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An antiferromagnetic trinuclear cluster CpsCr,(pNPh)&r,-NPh) (I) has been obtained by refluxing 
of chromocene with azobenzene in toluene. Chromatography of the cluster on Al,4 (with MeOH as an 
eluent) leads to its oxidation into the diamagnetic ionic cluster CpsCr+NPh)2(ps-NPh)+ OH-’ MeOH 
(II) (Cr-Cr 2.530(3)-2.561(3) A). The same cation (Cr-Cr 2.544-2.575 A) may be isolated with 
Cc(C0); (III) as the outer anion if I is oxidized by cobalt carbonyl. III has been studied by means of 
X-ray structural analysis (space group C2/c, a = 31.860(6), b =16.246(3), c = 24.178(5) A, p = 
138.21(l) O, V = 8338.94 A3, Z = 8). Bond lengths (Cr-Cr) in II are 2.544-2.575 A. 

The dimeric complex Cp&(OCMe3),(u-NPh)z (V), with a chromium-chromium bond length of 
2.627 A and the Cp ligands located in trans position relative to the Cr-Cr bond, has been obtained by 
reaction of the binuclear complex CpzCr,(OCMe3)2 with azobenzene. It is antiferromagnetic (- 2 J = 146 
cn-‘) and does not interact with Cq(CO)s; however, it may readily be oxidized by oxygen to form 
Q&(0)&t-NPh), (VI) (space group P2,/c, a = 6.723(l), b=16.303(4), c= 9.220(3) A, B = 
96.43(2) O, V = 1004.2 A3, Z = 2). 

Calculations of electronic structures of V and VI have been performed by the extended Htickel 
method. It has been shown that in VI there is, along with the existence of a Cr-Cr bond (2.532 A), an 
antiferromagnetic interaction (-2 J= 600 cm-‘) between CrV ions (electronic configuration d’). This 

has been explained by there being only a small gap between the Cr-Cr e- and the non-bonding vacant 
B-orbit.&. 

Introduction 

nitrene ligands NR are isoelectronic analogues of 0, S, Se and Te atoms and 
are frequently used for synthesis of clusters of Group VIII elements [1,2]. These 

* For Part XXIII see ref. 21. 
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compounds are usually electronically saturated and are diamagnetic. A 50-electron 
cluster with mixed ligands, Cp,Co&,-NR)(&j) has recently been synthesized, 
whose magnetic properties depend on the nature of the bridging groups [3]. 

So far as the early transition metals are concerned, the diamagnetic complexes of 
Ti’“, Cp,Ti,(X),(p-NR), (X = Cl, Me) [4] and Cp2Tiz(Cl),(p-NR)(p-N,R,) [5] are 
known, while the only one to have been structurally characterized is the dimeric 
diamagnetic complex of Cr”, Cp,Cr,(NSiMe,),(p-NSiMe& where there is cis-loca- 
tion of the Cp-rings and proof of the existence of the Cr-Cr bond (2.569 A) [6]. 

The present paper concerns synthesis and structure of antiferromagnetic chro- 
mium clusters with p-bridged nitrene ligands. Preliminary results have been re- 
ported [7,8]. 

Results and discussion 

Chromocene, Cp,Cr, which readily loses one ring, and the binuclear Cp,Cr,(p- 
OCMe,), complex (capable of oxidative addition of halogen atoms, two OR groups, 
an S, fragment or Se and Te atoms to Cr” atoms [9-111) have been used as starting 
materials for synthesis of chromium clusters with nitrene ligands. 

Trinuclear clusters Cp3Cr,(p,-NPh)(p-NPh)3n + (n = 0, I) 
Chromocene reacts with azobenzene in refluxing toluene to form a neutral 

triangular cluster Cp,Cr&-NPh)&-NPh) (I) which has been isolated in the form 
of needle-like crystals and characterized by means of mass- and IR-spectroscopy [S] 
(Scheme 1). I is formally an electron-deficient complex (it contains 43 electrons) and 
demonstrates antiferromagnetic properties. The value of peff decreases from 2.05 to 
1.79 pB in the temperature range of 290-77 K, which can be described in terms of 
the Heisenberg-Dirac-Van Vleck model for a trimer [12] for chromium atoms with 
spins of S, = 3/2; S, = S, = 1 and exchange parameters - 2 J = 160 cm-‘. I is 
oxidized in the course of chromatography on A1,03 with methanol as an eluent. 
With the solvating MeOH molecule the cationic diamagnetic cluster Cr’“, Cp3Cr3( p- 
NPh)3(p3-NPh)+OH- (II) is thus formed. According to X-ray structural analysis * 
the cation contains an almost equilateral triangle Cr, (Cr-CT,.,,_ 2.547 A) with 
three p-bridging NPh groups (Cr-N,,_ 1.84 A) located above its plane while three 
Cp-rings and p3-NPh bridge (Cr-N,_ 1.88 A) are located below the plane (Table 
1). In general the geometry of cation II resembles that well-known for the sulphide 
clusters Cp,Mo&-S),(p,-S)” (n = 0 [13]; n = + 1 [14]). However the presence of 
the phenyl substituents at nitrogen atoms in II hinders the attachment of the fourth 
CpCr fragment, thus preventing the formation of the Cr-containing analogue of 
Cp,Mo,S, with NPh-bridges. 

The Co(C0) fragment is linear and thus preferable in sterically strained systems. 
However, even the linear Co(C0) fragment, which is readily attached to Cp,Cr,S,, 
cannot be attached to I and reaction of I with Cq(CO), (at 5 o C in benzene) results 
only in formation of a cationic diamagnetic cluster Cp,Cr&NPh),(~,-NPh)‘Co- 
(CO); (III) (Scheme l), without further transformation even by irradiation with 
uv. 

* The full data on the geometry of II are presented in ref. 8, atomic coordinates are deposited in the 
Cambridge Crystallographic Data Centre. 
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Table 5 (continued) 

Atom X Y z 

CP(33) 2448(3) 

CP(34) 3065(3) 

CP(35) 3476(3) 

0, = 0 

C,(l) a 50(l) 
C,(2) a 28(l) 

6767(5) 
7041(5) 
6673(5) 

685(3) 
658(2) 

584(2) 

475(4) 
1182(4) 

1190(3) 
l/4 

276(l) 
259(l) 

u Atomic coordinates of atoms for THF molecule multiplied by 103. 

Cp,Cr,(~-NPh),(~3-NPh) + Co(C0); (III) 
A solution containing 0.14 g (0.41 mmol) of C%(CO)s in 20 ml of benzene was 

added dropwise to 20 ml of benzene solution containing 0.59 g (0.83 mmol) of 
Cp,Cr,(p-NPh),(p,-NPh) (I) at + 5 ’ C. The resulting fine crystalline red precipitate 
was washed in cold benzene and then dissolved in 30 ml of THF. The red-brown 
solution was then concentrated to lo-15 ml at 50 o C/20 torr and chromatographed 
on the Al,O, column (3 X 20 cm). The dark-red zone was eluted by 60 ml of THF. 7 
ml of benzene was added to this solution and concentrated at 50 o C/20 torr to 7-10 
ml. This concentrated solution was stored for 2 days at + 5 “C. The black-red 
needle-like crystals precipitated were isolated from the mother liquor by decanta- 
tion, washed in cold benzene and dried under vacuum. Yield 0.55 g (76%). 

Table 6 

Atomic coordinates (for Cr X 105, for 0, N and C X 104) for the complex Cp&(O),(~-NPh), (VI) 

Atom a X Y I 

Cr 1410(6) 6100(2) 41678(4) 
0 218q3) 603(l) 3405(3) 
N - 921(3) -428(l) 3877(2) 

C(1) - 3002(5) 1066(2) 3436(8) 

C(2) - 1721(7) 1396(3) 2522(5) 

C(3) - 496(7) 1890(3) 3297(3) 

C(4) - 814(9) 1889(3) 4611(6) 

C(5) - 2395(7) 1415(3) 4819(5) 

C”(1) - 1938(4) - 852(2) 2739(3) 

C”(2) - 1666(6) - 677(2) 1291(3) 

C”(3) - 2784(6) - 1086(3) 156(3) 

C” (4) -4117(6) - 1682(2) 436(4) 

C”(5) - 4390(5) - 1873(2) 1852(4) 

C,(6) - 3295(5) - 1467(2) 3011(3) 

He(l) -416 82 334 

Hc(2) - 125 125 141 

Hc(3) 82 209 277 

Hc(4) 41 230 500 
Hc(5) -291 125 584 
H%(2) -43 -42 109 

H%(3) -250 -84 -82 

H%(4) -500 -188 -29 

HcJ5) - 541 - 229 226 
HC”(6) - 375 - 168 391 

a C, indicates carbon atoms in NPh groups; Hc, indicates hydrogen atoms in NPh groups. 
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Large black-red prisms suitable for the X-ray structural study were obtained by 
recrystallization from the THF/benzene mixture (3 : 1). 

IR-spectrum (Y, cm-‘): 545m, 695m, 755m, 820m, 1015w, 1060m, 1250m, 1435m, 
1465m, 1865~s. 

A1,03 (4-5 g) was added to a solution of 0.5 g (1 mmol) of Cp,Cr,(OCMe,),(p- 
NPh), (V) in 20 ml of toluene. The solvent was then evacuated at 40 o C/O.1 torr. 
The dry residue was transferred on the AI,O, column (3 X 40 cm) and the violet 
zone was eluted by a THF/benzene mixture (1: 1). The violet solution thus 
obtained (50-70 ml) was concentrated at 6O”C/20 torr to 5-7 ml and stored for 5 
days at 20 o C. Large violet prisms precipitated were isolated from the mother liquor 
by decantation, washed in cold benzene and dried under vacuum. Yield 0.08 g 
(17%). 

IR-spectrum: (v, cm-‘): 695m, 705w, 81Os, 890m, lOlOw, 109Ow, 1290s 1435m, 
1460m. 1490m. 
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