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summary 

Acetatobis(Qiphenylphosphine)dicarbonylrhenium(I), (PPh3)2(C0)2Re- 
(02CCHJ), has been prepared in a novel way by treating (PPh&(CO)2Re(NHCOR) 
(R = C6H5, p-Me&H,) with triethylamine and water in the presence of air. Oxi- 
dation of the ethyl group of the tertiary amine is presumably involved in the for- 
mation of the acetate ligand. Three-dimensional single-crystal X-ray diffraction 
analysis shows that the complex is octahedral with the phosphines ~IJ trans pos.i- 
tions and the acetate ion acting as a chelating ligand. The complex crystallizes 
in theP2Jc space group with cell dimensions a = 17.63(2), b = 9.72(l), c 
= 20.95(2) W, /3 = 104”38’(6’), 2 = 4. The mean values of bond lengths observed 
are Re-P 2.415, Re-0 2.21 and Re-(CO) l-85 BL. The same acetate derivative 
and a series of carboxylato complexes (PPh3)2(C0)2Re(0&R’) have been ob- 
tained from reactions of Re(C0)2(PPh&H with carboxylic acids R’COOH (R’ 
= H, CH3, CH&l, CH2CH3, CsHs). When trifluoroacetic acid is used, a product 
of formula (PPh&(CO),Re(OC(O)CF,) is isolated. 

The action of neutral ligands L on some of these products gave rise to deriva- 
tives of formula (PPh&(CO),(L)Re(OC(O)R’) (L = CO, R’ = H, CH3, CsH5; L =p- 

MeC,H4NC, R’ = CH3), having monodentate carboxylato moieties. 

* hesent& at the 8th National Meeting on Inorganic Chemistry. Jesolo Wenice). September 1975. 
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Introduction 

In the course of our studies on the reactions of organic azides with transition 
metal complexes in low okidation slates [l], we recently succeeded in isolating 
rhenium(I) amid0 complexes of formula (PPh,),(CO)2Re(NHCOR) (R = C6H5, 
p-M&&) by reacting Re(C0)2(PPh&H with aroyl axides. RCON3 [Z]. During 
our investigations on the reactivity of -these complexes towards amines [ 21, an 
abnormal reaction path was observed when a tertiary amine, such as NE&, was 
used. We report here on the full characterization of the product of this reaction, 
which unexpectedly has been shown to be the acetatobis(triphenylphosphine)- 
dicarbonylrhenium(I), (PPh&(C0)2Re(02CCH3), containing a chelating acetate 
ligand. a- -. 

The same product and related carboxylato derivatives (PPh&(CO),Re(02CR’) 
are obtained from the reaction of Re(C0)2(PPh&H with organic acids R’COOH 

(R’ = H, CH,CI, CH2CH3, C6H5). 

Experimental 

Synthesis and reactions of carboxylate complexes of rhenium(I) 
Re(C0)2(PPhs)3H was prepared as described in the literature. The IR and 

NMR spectra were obtained using Beckman model 33 and Perkin-Elmer model 
237 spectrophotometers and a Varian NV-14 instrument operating at 60 MHz, 
respectively. Analytical data are reported in Table 1. 

TABLE 1. ANALYTICAL DATA 

Compound COIOLU . M.p. 
eo 

Elemental 
analyses 
Found 

(cakd.) (%) 

Mol. wt. 
Found 
(calcd.) (%) 

C H 

<PPh3)2<CO)j!Rer.Q2CH) <I) Pale yellow 193 

(PPh3)2(CO)2Re(O2CCH3) (II) b*c \rhite 230 

(PPh3)2(CO)ZRe(02CCH2Cl) (III) Pale pink 216 

57.9 3.67 842 0 

(57.7) (3.83) (811) 
58.17 4.07 810 d 

(58.2) (4.00) (825) 
55.15 3.40 920 = 

.-- . . ,I _“. z-r_ c\ 
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Formic acid (5 ml) was added to a suspension of Re(C0)2(PPh3)SH (0.1 g) in 
ethanol (50 ml). The suspension was stirred overnight and the pale yellow insol- 
uble compound was recovered by filtration, washed with ethanol and dried in 
vacua_ 

(a). To a benzene solution (60 ml) of (PPh,)2(CO)2Re(NHCOR) (0.2 g) (R 
= C6H, or p-Me&&) [2] were added triethylamine (previously distilled over 
KOH) (15 ml) and water (5 drops) and the suspension stirred for 15 h in air. 
The resulting solution was evaporated to dryness and the residue washed with 
ethanol. II was recovered as an insoluble white product, while the mother liquor, 
when evaporated to dryness, gave a residue which was shown to be benzoyl or 
toluoyl amide by comparison of its IR spectrum with those of authentic samples. 
The reaction proceeded similarly when commercial NEt3 was used. 

(b). To a suspension of Re(C0)2(PPh3)3H (1.0 g) in ethanol (70 ml) were ad- 
ded acetic acid (3 ml) and water (10 drops). The suspension was maintained at 
45-50°C for 4 h with stirring and then cooled. II was filtered off, washed with 
ethanol and dried in vacua. 

(PPh3)2(C0)2Re(02CCH2CZ) (III) 
(a). ‘The pale pink compound was obtained using the same method as that 

described for I. 
(b). It could also be prepared by stirring an ethanol suspension of II to which 

monochloroacetic acid had been added for 5 h at 60” C!. 

iPPh.)2(C0)2Re(02CCH,CH~) (IV) 

Propionic acid (1 ml) was added to a suspension of Re(C0)2(PPh3)3Ei (0.4 g) 
in a benzene/ethanol 1 : 3 mixture (50 ml)_ This suspension was maintained at 
50°C for 6 h with stirring. The resulting solution was evaporated to ca. 10 ml 
and IV obtained as an insoluble product, which was filtered off, washed with 
ethanol and dried in vacua. 

(PPh3)2(CO)2Re(02CC~S) WI 
a-~ ~~~~ 117 _____ --_.---_-__I I___ LL- ---__ ___LL__l __ LL_L -1____:1-..-1 A?__ TIJ 
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The solution was stirred for 2 h and then .evaporated to dryness. The oily resi-- 
due was treated with n-hexane giving compound IX aS an insoluble product, 
which was washed with n-hexane and dried in vacua. 

(PPh3)~(CO)~e(OC(O)CF,) (X) 
A few drops of trifluoroacetic acid were added to a benzene/ethanol 1 : 3 

mixture (70 ml) with Re(C0)2(PPh3)sH (0.15 g). The mixture was maintained 
at 45°C for 1 h and the resulting solution evaporated to ea. 20 ml giving com- 
pound X as an insoluble product, which was filtered off, washed with ethanol 
and dried in vacua. 

Reaction of VII with NaB& 
TO an ethanol suspension (40 ml) of compound VII (0.08 g) were added tri- 

phenylphosphine (O-05 g) and sodium IsDrohydride (0.03 g), and the mixture 
s&ii-red for 3 h. A white product was filtered off, washed with ethanol and dried 
in vacua. Its IR spectrum was identical to that of an authentic sample of Re- 
(C0MPPh&H. 

When the same reaction was carried out in the absence of PPhs, the expected 
Re(C0j3(PPh&H was not isolated. 

Single-crystal X-ray data 
C40H3304P2Re, M = 825.8, monoclinic, a = 17.63(2), b = 9.72(l), c= 20.95(2) 

a, p = 104”38’(6’), V = 3473.2 A3, D, = l-57(2), 2 = 4, D, = 1.58 g cmW3, 
F(OO0) = 1640. Space group P2,/c, No 14. MO-K, radiation, h = 0.7107 A, 
pi(Mo-K,) = 38.3 cm-l. 

In ten&y measurenzen ts 
A crystal with dimensions 0.21 X 0.53 X 0.21 mm was mounted on a PAILRED 

diffractometer and 12 levels of the reciprocal lattice, hOZ-hill, were ‘collected 
within the sphere 2 8 < 50”. 7159 diffraction intensities were measured with the 
w-scan method at a scan rate 2.5” per min and background counts for 24-40 see 
at the extreme points of the scan range (from 1.6-3.4”). After corrections of 
the intensities for Lorentz, polarization and absorption effects, a set of 2776 re- 
flections was retained (with I Z 5 (T (I)) and used for structure resolution and re- 
finement. 

Determination of the structure - 
The structure was solved by the heavy atom method, but the linear geometry 

of the ReP, group and the near-zero value of they coordinate required ima&e dupli- 
cation of the light atoms in a Fourier synthesis phased with the contribution of 
the rhenium and phosphorus atoms. The correct locations of the phenyl rings 
were found by testing structure models with the rings placed in alternative posi- 
tions. A difference-Fourier synthesis, computed after refinement of the partial- 
ly-solved structure, revealed light peaks of electron densities in the equatorial 
region. Four peaks belonged to two carbonyl groups in cis positions, while the 
planar and triangular geometry of the other four, strongly suggested the pres- 
ence of a chelating acetate group. This structure model was successfully refined 
by the least-squares method down to discrepancy indexes R = 0.035 and 
R, = 0.038. The presence of the acetate group was subsequently confirmed and 
explained as reported in the next section. 
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The refinement was carried out using the block-diagonal approximation of the 
normal matrix by rigid body treatment of the phenyl rings (C-C = 1.392, C-H 
= 1.08 A, LC-C-C = C-C-H = 120”) and with individual isotropic thermal fac- 
tors for the carbon atoms_ In the three final cycles the full matrix was adopted 
and the observations were weighted according to the formula W = l/(A + BF,-, 
+ CE) with A = 11.6, B = 0.03 and C = 0.0001. 

Atomic scattering factors were taken from ref. 3 for Re, P, 0 and C and from 
ref. 4 for H. The rhenium and phosphorus scattering curves were corrected for 
both the real and imaginary parts of the anomalous dispersions [ 53. 

A final difference-Fourier showed residual fluctuations in the range kO.6 e-l 
A3 and a peak for 1.5 e-/A3 in relation to the metal atom. The structure param- 
eters are reported in Table 2, the list of observed and computed structure f~~+~r.s 
can be obtained on application to the authors. 

Computations 
All computations were carried out on a UNIVAC 1106 computer. Absorption 

correction [6], counter data reduction and statistical analysis for weighting 
schemes were based upon Fortran programmes written in our laboratory- In ad- 
dition, local versions of enties Nos. 7528,753l and 7532 and 7535 in the.1966 
“International World List of Crystallographic Programs” were used for Fourier 
analysis, structure factor and least-squares calculations. Johnson’s ORTEP was 
used for plotting, and a programme by Gramaccioli for computation of the 
molecular parameters. 

Results and discussion 

On treating (PPh3),(CO),Re(NHCOR) (R = C&H, or p-Me&H,) with NEt3 
and water under an atmosphere of nitrogen, no reaction occurs. However when 
the same reaction is carried out h the presence of traces of air, a white product 
is slowly formed; it does not contain the organic moiety NHCOR, which is re- 
covered as the corresponding amide, RCONH,. When the same reaction is car- 
ried out in air, it proceeds rapidly. Repeated oxygen analyses always give a ratio 
Re : 0 = 1 : 4, while in its IR spectrum the white compound does not show any 
significant band other than two absorptions at 1930 and 1850 cm-‘, assignable 
to termmal carbonyl groups, and the usual bands arising from the phosphine 
ligands. Moreover, in its ‘H NMR spectrum, the product shows a signal at r 9.5 
ppm which can not easily be assigned. In order to clarify the nature of this de- 
rivative, we carried out an X-ray structural determination, which surprisingly 
shows it to be the acetatobis(triphenylphosphine)dicarbonylrhenium(I), 
(PPh3)2(C0)2Re(O&CHs), having the bulky phosphines in the trans positions. 
Thus, an oxidation of the ethyl group of the tertiary amine must be involved in 
generating the acetate ligand. This oxidation, which requires strong oxidising 
agents in the absence of metal substrates [ 71, proceeds under very mild condi- 
tions, according to eq. 1. 

(PPh&(C%Re(NHCOR) TOOm temperature C6Hgf (PPWdCO)2Re(% CC%) * RCONHz (1) 
9 

(R = C@5 or p-MeC&I) 
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Gas chromatograpbic analyses carried out on the mother liquor of reaction 1, 
show the presence of traces of acetaldehyde, while the fate of the oxidized 
NE& has not been clarified. 

The spectroscopic properties of the acetate derivative (see above) are rather 
peculiar. The absence of surely assignable bands due to the acetate moiety in its 
IR spectrum, does not allow any speculation about the possible nature of the 
product obtained from reaction 1. Moreover, the origin of the acetate ligand was 
itself unpredictable. Once the real nature of the reaction product was known, we 
were able to compare our results with those of the known manganese analogue, 
(PPh&(C0)2Mn(02CCH3), the correct formulation of which also required X-ray 
structure determination 1.81. The same spectroscopic anomalies have been noted 
for the manganese species, although the X-ray parameters for both the rhenium 
(see later) and manganese [ 8 J compounds are entirely normal. 

The high field shift of the methyl resonance for (PPh3)2(CO)1Re(0&CH3) in 
its ‘H NMR spectrum is not easily explainable, although this behaviour has been 
already observed for other chelated acetate derivatives [9]_ Shielding effects due 
to ring currents from the phenyl rings of the phosphines proximate to the ace- 
tate ligand have been invoked in the case of the manganese analogue [83 in order 
to explain this anomalous chemical shift. 

The rhenium(I) acetate derivative and a series of carboxyiato complexes, 
(PPh,)2(C0)2Re(02CR’), have been obtained according to eq. 2. 

Re(CO),(PPh&H + R’COOH + (PPh,),(C0)2Re(0,CR’) + H2 + PPh3 (2) 

(R’ = H, CHB, CH,Cl, CH2CH3, C6H,; compounds I-V) 

Compound III (R’ = CH,Cl) has also been obtained by the exchange reaction 
of II (R’ = CH3) with chloroacetic acid. The acetate derivative was shown to be 
identical to the product discussed above. We also formulate the carboxylato de- 
rivatives (I_ III-V) as having a chelated carboxylato group on the basis of their 
IR data, which in these cases are diagnostic (Table 3). The terminal carbonyl 
stretching absorptions are practically insensitive to the nature of the R’ groups, 
however they lie at low frequencies even in III (R’ = CH,Cl) which has the most 

TABLE3 

IR=AND'HNMRSPECTRALDATA 

Compound wzw zJ,<OCO)b Y&x0) 7Me @pm) 

I 1930s.1850s 1550m.s 1360m 

II 193Os.1850~ 1515w 9.5(CDCl,) 
III 1930s,1850s 1640ms 1440m c 

IV 1930s.1850s 1515m 1450m 

V 193Os,185Os 1505ms 1440m 

VI 204Om.1950s.1900s 1620s 1300ms 
VII 204Om.194Os.1880~ 160Oms 1375ms 8.56<C6D6) 
VIII 2030m.1945s.1885s 1605m 1355s 
Ixd 1930s.1860s 1610ms 1375ms 8.73e<CDC13) 
X 2040m.1950.5,189& 1680m 141ow 

a~ujolandhexachlorobutadienemulls (cm-'). b Fortheunidentatecarboxylatoligand,thefrrstvalueis 

assignedto~t(+o) andthelatterto~~C-orci(CH2)= 7-66 (CDC13)ppm.d~(NC)=2100cm-1.e7(Me) 

inp-MeC6H4NC= 7.73ppm. 
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electronegative group of the series; this fact seems to suggest that the amount of 
n-back donation from the metal to the carbonyl ligands has reached a maximum, 
irrespective of the nature of R’. The carbox:dato moiety gives rise in these com- 
pounds to IR absorptions, which are at the expected frequencies for this type of 
coordination 191. 

The reactivity of some of the isolated carboxylato complexes have also been 
studied, in particular towards neutral ligands such as carbon monoxide and p- 
tolyl isocyanide, as indicated in eq. 3. These reactions readily cause the opening 
of the chelated carboxylato groups, leading to the corresponding hexacoordi- 

(PPh3),(C0)2Re (0,CR’) v 

co 
A (PPh,), (CO), Re(OC(0) R’ 1 

(S!l-Tzm: R’= H,Me.Ph) 

(3) 

R”NC A (PP~,),(CO),(R”NC)R~(OC(O).R’) 

(IX : R’ = Me ; RI’= p-MeC6H,) 

nated derivatives (Table 1) having monodentate carboxylato ligands. For R’ 
= Me, the reaction with carbon monoxide has been shown to be reversible; com- 
pound VII in fact looses CO when in solution, even at room temperature, it 
being stable only in the presence of free carbon monoxide. 

A compound formulated as VIII has already been reported [ 101. It has been 
obtained by a more complex route but the reported infrared data (Y(CO) = 2032s, 
1952s, 1892s; Y(C=O) = 1635m; v(C-0) = 1335s cm-’ in KBr) are quite differ- 
ent from those observed for VIII (Table 3) and this fact seems to suggest that 
they are isomers. The spectroscopic properties of compounds VI-IX are fully 
consistent with their formulations (Table 3). The asymmetric v(C=O) is mar- 
kedly shifted to high frequencies with respect to the parent chelated compounds 
by about 70-100 cm-‘, as expected [9]. Moreover, the Av between the asym- 
metric and symmetric absorptions of the carboxylato ligand are larger than in 
the parent chelated derivatives, again in agreement with what is generally re- 
ported for this type of compound. The vibrations originating from the terminal 
carbonyl groups in compounds (VI-VIII) (Table 3) are consistent with configu- 
rations having the two phosphine ligands in the trms positions and the three CO 
groups together with the monodentate czuboxylato moiety in the equatorial 
plane. The positions and the intensities of the stretching bands are in fact com- 
parable with those of related carboalkoxorhenium(1) derivatives [ 113. Re( CO),- 
(PPh3)3H was allowed to react also with trifluoroacetic acid, i.e., with a car- 
boxylic acid having the strong electron-withdrawing group CF3. However, the 
expected (PPh&(C0)2Re(02CCF3) was not isolated, on the contrary, the hexa- 
coordinated tricarbonyl derivative (PPh,),(CO),Re(OC(O)CF,) (X) was formed 
in low yields. Compound X showed a z~(C0) pattern typical for derivatives 
having a configuration as described for compounds VI-VIII-[ll]; the v(C=O) 
was observed at 1680 cm-’ (Table 3). 



: 
306 

General descriptiori of fhe crystal and molecular strubhqe of the.deriva&e (I..) 
The crystal cont&s discrete (PPh3)2(CO)2Re(02CCH~) molecules in which. 

the rhenium atom is octahedralIy coordinated with the phosphines in the trans 
positions; the carbonyl groups and the chelatingacetate ion lie in the equatorial 
plane. A drawing of the molecule is presented in Fig. 1 and the coordination in 
the equatorial plane is depicted in Fig_ 2; the idealized symmetry is Cz,_ The mol- 
ecuIe is stereochemicahy very similar to two other known structures, (PPh,),- 
(CO),Re(S,CH) [12] and (PPh&(CO),Mn(O,CCH,) [S]. A comparison of the 
bonding parameters in the three structures wilI be of interest. 

The Re-P interactions are equal within experimental error with a mean val- 
ue of 2.415 a, which is strictly comparable with-the values of other rhenium(I)- 
phospbine interactions: 2.418 A in (PPh3)2(C0)2Re(S&H) [12], 2.422 Bt in 
ReC1(N2)(PMe2Ph), [13] and 2.390 a for the two mutually trans Re-P interac- 
tions in ReH,(NO)(PPh,), [14]. It is also useful to compare the Re-P interac- 
tions with the corresponding value in the manganese analogue [S] (2.267 A). 

The Re-C and C-O distances are not geomet&alIy equivalent but the differ- 
znces in bond parameters can be considered packing effects, the mean values 
1.85 and 1.17 A respectively being comparable with those found in (PPh,),- 

Fig. 1. Perspective view of the molecule (PPh3 h <CO)z Re<0~ CCH3 1. The thermal ellipsoids have been 

drawn at 30% probabiity. 
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Fig.2.Aviewoftbemoiety (C0)2Re(02CCH)3.Thermal ellipsoids at301probability. 

(C0)2Re(S2CH) (1.91 and 1.14 A). The differences clearly indicate that in the 
acetate derivative the degree of x metal-carbonyl back-bonding is higher than in 
the dithioformate analogue, probably because the latter ligand can compete 
more efficiently than the former in this type of interaction. The mean Mn-C 

TABLE4 

BONDDISTANCES(~)ANDRELEVANTANGLES(o)IN(PPh3)2(CO)2Re(O~CCH3). 

Re-P(1) 
R-P(2) 
Re-O(3) 

Re-W4) 
Be(l) 
ReC<2) 
ReC<3) 
C(l)_O(l) 
C<2)_0(2) 
C<3FO(3) 
C(3)_0(4) 
C(3?-cx4) 
O(3)... O(4) 
P(l)-C(111) 
P(l)-C(l21) 

P<l)-c<l31) 
P(2)-c<211) 
P<2)-c<221) 
P(2)-C(231) 
O(3) -.- H(226) 
O(4)*-- H(112) 
P(l)-Re-P(2) 

P(l)_Re--C(l) 
P<2)-tze-cxl) 
P<l)-Re--c(2) 

2.419(2) 
2.412<2) 

2.23<1) 
2.20<1) 
1_88<1) 
1.83(l) 
2.59<2) 

1.1X2) 
1.20<2) 

1.28(a) 
1.25(2) 
1.50(2) 
2.16(l) 
1.82(l) 
1.85(l) 
1.83(l) 
1.82(l) 
1.82(l) 

1.82(l) 
2.29 
2.14 

176.8(2) 
90.2<4) 
92.7<4) 
93.6<4) 

P(2)-R-C(2) 
P(l)-Re-O(3) 
P<2)_Re-O<3) 
P(1)_Re-O(4) 
P(2)-Re-O<4) 

C(1)_Re-CX2) 
C<2)_Re0(3) 

0(3)_Re-O<4) 
0<4)_=e-C(1) 

Re-O(3)--C<3) 
Re-0(4pC<3) 

0<3)_C(3t-4x4) 
0(4)-c<3)_-C<4) 
O(3)-C(3)_0<4) 

ReCW-O(1) 
R&(2)-0(2) 
Re-P<l)--C<lll) 
Re-P(l)-C(121) 

Re-P(ljC(131) 
R~P<2)--C<211) 
Re-P<2)-C<221) 
Re-P(2)--C<231) 
c(111)_P(1)_c(121) 

~<121)-_P~1)--c<131) 
c<131)-_P<1)--c~lll) 
c(211)_P<2+c<221) 

C(221)-_P<2)-C(231) 

C(231)_P(2)--c(211j 

87.9(4) 

91.8<3) 
85.1(3) 
84-l(3) 
93.8<3) 
85.5(6) 

110.4<5) 
58.3(3) 

106.0<5) 
90.8(S) 
93.3(S) 

120(l) 
122(l) 
118(l) 
178(l) 
175(l) 
114.5<3) 
116.2(3) 
115.7(3) 
114.7(4) 
113.8(3) 
118.2(6) 

102.3(5) 
103.4(6) 
103-O(5) 
103.5(5) 
103.2(6) 

103.9(S) 
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and C-O bond lengths in the manganese analogue are $73. and 1.15 A respec- 
tively. The acetate hgand is symmetrically coordinated and possesses idealized 
C& symmetry. Zk geometry is not significantly different .&om that found in the. 
manganese analogue, as one can see by comparing the values in Table 4 with the 
following values~found in the manganese complex: C-O 1.25(l), C-C 1.53(l) 
A, O-C-O 116(l)“.- 

The rhenium and manganese complexes have strictly similar stereochemistries 
and their crystals are isomorphous. The equatorial atoms are nearly m the same 
plane in both crystals, the displacement from the best plane not exceeding 0.09 W. 
Another feature of the manganese complex, that is, the existence of two short 
interactions between phenyl hydrogens and acetate oxygens (see Fig. 1 and 
Table 4), is also present in the rhenium analogue. The main structural differences 
are those due to the greater covalent radius of the rhenium atom. The Re-P and 
Re-0 interactions differ from the corresponding Mn-P and Mn-0 values by 
about 0.15 A in both cases. The difference for the Re-(CO) and Mn-(CO) val- 
ues is slightly lower, 0.12 A, but that between the Re --- 0 and Mn . . . 0 dis- 
tances, less dependent on the degree of interactions, is again 0.15 A. Such a con- 
stant difference. in three types of bonding interactions can be taken as a good es- 
timate of the difference in covalent radius for the two metal atoms. 
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