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PREPARATION AND PROPERTIES OF 
MOLYBDENUM AND TUNGSTEN DINITROGEN 

COMPLEXES. 30.’ SYNTHESES OF ZERO-VALENT 
MOLYBDENUM COMPLEXES WITH THE DMF 

LIGAND: THE CRYSTAL STRUCTURE OF 
TRANS-[ Mo(CO)(DMF)(P~,PCH,CH,PP~~)~]~ 

YASUSHI MIZOBE, TOYOHISA ISHIDA, YUMIKO EGAWA, 
KENSHI OCHI, TOMOAKI TANASE, and MASANOBU HIDAI* 

Deparrriieril of Synrheric Clianistry, The University of Tokyo. Hongo. Tokyo 113, Japan 

(Received July 3. 1990) 

Treatment of ~ratis-[hlo(N,),(dpe)(dprn)] (dpe = Ph,PCH,CH,PPh,, dpm = Ph,PCH,PPh,) or trans- 
[ hlo(N,),(dpe)(dpp)] (dpp = Ph2PCH2CH,CH,PPh,) with excess DMF in benzene at refiux under Ar 
resulted in the formation of tram-[Mo(CO)(DMF)(dpe)(dpm)] or trans-[hlo(CO)(DhfF)(dpe)(dpp)]. 
X-ray structural analysis of rrans-IMo(CO)(DMF)(dpe),] was performed using single crystals isolated as 
the minor product from the reaction mixture of trarts-[Mo(N,),(dpe)(dpp)] and DMF. Crystal data: 
C,,H,,O,NP,Mo, monoclinic, space group P2,, a = I1.145(4), b = 23.425(5), c = 10.516(3)& p = 
I17.17(2)”, V = 2442.6(13) A’, Drolrd = 1.35 g/cm3 for Z = 2. This disclosed the relatively long CEO bond 
distance of the carbonyl ligand and the significantly short G O  bond length in the DMF ligand. When 
recrystallized from benzene/hexane under N,, trans-[Mo(CO)(DMF)(dpe)(dpm)] was converted into 
trans-[ Mo(CO)(N,)(dpe)(dpm)]. 

Keywords: Molybdenum, N,N-dimethylformamide, carbonyl, dinitrogen, complex, X-ray structure 

INTRODUCTION 

We previously reported the decarbonylation of DMF by trans-[Mo(N,),(dpe),] (IA; 
dpe = Ph,PCH,CH,PPh,) to give [Mo(CO)(DMF)(dpe),] (IIA) and HNMe,.’ 
Interestingly, IIA can easily be converted into a carbonyl-dinitrogen complex, trans- 
[Mo(CO)(N,)(dpe),] (IIIA), under N, and then into a coordinatively unsaturated 
complex, [Mo(CO)(dpe),]. (IVA), under Ar. An attractive feature of IVA is that it 
can bind a wide range of substrates including common Lewis bases, ethene, and 
N,.,s3 More recently, Kubas and coworkers have reported that IVA reacts with H, 
to give a molecular hydrogen complex, trans-[M~(CO)(q’-H,)(dpe),].~ Thus we 
have started to prepare a series of five coordinate Mo and W complexes using various 
diphosphine ligands. In this context, we have carried out the reaction of trans- 
[W(N,),(dpe),] with D M F  and have isolated trans-[W(CO)(DMF)(dpe),] together 
with [WH(q2-CONMe,)(dpe),] as an intermediate of this de~arbonylation.~ It  is 
noteworthy that the five-coordinate complex [W(CO)(dpe),], derived from the 
former via [W(CO)(N,)(dpe),], reacts with H, to give a dihydrido complex 

* Author for correspondence. 
t Dedicated to Professor Arthur Martell on the occasion of his 75th birthday. 
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58 Y .  MlZOBE eral. 

[WH,(CO)(dpe),],6 presenting a sharp contrast to the corresponding Mo complex 
with the q2-H, ligand. Here we describe preparation and some reactivities of Mo 
complexes traizs-[Mo(CO)(DMF)(dpe)(dpm)] (IIB; dpm = Ph,PCH,PPh,) and 
rrans-[Mo(CO)(DMF)(dpe)(dpp)] (IIC; dpp = Ph,PCH,CH,CH,PPh,), as well as 
the structure of traits-[Mo(CO)(DMF)(dpe),] determined by X-ray methods. 

DMF 
C6H,/reRux 

trans-[Mo(N,),(dpe),] - trans-[Mo(CO)(DMF)(dpe),] 
IA I IA 

N* Ar 

C6H6 C6H,/5D”C 
- tr~tts-[Mo(CO)(N,)(dpe)~] - [Mo(CO)(dpe),] 

IIIA IVA 

EXPERIMENTAL 

General 
All experiments were carried out under N, or Ar, as appropriate. Solvents were 
dried, distilled under an inert atmosphere and degassed just before use. Diphos- 
phines’ and [MoCl,(dpe)]’ were prepared according to published methods. The IR 
spectra were recorded on a Shimadzu IR-408 spectrometer. 

trans-[Mo(N, ) (dpe) (dpipnl)] ( I B )  
A mixture of [MoCl,(dpe)] (4.27 g, 6.71 mmol), dpm (2.56 g, 6.71 mmol) and Mg 
turnings (4.0g, 0.16mol) in T H F  (80cm3) was stirred overnight under N,. The 
resultant dark brown solution was separated from Mg by filtration and the filtrate 
was concentrated in vacua until the yellow solid started to precipitate. The crude 
product deposited by the addition of ether to this mixture was recrystallized from 
toluene/hexane. Yield, 1.76 g (28%). And.:  Calcd. for C,,H,,N,P,Mo: C, 65.5; H, 
4.97; N, 5.99%. Found: C, 65.4; H, 4.84; N, 5.82%. 

trans-l~fo(N2 ) 2  (ripe) (dPP)l (IC) 
Onto 1% Na-Hg (70g, 0.03g-atom Na) were charged [MoCl,(dpe)] (4.4g, 
6.9mmol), dpp (2.9g, 7.0mmol), and T H F  (95cm3). The mixture was stirred 
overnight under N,. The dark reddish brown suspension obtained was filtered and 
the filtrate dried iiz vaczio. The residue was crystallized from toluene/methanol. The 
solid remaining in the reaction flask was extracted with toluene and crystallized by 
addition of methanol. The combined yield was 1.99g (30%). Aizal.: Calcd. for 
C,,H,,N,P,Mo: C, 66.1; H, 5.23, N, 5.82%. Found: C, 65.9; H, 4.88; N, 5.23%. 

trans-[Mo(CO) (DMF) (dpe) (dpnz)] ( IIB)  
This experiment was carried out under Ar. A solution of IB ( I  50 mg, 0. I60 mmol) 
and DMF (1 cm3) in benzene (5cm3) was refluxed for 20min with stirring. After 
cooling, hexane (8cm3) was added to the dark red product solution. Red crystals 
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Mo(0) COMPLEXES 59 

were deposited and were filtered off, washed with hexane and dried in ~nciro. Yield, 
104mg (66%). Anal.: Calcd. for C,,H,,O,NP,Mo: C, 67.4; H, 5.45: N, 1.43%. 
Found: C, 67.2; H, 5.35; N, 1.10%. 

trans-[Mo(CO) (DMF)  (dpe) (dpp)]  (IIC) 

This experiment was also performed under Ar. A suspension of 1C (320 mg, 
0.322 mmol) in DMF (1.6 cm3)/benzene (33 cm3) mixture was refluxed slowly for 
40 min with stirring. The resultant red solution was concentrated to about 1/4 
volume and hexane (15 cm3) was added. The orange crystals obtained were filtered 
off and dried iii IYZCIIO. Yield, 221 mg (66%). Anal.: Calcd. for C,,H,,O,NP,Mo: C, 
67.9; H, 5.71; N, 1.39%. Found: C, 65.4; H, 5.50; N, 1.34%. In addition to the 
orange crystals of IIC above, dark red crystals of trans-[Mo(CO)(DMF)(dpe),] (IIA) 
were also obtained in quite low yield. 

Preparutioii of trans-fMo(CO)(N,) (dpe) (dpm) f (IIZB) from trans-[Mo(N,), 
(dpe) (dpni)] ( IB)  arid MeOH 
A solution of IB (82mg, 0.088 mmol) in benzene (4cm3) and MeOH (1 cm3) was 
refluxed for 20 min under N, and the resultant solution was concentrated to about 
half volume. Addition of hexane (5 cm3) deposited the title compound as orange-red 
crystals containing two benzene molecules of solvation (30 mg, 31%). Anal.: Calcd. 
for C,,H,,ON,P,Mo: C, 70.5; H, 5.37; N, 2.57%. Found: C, 70.1; H, 5.42; N, 
2.14%. 

Preparation of trans-fMo(C0) (N2) (dpe) (dpni) f (IIZB) from trans- 
[Mo(CO) (DMF) (dpe) (dpni)] (IIB) 
To a solution of IIB (120 mg, 0.122 mmol) in benzene (12cm3) under N, was added 
hexane (24cm3) .  Orange-red crystals deposited and were filtered off and dried iii 
~nci lo  (50 mg, 38%). 

X-ray strirctiire of trans-fMo(C0) (DMF) (ape) , ]  (ZZA) 
Dark red crystals of IIA grown as a minor component together with orange crystals 
of IIC were collected and sealed in glass capillaries under Ar. Data collection was 
performed at room temperature on a Rigaku AFC-5 four-circle diffractometer 
equipped with a Mo X-ray source and a graphite monochromator. Crystal and data 
collection parameters are summarized in Table 1 .  The orientation matrix and unit 
cell parameters were derived from a least-squares fit of 18 machine-centred reflec- 
tions with 20 values between 20 and 25". No significant decay of three check 
reflections measured every 100 reflections was observed during the data collection. 
Intensity data were corrected for Lorentz, polarization and absorption effects. A 
preliminary measurement showed a systematic absence of OkO (k = 211 + l ) ,  which 
corresponds to space group P2-, or P2,/112. However, the space group P 2 ,  is more 
appropriate because IIA has no mirror plane in the molecule. This was confirmed by 
successful solution and refinement of the structure using P 2 ,  rather than P2Jni. 

Structure solution and refinement were performed using the UNIX-I11 program 
packageg at the Computer Centre of the University of Tokyo. The Mo atom was 
found by the direct methods program MULTAN 78. Subsequent difference Fourier 
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60 Y. MIZOBE e in l .  

TABLE I 
Summary of crystallographic data for iruns-~Mo(CO)(DMF)(dpe),J. 

Formula 
Molecular weight 
Colour 
Space group (crystal system) 
a, A 
b, A 
c, A 
P 9  deg 
Cell volume, A3 

Z 
Dcotcdr g/cm3 
Radiation 
p, cm-’ 
F(OOO), electrons 
20 Range, deg 
Scan mode 

Scan speed, deglmin 
Reflections measured 
Reflections used (I Fo I > 5 o (F,)) 
Parameters refined 
R 
R, 
Max residual, e/A3 

C,6H,,0,NP,hlo 
993.91 
dark red 
P2, (monoclinic) 
11.145(4) 
23.425(5) 
10.516(3) 
1 l7.17(2) 
2442.6(13) 
L 

1.35 
MoKa (h  = 0.7107A) 
4.32 
1032 
2 < 2 0  < 60 
o (2 < 20 < 30’), 
(u-20 (30 < 2 0 < 60’) 
2 
4583 
298 I 
578 
0.067 
0.076 
1.0 (around Mo) 

syntheses revealed the positions of all other non-hydrogen atoms, which were refined 
anisotropically by block-diagonal least-squares techniques. Hydrogen atoms were 
placed at the calculated positions and included in the final stage of refinement with 
fixed positional and isotropic thermal parameters. The atomic scattering factors were 
taken from Ref. 10 and the absolute configuration was not determined. Final atomic 
parameters of non-hydrogen atoms are summarized in Table 11. 

TABLE I1 
Positional parameters and equivalent temperature factors (AZ) for the non-hydrogen atoms in trans- 

[h.I o(CO)(DM F)(dpe), 1. 

Atom xla 

0.0183( 1) 
0.0608(4) 
0.0341(5) 

0.0038(4) 

0.255( I )  
0.467( I )  

0.338(2) 
0.5 12(2) 
0.564(3) 
0.132(2) 

-0.0284(4) 

-0.292(1) 

-0.173( I) 

0.2500( I )  
0.1603(2) 
0.2880(2) 
0.3397(2) 
0.2177(2) 
0.241( 1) 
0.252( 1) 
0.220( I )  
0.246( I)  
0.222( I )  
0.25 l(2) 
0.181( I )  
0.18 I (  I )  

0.31 02( I )  
0.2110(5) 
0.1014(5) 
0.3927(5) 
0.5218(5) 
0.159(1) 
0.419(1) 
0.519(2) 
0.214(2) 
0.500(2) 
0.437(3) 
0.627(3) 
0.089(2) 

2.2 
2.9 
3.0 
2.8 
3.0 
4.2 
4.4 
5.1 
2.8 
3.8 
8.8 
7.7 
3.9 
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Mo(0) COMPLEXES 61 

TABLE I1 (continued) 

Atom 

C(6) 
(37) 
C(8) 
C(111) 
C(112) 
C(I13) . 
C(114) 
C(1IS) 
C(116) 
C(121) 
C( 122) 
C( 123) 
C( 124) 
C(125) 
C( 126) 
C(21 I )  
C(2 12) 
C(2 13) 
C(214) 
C(215) 
C(216) 
C(221) 
C(222) 
C(223) 
C(224) 
C(225) 
C(226) 
C(311) 
C(312) 
C(313) 
C(314) 
C(315) 
C(316) 
C(321) 
C(322) 
C(323) 
C(324) 
C(325) 
C(326) 
C(411) 
C(412) 
C(4 13) 
C(414) 
C(4 15) 
C(416) 
C(421) 
C(422) 
C(423) 
C(424) 
C(425) 
C(426) 

zlc 

0.048(2) 
-0.140(2) 
- 0.070(2) 
- 0.072(2) 
-0.208(2) 
-0.304(2) 
- 0.274(2) 
-0.138(2) 
- 0.04 1(2) 

0.183(2) 
0.302(2) 
0.392(2) 
0.361(3) 
0.243(3) 
0.151(2) 

- 0.100(2) 

-0.18 l(2) 
-0.305(2) 
-0.333(2) 
-0.230(2) 

-0.073(2) 

0.187(2) 
0.275(2) 
0.397(3) 
0.428(2) 
0.343(2) 
0.225(2) 

-0.123(2) 
-0.254(2) 
-0.320(2) 
-0.266(3) 
-0.133(2) 
-0.064(2) 

0.097(2) 
0.065(2) 
0.162(2) 
0.295(2) 
0.333(2) 
0.234(2) 
0.161(2) 
0.249(2) 
0.374(2) 
0.412(2) 
0.332(2) 
0.204(2) 

-0.102(2) 
-0.107(2) 
-0.178(2) 
- 0.247(2) 
-0.248(2) 
-0.171(2) 

0.229( 1) 
0.321 (1) 
0.275( 1) 

0.126( I )  
0.087(1) 
0.035( I )  
0.021( I )  
0.058( I) 
0.107(1) 
0.095( I) 
0.053( 1) 
0.025( I )  
0.036( I) 
0.076( I) 
0.330( 1) 
0.379( 1) 
0.406( 1) 
0.385( 1) 
0.336( 1) 
0.309( I )  
0.329(1) 
0.3 l9( I) 
0.350( I )  
0.391( I )  
0.403( 1) 
0.373( 1) 
0.398( 1) 
0.386( 1) 
0.429( 1) 
0.480( 1) 
0.490( I )  
0.450( I )  
0.382( I) 
0.422( I )  
0.452( I )  
0.44 I (1) 
0.405( 1) 
0.376( 1) 
0.201 ( I )  
0.246( 1) 
0.238( I )  
0.183( I) 
0.137( I) 
0.146(1) 
0.158( 1) 
0.137( 1) 
0.086( 1) 
0.060( 1) 
0.079(1) 
0.129(1) 

0.1 1 I (  1) 

-0.007(2) 
0.475(2) 
0.592(2) 
0.092(2) 
0.030(2) 

-0.054(3) 
-0.086(2) 
-0.032(2) 

0.055(2) 
0.327(2) 
0.321(3) 
0.4 l4(3) 
0.508(3) 
0.516(3) 
0.420(2) 

- 0.047(2) 
-0.099(2) 
-0.214(2) 
-0.274(2) 
-0.220(3) 
-0.104(2) 

0.140(2) 
0.086(2) 
0.131(3) 
0.231(2) 
0.288(2) 
0.241(2) 
0.269(2) 
0.166(2) 
0.068(3) 
0.064(3) 
0.166(3) 
0.267(2) 
0.542(2) 
0.618(2) 
0.733(2) 
0.773(2) 
0.696(2) 
0.582(2) 
0.687(2) 
0.756(2) 
0.869(2) 
0.9 I7(2) 
0.855(3) 
0.738(2) 
0.518(2) 
0.641(2) 
0.636(3) 
0.506(3) 
0.386(3) 
0.394(2) 

4, 
3.6 
4.1 
4.1 
2.8 
4.2 
6.6 
4.4 
4.7 
3.6 
4. I 
6.3 
8.3 
8. I 
6.9 
5.7 
4.5 
4.2 
5.4 
5.0 
6.3 
4.4 
3.9 
5.4 
7.0 
5.1 
4.5 
3.7 
3.6 
4.8 
5.6 
6.5 
5.1 
4.1 
3.0 
4.7 
5.5 
5.8 
5.2 
4.0 
3.4 
4.5 
5.2 
5.6 
5.9 
4.4 
3.6 
4.7 
6.4 
6.8 
5.8 
4.8 
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62 Y. MIZOBE eral. 

RESULTS AND DISCUSSION 

Preparatiort of trans-[Mo(CO) (DMF) (dpe) (dpni)] ( IIB)  arid trans- 

Previously we reported the synthesis of dinitrogen complexes trans- 
[Mo(N,),(dpm),], IA, and rraris-[Mo(N,),(dpp),1.” For these complexes, as the 
number of methylene groups in the diphosphine ligands increases, the v(NGN) value 
shifts lower as shown in Table 111, indicating that the electron density on the 
molybdenum atom increases due to the increasing basicity of the diphosphine 
ligands. To examine the effect of the nature of the diphosphine ligands on the 
decarbonylation and properties of the carbonyl-DMF complexes produced by the 
decarbonylation, the reactions of fruits-[Mo(N,),(dpp),] and cis-[Mo(N,),(dpm),]* 
with DMF were first carried out. However, the expected carbonyl-DMF complexes 
were not isolated, although the formation of uncharacterizable carbonyl complexes 
was observed. On the other hand, the dinitrogen complexes IIB and IIC, prepared 
from [MoCl,(dpe)] and dpm or dpp in the presence of Mg turnings or Na-Hg under 
N,, reacted with DMF in benzene at reflux under Ar to give fraiis- 
[Mo(CO)(DMF)(dpe)(dpm)] (IIB) and rrans-[Mo(CO)(DMF)(dpe)(dpp)] (IIC) in 
moderate yields, after the addition of hexane to the product solutions. When these 
reactions were performed under N,, the products were a mixture of traits- 
[Mo(CO)(N,)(dpe)(dpm)J (IIIB) and IIB, or a mixture of traits-[Mo(CO)(N,)(dpe) 
(dpp)] ( IIIC), rrarts-[Mo(CO),(dpe)(dpp)], and IIC, despite the presence of excess 
DMF. In contrast, IA afforded IIA exclusively even by reaction under N,, indicating 
that the D M F  ligand in IIB and IIC is more weakly coordinated to the Mo atom and 
more replaceable by N, than that in IIA. 

I~fO(C0)  (DbfF)  (dpe) (dPP)l (IIC) 

DMF/Ar 
C,H,/reflux 

trans-[Mo(N,),(dpe)(L)] - rrarts-[Mo(CO)(DMF)(dpe)(L)] 

IB: L = d p m ;  
IC: L =dpp.  

I1B: L = dpm; 
IIC: L = dpp. 

TABLE 111 
IR data for the molybdenum complexes.’ 

Complex 

trans-[ hlo(CO)(Dhl F)(dpe)(dpm)] 
tram-[ hlo(CO)(DM F)(dpe)Jb 
trans-[ hlo(CO)(DMF)(dpe)(dpp)] 
trans-[ hlo(N,),(dpm),~ 
trans-[ Mo(N,),(dpe)(dpm)] 
tram-[ h l ~ ( N ~ ) ~ ( d p e ) ~ ] ~  
~ra~is-Ihlo(N,) , (d~e)(d~~)l  
/ram-[ hl o(N, ),(dpp), ]’ 
trans-[ hlo(CO)(N,)(dpe)(dpm)] 
trans-[ M ~ ( C o ) ( N , ) ( d p e ) ~ ] ~  
tram-[ hl o(CO)(N,)(dpe)(dpp)] 

V(C*) \*(GO) \ , (EN)  

1715s 1640s 
1685s 1640s 
1695s 1650s 

1995sd 
2 0 5 0 ~ .  1990s 
2 0 2 0 ~ .  1970s 
2010w. 1930s 
2 0 1 0 ~ .  1925s 

1820s 2100m 
1812s. 1739s 21 lOm, 2080m 
1790s, 1760s 2 120m 

a KBf disks; cm-’. Ref. 2. Ref. 11. dToIuene solution. 

*The cis isomer was used because this isomer was prepared in much higher yield than the /rans isomer. 
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Mo(0) COMPLEXES 63 

IR data for these carbonyl-DMF complexes are also shown in Table 111. A distinct 
correlation was not observed between v ( G 0 )  or v ( G 0 )  and the number of 
methylene groups in the diphosphines. Interestingly, all these complexes show the 
v ( G 0 )  band in an unusually low frequency region for terminal CO ligands and 
the v(C=O) band in the D M F  ligands also shifted lower by 20-40 cm- ' from that of neat 
DMF. In a previous paper,, we tentatively explained the shift of these bands in IIA 
to lower frequencies by taking the canonical structure ii into account in addition to 
structure i. Cotton also claimed the presence of the contribution of structure ii to 
explain the shift of v ( G 0 )  to lower frequency in [Mo(CO),(DMF)]." To clarify this 
contribution, attempts were made to prepare single crystals of IIA and IIB suitable 
for X-ray analysis, but these were unsuccessful in spite of repeated trials. On the 
other hand, from the reaction mixture of IC and DMF, dark red single crystals of 
IIA were isolated as a very minor component together with orange crystals of IIC. 
Presumably IIA obtained here resulted from the disproportionation of IIC initially 
formed under refluxing conditions. 

- 
M k O  

\ +/Me 

Me 
H /C=N \ 

1 11 

X-ray striictiire of trans-[Mo(CO) ( D M F )  (dpe),] ( H A )  

The X-ray analysis was performed using a single crystal of IIA. The ORTEP diagram 
and atom numbering for IIA are illustrated in Figure 1. Table IV summarizes 
selected bond lengths and angles. Complex IIA has an octahedral configuration with 
CO and DMF ligands in the mutually trans position. The Mo-C(1)-O(I) linkage is 

the Mo-C(I) distance shortens (HA: 1.90(1)1; IIIA: 1.97(2)A).' This may be 
explained by the stronger n back donation from the Mo atom to the CO ligand in IIA 
than in IIIA, resulting from the weaker TC acidity of D M F  molecule than N, in a 
position tram to the CO ligand. 

As observed in the free D M F  m ~ l e c u l e ' ~ * ' ~  and coordinated DMF in almost all 
DMF complexes reported to date, the five non-hydrogen atoms in IIA lie almost in 
the same plane (to within 0.012 A). This plane is not perpendicular to the basal plane 
including the Mo and the four P atoms, the dihedral angle being 64". If there exists a 
substantial p~ donation from the 0 atom to the Mo atom as in ii, the planar D M F  
ligand should become perpendicular to the basal plane and therefore this indicates 
that there is little or no such pn-dn interaction between the 0 and Mo atoms. This is 
strongly supported by the fact that the Mo-0(2) bond length of 2.35( 1) 8, is much 
larger than the sum of the covalent radii of 2.20 which correlates well with the 
observation that the D M F  ligand is coordinated so weakly as to be replaced easily by 
N,. Thus it may be concluded that the D M F  molecule is bonded to the metal only by 
the cr donation of a lone pair of the 0 atom as shown in resonance structures i and iii. 

essentially linear and, as expected from the IR data in Table 111, the 
distance of 1.18(2)A is slightly elongated if com ared with that of IIIA 
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FIGURE 1 An ORTEP drawing of and the atom numbering scheme for rrans-[Mo(CO)(DMF)(d~e),l 
(HA). 

TABLE IV 
Selected bond distances and angles in trans-[Mo(CO)(DhlF)(dpe),l. 

Distances, A 
hlo-P(1) 2.485(6) Mo-P(2) 2.449(6) 
Mo-P(3) 2.419(5) M e P ( 4 )  2.425(6) 
hlo-0(2) 2.35(1) Mo-C(1) 1.90( I) 
0(2)-C(2) I. 16(2) C W N  1.36(3) 
NC(3)  1.39(4) N-C(4) 1.47(3) 
C( IFO( 1) 1.18(2) P( 1 K ( 5 )  1.86(3) 
P(2W(6) 1.84(2) P(3tC(7) 1.86(3) 
P(4t-C(8) 1.90(2) C ( 5 K ( 6 )  I .5 I(2) 
C(7)-C(8) 1.54(3) 

Aiigles, deg 
P( I)-hlo-P(Z) 80.0(2) P( l)-Mo-P(3) 176.6(2) 
P( I)-Mo-P(4) 103. I(2) P(2)-Mo-P(3) 97.0(2) 
P(2)-Mo-P(4) 176.9(2) P(3tMo-P(4) 80.0(2) 
P( 1 )-Mo-C( 1) 96.4(7) P( l)-hlo-0(2) 80.2(4) 
P(2)-Mo-C( 1) 93.7(6) P(2)-hIo-0(2) 84.7(4) 

P(4)-Mo-C( I )  86.8(5) p(4kM0-W) 95.1(4) 
Mo-C( 1)-0( 1) 177(2) Mo-O(2)C(2) 134(2) 
W)-C(2)-N 125(2) C(2tN-C(3) 123(2) 
C(2)-N-C(4) I19(2) 

P(3)-Mo-C( I )  82.4(7) P(3)-M0-0(2) 101 .O(S) 
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Mo(0) COMPLEXES 65 

Since the planar D M F  ligand leans in the direction of the dpe ligand consisting of 
P(l) and P(2) atoms, the Mo-P(1) and Mo-P(2) bonds, especially the former, are 
substantially longer than the Mo-P(3) and Mo-P(4) bonds and the benzene ring 
(C(121)-C(126)) closest to the DMF ligand lies almost parallel to it (with a dihedral 
angle of 12"), thus avoiding steric interactions. 

- 

... 
I 111 

1 Complex IIA has a DMF ligand with a much shorter C=O bond and a 
relatively longer C-N bond than DMF complexes reported previously including 
[(x-C,Me,),Ti(DMF)Cl][CF,SO,] (d(C=O): 1.28( 1); d(C-N): 1.30(1) A),'6 
[Mo,O,(PB),(DMF),] (1.23(av); 1.32(av) A; PB = phenylbenzimidazole-2-0late),'~ 
[CrCl,(Phen)(DMF)] (1.28(2); 1.34(2) A; Phen = o-phenanthroline)," and 
[Mn(TPP)(DMF),][ClO,] (1.27(1); 1.32( 1) A; TPP = tetraphenylp~rphyrinato).'~ 
This obviously arises from the zero-valent and electron-rich nature of the Mo atom 
in IIA, where the canonical structure iii is less favourable due to  electronic repulsion 
between filled dx and prr orbitals of the Mo and 0 atoms, respectively. 

j Renciioii of trans-[Mo(CO) (DMF) (dpe) (dpnt)] (IIB) 
When recrystallized from benzene/hexane under N,, IIB was converted into the 
carbonyl-dinitrogen complex trans-[Mo(CO)(N,)(dpe)(dpm)] (IIIB), as observed for 
IIA.* The IR spcctrum of IIIB is quite analogous to that of IIIA except for the 
absence of the splitting of the v(CE0) and v(N=N) bands by the crystal effect 
observed for IIIA. IIIB can also be prepared directly from IB and excess MeOH in 
benzene at  reflux in 3 1 % yield. It is noteworthy that the reaction of IA with MeOH 
results in the formation of a mixture of IIIA (46%) and [MoHJdpe),] (25%), as 
previously reported." 

In contrast to the formation of IVA from IIIA, IIIB did not give a five coordinate 
complex by bubbling Ar gas through the benzene solution at 50°C. The only 
characterizable product isolated from the reaction mixture was cis-[Mo(CO), 
(dpe)(dpm)]. Presumably, the five-coordinate complex once formed was so unstable 
that this species was quickly converted into the dicarbonyl complex and the other Mo 
complexes by disproportionation. 

* Recrystallization of IIC from benzene/hexane under N, also gave trans-[Mo(CO)(N,)(dpe)(dpp)] as an 
orange crystalline solid, as confirmed by the IR spectrum (Table HI). However, the product could not be 
purified satisfactorily. 
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SUPPLEMENTARY MATERIAL 

Tables of atomic coordinates for hydrogen atoms, complete bond distances i 
angles, and anisotropic temperature factors for non-hydrogen atoms in IIA (6 pa€ 
and a listing of observed and calculated structure factors (17 pages) are availa 
from M.H. upon request. 
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