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Abstract 

The complex [Mo(dib)(CO),(PPh,),] (1) [dib = 1,2-(NHjzC,H,] is obtained from [MoBr,(CO)z(PPh,),], 1,2-(NHs),C,H, and 
KOH dissolved in a mixture of tetrahydrofuran and water; its X-ray structure and properties are described. Substitution derivatives 

of this complex are obtained by reaction of 1 with P donors to give [Mo(dibXCO),L,] (L = PEt, (2), P(OEt)s (311 and 

[Mo(dibXCO),(dppe)] (4) [deppe = Ph,P(CH,),PPh,], and their spectroscopic properties are reported. Attempted reactions of 1 

with CO or dppm [dppm = Ph,PCH,PPh,] were unsuccessful and the starting complex was recovered unchanged. 

1. Introduction 

The 1,2-(NH),C,H, ligand (dib) and related species 
form stable complexes with transition metals [l], where 
a-acid ligands can also be bound to the “M(NH),C,H,” 
moiety to give complexes with low oxidation numbers 
for M [2]. The diamido-ligand is non-innocent and can 
be considered formally as neutral (benzoquinone di- 
imide), monoanionic (semibenzoquinone diimide) or 
dianionic (diamide) [3]. The complex [Ru(dib)(PPh,),l, 
crystallographically characterized [4*], is described as 
a ruthenacycle with electron delocalization in its rr-ex- 
tended system, and is diamagnetic, with “short” C-N 
bond distances consistent with the diamide form 
(benzo- or semibenzoquinone). It gives other five-coor- 
dinate complexes when it reacts with r-acids. When 
quinones such as C,X,O, (X = Cl or Br), with high 
electron-withdrawing ability, and good n--acceptors 
such as CO are bonded, six-coordinate ruthenium(I1) 
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complexes are formed [5]. Six-coordinate complexes of 
molybdenum(B) are well known but scarce [6], and 
from the seven-coordinate 1%electron species they can 
be easily obtained. We have extended the study of this 
type of 1,Zdiamido complexes to other metals with low 
oxidation states, and molybdenum offers the appropri- 
ate versatility in oxidation and coordination number. 

2. Results and discussion 

2.1. Synthesis of [Mo(dib)(CO),(PPh,),] (1) 
The reaction between [MoBr,(CO),(PPh,),] and 

1,2-(NH,),C,H, in a basic medium (see Experimental 

details) yielded [Mo{l,Z(NH),C,H,KCO),(PPh,),l (1) 
as dark brown crystals from toluene-hexane solutions. 
It has an IR band at 3335 cm-‘, which can be at- 
tributed to v(NH) (diimine), and two absorptions 
(toluene solution) at 1913 cm-’ and 1826 cm-’ sug- 
gesting a cis-dicarbonyl arrangement. These low values 
are comparable to those found for other dicarbonyl 
molybdenum(I1) complexes [7]. Further structural in- 
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formation was obtained from ‘H and “P NMR spec- 
troscopy: a singlet at 71 .c)2 ppm [3’ P(’ H}] iunchanged 
at 203 K) and a multipiet at 7.85 ppm (‘H) (tentatively 
attributed to amide protons) chow equivalence of the 
phosphines and of the nitrogen atoms, which led us to 
the conclusion that molybdenum in this complex. and 
ruthenium in [Ru(dib)I,,] [2.4], are isoelectronic 

The structure of complex 1. determined by X-ray 
diffraction methods, is depicted in Fig. 1. Selected 
bond distances and angles are given in Tabic 1. The 
compicx, with approximate C‘ j symmetry, has ;L moiyh- 
denum atom with a very dist&ed octahedral arrangc- 
ment, iikc those found in other six-coordinate moiyb- 
denurn compiexcs [6ti-6g]. The vaiuea of the bond 
angles are as expected for a dodecahcdrai coordination 
(81 with two vacant sites, roughly ccntrcd on the two 
faces N(1 )N(2)P( 1 )C( 1) and Ni 1 )NC3)C’t2)Pt2). Two hy- 
drogen atoms from two phcnyi rings of the PPh,. H(26) 
and H(S), are close to the vacant sitch. E~cn if rather 
distant, (3.21(3) A and 3.04(3) A) from the MC> ntom, 
they can be considered as acting as “token ligands,” [VI. 
In the starting compound [MoBrL(COIz( PI% i)z] [hf] 
the bond angles around the molybdenum atom arc 
those expected for a cubic coordination with two va- 
cant sites. The substitution of two Br atoms by twc9 N 
atoms from the dib iigand causes an increase of the 
P-MO-P angle from 12?.8(4Y to 140.8(:!)“. a decrease 
of the C-MO-C’ angle from 119.5(4)” to iOh. 10)“. and 
a decrease of the Rr--Mo-Br angle compared tcr the 

Fig. 1. View of the structure of [Mo(dih)(CC)~,(PPh ;),J (11 with the 

atomic numbering whcmc. 

N--Mo--N angle from Y3.1(1P to 74.8(7)‘. The LMo-I’ 
;1nd (‘ -MO--C angles in 1 arc comparabic to those 
found in the analogous complexes [MoBr,(CO),- 
(PEt ,il]. iis.s(zY and 102.3” [hd]. and [M~{(c~H ,,)-- 
N),C IS,}(CO).(PBu’( ‘-1, l-ih.S(2!n and iON II” [hc], in 
which hydrogen :itoms from cthy1 and n-hutyl groups 
also point towards the MI> atom in such a way to act as 
“token ligands”. 

The lengths of the C-Y bonds in 1. 1.33.3) A and 
I .30(3~ A (similar \;tiucs have been found in the ruthc- 
nium compound I-t], ~ggcat partial double-bond char- 
actcr, as found !()I. thy NH.- C,,,,, bonds. 1.355(20) A 
[ 101 and arc zcinsiitent u ith a mono- ! I?-electron) or 
di-anionic ( Ih-clec:ri9n) film1 of the ligand. ‘The ncutrai 
( 1%clcclron) form atruld rcquirc greater double-bond 
character and I hcre<~~rc shctrlcr- bond distances. 
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the complex (as would be expected for a six-coordinate 
16-electron molybdenum species [6]), and 1 remained 
unchanged. 

Phosphorus ligands, less rr-acid than CO, did not 
give any addition product when mixed with complex 1, 
but the derivatives [Mo(dibI(CO),(L),] [L = PEt, or 
P(OEt),] and [Mo(dibI(CO),(dppe)l were obtained 
when reaction solutions were boiled (see Experimental 
details). The new complexes showed similar infrared 
spectra in solution in the CO stretching region, having 
two bands that suggest a cis-dicarbonyl coordination. 
In addition, their 31 P NMR spectra (one singlet) con- 
firm the equivalence of the phosphines and the com- 
plete replacement of the original PPh,. The stretching 
v(C0) values are lower than those of the starting 
compound, with the weaker r-acid, (PEt,) and higher 
for the stronger r-acid, (P(OEt),). They are also raised 
for dppe. 

The attempted reaction between 1 and dppm did 
not produce a new complex, even in boiling mesitylene, 
and the starting complex was recovered unchanged. 
When the reaction was carried out under ultraviolet 
(UV) light in aromatic solvents, extensive decomposi- 
tion occurred, to give solutions in which no IR v(C0) 
absorptions were detected. 

It is concluded that 1 is formally a molybdenum(B) 
complex. Its lack of reactivity with rr-acids, not a char- 
acteristic of six-coordinate molybdenum(H) complexes, 
can be explained by assuming that dib is a six-electron 
donor, through two (T and one rr bonds, as shown 
below, and that the metal atom thus achieves a stable 
configuration of 18 electrons. 

0: 0 “h Ncr 
p-\O 

N4 
H 3.4. [Mo (dib) (CO), (dppe)] (4) 

3. Experimental details 

All reactions were carried out under dinitrogen, 
using freshly distilled solvents. 1,2-(NH,),C,H,, PEt,, 
P(OEt),, dppm, dppe, CO and KOH were used as 
supplied and [MoBr,(CO),(PPh,),l was prepared ac- 
cording to the published procedure [ll]. IR spectra 
were recorded as Nujol mulls (KBr discs) or solutions 
(CaF, discs) on a Perkin Elmer 1720-XFT spectrome- 
ter. ‘H and 31P NMR spectra were recorded on a 
Bruker AC-300 instrument. Microanalytical data (C, H 
and N) were obtained with a Perkin Elmer 240-B 
elemental analyser. 

[Mo(dibXCO),(PPh,I,] (0.035 g, 0.045 mmol) and 
1,2_bis(diphenylphosphino)ethane (0.036 g, 0.090 mmol) 
were heated under reflux in toluene (10 cm31 for 90 
min. The volume of the filtered solution was reduced 
to 3 cm3 and hexane (10 cm31 added. After 1 d at 20°C 
brown-red crystals were collected, washed with hexane 
and then dried in vacua. Yield about 50%. Anal. 
Found: C, 61.7; H, 4.8; N, 4.1. C,,H,,MoN,O,P, talc.: 
C, 62.2; H, 4.6; N, 4.3%. IR: [v(NH), nujol mull] 3325~ 
cm-‘; [v(CO), nujol mull] 193Ovs, 1846~s cm-l; [v(CO), 
toluene] 1929vs, 1851s cm- . ’ 31P NMR (C,D,): 86.7 (s, 
2P, dppe) ppm; ‘H NMR: 8.40 (s, 2H, NH) ppm. 

3.1. [Mo(dib)(CO),(PPh,),/ (1) 
[MoBr,(CO),(PPh,),] (0.50 g, 0.60 mmol) and 1,2- 

(NH,I,C,H, (0.065 g, 0.60 mmol) were heated under 

3.5. Reaction with bis(diphenylphosphino)methane 

(dppm) 
No reaction was observed in boiling solvents like 

toluene, xylene or mesitylene. When xylene solutions 

reflux for 1 h in a mixture of THF (5 cm31 and a 
solution of KOH (1.50 g) in water (5 cm3). The THF 
was evaporated in vacua and the water decanted, 
leaving an oily product that was washed with EtOH 
and with hexane, and then vacuum dried. The brown 
residue was dissolved in hot toluene (10 cm3>. From 
this solution a crystalline solid or precipitate was ob- 
tained within 1 d at 20°C after adding hexane. Yield 
about 50%. Anal. Found: C, 66.98; H, 4.72; N, 3.53. 
C,,H,,MoN,O,P, talc.: C, 67.52; H, 4.60; N, 3.58%. 
IR: [v(NH), nujol mull]; 3335~ [v(CO), toluene]. 1913m 
and 1826s cm-‘. 31 P NMR (C,D,): 71.92 (s, 2P, PPh,) 
ppm. 31P NMR (203 K): 72.61 (s) ppm; ‘H NMR: 7.85 

(s, 2H, NH) ppm. 

3.2. [Mo(dib)(CO),(PEt,),/ (2) 
[Mo(dib>(CO),(PPh,),] (0.020 g, 0.025 mmol) and 

triethylphosphine (2 drops) were heated in boiling THF 
(8 cm3) for 15 h. The oily residue, after solvent evapo- 
ration, was dissolved in hexane (50 cm31 and the solu- 
tion filtered after 1 d at room temperature. The brown 
oil obtained from hexane evaporation in vacua is a 
mixture of the bis(triethylphosphine) complex and 
triphenylphosphine. IR: [ v(CO), (THF)] 1897s and 
1806~s cm-‘. 31P NMR 50.8 (s, PEt,); -4.6 (s, free 
PPh,) ppm. Trace amounts of free PEt, are also 
detected by 31P NMR (THF/D,O): - 18.9 (s) ppm. 

3.3. [Mo(dib)(CO),{P(OEt),},I (3) 
[Mo(dib)(CO>,(PPh,),] (0.040 g, 0.051 mmol) and 

triethylphosphite (0.017 g, 0.102 mmol) were heated 
under reflux in toluene (6 cm3>. After 1 h the reaction 
was almost complete (traces of the starting complex 
were detected by IR), yielding a brown solution [IR 
v(C0): 1937m, 1852s cm-‘] which decomposed before 
crystal and spectroscopic data could be obtained. 



were irradiated (UV) only a mixture of decomposition 
products without CO ligands was obtained. 

3.6. X-my duta collection, structure detrrnGu~tion und 
refinement for lMo(dih)(CO),(PI’ll,), / (1 I 

Crystal data for 1: C,,I-I 2h MoN,O, y2. M 2: 782.67, 
triclinic. space group P,, II = 11.473(6) A, h :-- 11.999(7) 

TABLE 2. Fractional atomic coordinates ( x 10 ‘) for i 

Atom 

Mo 

?V 1) 
P(2) 

O(l) 

O(2) 

N(I) 

N(2) 

C(l) 

(‘(2) 

c‘(i) 

c‘(J) 

(‘(5) 

C‘(h) 

C(7) 

(‘(8) 

C(Y) 

cc 10) 

(‘(II) 

cc 12) 

cc 13) 

C(13) 

C(lS) 

Ulh) 

C(l7) 

C(IX) 

al’)) 

(‘(20) 

C(21) 

C(22) 

C(23) 

C(24i 

C‘(25) 

C(2h) 

C(27) 

C(I?X) 

c‘(29) 

CUO) 

C(31) 

C(Q) 

C(33) 

Cc34) 

C(35) 

Cc%) 

(‘(37) 

(‘(.3X) 

CW) 

a401 

C(41) 

C’(47) 

C(43) 

C(44) 
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