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The Crystal and molecular structures of the cis- and trans-isomers of dicarbon- 
yltetra(dimethoxyphenylphosphine)manganese(I) hexafluorophospbate; [Mn- 
WMP(OMeWhLd CPW, h ave beerrdetermined using X-ray diffratition data 
recorded on an automatic diffractometer. The c&isomer is monoclinic, space- 
group P2/c, 0: 14.51(l), b 9.42(l), c 18.60(2) A, fi 124.5(2)“, 2.4 2. The tram- 
isomer is monoclinic, space group P2&, a 22.99(3), b i4.38(2), c 14.21(2) A, -. 
fl107.0(2)“. 2 = 4. Both structures were refined anisotropically by full-matrix 
least-squares methods to give R-values of 0.067 and 0.0’76 respectively for the 
cis- and truns-isomers. Both structures contain discrete [Mn(C0)2{P(OMe);Ph34]+ 
cations and [PF& anions. 

Introduction 

During our investigation of the relationship between structure and reactivity 
in manganese(I) carbonyl systems, a series of comparable neutral and cationic 
manganese carbonyl complexes was charzicterized [l-3]. Though a metic labil: 
izing effect for mutually transcarbonyl groups was shown [4] to control the 
substitution reactions, our recent structural investigations of fat- &d mer, trans-- 
[Mn(CO),{ P(OMe),Ph),Br] failed to draw a parallel &ith a structural trans-ef- 
feet [51- It is well established that cationic manganese(I) &bony1 saltsare much _-.-I 
more inert in substitution reactions th& their neutrel counk&park The~struc- 

-turd analysis of the tvvoro.cationic complexes cis: and-trans-[Mn(CO),C9(OMe)2-‘. 
Ph],] [PF&] has therefore been undertaken to see if (i),.any vzirktio~_m M’% :.. :- ~1 .-. 
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bond kngths for the cis- and trans-carbonyl groups are apparent in these com- 
pounds and (ii) the more inert nature of the-cationic &bony1 groups-is pa.r&eled 
by a reduction in metal--carbon bond lengths. 

Experimental 

Cell dimensions were determined and intensity data collected to a maximum 
26 of 40” on a Philips PWllOO single-crystal diffractometer fitted with a graphite 
monochromator arid using MO-K, radiation. 

The compIex crystallized as colourless needles from a mixture of dichloro- 
methane and ethanol. A crystal cut to cubical shape (0.1 mm edges) was used 
for data collection. 

Crystal data. MnP5C3401&ssF6, M = 822.5. Monoclinic, a 14.51(l), b 9.42(l), 
c 18.60(2) A, /3 124.5(2)“, D, = l-29(2), 2 = 2, D, = 1.303, F(OOO) = 856. Space 
group P2/c, (h01, I = 2n). h 0.7107 A, ~(Mo-&) 5.2 cm-‘. 

An w-scan was used in data collection, with a scan width of 0.9” and a scan 
speed of 0.02” S’. Background was counted for half the total scanning time on 
each side of a reflection. Of the 1947 independent reflections, 397 were con- 
sidered unobserved with I < 1.65 (T. No absorption corrections were applied. 

Structure solution and refinement_ The structure was determined by Patterson 
and Fourier methods and refined by full-matrix least-squares calculations. Cor- 
rections were applied for anomalous dispersion. The value of the cpnventional 
R-index was 0.067 at convergence. No differential weighting was applied. A final 
difference map showed the positions of only a few hydrogen atoms and there- 
fore none was included. 

Scattering factors were taken from Cromer and Mann [6] and the anomalous 
dispersion corrections from Cromer and Libennan [7]. Computations were car- 
ried out with the X-RAY system of crystallographic programs [S] and drawings 
made with the plot program of Johnson [9]. Final atomic coordinates and ther- 
mal parameters are given in Table 1 and a selection of bond lengths and angles is 
given in Table 3. 

trans-[Mn(CO), {P(OMe),Ph),][PF, j 
The complex crystalhzed as colourless plates from a mixture of dichlorometh- 

ane and ethanol. A crystal with dimensions 0.12 X 0.12 X 0.08 mm was used for 
data collection. 

Crystai data. MIIP&~~O~,&~~F~ - C2H50H, M = 868.6. Monoclinic, a 22.99(3), 
b 14.38(2), c l&21(2) A, 0 107.0(2)“, D, = 1.29(2), 2 = 4, D, = 1.284, F(OOO) = 
1816. Space group P2,/n, (h01, h + I = 2n; OkO, k = 2n). h 0.7107 A; ~(Mo-I&) 
4.9 cm’. 

Ari o-scan was used in data collection, with a scan width of 1.2” and.scan 
speed of 0.02” s-l. Of the 4254 independent reflections measured, 1944 were 
considered unobserved with I < 20. No absorption corrections were applied. : 

Structure solution and refinement. The structure was determined by Patterson 
and Fourier methods. The crystals were found to contain 1 _moiecuIe of ethanol 
per asymmetric unit as solvent of crystallization. Anisotropic refinement was by 

(continued ora p. 230) 
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TABLE3. -.: :. 
.r:._ 'DJTRAbfOLECULAR DISTANCES(A)ANDANGLES <")WITHe.s.d.'s 

cis h-an.9 

Mi-cxl) 
-Mn-a2) 

: Mn-Pa) 
Mpp(2) 
b&--P(3) 
_Mn--P(4) 

Ca)--o<l) 

C(2)-a2) 
Pm-C<1~) 
P<n-o<12) 

Pm-C(ll) 
O<ll)-C<l7) 

0(12)-c<l8) 
P(2)--0<21) 

P(2)--0(22) 
F<2)--c(21) 
oew-~e7) 
0<22+C(28) 
P(3)-m31) 
P(3hCX32) 
P<3)--c(31) 
0(3l)--c<37) 

0(32)+X38) 
P(4)--0<41) 
P(4)--0(42) 
P<4)-a41) 

0(4u-C(47) 
0<42)-C<48) 
C(lleal2) 
C<12)-C<l3) 

C<l3)-al4) 
ca4)--c<l5) 

C(15)--c(16) 
Ca6t--c(ll) 

C(2leC~22) 
C(22)-C<23) 
C<23)--c<24) 
C<24)-C<25) 

1.780(13) /. 

2.262<3) 

2.281<4) 

1.154(16) 

1.597(S) 
l.573(7) 

1.819(13) 
l-468@) 
1.466<11) 
L.597<10) 

1.584<8) 
l-829(8) 
l-457(22) 
1.450(20) 

1.384(18) 
l-436(27) 
1.381(39) 
X367(34) 

l-434(26) 
1.401(20) 

1.410<18) 
1.422(14) 
l.369(22) 
1.395(23) 

l-839(17) 

1.839(17) 
2.269<7) 
2.269<6) 
2.281<7) 

2.26X6) 
l.132(21) 

1.130(20) 
1.589(11) 
1.6X(13) 

X831(16) 
l-476(22) 
1.429(26) 
1.614<11) 

1.611(14) 
l-832(14) 
1.467(18) 
l-444(25) 
1.611(11) 
1.605(10) 
1.840(19) 
l-480(25) 

1.475(20) 
1.60803) 
l-603(12) 

1.868(18) 

1.451(20) 
1.421(26) 
l.423(23) 
1.433(23) 
1.364<33) 
1.432(33) 

l-448(28) 

1.378(22) 
X384(25) 
l-424(21) 
1.373(29) 
1.400(31) 

C<25)--c<26) 
C(26)--c(21) 
C(31)--c(32) 
C<32)-C<33) 
C<33)--c<34) 

C(34ea35) 
C(35wx36) 
C(36)-C(31) 
C<41)-C<42) 
C<42)-C<43) 

C(43)--c(44) 
C<44)--C<45) 
C<45)--c<46) 
C<46hC<41) 

F<5)-_F<l) 
P(5)_F(2) 
P(5)_F(3) 

P(5)-_F<4) 
P(5)_F(5) 
P(5)-_F<6) 
C<51)-_ci(5) 
C(51)-C(52) 

C<l)_h%l-c<2) 

C(l)-Mn-P(l) 
C(l)-Mn-P(2) 

C(l)-Mn-P(3)CP(l)'I 
C(l)-Mn-P(4)CP(2)'1 
C(2)-Mn-?(l) 
C(2)-Mn-P(2) 
C<2jMn-P<3) 
C(2)-Mn-P(4) 

Pm-Mm-P(2) 

P(1)_Mn-P(3)IP(1$1 
P(l)-Mn-P(4) 
P(2t_Mn-P(3) 

P(2)_Mn-P(4)CP<2)‘1 
P(3)_Mll-P<4) 

l-433(15) 

1.386(18) 

1.434(14) 
l-558(7) 
1.45307) 

1.520(14) 

90.5(6) 

90.3(3) 
88.1(4) 

86.8(3) 
176.7(5) 

90.2(l) 

176.0(2) 
92.5(l) 

93.50) 

1.425<24) 

1.403(25) 
Z.407(25) 
1.428(29) 
l-402(24) 

l-374(24) 

1.430(24) 
1.377<19) 

1.360<25) 
l-423(30) 

l-376(28) 
1.425(36) 
1.429<26) 
l-430(22) 

l-466(23) 
l-431(29) 

1.439(26) 
l-411(22) 
1.4?0(25) 
1.514<22) 
l-914(61) 

1.697<65) 

177.9(S) 

91.7(6) 
87.8(5) 

93.7(6) 
86.2(5) 

86.4<6) 
93.3(5) 
88.2<6) 
92.8(5) 
92.8(3) 

174.5(3) 
88.0(3) 
87.5(3) 

174-O(2) 
92.3(3) 

blocked-matrix least-squares techniques resulting in a final conventional R-index 
of 0.076 with unit weights. A final difference map showed no regions of appreciable 
electron density and no hydrogen atoms could be placed. The scattering factors,. 
anomalous dispersion coefficients and computer programs are the same as given 
for the cti-isomer. The atomic coordinates and thermaI parameters are listed in 
Table 2 and the bond lengths and angIes are given in Table 3, 

The molecmar configurations of the two cations are illustrated by the pekspec- 
tive drawings in Fig. 1 and 2. A list of the observed and calculated structure fac- 
tors for,both structures is available *_ The thermal parameters in Tables 1 and 2 
are of the form 2 = exp[-2n2(a*b*UlI + . . . + 2b*c*kZU,,)]. 

: *. May be-obtained from the authors on request (G.J.K.). 
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Fig. 1. The molecular structure of the cis-[Mn(C0)2{P<OMe)2Ph}4]+cation. 

Fig. 2. The molecular structure of the tmns-[Mn(CO)z (P(OMe)2Ph}4] + cation. 

Fig. 3. Stereoscopic view of the I& cd and contents in the &Gsomer_~Th~ the& ellipsoids i@ t&k &-. :_ 1 
ti0.b are not shown for ckity. : ._ : 



Fig. 4. Skeoscopic view of the unit cell and contents in the truns-isomer. The thermal ellipsoids in the ca- 
tion exe not shown for clarity. 

Results and discussion 

Both crystal ~tructies contain discrete [Mn(C0)2 {P(OMe)2Ph)41’ cations and 
[PF,]- anions. The manganese atom of the c&isomer lies on a two-fold rota- 
tional axis causing the full cation to have this rotational symmetry. Atoms related 
by this symmetry are marked with a superscript (‘) in Table 3. 

Both isomers show slight deviations from the ideal octahedral symmetry of the 
coordination polyhedron around the manganese atom. In both cases this distor- 
tion can be attributed to the steric requirements of the phosphonite groups. 

The Mn-P bond lengths are within one standard deviation of the mean value 
of 2.27 A and are comparable with those found in the.neutral carbonyl com- 
plexes [5], fuc- and mer, trans-[Mn(C0)3{P(OMe)zPh)zBr]. 

The Mn-C bond lengths of 1.78(l) A for the &S-CO groups and l-84(2) A for 
the mutually trans-CO groups in the cis- and trans-isomers respectively, seem to 
be in accordance with the structural tram effect postulated for other carbonyl 
compounds [lo, 111. However, the difference of 0.06 a is hardly greater than 
the limits of accuracy at which bond lengths could be determined in these struc- 
tures. Although differences in M-CO bond lengths of this magnitude have previ- 
ously been considered to be structurally significant in other studies, the contra- 
dictory results observed in the comparable crystal structures of fat- and mer, 
frans-[Mn(CO), {P(OMe),Ph],Br] [ 53 and in other compounds [ 12-141, suggest 
that a correlation has yet to be shown between M-CO bond lengths and the 
kinetic tr~ns effect. Differences in carbonyl bonding may also be somewhat re- 
duced in complexes containing phosphonite ligands compared to tertiary phos- 
phine ligands due to the greater r-acceptor properties of the phosphonites. 

The Mn-C bond lengths in these cationic manganese carbonyl complexes do 
not differ s&nificantJy from those found in fat- and mer, trans-[Mn(CO)s {P- 
(OMe)2Ph}2Br], although the uncharged complexes undergo carbonyl substitu- 
tion reactions much more readily. Although decreased metal carbonyl ?r-bonding 
may be expected in the cations due to a lower electron density on the metal, re- 
cent results 1153 indicate that simple xelectron theory may-not apply due to a 
possible direct donation of phosphorus 0 electrons into the z orbitals of c&CO 
groups. Hence the comparable bond lengths found in the cationic and uncharged 
species may be attributed either to a perturbation of the n-electron system or to 
the A&i-C bond,lengths being insufficiently sensitive to charges in Mn-_C bond- 
ing, 
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