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Summary

Single crystal X-oray structures of Fe(NO),(CO)}PPhz) (I) and of
Fe(NO), (PPh3), (II) have been determined. Compound (I) forms triclinic
crystals of space group P1, with cell constants a 10.96(1)4&, b 10.20(1)4, ¢
10.45(1)A, « 115.84(8)°, § 117.33(8)°, v 78.90(8)°, U 9383.4A3, Z 2. Com-
pound (II) forms monoclinic crystals of space group P2/c with cell constants a
11.70(1) &, b 8.20(1) &, ¢ 17.24(2) A, B 106.60(8)°, U 1584.6 A3, Z 2. Both
crystals contain discrete molecules of distorted tetrahedral geometry. In com-
pound (I) the CO and NO ligands are disordered; the principal bonding parai:-
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 108.9° and P—Fe—C/N 114.4°. In compound (II),
which possesses Co, symmetry, the principal bonding parameters are: Fe—N
1.650(7) A, N—O 1.19(1) &, Fe—N—O 178.2(7)° N—Fe—N 123.8(4)°, Fe—P
2.267(2) A, P—Fe—P 111.9(1)°. These values are compared with those found in
other tetrahedral complexes of Group VIII metals and discussed in terms of 7
metal—ligand interactions.

Introduction

Severdl structures of tetrahedral complexes of the Group VIII metals in
low oxidation states have been determined. These complexes contain 7 accept-
ing ligands of differing acidities, mainly phosphines, carbon monoxide and
nitric oxide, e.g. Fe(NO),(P2PhsCsFg) [11, Fe,(NO), I, [2], [Co(NO):1] .
[2], Co(NO)(CO)(PPh3), and Co(NO)(CO),(PPhsz) [3], Ni(N; )(NO)(PPh3).
4], Ru(NO),(PPh3)s 5], [IX(NO)2(PPh3)31" [6], Iry (NO), (PPhy); [7], Ir-
(NO)(CO)(PPh3). [8], Ir(NO)(PPh3); [9], Pt(CO).(PPh;Et), [10], and Pt-
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(CO)(PPhj); [11,12]. All these complexes attain the closed configuration of
eighteen electrons in the valence shell and exhibit a more or less distorted
tetrahedral geometry. In some of the NO derivatives significant bending of the
M—N—O angles has been observed.

Deviations from the ideal geometry are generally expected when non-
equivalent ligands are bound to the central atom but the type and the extent of
these distortions have been explained [{3,9] by assuming that the non-bonded
radius of a w-acid ligand is an increasing function of the degree of population of
its accepting orbitals, and so depends not only on the intrinsic acidity of that
ligand but also on the competing effects of the other groups bound to the
central atom. The generally accepted scale of w accepting ability,
PR3 < CO < NO, allows the prediction that the L—M—L angles will increase in
the order: P—M—P < P—M—(CO) < P—M—(NO) < (CO)—M—~C0O) < (CO)y—M—
(NO) < (NO)-M—(NO). The known structures qualitatively fit this trend
{packing forces play a role; see, for instance, refs. 11 and 12}, but the non-
rigidity of the phosphine ligand makes it difficult to distinguish between phos-
phorus hindrance and conformational hindrance of the attached groups.

Moreover there are considerable differences among the nitrosyl complexes
of ruthenium and iridium and the corresponding iron and cobalt species; thus
the elements of the second and third transition series exhibit substantially
wider angles at the metal and often a significant bending of the nitrosyl group.
Some bending in M—C—O interactions in C,, and in Cj, symmetries has been
predicted by Kettle {13,141 on the basis of non-equivalent 4, —n* interactions.
However, the bending so far observed for carbonyl complexes is never very
significant. This rationalisation can obviously be extended to nitrosyl groups of
C,, symmetry, but the reason why the M—N—QO bending is not a systematic
effect was unclear.

In this paper we report the structures of two further complexes of this
family, Fe(NO),(CO)(PPh;) (I) and Fe(NO); (PPhj)s (II), whose geometries
are useful for a more complete description and rationalisation of the behaviour
of nitrosyl complexes.

Experimental

Preparation of the compounds

Fe(NO), (COYPPh4) (I) was prepared following the method described in
ref. 15, which leads to a mixture of (I) and Fe(NO), (FPPhj)s (II). Compound
(11), first described by Malatesta and Araneo [16], has been obtained as the
only product with the following modification of the procedure described in
ref. 15. Dinitrosyldicarbonyliron (2.6 g, 15 mmol) was treated with triphenyl-
phosphine (9.2 g, 35 mmol) in a flask fitted with a Bunsen vaive, under nitro-
gen atmosphere at about 85° for 18 h. The resulting crude dark material was
dissolved in methylene chloride (10 ml) and recrystallized by addition of pen-
tane (95%).

Crystal data
Compound (1), C;9H, 5FeN,O3P, M 405.8, gives brown triclinic crys-
tals. The reduced cell has dimensions: a 10.96(1), b 10.20(1), ¢ 10.45(1) &, «
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115.84(8)°, f 117.83(8)°, v 78.90(8)°, U 933.4 A3 space group P1 (No. 2),
Dy, 1.42(2) g-em™ 2 (by flotation), D, 1.44 g-em™3 | Z 2, F(000) 416.

Compound (II), C36Hz¢FeN,O,P,, M 639.8, gives brown monoclinic
crystals. The cell dimensions are: a 11.70(1), b 8.20(1), ¢ 17.24(2) A, 8
106.60(8)°, U 1584.6 A3, D, 1.83(2) g-cm™? (by flotation), D, 1.34 g-cm ™3,
Z 2, F(000) 664. Systematic absences (h0! for ! odd) indicate two possible
space groups Pc (No. 7) or P2/c (No. 13); the structure has been successfully
refined in the latter space group.

Compounds (I) and (II) are isomorphous with Co(NO)(CO),(PPh3) and
Co(NO)(CO)(PPhg},, respectively [3]. For both crystals the cell dimensions
Rvere determined from precession photographs using Mo-K, radiation (A 0.7107

).

Intensity measurements

The intensities were measured on the linear equi-inclination Pailred dif-
fractometer with Mo-K, radiation, using a graphite monochromator.

The crystal of (I), a multifaced polyhedron of dimensions 0.35 X 0.21 X
0.17 mm, was mounted along the direction of maximum elongation (¢ axis).
2540 reflections were collected belonging to eleven reciprocal lattice layers,
from hkO to hk10, within the limit 20 < 48°.

The crystal of (II}), a parallelopiped of dimensions 0.28 X 0.20 X 0.10
mm, was mounted along the direction of maximum elongation (b axis). 2270
reflections were collected belonging to eight reciprocal lattice layers, from h0!
to k71, within the limit 26 < 54°.

No decay was observed during the intensity measurements. The integrated
intensities were corrected for Lorentz, polarization, and absorption effects. The
transmission factors ranged from 0.84 to 0.95 for (I) (u=9.86 cm™ 1) and
from 0.88 to 0.97 for (II) (2 = 6.21 cm™ ). The absorption corrections were
performed by the Busing and Levy method [17], the X-ray path within both
samples being computed in 6% points. 1448 and 1198 independent non-zero
reflections, all having relative statistical error o(I)/I less than 0.25, were used in
the refinements of the structures of (I) and (II), respectively.

Refinement of the structures

Both structures were directly refined using as starting coordinates those
determined for the isomorphous cobalt compounds. Preliminary refinements
were carried out by block-diagonal least-squares. The phenyl rings were treated
as rigid groups of D¢, symmetry (C — C distance 1.392 A), and the carbon
atoms in the rings were assigned individual isotropic thermal parameters, where-
as the non-group atoms were treated anisotropically. The coordinates of the
phenyl hydrogen atoms (C — H distance 1.08 A) were computed at the end of
.each refinement cycle and their contributions to structure factors were taken
into account.

Weighting schemes in both refinements were of the type: w = 1/(A+B-!
F, H#C-IF,I?), with coefficients chosen so as to give approximately constant
values of the mean w-AF? over the entire ranges of F, and of sin? 8 /A%2. The
atomic scattering factors were those reported by Cromer and Mann [18] for
Fe, P, O, N and C, corrected for the real part of the anomalous scattering [19].
The hydrogen scattering factor was that given by Forsyth and Wells [20].



‘papuoq o1y Ao1) PNy 0) SUI0IB UCGID 3N JO
stojauruied [PULSU] JWEE 3y} PUY SIDQLUNU JUTES A1) 2ATY SWO3R UIBOIDAHp gy + gy + g+ mﬂQ.ﬂ. + .S.n.uz + Lo, tutaog oy jo 51ULIRJ3I0D YY) 218
g oqa,, 5331 JURDHIUDIS J5T] UO §,PED Iy} 0XB SAGNE, IOYHO Y3 U] PUT A0Y SSAIULUG U] EOCGUI Yy, ¢ "sxjIUmITd [EULDL) DjdOTI0S) 103 1d0Xa 0T X S3NEA [V

(Do'y (9)o8gz (£)929 ~ (h)zL8 B1D

Moy (9)0618 (¥)oL9 — (p)962% Lo

(1)6'¥ (@)B91e (1)ez20%~ (£)6L87 1D

oy £092 619 LY (8TH (Dog (9)819% (£)1228~ (2747174 (810

9y 689¢ 992 8967 (LK Ty (9)6061 (¥)eLog~ (%029 &no

6y (A1 8613~ 986¢ (90K (nee (Q)or6T (¥)L3L1~ (8)9g (end

0'q 96%2 690y~ L6YT (s1)H may (9)9203~ (9)9892~ (»)o0LE~ (t4d]s]

'y 2IPT Q9009 og -~ FOH Mg (Q)epse~- (9)6808-~ (B)egip— (xD0

gy gyar- L87T~ 0gvy- (T1)H (1)8°'9 (¥99gy- (2)g9¥g~ (96918~ (ono

ol 81¥¥- (84:58 6179- (TDH (1)6'g {9)69z28~- (9)e08E~ (PIVLLI~ (80

8’0 9299~ 968€— 9098~ ony (19 (9)1991~ (9)agLg~ (£)opeT— @®)0

6'q £9L6— 1098~ Y01~ (6)H (mve (96301~ (9)0LEZ~ (¥)£08%— (Lo

9'y gLg — 8292~ 297 - (9H (Dev (n909 (9)026 (9)9Lez~ (90

7 L29 — (444 8967~ (9H (1)8°9 (9026 (¥)60v2 (L1192~ @0

9'g 60T 1682 68LT- (9H (D¥g ()8LET (P6LTE (016192~ (120)]

¥'q 00LZ 8EPY £08%— (VK (D19 (m1eve (9)6992 (9)068%~ €0

19 Lagy LEEE 9687 (B)H (1Y (9)Looe (1LY (L)¥a18~ ()0

1 4 03%8¢ 069 q9L61- €434 (vee (g)oqgt (v1ee OV~ (0o
(g z £ x wory (g8 z « x woyy
%Ec»«. dnoan JAusdygy

(¥1)L0% (92167 (91)09% (s1)68 (8T)19~ (91241 10:72 93 1 (6)961E~ ()roet~ (®IN/D
(an)8sz (82)az1 (€1)102 (0z)aet (81)48- ()07 (8)vo¥e (6)19p1- (L)6y6e— (OIN/D
(ZTVLT (02)231 (01181 (9D)¥0T @r1ie- e (8)v1 (LYo TH- (9)zrie~ (TN/O
(LD9Ee (98)av9 (22)929 (02)84 (€44)8 24 (6)yo1 (gizoty oD¥rYe- (LILL9 - (&0
(91)eEe (yereor (£1)€9% (02)69% (LT)8T ()19t (8)2%8% (8)829 ~ (9)689%~—~ (2)0
(zD1ve (81)1L (G)L¥1 (L1)791 BTV~ (8)¥91 () 1g11— (99809~ (91989~ (N0
(12T (v)26 (2)68 e gy - {2)98 (2)9901 (216291~ (1)e381~ d
(3)181 (g)g6T (2)691 (8)6z1 @)ge- (Y61t (DYt (19942~ (1n982~ o4
3] €24 1473} Elg tig tig z « » woy

416

,SW0e dnos-uoy
CEqddNOD) H(ON)? (1) ANQROdWOD NI SWOLV FHL 40 SUALANVUVI TYWHIHL UNV TVNOILISOd

q'ol ATHUVL



417

Compound (I) was refined with the assumption of complete (NO) — (CQO)
disorder, adopting the weighted scattering factor ( -;,—fc + %fN ) for the disordered
atoms. After convergence of refinement for this model (R, = 0.0707), three
ordered mcdels (corresponding to three possible locations of the C atom) were
refined and rejected on the basis of their R, indices, which were higher (R, =
0.0721 in all three cases). Three further cycles of full matrix refinement led to the
reliability indices R = Z(IF, FK—IF 1)/ IF, 1= 0.050 and R, = [Zw(F, —K—
IF. )2 [ZwlF, 121% = 0.065. For compound (II) the full matrix refinement gave
R =0.052 and R, = 0.064.

The final difference syntheses for both structures were rather flat, no peak
exceeding 0.6 and 0.5 e-A ™3 being observed. Lists of computed and observed
structure factor moduli can be obtained on application to the authors.

Positional and thermal parameters of all atoms in structures (I) and (II) are
reported in Tables 1 and 2 respectively.

Computations

All computations were carried out on a Univac 1106 computer. For ab-
sorption corrections our own programme was used, in which the directions of
primary and diffracted beam are evaluated as described in ref. 21; counter data
reduction and statistical analysis for weighting schemes were also based upon
FORTRAN programmes written in our laboratory. In addition, local versions
of entries Nos. 7528, 7531, 7532 and 7535 in the 1966 “World List of Crystal-
lographic Programs’ were used for Fourier analyses, structure factor and least
squares computations; a programme by Domenicano and Vaciago was used for
computations of molecular parameters.

Description of the structures and discussion

The principal bond distances and angles determined in the complexes
Fe(NO), (CO)PPhy) and Fe(NO),(PPh;), [compounds (I} and (II), respec-
tively] are reported in Tables 3 and 4, together with the corresponding values
found in the isomorphous and isoelectronic complexes Co(NO)(CQO), (PPhjy)
and Co(NO)(CO)(PPhs),. Drawings of the single molecules and of their pack-
ing are omitted here because these are practically the same as those in the cobalt
compounds {3].

The crystal structure of (I) consists of discrete monomeric molecules of
distorted tetrahedral geometry. The true symmetry of coordination around the
iron atom is C;, but very nearly C;, because the CO and NO ligands are
disordered as they are in the corresponding cobalt complex. The experimental
bonding parameters for these ligands are, consequently, only weighted averages;
these ligands are bound in an essentially linear fashion, the average angle Fe- N/
C—O being 177.9°. The Fe--N/C and N/C—O distances have mean lengths
1.709 and 1.148 A, while the corresponding values for the cobalt analogue are
1.740 and 1.135 A. These differences indicate the increased contribution of the
NO ligand in the iron complex. The Fe—P distance is 0.036 A longer than the
corresponding Co—P value and the difference may be explained in terms of a
lower m character of the Fe--P interaction as a consequence of the greater
electron withdrawal of the other ligands. The bond angles P—Fe—C/N and

(continued on p. 420)
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TABLE 3

SELECTED BONDING AND NON-BONDING DISTANCES (&) AND ANGLES (°) IN Fe(NO)2(CO)(PPh3)
COMPARED WITH THE CORRESPONDING VALUES IN SQUARE BRACKETS, OF THE ISOMOR-
PHOUS Co(NO)(CO);(PPh3)

Fe—P 2.260(3) [2.224(3))
Fe—~C/N(1) 1.704(6) £1.738(5)1
Fe—C/N(2) 1.732(8) {1.762(NH1
Fe—C/N(3) 1.690(8) {1.720¢))
CIN(1)—0(1) 1.150(8) {1.138(6)]
CIN(2)—0(2) 1.147(11) [1.139(7)1
CJN(3)—0(3) 1.147(12) {1.127(9))
~CQ) 1.808(4) {1.827(3)3 .
P—C(7) 1.815(4) [1.825(3)]
P—C(13) 1.814(3) {1.827(2))
P...C/N(1) 3.129(9) £3.146(6)}
P...C/IN(2) 3.168(11) £3.196(8)]
P...C/N(3) 3.133(12) £3.144(9)]
CIN(1)...CIN(2) 2.858(10) {2.890(7)
CJ/N(1)...C/N(3) 2.893(9) {2.931(7)]
C/N(2)...C/N(3) 2.860(11) £2.903(8)]
P—Fe—C/N(1) 103.3(4) £104.5(3)1
P—Fe—C/N(2) 104.3(4) [106.0(3)]1
P—Fe—~C/N(3) 104.0(4) [105.0(3)}
CIN(1)—Fe—C/N(2) 112.6(3) £111.3(2)]
C/N(1)—Fe—C/N(3) 117.3(4) [115.9(3)
CIN(2)y—Fe—C/N(3) 113.4(4) {113.0¢3)1
Fe—C/N(1)—0Q) 1'78.9¢6) [178.5(6)]
Fe—C/N(2)—0(2) 1.77.3(11) {178.3(8))
Fe—C/N(3)—0(3) 177.5¢7) [177.9¢(6)1
Fe—P—C() 116.6(4) {116.5(3))
Fe—P—~C(7) 113.4(2) {113.7(1)]
Fe—P—C(13) 114.2(2) [114.7(2)]
P—CQ)>-C(4) 178.5(3) [178.3(4)1
P—C(7)—-C(10) 177.2(3) {176.9(1)]
P—C(13)—C(16) 177.1(2) (177.4(4))
C@1)y—P—C(7) 108.4(3) £103.3(3)1
CcQ1)y—P—C(13) 103.6(4) £103.7(3)]
C(7)y—P—C(13) 104.2(3) [103.4(3)1
TABLE 4

SELECTED BONDING AND NON-BONDING DISTANCES (A) AND ANGLES () IN Fe(NQ)2(PPh3);
COMPARED WITH THE CORRESPONDING VALUES, IN SQUARE BRACKETS, OF THE ISOMOR-

PHOUS Co(NO)(COXPPh3);

Fe—P 2.267(2) £2.230(3)]
Fe—N 1.650(7) £1.718(8)]
N—O 1.190(10) {1.153(11)]
~—CQ1) 1.833(7) [1.840(T)]
P—C(T) 1.853(5) {1.850(5)]1
P—C(13) 1.841(5) [1.851¢6)1
P...P’ 3.1755(2) [3.743(3)]1
N...N' 2.910(10) [2.976(11)]
P...N 3.177(6) [3.211(N]
P...N' 3.095(7) [3.116(8)}
P—Fe—N, 107.4(2) 1108.1(2)]
P—Fe—N 103.3(2) [103.56(2)1
P—Fe—P' 111.9Q1) [114.2(2)
N—Fe—N’ 123.8(4) 120.0¢4)3
Fe—-N—0O 178.2(7) [177.4(T)3
Fe—Pe-002) 108.8(2) [109.5(2)]1
Fe—P—C(T) 117.4(2) 117.4(2)]
Fe—P—C(13) 119.7(2) {119.7(2)}
P—CQAY-C(4) 177.2(4) {177.6(4)1
P—C(7)—C(10) 176.9(3) [177.0(4)]1
P—C(13)y—C(16) 177.7(3) (177.4¢(4)1
C@A)y—P—C(T) 103.2(3) 102.6(2)}1
CA)y—P—C(3) 102.8(3) [102.1(3)]1

C(7rP—C(13) 103.4(2) 1103.3(2)]
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TABLE 5
IRON—NITROSYL INTERACTIONS IN VARIOUS COMPOUNDS

Compound Fe—N(A) N—O(A) N—Fe—N(°) Fe—N—O0O(°) Ref. no.
(NO), Fe(SEt); Fe(NO)» 1.67(1) 1.17(2) 117.4 167 23
Cs[Fe3S3(NO)71-H20 1.69 1.20(6) 23
1.69(2) 1.11(3) 117.8(10) 161¢3)
(NO)z(Fel)2(NO): 1.64(2) 1.193) 115.0(10) 161(3) 22
Fe(NO)2 (P>PhyCsFg) 1.65(1) 1.18(1) 125.4(4) 177.4(7) 1
Fe(NO); (CO)a 1.77(2) 1.12(3) 24
Nas [Fe(CN)5(NO)]-2H-> O 1.63(4) 1.13(2) 25
Fe(NO)[S2CN(Me), 1, 1.71(2) 1.02(2) 173(2) 26
Fe(NO)[S2CN(Et)212 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(NO),(PPhj)s (1I) 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(NO),(CO)(PPhs)- Co(NO)(CO),-
(PPh;) 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 mainly on the number of NO ligands. Other comparable
iron— phosphorus interactions are 2.224 A in Fe(NO),(PoPh,C5F¢) {1] and
2.24—2.25 A in Fe3(CO),,(PPh3) [22]. The P--Fe- P angle is 2.2° lower than
the corresponding value in the cobait 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—OQO 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),(P,Ph,C;F¢) [1], is 8.8° wider than the corre-
sponding angle in Co(NO){(CO){PPhjs),. 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), Fe(SEt), Fe(NO), [23] and (NO), (Fel), (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 7 and 7* orbitals 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), (PPh3), (139.2°) [5], Ix(NO)(CO){PPh3),
(128.8%) [8], [I(NO),(PPh3), 1* (154.2°) [6], Iry (NO),4 (PPhy), (156°) [7],
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and Pt(CO), (PPh,Et), (117°) [10] 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 exampie of the different
behaviour of the two ligands is given by the couple Co(NO)(CO)(PPhg). —
Ir(NO)Y(CO)(PPhz ). : 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; ), 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.

({). In the monomeric tetrahedral complexes of iron and cobalt containing
one or two NO groups, the M—N—O 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 significantly bent in (NO)s(Fel),-
(NO), [2] and (NO), Fe(SEt), Fe(NO), [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 = inter-
actions and the closure of the angle at the metal indicates that # orbitals are
less populated and consequently less bulky than 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), (PPh3)., [5], 174° in Ir(NO)(CO)(PPh3). [8], 163.5°
in [Ir(NO),(PPh3).]" [6], and 167° in Irs (NO),(PPhz), [7]. By analogy
with the dimeric iron complexes, the metal--nitrosyl 7 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 [18,14] is experimentally ob-
servable only when the 7 interactions are particularly strong. Simple qualitative
MO arguments reported by Gaughan, Corden, Eisenberg and Ibers describe the
situation clearly [5].
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