene and phenyl hydrogens, respectively. The carbonyl groups are mutuallgis. Its 31P NMR spectrum
consists of two peaks of relative intensities 1:2, both of which
are shifted considerably to high frequency compared with the
positions of the resonances for the free ligdhathich confirms
that all three phosphorus atoms are coordinated to the metal

Results and Discussion

a The chemistry of the Mn(CQ@X/P,P system is somewhat
different to that of Re(CQX with P,P, so it is convenient to

(8) Sheldrick, G. M.SHELX-76, Program for Crystal Structure Deter-
minationr Cambridge University: Cambridge, U.K., 1976.

(9) Sheldrick, G. M.SHELX-93, Program for the Refinement of Crystal
Structures University of Gdtingen: Germany, 1993.
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Table 2. IR and NMR Data for All [Mn(CO)}(P,P)X]*° Compounds

0('P)? ppm

compound vco, cmt P P, O0(13C) > ppm temp(NMR),C
cis,merMn(CO)(P.P)CI 1936, 1866 119.0 87.0 226 22
cis,mer[Mn(CO),(P,P)CI]* 2033, 1966
cis,fac-Mn(CO),(P,P)CI 125.7 49.7 —-80
cis,fac-[Mn(CO),(P.P)CI]* 2052, 1068
transMn(CO)(P.P)CI 1893 134.4 69.4 22
trans[Mn(CO)x(P.P)CI]+ 1973
cis,merMn(CO)(P.P)Br 1936, 1866 119.0 85.9 227.1,225.3 22
cis,mer[Mn(CO),(P.P)Br]*+ 2031, 1960
cis,fac-Mn(CO)(P,P)Br 129.2 49.5 —80
cis,fac-[Mn(CO),(P.P)Br]™ 2048, 1960
trans-Mn(CO)(P.P)Br 1893 137.3 70.1 22
trans[Mn(CO),(P.P)Br]* 1970

an CH,Cl; solution.? In CDCl; solution.© May be two overlapping resonancésd/alue only approximate due to overlap with peak due to
trans’.

co co B. Electrochemical Studies. (i) Cyclic Voltammetry. All
voltammetric data are summarized in Table 3; the potentials
X p—— co quoted are relative to the reversil#, value for the F¢/Fc
couple. Unless stated otherwise, voltammograms were recorded
using a 0.5 mm radius glassy carbon disk macroelectrode.
P 4 % Figure 2a shows an oxidative cyclic voltammogram (scan rate,
~_1 - \_' 200 mV s4) for a 1.0 mM solution otis,merMn(CO)(P,P)CI
to P in dichloromethane (0.1 M BiNPF;) at 20°C. On the first

scan an oxidative response (process 1) is observed and the
corresponding reduction response (proce3sslseen on the

trans a.\'fac(I) ) )
reverse scan. Second and subsequent scans are identical, and
o the response remains reversible at all scan rates{30@00
¢o mV s 1) and temperatures—20 to +50 °C) examined. A
P— x P‘_‘ co steady-state voltammogram at a platinum disk microelectrode
(radius, 12.5um) shows that the limiting current for process 1
/ Mn / Ma is similar to that obtained for the oxidation of an equimolar
solution of Mn(CO)(dpe)Br (dpe= PhbPCH,CH,PPh), which
—————¢Co P—————FP is knowrt? to be a one-electron oxidation. The redox process
\,1 \—).'(/ 1 may therefore be assigned as
cismer[Mn(CO),(P,P)CI]" + e =
cis,fac (II) cis,mer

cismerMn(CO),(P,P)CI (1)
Figure 1. Four possible geometrical isomers of Mn(GE}P)X (X
= Cl, Br). The phenyl and methylene group have been omitted for

clarity Figure 2b shows that at more positive potentials there are

two further oxidation responses, both irreversible, a very small

and also that the terminal phosphorus atoms remain chemicallyP€ak labeled process 2 and a larger response labeled process 3.
equivalent. Since it is known thapf® may coordinate to metals ~ 1hese features will be discussed in more detail below.

in both fac and mer configurations:! there are four possible In acetone (0.1 M BiINPF) subtly different responses are
isomers of Mn(COXP:P)X, as shown in Figure 1, if only the ~ Observed in oxidative cyclic voltammograms ofsmer
geometry of the donor atoms about the metal is considered. TheMn(COX(P:P)Cl at 20°C. Figure 2c is a cyclic voltammogram
transisomer is eliminated on the basis of the infrared spectrum (S¢an rate, 200 mV'3) over a limited potential range, and it
and thecis fac-(1) isomer is discarded on the basis of tHe shows only process 1 on the first oxidative scan, but on the
NMR spectrum since it would have three non-equivalent reverse scan a small response (procépsobserved as well
phosphorus atoms. Thasfac-(Il) and cismerisomers may @S process 'l Second and subsequent scans under these
be distinguished by the#®C NMR spectra (carbonyl region). conditions show an additional oxidative response (process 4).
The observed®C NMR spectrum of Mn(CGQJP,P)Br shows However, scans at30 °C (scan rate, 200 mV-$) show only

two carbonyl resonances which unequivocally determine the Processes 1 and,lindicating that the formation of the species
structure to becismer. The spectroscopic data for Mn(C9) responsible for processes 4 andigta kinetically controlled
(P,P)Cl are very similar to those afismer-Mn(CO)(P,P)Br step. This was confirmed by_ experiments at@0using a scan
except that thé3C NMR spectrum shows only one resonance rate of 5000 mV st, and again processes 4 aridvere absent

in the carbonyl region. However, the signal is rather broad and Pecause the kinetically controlled reaction(s) was outrun by the
is probably two superimposed signals. Electrochemical data electrochemical timescale.

given below strongly indicate that both compounds are the same  Figure 2d shows an oxidative cyclic voltammogram (scan

isomer, so it will be assumed that Mn(GQ%P)CI is also rate, 200 mV s*) at 20 °C for cismerMn(CO)(PP)Cl in
cismer. acetone (0.1 M BiNPFs) over a wider potential range.

Processes 2 and 3 previously observed in dichloromethane are

(10) Colton, R.; Tedesco, Mnorg. Chim Acta 1992 202 95.
(11) Bond, A. M.; Colton, R.; Feldberg, S. W.; Mahon, P. J.; Whyte, T. (12) Bond, A. M.; Colton, R.; McCormick, M. Jnorg. Chem 1977, 16,
Organometallics1991, 10, 3320. 155.
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Table 3. Cyclic Voltammetric Data for Oxidation afis;merMn(CO)(P,P)X Compounds at a Glassy Carbon Disk Electrode
cismerMn(CO)(P.P)CI cismerMn(CO)(P,P)Br

scan rate, Eo>, Egred, Eyp,2 temp, scan rate, Ex>, Egred, Eyp,® temp,
process mVs?! VvsFc'/Fc VvsFc'/Fc VvsFct/Fc °C mVs?! VvsFc/Fc VvsFc/Fc VvsFct/Fc °C

In Dichloromethane

1 200 0.181 0.099 0.140 20 200 0.202 0.116 0.159 20
200 0.196 0.108 0.152 -30
2 200 0.803 20 200 0.826 20
3 200 1.153 20 200 1.178 20
4 b 200 0.094 0.014 0.054 20
5 200 —0.391 —0.459 —0.425 20 200 —0.032 —0.108 —0.070 20
6 200 1.023 20 200 1.046 20
In Acetone
1 200 0.177 0.099 0.138 —30
1 200 0.190 0.116 0.153 20 200 0.216 0.126 0.171 20
1 200 0.193 0.113 0.153 50 200 0.202 0.098 0.150 55
1 5000 0.216 0.106 0.161 20
2 200 0.771 20 200 0.817 20
3 200 0.961 20 200 0.994 20
4 200 0.083 0.013 0.048 20 200 0.108 0.038 0.073 20
5 200 —-0.375 —0.447 0.411 20 200 —0.368 —0.442 —0.405 20
6 200 1.073 20 200 1.054 20

2 Calculated from the value oE(>* + E*9/2, whereE,>* andE,®? are the oxidation and reduction peak potentials, respectively, associated with
the designated processes under the stated conditi®mecess 4 cannot be observed in/CH at 20°C.

again observed, but process 2 is more pronounced in acetone. (ii) Bulk Electrolysis. Exhaustive bulk oxidative electrolysis
The relationship between processes 2 and 4 will be discusseddf a dichloromethane (0.4 M BNPFs) solution of cismer
later. Process 3, which is close to the solvent limit, remains Mn(CO)(P,P)CIl was carried out at a platinum gauze working
irreversible at all temperatures and scan rates examined. Itelectrode at a potential of 0.270 V vs'#Ec (slightly more
seems likely that process 3 is a further oxidationcifmer positive than process 1). The appearance of the solution
[Mn(CO)(P.P)CI]* to a highly unstable 16-electron Mn(lll)  changed from yellow to orange. A reductive cyclic voltam-
complex, thus explaining its irreversibility, and process 3 will mogram of the oxidized solution shows that proceSg, (=

not be considered further. 0.142 V) is now absent, but a reversible couple is observed at
An oxidative cyclic voltammogram (scan rate, 200 m)s —0.425 V vs F¢/Fc. This is the same potential as the small
of cismerMn(COX(P,P)Cl in acetone (0.1 M BiNPF) at 55 response labeled process 5 seen in the cyclic voltammograms

°C does not exhibit process #ut there is a small new reductive  [0F €isSmerMn(CO)L(P,P)Cl in acetone (0.1 M BiNPF) at
50 °C. Scanning to more positive potentials shows a new

response at-0.459 V vs F¢/Fc (process 'y and the second . )

and subsequent scans show the corresponding oxidation respondé’ eversible response at %'023 V vs'Héc (process 6), while
at—0.391 V (process 5). Redox process 5 is a weak feature in processes 2 and 3 seen tns_,mer—Mn(CO)z(PgF’)Cl are absent.

the cyclic voltammograms afismerMn(COY(P-P)Cl but is The voltammogram remains unchanged on the second and

more pronounced fazismerMn(CO)(P,P)Br, and it will be subsequent scans. The sign of the current in a steady-state
discussed in more detail for that Compound’ voltammogram at a platinum microelectrode after the electrolysis

. . shows that the species in solution giving rise to process 5 is in
An oxidative cyclic voltammogram (scan rate, 200 m\})s P gng P

. L the oxidized form. Comparison of the limiting current with that
at 20°C for cis;merMn(CO)(P,P)Br in dichloromethane (0.1

i N for an equimolar solution of Mn(CQ(dpm)Br shows that
M BusNPFs) as given in Figure 3a, shows processes 1 dand 1 process 5 is a one-electron process. The IR spectrum of the

as forcismerMn(COR(P.P)Cl, but process 4is also promi-  qyidized solution exhibits a single peak in the carbonyl region
nent, whereas this process was not observed for the chlorog; 1973 ot
complex in this solvent. Process 2 (not shown) is also observed  gxpaustive bulk reductive electrolysis was then performed
at more positive potentials. Procesgand processes 4 and 2) o the originally oxidized solution, and the color of the solution
can be removed by cooling the solution+@®0 °C. changed from orange to pink. A subsequent cyclic voltammo-

In acetone (0.1 M BiNPFg) under similar conditions, process  gram shows the same redox couple for process 5, but a steady-
4' is quite prominent on the first scan, as shown in Figure 3b, state voltammogram at a platinum microelectrode shows that
and the corresponding oxidative component (process 4) is seerthe species in solution is now in the reduced form. The IR
on the second scan. On heating the acetone solutiois,ofer spectrum of the reduced solution shows a single carbonyl
Mn(CO)(P,P)Br, cyclic voltammograms show that processes absorption at 1893 cmi, and the!P NMR spectrum of the
1' and 4 shift closer together and at 4€ appear as a single  solution shows two signals (1:2). The IR data strongly indicates
broad response, and the reduction respohbed@mes apparent.  a trans configuration for the carbonyl groups, and the NMR
At 55 °C the cyclic voltammogram afis,merMn(CO)(P.P)- spectrum is consistent with this formulation. Thus, process 5
Br in acetone (Figure 3c) shows a much sharper response foris assigned to the redox couple
processes 1 and fand 4, 4) and processes and 5 are well-
defined. trans[Mn(CO),(P,P)CI]* + &~ = trans:Mn(CO),(P,P)Cl

The compounds giving rise to processes 4 and 5 cannot be @
assigned on the basis of the cyclic voltammograms alone, but  Many previous studiés 14 of group 6 and group 7 18-
they are identified as other isomers of Mn(G@P)X on the electroncis- or fac-carbonyl species have shown that upon
basis of additional information obtained from the experiments
described below. (13) Bond, A. M.; Colton, R.; Jackowski, J.lhorg. Chem 1975 14, 274.
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Figure 2. Oxidative cyclic voltammograms (scan rate, 200 mV)s 4 1
for 1 mM cismerMn(CO)(P:P)Cl solutions at a glassy carbon for 1 mM cismerMn(CO)(P.P)Br solutions at a glassy carbon
electrode (radius 0.5 mm) at 2T (a) in dichloromethane (0.1 M €lectrode (radius 0.5 mm) (a) in dichloromethane (0.1 MNB?F) at

BuNPF) over a restricted potential range, (b) under similar conditions, 20 °C, (b) in acetone (0.1 M BINPF;) at 20°C, and (c) in acetone
over an extended potential range, (c) in acetone (0.1 MNB#s) over (0.1 M BuNPF) at 55°C.
Sor;eesrmgtlegﬁgt;ntml range, and (d) similar conditions, over an extended C. Chemical Oxidation at Room Temperature. The
chemical oxidants NOBfand (BrGH4)sNSbCk (“magic blue”)
oxidation the resulting 17-electron species isomerize térémes- were used to oxidize solutions ofs merMn(COk(PP)X.
or mercarbonyl configuration, often on the voltammetric time (1) Monitoring by IR Spectroscopy and Electrochemistry.
scale. Thus, it is reasonable to observe a similar isomerization'mmediately after addition of NOBFto a dichloromethane
in the present case. In the present case the rate of isomerizatiopolution ofcis merMn(CO)(PP)Br the IR spectrum shows a
is too slow to be observed on the voltammetric time scale at Weak peak at 2052 cm and three strong absorptions at 2033,
room temperature, but sufficiently fast for the isomerization to 1973 (assigned trans[Mn(CO)x(P,P)Br]*), and 1960 cmt
be complete on the electrolysis time scale. The overall reaction (Shoulder). A reductive cyclic voltammogram of the solution,

scheme may be represented by the following version of the While all four IR peaks are present, shows the three reversible
processes corresponding to processes 1, 4, and 5. However,

after addition of the reductant cobaltocene to the oxidized
solution, a voltammogram displays only processes 1 and 5, and
the IR spectrum after reduction shows a stretch at 1893'cm
(assigned taransMn(CO),(P,P)Br) and also stretches at 1936
and 1866 cm! due to the starting materiais,merMn(CO),-

Figure 3. Oxidative cyclic voltammogram (scan rate, 200 m\)s

square scheme

cis,mer-Mn(CO),(P,P")Cl —= cis,mer-[Mn(CO),(P,P')CI]* + e~

slow

trans-Mn(CO),(P,P")Cl =— trans-[Mn(CO),(P,P)CII* +e~  (3) (P,P)Br.
When the IR spectrum of the solution containicig,mer
Isomerization oftrans-Mn(CO)(P,P)Cl to cismerMn(CO)- Mn(CO)(P.P)Br and NOBF is monitored over several min-

(P2P)Cl was not observed. Process 6 is due probably to further utes, the intensities of the peaks at 2052, 2033, and 1966 cm
oxidation of trans[Mn(CO),(P,P)CI]* to an unstable 16-  decrease, while that of the stretch at 1973 &increases until
electron Mn(lll) species and will not be considered further. this is the only peak in the spectrum. Reduction of this solution
Exactly analogous observations were made for the bulk oxida- With cobaltocene gives an IR spectrum which contains only the

tion of cismerMn(CO)(P:P)Br, and all data are given in Table ~ stretch at 1893 cmt assigned tdransMn(CO)(P,P)Br, as
3. found for the bulk electrolysis experiments. Experiments in

acetone give similar results as do those using magic blue as the
(14) Bond, A. M.; Carr, S. W.; Colton, Rnorg. Chem 1984 23, 2343. oxidant, although in this case an irreversible reduction is
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Table 4. Electrospray Mass Spectrometric Data at Low lon Source Energies

compound additive ions1{/2)

cismerMn(CO)(P:P)CI NOBF, [MN(CO)(P,P)CI]* (680); [Mn(COX(P:P)]* (645); [Mn(RP)CI]* (624)
cismerMn(CO)(P.P)Br NOBF, [MNn(CO),(P.P)Br]* (726); [Mn(RP)Br]* (670); [Mn(CO}(P,P)]* (645)
cismerRe(CO}P.P)CI(I) NOBF, [Re(COY}(P:P)CI]* (812)2 [Re(CO)(NO)(RP)CI]* (814y

magic blue [Re(CQJP.P)CI* (812)
cismer-Re(CO)}(P.P)Br(l) NOBF, [Re(COX(P:P)Br]* (856)2 [Re(CO)(NO)(RP)BI] " (858)

magic blue [Re(CQJP.P)BI]" (856)

[Re(COY(P.P)Br,]* (937)

cismerRe(CO}(P.P)CI(I) Br, [Re(COX(P.P)CIBr]* (891)
cismer-Re(CO)(P.P)Br(l) Br, [Re(COY(P.P)Br,]* (937)
cismer{Re(CO}(P:P)Cl}. magic blue {Re(CO}P:P)CI},]t (1624)

NaOAc [Na+ {Re(CO}P.P)CI},]* (1647)
cismer-Re(CO}(P.P)CI(II) NOBF, [Re(COX(P.P)CI]* (812)
cismerRe(COX(P.P)Br(ll) NOBF,4 [Re(COX(P.P)Br]* (856)

almmediately after addition of NOBEF®? Some minutes later.

observed close to thizans™® couple which is assigned to the  (P,P)X]* as the base peak in the mass spectrum, together with
reduction of Sb(V) to Sb(lll) from the anion of magic blue. weaker peaks due to species formed by loss of either the two
The chloro complexcismerMn(CO)(P,P)CI behaves simi- carbonyl groups or a halogen atom. Increasing the ion source
larly. Thus, chemical oxidation ofis,merMn(CO)(P,P)X energy increased the relative intensities of these fragment peaks,
also producerans[Mn(CO),(P.P)X] *, which may be reduced indicating that they are formed by collisions within the ion
to transMn(COX(P,P)X, as in the bulk electrolysis experi- source. Although these spectra confirm that [Mn(&BP)X] *
ments. ions exist in the oxidized solutions, they can give no information
These experiments show that on the shorter time scale at leasof the isomers present. All ESMS data are given in Table 4,
three oxidation products afis,merMn(CO)(P,P)X are present where peaks are identified by the most abundant mass in the

in solution and upon reduction after a short timis,mer isotopic mass pattern. In all cases excellent agreement was
Mn(CO)(P,P)X andtransMn(CO),(P.P)X are identified. This observed between experimental and theoretical isotopic mass
indicates that one likely oxidation productds,mer[Mn(CO),- distributions.

(P.P)X]*. Longer time scale experiments show the isomer- D. Chemical Oxidation at Low Temperature. A steady-
ization of cismer[Mn(CO),(P,P)X]* to trans[Mn(CO),- state voltammogram at a platinum microelectrode of a solution

(P.P)X]* proceeds to completion as expected from previous of cismerMn(CO),(P,P)Cl in dichloromethane (0.1 M BNPF;)
studies of 17-electron carbonyl systehisi* However, there after oxidation with NOBE at —30 °C shows process 1 as the

is another species in solution (corresponding to process 4) whichdominant feature, and only a small response is observed for
remains to be identified. The IR absorptions of this so far process 4. Low-temperature IR facilities are not available to

unidentified oxidation product antls,mer[Mn(CO),(P,P)X]* us, but the IR spectrum recorded quickly at room temperature
cannot yet be assigned between the absorptions at 2052, 2033%hows two strong absorptions at 2033 and 1960 ‘ciof
and 1960 cm?. approximately equal intensities, but there is also a small peak

(i) 3P NMR Spectroscopy. The 3P NMR spectrum of a  at 2052 cm!. These data strongly suggest that the strong
solution ofcis;merMn(CO)(P,P)CI to which a small amount  absorptions at 2033 and 1960 cthare due to the oxidized
of NOBF, has been added consists of several broad peaks.component of process 1, that ¢gs,mer[Mn(CO)x(P,P)CI] T,
However, when cobaltocene is added, the peaks become shargvhile the weak peak at 2052 crhis associated with the less
and are resolved into the resonancesigmerMn(CO)(P,P)- abundant oxidative component of process 4. Monitoring the
Cl and two new signals of relative intensities 1:2 which are IR spectrum of this solution over several minutes at°gZD
assigned tarans-Mn(CO),(P,P)ClI, previously identified from reveals a decrease in these three peaks and a concomitant growth
bulk electrolysis and chemical oxidation experiments. A similar of a stretch at 1973 cnt due totrans[Mn(CO),(P,P)CI]*.
experiment with isolatettans-Mn(CO),(P.P)CI confirmed that However, the peaks at 2033 and 1960 émemain the same
its NMR peaks broadened on addition of magic blue, and after intensity relative to each other, confirming they are associated
subsequent addition of cobaltocene only the sharp peaks ofwith the same compound.
transMn(CO)(P,P)CI were observed in the spectrum. This When a sample of the oxidized solution which had been kept
experiment showed that ricansto cisisomerization occursin ~ at —30 °C is reduced with cobaltocene at30 °C, the IR
either the 17- or 18-electron compounds on this time scale. spectrum shows only the peaks at 1936 and 1866'aue to
Broadening of the NMR peaks of botlis,merMn(CO)(P.P)- cismerMn(CO),(P,P)CI, showing that the kinetically controlled
Cl and transMn(CO)(P,P)CI in the solution of cismer isomerization which producetrans[Mn(CO)x(P,P)CI]" is
Mn(CO),(P.P)CI after addition of NOBEsuggests that electron  slowed significantly so that ntsansMn(CO),(P.P)CI (vco =
self-exchange is occurring between the 17- and 18-electron1893 cnt?) is produced upon reduction with cobaltocene.
species, which is fast on the NMR time scale. Previous stifdies A steady-state voltammogram at a platinum microelectrode
have shown that fast electron exchange occurs only betweenobtained at-25 °C of a solution originally containingis,mer
isostructural species, and therefore it is likely that the broadening Mn(CO),(P,P)CI in acetone (0.1 M BiNPF) after addition
of the peaks oftismerMn(CO)(P.P)CI is due to exchange  of NOBF, at —60 °C is similar to that observed in dichloro-
with some cismer[Mn(CO)(P,P)CI]* present in solution, methane except that process 4 is enhanced. The IR spectrum
rather than with thérans[Mn(CO),(P,P)CI] ™ which is known of this solution shows a broad peak at 2032 &émith a shoulder
to be present also. at ~2050 cnt! and a peak at 1959 crh The peaks at 2032

(iii) Electrospray Mass Spectrometry. The electrospray and 1959 cm! have already been assigned tis,mer
mass spectra of solutions of batis,merMn(CO),(P.P)CI and [Mn(CO),(P.P)CI]*, and the peak at 2050 cris stronger than
cismerMn(CO)(P,P)Br to which had been added some in dichloromethane, confirming that it is associated with the
NOBF, both showed the appropriate intact cation [Mn(@O) more abundant oxidized species associated with process 4.
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Table 5. IR and NMR Data for All [Re(COYP,P)X]*° Compounds

O(*P)? ppm
compound veo2em i P P, 0(**C)” ppm coupling constants, Hz

cismerRe(CO}PP)CI(I) 1941 1855 75.6 35.0 201.6d 196.5 Jc-p =56
cismerRe(COX}(P.P)CI(Il) 1949 1860 56.7 27.0 202.5d 189.9 Jo-p=162
cis,fac-Re(CO)(P,P)CI 1950 1886 66.9 10.7
trans-Re(CO}(P.P)CI 1906 78.5 19.6
trans[Re(COX(P,P)CI]* 1968
cismer-{ Re(CO}P,P)Cl}, 1941 1862 21.2 38.2d, 0.8d Jr—p =180
fac-[Re(CO}(P.P)ICI 2040 1962 65.7 27.6
cismerRe(COX(P.P)Br(l) 1941 1860 74.0 32.6 200.9d 195.8 Je-p=149
cismerRe(CO}(P.P)Br(ll) 1950 1862 53.7 25.1 201.9d 189.4 Jc-p=54
cis,fac-Re(CO}(P,P)Br 1951 1888 67.8 8.6
trans-Re(CO}(P,P)Br 1906 78.2 18.5
trans[Re(COX(P,P)Br]* 1967
cismer-{ Re(CO}(P,P)Br}, 1942 1862 21.2 38.0d, 0.2d Jr-p =180
fac-[Re(CO}(P.P)]Br 2040 1962

a|n CH,Cl, solution.? In CDCls solution.

cis,mer-Mn(CO),(P,P")X cis,mer-[Mn(CO),(P2P")X]* + e~

Reduction of this solution with cobaltocene was undertaken at
—60 °C, and the resulting steady-state voltammogram shows
that process 4 is still present, but now in the reduced form. The
reduced solution was kept at low temperature, and*&IMR
spectrum was acquired at80 °C. It shows resonances at
119.0 and 87.0 ppm due tsmerMn(CO)(P,P)Cl and two As described earlier in the voltammetry section, the use of
other signals of 1:2 relatlve_ intensities occurdafl25.7 and fast scan rates or lowering the temperature leads to the
49.7 ppm. When the solution is allowed to warm 10 r00m isannearance of both processes 2 and 4 in the cyclic voltam-
temperature, the NMR ;pectrum of the solution theh shows only mograms otismerMn(CO%(P,P)X. This suggests that these

the resonances due ismerMn(COX(P,P)CI. This result rocesses are both associated with the same compounds, and
shows that the reduced form associated with process 4 is a”OtheErocess 2, which will not be considered further, is most likely
isomer of Mn(CO)(PZP)CI which s stable only at low  4her oxidation ofcis,fac-[Mn(CO),(P,P)X]* to an unstable
temperature and rapidly converts ¢iz,merMn(CO)(P.P)CI 16-electron Mn(lll) species

near room temperature. Similar experiments wgikmer

Mn(CO)(P.P)Br in acetone give analogous spectra, and all data ;s t56-IMn(CO).(P.PIX(IN] T —

are recorded in Tables 2 and 3. As noted earkésfac-(l) acMN(CO)(PPIX(IN]

fast fast

cis,fac-Mn(CO),(P,P")X(I1) cis,fac-[Mn(CO),(PoP")X(IN)]* + e~(5)

would give three resonances in % NMR spectrum, while cis,fac-[Mn(CO),(P,P)X(IN] * + &~ (6)
the cisfac-(Il) isomer would give only two resonances (1:2 ] .
intensities). Unfortunately, bottis,facisomers of [Mn(COy E. Reactions of Re(COX with PoP'. It was found that

(P,P)X]* should have two carbonyl stretches in the IR spectrum, Re(CO}X compounds did not react with,P at a reasonable
but only one is observed, and it is assumed that the second ig'ate in refluxing xylene, but reaction did occur in refluxing
obscured by the absorption duedis,mer[Mn(CO)(P.P)X]* mesitylene solution. Upon cooling the solution to room
at 1960 cm®. Attempts to observe the IR spectrumaid,fac- temperature, a small amount of precipitate was formed but the
Mn(CO)(P,P)X were unsuccessful due the rapid isomerization bulk of the material remained in solution. The precipitate was
to cismerMn(COX(P:P)X. Despite the difficulty with the IR filtered off, and its composition will be discussed later after
spectrum, the balance of evidence suggests that process 4 CaH”Ie identity of the soluble material has been established and its

be assigned to the redox couple oxidative chemistry described.
The IR spectrum of the mesitylene solution following reaction
cis,fac-Mn(CO),(P,P)X(Il) = of Re(CO}Cl and BP shows two carbonyl stretches of equal

. . _ intensities at 1941 and 1855 cf These positions are similar
cisfac-[Mn(CO)(P,P)X(IN] " + e (4) to those ofcismerMn(CO),(P.P)Cl and indicatecis-carbonyl
groups. ThelP NMR spectrum shows two signals (1:2) both
The corresponding rhenium compleis,fac-Re(COX(PP)X(Il), shifted to higher frequency than the resonances of the free
which is more stable and has been fully characterized (see later) ligand, confirming all the phosphorus atoms are coordinated to
displays similar redox properties. rhenium. Addition of hexane to the mesitylene solution caused
As shown in Figure 2, process 4 appears for the first time on the precipitation of a white compound which was recrystallized
the reverse scan in the voltammetryctssmerMn(COR(P,P)X, from dichloromethane/hexane. THE NMR spectrum of this
and therefore theisfac-(ll) isomer is generated in the 17- compound dissolved in deuterochloroform exhibits two reso-
electron configuration. However, the isomerization does not nances of equal intensities in the carbonyl regior &01.6
proceed to completion (since processshlso present onreverse  and 196.5 ppm, showing that the stereochemistrgissner.
scans). In fact, at 55C in acetone this isomerization reaction The 13C NMR signal at higher frequency appears as a doublet
in both directions is so fast that on the electrochemical time (Jc—p = 56 Hz) and is therefore assigned to the carbon atom of
scale the observed response becomes an average of process#® carbonyl groufransto P. The spectroscopic data indicate
1 and 4. Similar fast isomerizations have previously been the stereochemistry is the same as that for the manganese
observed for otherf® complexes! The experiments described complex, and this geometry has been confirmed in the solid
above prove that in the 18-electron configuraticigfac-(Il) state by a crystal structure determination. Spectroscopic data
rapidly isomerizes tocismer. The overall reactions may are similar forcismerRe(CO)(P.P)Br, and details are given
therefore be summarized in a square reaction scheme in Table 5, but in the table the compounds are referred to as
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cismerRe(CO}(P,P)X(I) to distinguish them from another The fact that more than one electron per molecule is
isomer which will be described later. consumed in the oxidative electrolysis is consistent with a

F. Electrochemical Studies. (i) Cyclic Voltammetry. The disproportionation reaction of the 17e species. In group 6
general features of the voltammetrya$ merRe(COX(P,P)X carbonyl chemistry there are many examples of relatively stable

are similar to those of the manganese analogues, and only achromium 17e species, but the corresponding Mo(l) and W(l)
generalized description will be given. All voltammetric data complexes disproportionate to M(0) and M(P).This reaction
are given in Table 6, and the electrochemical processes are givens assisted by the stability of seven-coordinate, 18e, M(Il)
the same numbers as the corresponding processes for theomplexes. Although the chemistry of seven-coordinate Re(lll)
manganese complexes. Process 4cismerRe(CO}(P.P)- is not as well-explored as that of Mo(ll) and W(Il), a significant
Clis weak in dichloromethane but more pronounced in acetone number of compounds are kno¥frand a similar dispropor-
and also more pronounced for the bromo complex, as was foundtionation reaction is not unexpected.
for the manganese complexes. The behavior of process 4 with
temperature also parallels the behavior previously described for 2cis,mer-Re(CO),(P,P")Br ——— 2cis,mer-[Re(CO),(P,P")BI]* + 2e~
solutions ofcismerMn(CO)(P.P)X. / \

(i) Bulk Electrolysis. Exhaustive oxidative bulk electrolysis
of a dichloromethane (0.4 M BNCIO,) solution of cismer cis,mer-Re(CO),(P,P")Br +[Re(CO),(P,P")Br]2*
Re(COX}P,P)Br(l) was undertaken at 20C at a platinum
working electrode and a potential of 0.400 V vs*Hec. \Namf’“ or solvent)
Monitoring by steady-state voltammetry during the course of
the electrolysis indicates thais,mer[Re(CO}P,P)Br(1)]* is [Re(CO)(PoP)BrAP"  (8)
not stable on the longer coulometric time scale since no
reductive component was present for the redox couple 1, only This disproportionation reaction ofs mer[Re(COX(P.P)Br]*
the oxidative component due to not yet oxidizei,mer would be in competition with the isomerization toans
Re(COX(P:P)Br being observed. The reductive component of [Re(COX(PP)Br]* and would lead to a mixture of products if
process 4 was also present together with process 5. The limitingtheir rates were comparable. The experiments described so far
current associated with process 5 increased as the electrolysiglo not prove the existence of a disproportionation reaction, but
proceeded, but gradually other responses at more negativethe consumption of more than one electron and the dependence
potentials became dominant. Depending upon the experimentalof electrolysis products on concentration do strongly support
conditions (concentration afismerRe(CO}P,P)CI, time of the suggestion. Positive proof for the formation of Re(lll)
electrolysis) the charge passed after exhaustive electrolysis waspecies by chemical oxidation was obtained by ESMS.
between 1 and 2 electrons per molecule. Similar observations G. Electrospray Mass Spectrometry. All ESMS data are
were made in acetone, with BNPR; as the supporting  given in Table 4. The ES mass spectrum (8140 V) of a
electrolyte and for the chloro compleismer(l). solution of cismerRe(CO)(P,P)CI after addition of NOBE

A bulk electrolysis oftis merRe(COY(P:P)Br(l) in acetone ~ Shows a strong peak for the intact ion [Re(@@)P)CI]* (m/z
(0.1 M BwNCIO,) was undertaken at40 °C in an attempt to 812) provided the mass spectrum is acquired immediately after
prevent decomposition of the species associated with procesﬁddition of the oxidant. However, if the solution is allowed to
5. The responses at more negative potentials still appeared orstand for a few minutes before injection into the spectrometer,
the longer time scale (at least 1 h) at this temperature, but athe signal atn/z 812 is not detected but instead a peaknét
greater proportion of the total current was associated with 814 is observed, which is assigned to the intact ion [Re(CO)-
process 5 than at room temperature. The oxidative electrolysis(NO)(P:P)CI]*. This cation is formed by reaction of NO with
was stopped prior to completion so that a subsequent reductivethe 17-electron dicarbonyl cation, and similar reactions have
bulk electrolysis could be undertaken while a significant amount been observed previousty. When magic blue is used to oxidize
of the species responsible for process 5 was still present. BeforeCismerRe(CO)}(PP)CI, only [Re(CO}(P-P)CI]* is observed.
reduction the IR spectrum of the solution shows an absorption Collisionally activated fragmentation of [Re(CO)(NOYH-
at 1969 cm? as well as the bands at 1941 and 1860 tiof Cl]* can be observed by increasing the B1 voltage. At=B1
unoxidizedcismerRe(COYP,P)Br(l). After exhaustive re- 70V loss of carbonyl is observed, and at 8190 V [Re(NO)-
ductive bulk electrolysis at-0.150 V vs F¢/Fc at—40 °C a (PP)]* (mz 751) and [Re(NO)(EPO)]* (mz = 767) are
steady-state voltammogram shows process 5 is now in theobserved. The phosphine oxide in the latter ion is formed within
reduced form. A similar voltammogram recorded after the the ion source, and this reaction is commonly observed in the
solution had warmed to 20C shows that the relative currents ES mass spectra of phosphine complei®esVhen B1= 110
for processes 1 and 5 had not changed. 3fRNMR spectrum V, the peaks atn/z 751 and 767 are dominant, but a peak for
of the reduced solution shows a number of peaks. The solutionthe intact ion [Re(CO)(NO)@)CI]* is still present, indicating
was evaporated to dryness, the solid was redissolved inits considerable stability. Analogous ES mass spectra were
dichloromethane, and the solution was then passed through eobserved whercismerRe(COX}(P.P)Br was oxidized with
column of silica gel. Thé¥P NMR spectrum of the eluant NOBF, and magic blue, except that with the latter oxidant in
shows resonances duedis,merRe(CO}P:P)Br(l) at & 74.0 addition to the major peak awz 856 due to [Re(CQJP.P)-
and 32.6 ppm and two other peaks (1:2)0a¥8.2 and 18.5  Br]*, a small peak was observedratz 937 which is assigned
ppm. The IR spectrum now shows a strong absorption at 190610 the seven-coordinate Re(lll) cation [Re(G®}P)Brz] *. This
cm~1. All of this evidence confirms that the redox process 5 is
due to

(15) (a) Bond, A. M.; Bowden, J. A.; Colton, Raorg. Chem 1974 13,
602. (b) Bond, A. M.; Colton, R.; Kevekordes, J. E.; Panagiotidou,
P. Inorg. Chem 1987, 26, 1430.
trans.[Re(CO)Z(PZP')Br]+ +e = trans.Re(CO)E(PZP’)Br (16) Comprehensie Organometallic Chemistrywilkinson, G., Stone, F.
(7 G. A, Abel, E. W., Eds.; Pergamon Press: Oxford, U.K., 1982.
(17) Connelly, N. G.J. Chem Soc, Dalton Trans 1973 2183.
. . (18) (a) Colton, R.; Harvey, J.; Traeger, J.@rg. Mass Spectrom1992
analogous to the manganese system, but there are side reactionsS * 37 g5 (b) Colton, R.; Dakternieks, Dnorg. Chim Acta1993 208

not observed with manganese. 173.
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Table 6. Cyclic Voltammetric Data for Oxidation afis,merRe(CO}(P,P)X Compounds at a Glassy Carbon Disk Electrfoffécan Rate, 200
mvV s

cismerRe(CO}(P.P)CI cismerRe(CO)}(P:P)Br
Epox’ Epred' E 12, Epox’ Epred' E 12,
proces® V vs Fct/Fc V vs Fct/Fc V vs Fcf/Fc V vs Fct/Fc V vs Fct/Fc V vs Fct/Fc
In Dichloromethane

1 0.551 0.461 0.506 0.556 0.472 0.514
2 1.018
3 1.050 1.002
4 0.378 0.300 0.339 0.382 0.302 0.342
5 —0.039 —0.113 0.076 0.006 —0.108 —0.051
cismer(ll) 0.440 0.352 0.396 0.445 0.359 0.402
compoundA 0.522 0.442 0.482 0.529 0.447 0.488

0.646 0.568 0.607 0.657 0.577 0.615

In Acetone

1 0.567 0.489 0.528 0.570 0.480 0.525
4 0.391 0.333 0.362 0.396 0.340 0.368
5 —0.046 —0.116 —0.081 —0.044 -0.114 —0.079
cismer(ll) 0.448 0.372 0.410 0.453 0.379 0.416

aSymbols have the same meaning as in TableFPerocesses-15 refer tocismer(l) and have the same assignments as for the manganese
compounds.

higher collision energies one carbonyl group is lost. Oxidation X co

of cismerRe(CO}(P,P)Br with bromine gave an analogous  Figyre 4. Proposed structure faiismer{Re(CO}P.P)X}».

spectrum with a strong peak @z 937 due to [Re(CQ}P.P)-

Brg]*. This oxidation ofcismer-Re(CO}(P.P)X with bromine phosphorus atoms on Reff). This spectrum shows that there
closely resembles the formation of [M(CAR—P)X] " cations must be two BP ligands in the molecule, and the spectroscopic
(M = Mo, W; P—P = diphosphine) by halogen oxidation of data are consistent with the dimeiiismer stereochemistry

observation led to an investigation by ESMS of the oxidation o X

of cismerRe(CO}(P.P)X with bromine. CcO— P/\PCJ\P
The ES mass spectrum (B140 V) of a solution ofcis,mer

Re(CO}(P,P)CI after addition of a little bromine does not give / Re / Re /

a peak for [Re(CQJP,P)CI]™ (m/z812), but instead a peak is g g ¥

observed amm/z 891 which is due to [Re(CQ)P.P)CIBr]*. At ~_ | "~ - l o

M(CO),(P—P).1° shown in Figure 4. An oxidative cyclic voltammogram of a
H. Other Derivatives of Re(COXX with P,P'. The dichloromethane _(0.1 M BINPFs) solution of compoundA
precipitate obtained from the reaction between Re¢CDand shows two reversible couples (Table 6) separated by 125 mV,

P,P was dissolved in dichloromethane. The IR spectrum in Which is typical behavior for dinuclear complex@g?and there |
the Carbonyl region Cons|sts of Severa' Over|apping absorptionslare addltlona| Irl’evel‘SIb|e pI‘OCGSSGS at h|gher pOS!tlve pOtentIa|S
and the3P NMR spectrum of the solution displays many A Steady-state voltammogram for the two reversible processes
resonances. The relative intensities of these signals varySnows that the limiting currents are equal and similar to the
between preparations and also depend upon the reaction timevalue obtained for the two reversible one-electron oxidations
: : 5
which indicates that the solution contains a mixture of products. for az'l equimolar solution ofmermer{ Cr(COX(i*-dpe} o(u- .
However, for long reflux times324 h) the3!P NMR spectrum dpe)?¢ Thus these processes correspond to the consecutive

shows only the signals due tismerRe(COMPP)CI(l). oxidations of the two rhenium atoms (eqs 7 and 8), and the
. separation between the oxidation potentials suggests electronic
The components of the mixture were separated by chroma- .o mmunication between the metal centers.

tography using a column of silica. Upon elution with dichloro-
methane and acetone a total of five compounds were isolated . + N
from the original small amount of precipitate and identified. cismer[{ Re(CO)Z(PZF’)CI}Z.] te =

The second compound to be eluted wimer-Re(COMP,P)- cismer{Re(COY(P,P)Cl}, (9)
CI(l), already identified as the major product of the reaction. - B

The other four compound#é(-D) are identified as follows, and ~ cismer[{ Re(CO}(P,P)ClI},]*" + e ==

similar products were obtained from the reactions between cismer[{ Re(CO)z(PZP’)CI}2]+ (10)
Re(CO}Br and RBP.

() Compound A. The first compound to be eluted with  ntortnately, bulk electrolysis experiments could not be carried
dichloromethane was obtained in only very smal! amounts. Its out on compoundA due to the small amount of material
IR spectrum shows two bands at 1941 and 1862'¢cindicating available.
acis-dicarbonyl structure. Th&P NMR spectrum consists of
thr<_ae_ resonances of_equal mter_nsmes, but two of the S|gnal_s are(zo) Car. S. W.. Fontaine, X. L. R.: Shaw, B. L Chem Soc, Dalton
split into doublets with a coupling constant of 180 Hz, which Trans 1987 3067.
is a typical value fortrans coupling between inequivalent (21) (a) Van Order, N.; Geiger, W. E.; Bitterwolf, T. E.; Rheingold, A. L.
J. Am Chem Soc 1987, 109, 5680. (b) Sullivan, B. T.; Meyer, T. J.
Inorg. Chem 198Q 19, 752. (c) Kober, E. M.; Goldshy, K. A,;
(19) (a) Snow, M. R.; Wimmer, FAust J. Chem 1976 29, 2349. (b) Narayana, D. N. S.; Meyer, T. J. Am Chem Soc 1983 105, 4303.
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Conclusive proof of the dimeric nature of compouhdvas the expected reversible process 4 but also another smaller
obtained from ESMS studies. The ES mass spectrum of areversible response identified as process 1. At more positive
solution of compoundA after addition of a small amount of  potentials the irreversible oxidation responses previously called
magic blue gave a weak peakratz 1624, which corresponds  processes 2 and 3 are also present. On the second scan the
to the intact ion{Re(CO}P,P)CI},]". This peak is probably  peak height of process 1 is now greater than that of process 4.
weak because magic blue would oxidize most of the compound After several hours a cyclic voltammogram shows only proc-
beyond { Re(CO}(P,P)CI}2]*. Much more positive evidence esses 1 and 3, both of which are associated witmer
for the dimeric structure was obtained by addition of sodium Re(CO}P.P)CI(l). Thus, addition of a small amount of
acetate to a solution of compouAd and the ES mass spectrum oxidant or simply recording a cyclic voltammogram (which
gave a strong peak for the sodium adduct [Ng Re(CO)- generates very small amounts of oxidized species) is sufficient
(P,P)CI},]t atm/z1647. On the basis of the above evidence, to convertcis,fac-Re(COX(P,P)CI(I1) to cismerRe(COX(P.P)-
compoundA can be identified asis;mer{Re(CO}P.P)Cl}, CI(l). This type of behavior has been observed befoamd
with the structure shown in Figure 4. can be attributed to a catalytic process as follows. Oxidation

The second complex eluted from the silica column with ©f the cisfac-(ll) isomer with a small quantity of oxidant
dichloromethane was identified by its IR afi® NMR spectra ~ generatesisfac” which rapidly isomerizes taismer". The
as cismerRe(COYP,P)CI(l). cross redox reaction

(ii) Compound B. Further elution with dichloromethane gave . .
a third species (compouri) which also displays two carbonyl ~ CiSfac-Re(COY(P,P)CI + cismer[Re(CO)(P,P)CI] " =
absorptions in its IR spectrum. TR# NMR spectrum shows cismerRe(CO)(P,P)Cl + cis,fac—[Re(CO)z(PzP’)CIF
two resonances (1:2), and th&€C NMR spectrum shows two (12)
carbonyl resonances with the higher frequency signal appearing
as a doublet with a coupling constant similar to that observed then occurs betweeris,mer" and the remainingis,fac, which
for cismerRe(COX(P,P)CI(I). All of the spectra are similar  generatesis,mer and morecis,fac which in turn isomerizes
to those ofcismerRe(CO)(P,P)CI(l), although the actual  to cismer' to continue the process until all of thasfac is
values are quite distinguishable from those of the major product converted tacismer. The same cycle is initiated also after only
(Table 5). The ES mass spectrum of a solution of compound a single voltammogram, but the process takes longer due to the
B after addition of NOBE gave a strong peak a¥z 812 which extremely small amount of oxidized material generated by this
corresponds to the intact monomeric ion [Re(&@yP)CI]*. kind of experiment.

Thus, the spectroscopic and mass spectral data suggest the (iv) Compound D. After elution of compound&—C and
compound is another form ais merRe(CO}(P.P)Cl but the cismerRe(COXP:P)CI there were still two3lP NMR reso-
difference between the two forms was not obvious. Accord- nances in the original mixture which were unaccounted for in
ingly, crystal structures were determined for these compounds, the isolated products, suggesting that a further species had been
and both were indeed found to bismer-Re(COY(P,P)Cl. The retained on the column. The column was flushed with aceto-
two isomers arise from differences associated with the phenyl nitrile and then water, but the resonances were still not detected
rings of RP" and will be discussed in the next section. To in the 3P NMR spectra of the collected fractions. After
distinguish the isomers, the major product will henceforth be allowing the silica to dry, it was soaked in dichloromethane
referred to agis merRe(CO)(P,P)CI(I) and the minor product  overnight and the solution then filtered. The NMR spectrum

ascismerRe(COX(P.P)CI(II). of the solution shows the missing resonance$ .7 and 27.6
One difference between theismerisomers is seen in the  ppm (1:2), and the IR spectrum shows carbonyl bands at 2040
oxidative voltammetry. For a solution afismerRe(CO)- and 1962 cm!® with the lower frequency band being rather

(PP)CI(II) in dichloromethane (0.1 M BINPF) a reversible broad. These absorptions are at higher frequencies than others
redox couple (process 1) is observed together with a further reported in this paper, and the spectral pattern is similar to those
irreversible oxidation (process 3) at more positive potential, but for the group 6 metal complexdac-M(CO)s(P.P),!! both of
there is no indication of process, 4n contrast to the behavior ~ which suggest the compound may fae-[Re(CO)(P.P)]CI.
observed forcissmerRe(CO}P,P)CI(l). This difference is The ES mass spectrum of the solution provides unequivocal
significant and will be discussed later. proof for the presence of [Re(C&P.P)]* since the intact ion

(i) Compound C. CompoundC was removed from the IS observed atvz805. As the collision energy is raised from
column using acetone as the eluant after removal of compounds?0 V increasing amounts of fragmentation products are observed
A andB andcismerRe(CO}(P,P)CI(l) with dichloromethane. ~ (Table 4), but even at a B1 voltage of 180 V the intact ion is
Its IR and3P NMR spectra are identical to those observed after Still observed, showing that it has extraordinary stability. Thus,
cismerRe(COY(P:P)CI(I) is first chemically oxidized and then ~ the combination of spectroscopic and mass spectral data
the solution reduced at low temperature, so compoGnis identifies compound asfac-[Re(CO}(P,P)]CI.
identified ascisfac-Re(CO}P.P)CI(Il). Clearly this compound . Description of the Structures of cismer-Re(CO)-
is kinetically more stable than its manganese analogue, which (P2P)CI(I) *CH:Cl> and cismer-Re(COL(P.P)CI(Il). ~ The

could only be observed at low temperature in the presence ofStructure of cismerRe(COX(PP)CI(1)-CHCl consists of
cis,merMn(CO)(P:P)CI. discrete molecules with one dichloromethane solvate molecule

The IR spectrum ofisfac-Re(CO}P,P)CI(Il) shows two associated with each molecule of the rhenium complex. There
carbonyl stretches at 19’50 and 1880-émAfter addition of a are three independent molecules in the asymmetric unit, although

very small amount of magic blue (insufficient to oxidize all their geometries are very similar, giving a total of 12 molecules

the compound in solution), the IR spectrum shows stretches at"" the unit cell. ‘Important bond lengths and bond angles are

1941 and 1855 cmt and the3P NMR spectrum shows  9IVen in Tables 7 and 8. Figure_ 5 is an ORPEdiagram
resonances at 75.6 and 35.0 ppm. These spectroscopic data showing the molecular geometry cit merRe(COX(PP)CI(1)

reveal that the species in solution is noigmerRe(COYP.P)- (23) Bond, A. M.; Colton, R.; McGregor, Knorg. Chem 1986 25, 2378.

CI(l). The first Sqan.Of a cyclic voltammogram afsfac- (24) Johnson, C. KORTEP II, Fortran Thermal Ellipsoid Plot Program
Re(CO}(P,P)CI(Il) in dichloromethane (0.1 M BINPFs) shows Oak Ridge National Laboratory: Oak Ridge, TN, 1976.
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Table 7. Interatomic Distances (A) for
cismerRe(CO}(P:P)CI(I)-CH:CI?

molecule 1 molecule 2 molecule 3
Re*—CI* 2.525(2) 2.508 (2) 2.513(2)
Re*—P*1 2.397 (2) 2.424(2) 2.403 (2)
Re*—P*2 2.420 (3) 2.419 (3) 2.418 (2)
Re*—P*3 2.404 (2) 2.399 (3) 2.413(2)
Re*—C*11 1.884 (9) 1.867 (8) 1.911 (10)
Re*—C*12 1.931 (10) 1.931 (10) 1.914 (10)
C*11-0*11 1.169 (10) 1.179 (10) 1.151 (12)
C*12—-0*12 1.149 (12) 1.141 (13) 1.148 (13)
Dichloromethane Molecules
Cl14-C411 1.733 (20)
Cl15-C411 1.679 (20)
Cl6-C412 1.646 (17)
C17-C412 1.791 (20)
C18-C413 1.586 (21)
C19-C413 1.552 (18)

a* =1 for molecule 1;= 2 for molecule 2;= 3 for molecule 3.

Table 8. Interatomic Bond Angles (deg) for
cismerRe(COX(P:P)CI(l)-CH,Cl,

Figure 5. ORTEP diagram ofcismerRe(CO}(P.P)CI(l)-CH,CI
molecule 1 molecule 2 molecule 3 (molecule 1) with ellipsoids scaled to 40% probability. TheCH

molecules and hydrogen atoms have been omitted for clarity.

Cl*—Re*—P*1 85.58 (8) 82.73 (8) 82.47 (8)

Cl*—Re*—P*2 81.08 (8) 81.13(8) 81.92(8) Table 9. Interatomic Distances (A) for

CI*—Re*—P*3 83.18 (8) 82.94 (8) 85.71 (8) cismerRe(CO}(P.P)CI(Il)

Cl*—Re*—C*11 178.3 (4) 176.7 (4) 177.6 (4)

Cl*—Re*—C*12 90.0 (4) 92.8 (4) 92.7 (4) Re—Cl 2.506 (1) Re-P1 2.411 (1)

P*1—Re*—P*2 81.80 (8) 81.00 (8) 81.01 (8) Re-P2 2.412 (1) ReP3 2.395 (1)

P*1-Re*—P*3 161.40(8)  159.10(8)  160.65 (8) Re-Cl 1.892(3) ReC2 1.933 (3)

P*1-Re*—C*11 93.1 (3) 100.5 (4) 99.4 (4) Cl-o1 1.153 (4) C202 1.154 (4)

P*1-Re*—C*12 99.0 (4) 97.3 (4) 95.5 (4) .

pP*2—Re—P*3 81.85 (8) 81.82(8) 82.20 (8) Table 10. Interatomic Bond Angles (deg) for

P*2—Re*—C*11 99.8 (4) 98.7 (4) 96.9 (4) cismerRe(CO}PP)CI(II)

p*2—Re*—C*12 171.0 (4) 173.8 (4) 173.9 (4) Cl-Re-P1 89.87 (3) CtRe-P2 93.99 (3)

P*3—Re*—C*11 98.4 (4) 93.8 (4) 92.1(4) Cl-Re—P3 97.62 (3) ChRe-C1 178.4 (1)

P*3—Re*—C*12 95.8 (4) 98.5 (4) 100.4 (4) Cl-Re-C2 87.2 (1) P+Re—P2 81.89 (3)

C*11—Re*-C*12 89.1(4) 87.4(5) 88.5 (5) P1-Re—P3 162.96 (3) PiRe-C1 88.5 (1)

Re*—C*11-0*11  177.5(7) 176.0 (7) 174.3 (7) P1-Re-C2 98.3 (1) P2Re—P3 82.34 (3)

Re*—C*12—-0*12  179.0(7) 176.8 (8) 1776 (8) P2-Re-C1 85.7 (1) P2Re-C2 178.8 (1)
Dichloromethane Molecule Angles P3-Re-C1 83.9 (1) P3-Re-C2 97.3(1)

C14-C411-C15 120.9 (10) Cl-Re-C2 93.1 (1) Re-C1-01 178.0 (3)

C16-C412-C17 105.1 (10) Re-C2-02 178.2 (3)

C18-C413-C19 128.0 (16)

a* = 1 for molecule 1:= 2 for molecule 2:= 3 for molecule 3. ligand are mutualljtrans to each other in the overatiis mer

stereochemistry. In structure (1) this carbonyl is enclosed in
(molecule 1), together with the atomic numbering scheme. The the cavity while in structure (11 it is the chlorine which is inside
hydrogen atoms are not labeled but carry the same number asghe cavity.
the carbon atom to which they are attached. The octahedral
coordination of the rhenium atom is derived from the two
carbonyl groups which are mutualtys, the three phosphorus
atoms of BP which adopt amer stereochemistry, and the
chlorine atom.

The structure o€is,merRe(CO}(P,P)CI(Il) also consists of

discrete molecules of the rhenium complex, but no solvate is
incorporated into this structure. There is only one rhenium

molecule is the asymmetric unit, giving four molecules in the ¢ hredominantlys in nature. This characteristic behavior is

unit cell. Important pond Iengths and bond.angles are g}ven iN axhibited by both rhenium complexes, where the-Rebond
Tables 9 and 10. Figure 6 is an ORTEP diagram showing the yans'to a phosphorus atom is observed to be approximately
molecular geometry afismerRe(COXP,P)CI(I). The ster-
eochemical arrangement of ligands about the rhenium is very

.. L . 25) Davis, B. R.; Ibers, J. Anorg. Chem 1971, 10, 578.
similar to that incis merRe(COXP,P)CI(1), but the differences §263 Albano, V. G.: Bellon, P. L.;gCianai, G. OrganometChem 1971,
lie in the spatial relationships between the coordinated ligands 31, 75.

and the phenyl rings of 7. The mer configuration of BP (27) 1Aé192|i2néll R.; Calhoun, H. P.; Graham, W. A. [Borg. Chem 1977,
forces an arrangement of the phenyl rings such tha’,[ three Of(28) R(Sssi, R:; Duatti, A.; Magon, L.; Cassellato, U.; Graziani, R.; Toniolo,
them (one from each P, the other frort) Bre on one side of L. Inorg. Chim Acta 1983 75, 77.

the rhenium atom, and they form a cavity enclosing one of the (29) Lin, S. C.; Cheng, C. P.; Lee, T.-Y.; Lee, T.-J.; Peng, S.Adta
ligands coordinated to rhenium. The other two phenyl groups . Crystallogr 1986 C42 1733.

. . . (30) Rossi, R.; Marchi, A.; Duatti, A.; Magon, L.; Cassellato, U.; Graziani,
are on the other side of the rhenium atom where there is amuch™ ™ R '3 Chem Soc, Dalton Trans 1987 2299.

more open environment. One carbonyl group and the chlorine (31) Lui, L.-K.; Lin, S. C.; Cheng, C. PActa Crystallogr 1988 C44, 1402.

The Re-P bond lengths are similar and agree with values
from previous structure determinations, as do the-Reand
Re—C bond lengthd>3! The nature of the liganttansto the
metak-CO and metatP bonds is known to influence these bond
distances. The ReC bond of a carbonyl ligandrans to a
phosphorus is expected to be longer thar-Reéonds in which
the carbonyl igransto a chlorine atom, since phosphorus has
somer-bonding ability, but the metalhalogen bond is regarded
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Conclusions and General Discussion

The product of the reaction between Mn(G®and BP was
formulated ascismerMn(CO),(P.P)X on the basis of spec-
troscopic evidence. However, the results from the corresponding
rhenium system show that two forms of tbis,mer geometry
are possible, depending on the orientation of the diffetramts
ligands to the cavity generated by thgPPligand. There is no
direct spectroscopic evidence to distinguish which isomer is
present for manganese, but all measurements indicate only one
cismerisomer is present. The close similarity of the complex
electrochemical behaviors ofismerMn(CO)(P,P)X and
cismerRe(COXP,P)X(I) on the voltammetric time scale
implies they are the same isomer. The strongest evidence for
this lies in the presence of the redox couple' 404 all these
compounds, but its absence, for ttismer(Il) isomer of the
rhenium compounds. The full significance of the absence of
processes 4.4or the cismer(Il) isomers will be discussed
below. It will be assumed, however, that the manganese

Figure 6. ORTEP diagram ofcismerRe(COY(P,P)CI(Il) with complexes arecismer(l). No evidence was found for the
ellipsoids scaled to 40% probability. The hydrogen atoms have been cisfac-(I) isomer (Figure 1) with any compound. Presumably,
omitted for clarity. steric interaction between the halogen and a phenyl ring on the

0.04 A longer than the ReC bondtransto the chlorine. The adjacent phosphorus atom is sufficient to destabilize this isomer
Re—P bond lengths are as expected shorter when these bongd! favor ofms,fac—(ll_). A simple rotation of the CO,CO,X face
involve transphosphorus atoms than the-R@ bonds in which pf the octahedron in either the 17- or 18-electron state would
the phosphorus atom isans to a carbonyl group, as the Interconvert these isomers.

carbonyl group is a strong-acceptor. For these two rhenium It is well-known that when 18-electroais-dicarbonyl and
complexes there is only a marginal difference in these bond fac-tricarbonyl complexes are oxidized to the 17-electron state,

lengths. In structure (I) the average-Re distance involving  there is a tendency for them to isomerize rapidly to tfags-
the phosphorusansto a carbonyl group is 2.419 (3) A, while andmercarbonyl stereochemistries. Numerous examples have
the average of the mutualtyansRe—P bond lengths are 2.405 been describe?f, and a theoretical justification for the process
(2) and 2.408 (2) A. For structure (1) the corresponding values has been presentéd. _ o
are 2.412 (1) A compared with 2.395 (1) and 2.411 (1) A. Previous studies have shown that in the [M(Q(©&)P)]

The geometry of the ligands about rhenium shows a distorted (M = Mo, W) system there is very rapid isomerization between
octahedral coordination in both structures, with structure (1) fac and mer geometries in both the 17- and 18-electron

showing the greater degree of distortion. The tweRe—P co_nfiguration_sl,lWhich_was ass_umed to pr_oceed via an internal
bite angles are significantly less than°d@r both structures ~ Wist mechanism. This behavior was attributed to stereochem-
(average angles are 81.27 (8) and 81.98 {8) (I) and 81.93 ical strain in both geometries, so that neither form is particularly
(3) and 82.34 (3)for (I1)), obviously due to the strain about favorable. In.thefacgeometry there is steric interaction between
the central phosphorus atom whepPPchelates in themer two phenyl rings, one from each terminal phosphorus, and in

configuration to form two five-membered rings. Therefore, the mer geometry there is angular strain associated with the
P(*1) and P(*3) are tilted slightly towards P(*2) & 1, 2, or  central phosphorus ofzP.

3 for molecules 1, 2, or 3). The P(*2Re(*)—C(*11) angle The behavior of the oxidation products@$merMn(CO),-

in structure (I) has an average value of 97.7° (4yhile the (P.P)X and cis merRe(COX(P,P)X(l) show features of both
corresponding angle for structure (Il) is 85.7%(1)The average these characteristic patterns. The isomerizatiociger' to

CI(*)—Re(*)—P(*2) angle of structure (I) is 82.9 (7)while transt, which is carbonyl controlled, is slower than usual on
the analogous angle for structure (I1) is 93.8°(8yhich is closer ~ the voltammetric time scale, although the reaction does proceed
to the idealized value for octahedral geometry. Thusjsmer to completion on the longer time scale. Since this carbonyl

Re(COX(P,P)CI(l) the chlorine atom is tilted toward P(*2), isomerization is slow on the voltammetric time scale, it allows
whereas ircismerRe(COX(P,P)CI(I1) the chlorine atom points _another isomerization tl:l_s-,fac+ to be_observr_ed, and this process
slightly away from P2. The ReC—O angles range from 174.3  is controlled by the f ligand. Unlike thecismer” — trans®
(7) to 179.0 (79 and are comparable to values obtained for other iSomerization, which, although slow, is essentially one-way,
rhenium carbonyl complexes. there is a fast isomerization betweeis,mer" andcis,fact as
Each phenyl ring of the two complexes is planar to within €videnced by the behavior of processes’ hid 4,4 as a
experimental errors. The plane equations and deviations arefunction of temperature.  In contrasts merRe(COXPP)X(Il)
given in the Supporting Information. In structure (Il), the 9ives no evidence for any isomerization teigfac isomer in
rhenium atom is located very close to the plane defineddsy P either the 17- or 18-electron state under voltammetric conditions,
its deviation from the plane is 0.08 A, while the other atoms SO it seems likely that the presence of the larger halo ligand
are coplanar to within 0.06 A. However for structure (1), the Within the cavity of phenyl rings prevents the operation on the
rhenium atom lies slightly further from the plane defined by tWist mechan|sm§ which |ntercpnvert_the isomers. It is this
P,C, occurring at 0.19 A from the plane for molecule 1 (other Phenomenon which allows bottismer isomers of Re(CQ)
atoms coplanar to within 0.02 A), 0.19 A from the plane for (P2P)Xto be isolated, since their interconversion must proceed
molecule 2 (others coplanar to within 0.08 A), and 0.08 A from _
the plane for molecule 3 (others coplanar to within 0.06 A). 32 ,E/?) gg;?oen“ g’; 5‘Zg’gr-r:]?§|(rgi\ﬂcg‘m%9%5hgr3ﬁ g?-? g%) 1B§5Td’ (S-
An examination of all possible intermolecular contacts did not Bond, A. M.; Colton, R.; Jackowski, J. thorg. Chem 1975 14, 274
reveal any unusual features. (33) Mingos, D. M. P.J. Organomet Chem 1979 179, C29.
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Figure 7. Diagrammatic representations of the two isomersigmer

Re(CO}(P,P)Cl.

via the fac isomer, if a twist mechanism is operative. The
following scheme can therefore be justified

cis,mer (1) cis,mer (1)

N\ ZE

cis,fac

(12

However, these isomerizations do proceed at high tempera-
tures in refluxing mesitylene on the longer time scale since short

Inorganic Chemistry, Vol. 36, No. 6, 19971193

reflux times give a mixture of isomers of Re(G({%:P)ClI, but
longer reaction times (24 h) give ontys,merRe(CO}P,P)-
CI(1).

Diagrammatic representation of the two isomersisfmer
Re(CO)}(P,P)Cl are shown in Figure 7. Several conditions are
necessary to observe this type of isomerism and all must be
operative. (i) When coordinated, the polydentate ligand must
generate an unsymmetric environment on two sides of the metal.
(i) None of the ligands can be labile, otherwise fluxional
coordinatively unsaturated intermediates would be formed which
would allow rapid interconversion of the isomers. (iii) There
must be two different groups in thens positions, at least one
of which must be large enough to sterically block internal twist
mechanisms which would lead to isomerization. cigmer
Re(CO)}(P,P)CI the halo ligand fulfills this requirement,
although the carbonyl group does allow twist mechanisms to
occur as evidenced by the M(C{},P) systems and the
cismerRe(CO}P,P)CI(l) = cis,fac-Re(COX}(P,P)Cl isomer-
ization.
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