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Single crystal X-ray structures of Fe(NO)s(CO)(PPhs) (I) and of 
Fe(NO),(PPhs)2 (II) have been determined. Compound (I) forms triclinic 
crystak of space group Pl, with cell constants a 10.96(1)8, b 10.20(l)& c 
10.45(1)A, a 115.84(8)“, 0 117.33(8)“, 7 78.90(8)“, U 933.4A3, 2 2. Com- 
pound (II) forms monoclinic crystals of space group P2/c with cell constants LI 
11.70(l) Pr, b 8.20(l) A, c 17.24(2) A, j3 106.60(8)“, U 1584.6 A3, 2 2. Both 
crystals contain discrete molecules of distorted tetrahedral geometry. In com- 
pound (I) the CO and NO ligands are disordered; the principal bonding par&&- 
eters are: Fe-C/N 1.709 A, C/N--O 1.148 A, Fe-C/N-O 177.9”, Fe-P 
2.260(3) a, C/N-Fe-C/N 103.9’ and P-Fe-C/N 114.4”. In compound (II), 
which possesses C2 symmetry, the principal bonding parameters are: Fe--N 
1.650(7) A, N-O 1.19(l) A, Fe-N-O 178.2(7)” N-Fe-N 123.8(4)“, Fe-P 
2.267(2) A, P-Fe-P 111,9(l)“. These values are compared with those found in 
other tetmhedral complexes of Group VIII metals and discussed in terms of z 
metal-ligand interactions. 

Introduction 

Several structures of tetrehedrel complexes of the Group VIII metals in 
low oxidation states have been determined. These complexes contain K accept- 
ing ligands of differing acidities, mainly phosphines, carbon monoxide and 
nitric oxide, e.g. Fe(NO)e(PzPheCsFe) [l], Fe,(NO),Iz [2], [Co(NO),I] Is 
WI, Co(NOWWPJ% )Z =d WNWC0)~W’h~ 1 [31, Nit% )W~)@‘Pb >Z 
141, RuWG Wh3 12 151, MN% (PPb Ii I+ PI,% (NO)4 Ph3 12 171, Ir- 
(NW(CO)(PPh, 12 181, WNOW’h, 13 191, WCO)2 PPhzzEt)n WI > and Pt- 
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TABLE 5 

IRON-NITROSYLINTERACTIONSINVARIOUSCOMPOUNDS 

Fe-N(A) N-O(X) N-Fe-N(") Fe-N-O(Q) Ref. no. 

1.67(l) 1.17(2) 117.4 167 23 
1.69 l.20(6) 23 

{i:::::: 
l-11(3) 117.8(10) 161<3) 
l-19(3) 115.0(10) 161(3) 

22 

1.65(l) 1.18(l) 125.4(4) 177.4(7) 1 
l-77(2) 1.12(3) 
1.63<4) l-13(2) 2": 
1.71(2) 1.02(2) l-73(2) 26 
1.69(2) 1.16(5) 174<4) 27 

C/N-Fe- C/N have average values of 103.9 and 114.4”, respectively; the corre- 
sponding values in the cobalt isomorph are 105.1 and 113.4”. The differences 
are small, but since the packing forces are practically equal in the two crystals 
they can be considered significant, and are in agreement with the presence in 
the iron complex of two nitrosyl groups (see Introduction)_ 

The crystal structure of Fe(N0)2(PPh3)2 (II) contains discrete mono- 
meric molecules located on two-fold symmetry axes. The Fe-P distance is 
0.037 a longer than the corresponding value in the cobalt isomorph; the dif- 
ference is equal to that found for the Fe(N0)2(CO)(PPh3)- Co(NO)(CO),- 
(PPhs) couple and confirms the explanation reported above. The M-P bond 
lengths are not significantly different if the comparison is made between the 
two iron complexes and the two cobalt complexes, respectively, indicating that 
the distances depend mainIy on the number of NO ligands. Other comparable 
iron- phosphorus interactions are 2.224 A in Fe(NO), (P2Ph4 Cs F6 ) [I] and 
2.24-2.25 a in Fe3 (CO), 1 (PPh3 ) [22] _ The P--Fe- P angle is 2.2” lower than 
the corresponding value in the cobalt isomorph, as expected on the basis of the 
preceding discussion and the introduction. We cannot exclude the possibility; 
however, that the variation is caused by nitrosyl-hydrogen contacts. 

The nitrosyl ligands are strictly linear and the Fe-N and the N-C dis- 
tances are in the range of those found in other iron-nitrosyl complexes such as 
those listed in Table 5. It may be noted that the N-Fe- N angle in (II), essen- 
tially the same as in Fe(NO), (P2Ph4 Cs F6 ) [l] , is 3.S” wider than the corre- 
sponding angle in Co(NO)(CO)(PPh, )2 _ The difference is particularly note- 
worthy since the crystal packings in the two isostructural compounds are equal, 
and this confirms once more that the nitrosylic nitrogen atom is moderately 
but significantly bulkier than the carbonylic carbon atom in complexes of the 
first transition series. 

Significantly bent iron-nitrosyl interactions have been found in the com- 
plexes (NO)2 Fe(SEt)a Fe(N0)2 [ 231 and (NO)2 (FeI), (NO), [ 2]_ This bending 
has been explained by Dahl et al. [2] in terms of a different degree of usage of 
the two non-degenerate couples of 7r and r* orbit& on each NO interacting 
with the metal atom, determined by the direct Fe- Fe interaction present in 
the dimeric species. 

A comparison of the N/C-M-N/C angles in the iron and cobalt com- 
plexes with those found in Ru(NO)a (PPhs )2 (139.2” ) [ 51, Ir(NO)(CO)(PPhs), 
(12S.S”) [S], [Ir(NO),(PPh,),]+ (154.2”) CSI , Ir2 (NO)4 (PPh3 12 (156' ) 171, 
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and Pt(CO)z(PPh2Et)n (117”) [lo] shows that in the latter compounds the 
angles in which the nitric oxide is involved are systematically larger than in the 
iron and cobalt compounds. This indicates that the nitrosylic nitrogen possesses 
a substantially larger non-bonded radius when coordinated to elements of the 
second and third transition series. Carbon monoxide, on the other hand, does 
not exhibit this peculiarity in either case. The best example of the different 
behaviour of the two Iigands is given by the couple Co(NO)(CO)(PPhs)2 - 
WNWCOXPPh, 12 ; CO and NO are very similar in the cobalt complex, and 
have practically equal non-bonded interactions with the phenylic hydrogen 
atoms; consequently the conformations of the two phosphine ligands are equal 
and the molecule is located on two-fold axes in the crystal, determining the 
NO-CO disorder. This is not the case for Ir(NO)(CO)(PPh, I2 in which the two 
ligands behave so differently that the two-fold molecular symmetry is de- 
troyed, the crystal packing changes, and NO and CO become distinguishable. 

On the basis of all the experimental results the following summary is 
possible_ 

(i). In the monomeric tetrahedral complexes of iron and cobalt containing 
one or two NO groups, the M-N-G interactions are linear. When two NO 
groups are present the N-M-N angle is in the range 124-125”) which may be 
considered the “normal” angle in the typical NO+ complexes_ 

(ii). The Fe- N-O interactions are significantIy bent in (N0)2(FeI)2- 
(NO), [Z] and (N0)2Fe(SEt)2Fe(N0)2 [23] ; the N-Fe- N angle in these 
complexes is some 8” lower than the ‘normal” value. The ligand bending, as 
discussed above, derives from particularly asymmetric metal-ligand x inter- 
actions and the closure of the angle at the metal indicates that n orbit& are 
less populated and consequently less bulhy th an in the monomeric species. 
Both effects are attributable to direct metal-metal bonding. 

(iii)_ In the ruthenium and iridium complexes the N-M-N angles are 
wider than the “normal” value and the bending of the ligands is again signifi- 
cant (174” in Ru(NO)s(PPhs)s [53, 1’74” in Ir(NO)(CO)(PPhs)2 [S], 163.5” 
in [Ir(NO),(PPhs)2]t [6], and 167” in Ir2(NO)e(PPhs)2 [7]. By analogy 

with the dimeric iron complexes, the metal--&rosy1 rr interactions can be 
regarded as stronger and more asymmetric than in the “normal” case. The 
ligand bending accompanying these interactions shows that, in the absence of 
other perturbing effects, Kettle’s prediction [13,14] is experimentally ob- 
servable only when the 7r interactions are particularly strong. Simple qualitative 
MO arguments reported by Gaughan, Corden, Eisenberg and Ibers describe the 
situation clearly [5] _ 
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