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Abstract 

The reaction of fat-[Mo(CO),(MeCN),] with the unsymmetrical diphosphazane Ph,PN(‘Pr)P(PhXDMP) (L) gives the complex 

fat-[Mo(CO),(MeCNXL)] (2) in almost quantitative yield. The structure of the complex has been determined by an X-ray 

diffraction study. The compound reacts with PR, (where R = Ph, OPh) to give fat-[Mo(CO),(PRJ(L)] (3a, 4a), which undergoes 

an intramolecular isomerization to afford mer-[Mo(CO),(PR,XL)] (3b, 4b). Synthesis of cis-[Mo(CO),(L)] (1) and fat-[Mo(CO)sL] 

(2a) and their spectroscopic data are also reported. 

1. Introduction 

Diphosphazanes have attracted considerable atten- 
tion in recent years as “short-bite” ligands in transition 
metal organometallic chemistry comparable in their 
versatility to the analogous bis-(phosphino)methane- 
type ligands such as dppm [l-3]. The method of syn- 
thesis used for diphosphazanes [4] lends itself to facile 
incorporation of other donor atoms in the ligand. We 
report below the synthesis of a new unsymmetrical 
diphosphazane viz. Ph,PN(‘Pr)P(Ph)(DMP) CL), po- 
tentially a tridentate PPN donor ligand, and its molyb- 
denum carbonyl complexes cis-[Mo(CO),Ll (1) and 
fat-[Mo(CO>,(MeCN>(L)] (2) and fuc-[Mo(CO),(L)l 
(2a). The structure of 2, as determined by X-ray crys- 
tallography, reveals bidentate coordination of the 
diphosphazane ligand through its phosphorus centres, 
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and the presence of a labile MeCN ligand bonded to 
the metal, which can be readily replaced by a tertiary 
phosphine ligand PPh, or P(OPh),. 

2. Experimental details 

All manipulations were carried out under dry dini- 
trogen by standard Schlenk-tube techniques. Solvents 
were purified by standard methods. The unsymmetrical 
diphosphazane Ph,PN(‘Pr)P(Ph)(DMP) (L) was pre- 
pared by the reaction of Ph,PN(‘Pr)PPhCl [4] with 
3,5dimethylpyrazole in boiling benzene in the pres- 
ence of triethylamine [5*]. The complexes cis- 
[Mo(CO),(NHC,H,,),l and fuc-[Mo(CO),(MeCN),l 
were prepared by published procedures 16, 71. The 
NMR spectra were recorded as reported previously [Sl. 
IR spectra were obtained with a Hitachi 750-50 spec- 
trometer. C, H and N analyses were carried out with a 
Heraeus CHN-0 Rapid instrument. The FAB-mass 
spectrum was recorded at 25°C on a JEOL SX 
102/DA-6000 Mass Spectrometer/Data system using 
argon (6 KV, 10 mA) as the FAB gas and m-nitroben- 
zyl alcohol as the matrix. Only the most intense ions 
are reported. 
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3. Syntheses 

A mixture of L.i.).-[MO(CO)l(NHC:jH ,,,)1] (0.20 g, 5.j 
X 10 -a mol) and the ligand L (0.24 g, 5.4 X 10 ~-I mol) 
was dissolved in 30 mL of dichl~mtmcthanc and the 
solution was stirrccl for 30 min. Ev3por;i(ion of the 
solvent, followd by crystallization of the residue from 
ciichloromcthanc--petr~tl mixture ( 1 : I ). yielded 1 as a 
pale yellow solid. (Yield 0.37 y. 805 ). M.p. I WC’ (with 
kc.) Anal. f:ound: C. 55.5; H. 4.0: N. h.8. Ci,,H -Cl- 
MoN,O,P, talc.: C‘. 55.2; H. 4.5: N. 6.4’;. IR (Nujol): 
v(CO) 703Os, 1920s. 191Ob cm t_ !H NMR ((‘DC,): 
7.16-X. 18 (m, Ph); 6.06 (s. CH-DR/IF’); 3.02 (m. Ctl- 
‘Pr); 2.33 (s, Mc-DMP): 2.20 (s. Me-DMP): 1.X 

(d. V,,,, = 7 HT. Mc-‘I%); 0.05 (d. ‘.I ,,,, =- 7 HL. Me- 
‘Pr). “C NMR (CDCIi): 719.1 (&I. 10. .i(PC) = 5.5 
Hz. CO). 21X.1 (&I, 9.9. J(PC) =x 39 Hz, CO), 714.4 
(t. J(P<‘) = 9 Hz, CO), 707.2 (t. .I(P(‘) -= X Hz. CO). 

A solution of 1, (0.88 g. 3.0 x 10~~ ’ moli in 35 mL, of 
acetonitrile was added dropwise to ;I solution of ,f;lc- 
[Mo(CO)~(M~CN),] (prepared ifI .riflr hy heating 
Mo((‘O),, (0.5 g. 1.9 x 10 ’ mol) in 70 ml, of MeC’N 

for 23 h) at 35°C’. The mixture was stirred for 30 mitt, 
concentrated irr I c/c110 to 20 ml.., and licpt ilt - IO”< 
overnight to give the title compound (2) ;ts pair: yells 
crystal (Yield 0.97 g, 77(‘; ). M.p. 1XO”C (with kc.). 
Anal. Found C’, 55.5: H, 4.9: N, X.5. C _$, H ;,MoN,O,P, 
talc.: C, 55.0: H, 4.X; N, X.45. IR (Nujol): dc‘0) 
103Xa. 1857s. 1791s cm ~‘. ‘H NMR (CDCI;): 7.lW8.3 
(m. Ph): 5.9 (s. (‘IWDMP): 3.X (m, (‘if-‘Pr); 1.37 
(s. Me-DMP): 2.31 (s. Mc-DMP): ‘.I(, (s. Mc-MeCN): 

1.15 (d. 9,,,t =z 6.0 Hz, Me-‘Pr): 0.01 (d. ‘.I ,,,, =: 6.9 
Hz, Mc-‘PI-). Even traces of moisture in acetonitrile 
solvent lowered the yield of 2, and Ied to the formation 
of suhst;tnti;tl rluanlitics of 1. 

A solution of 2 (0.10 g, 1.5 x 10 ” tnol) in 20 mL of 
heptane was heated under reflux for 1 h. The title 
compound separated as a pale yellow solid. which was 
filtered off anti washed with heptanc (Yield 0.010 
g. 20% ). M.p. 170°C (with kc.). Mass hpzctral data: 
m/z = 037, [Mo(CO);(L)]. 67): /H,,/z == 571. 
[Mo(COKL)]+ (IO()): ~rt/z =m 543, [MO(L)] + (‘$4). 1R 
(Nujol): ~(0) 1975s. 1832s, 1814s cm i. ‘I-1 NMR 
((‘,,I),,): 6.X-7.9 (m. Phk 5.45 (s, CH-IIMP); 3.3 
(m, CH-‘Pr): 3.15 (s. Me-DMP): 1.93 f\. Me-DMP): 
0.87 (d, Vt,tt = 4 Hz. Me-‘IV): 0.114 (cl, ‘.I ,,,, == 1 
Hz. Me-‘I?). 

A suspension of I [0.70 g. 3.00 Y 10 ’ mol] in 75 mL 
of hcptanc MS hcatcd under rctlux for 13 h. A pale- 
~cllow solid scparatcd. and was filtered off and identi- 
ficd as 2a from its IJi spectrum [Yield 0.06X p. Xc;]. 

C’otnpouncl 2a i5 high11 setisitkc to air. and dccom- 
pctscd upon stctragt’ cvctt under ttitmgcn for several 
days. yielding Ihc tctrncat-honyl complex 1 and other 
unidentifial pt-duck In Lic\c of thi\ instability of 2a 
satisfactor!; C‘. k-1. and N anulyses could not be oh- 
Wind. 

A solution of PPh i (li.OW g. 3.0 x i0 A mcd) in 70 
ml, of benzene was added dropwisc to 2 (0.W p. 3 X 

I!) ” mol) and the resultinlz vellow solution wxs stirred L _ 
overnight. Sohcnt ~‘8s rcmovcd itI t~tci~o tc3 obtain ;t 
yellow oil. I~i~s0lution of the oil in toluene : petrol 
( 1 : I) and cooling of the solution zffot-dcrl crystals of 3b 
(Yield (I.?:! g. Sl”c i_ b1.p. I S7’<’ (with kc. 1. Anal. 
Found: (‘. (>.‘;.7: H. 5.4: Iv. 5~5. C’,,tl,lhloN;I’,O,, talc.: 
<‘. 04.1: H. 4.9 N. 1.7’;. IR iNu,jol): r~((~‘O) lY74m. 
1x72s. 1851s Cl11 '_ '1-f NMR (CDCI,): 7.1--X.05 
(m, Ph): 5.03 (s, (‘t-l-DMP); j.90 (m. CH-‘Pr): 7.29 
(a, Me-DMP): ‘.I 1 (s. hlc-DMP): 1.09 (11. Vllf, == 0.11 

tiz. hle-‘PI-~ --0.31 (ii. ‘./l,,i z h.c) Hf. Me-‘Prf. 
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The analogous complex 4b was prepared from 
P(OPh), (0.111 g, 3.6 X 10-j mol) and 2 (0.2 g, 3 X 

lop4 mol). In this case, the reaction mixture was heated 
under reflux for 4 h (Yield 0.22 g, 76%). M.p. 190°C 
(with dec.). Anal. Found: C, 61.5; H, 5.2; N, 5.5. 
C,,H,,MoN,P,O, talc.: C, 60.8; H, 4.7; N, 4.4%. IR 
(Nujol): v(C0) 1995m, 1890s 1863s cm-‘. ‘H NMR 

(CDCl,); 6.88-8.3 (m, Ph); 5.95 (s, CH-DMP); 3.9 
(lm7Cyd t;“; 2.37 (s, Me-DMP); 2.11 (s, Me-DMPI; 

HH = 7 Hz, Me-‘Pr); -0.08 (d, ‘Jm, = 7 
Hz, Me:‘Pr). 

TABLE 2. Non-hydrogen atomic coordinates and isotropic thermal 
parameters (k x 104) for fat-[Mo(CO),(MeCN)(L)] (2) 

Atom x Y z VW 

MO 
Pl 
Nl 
P2 
Cl 
01 
c2 
02 
c3 
03 
Cl0 
c20 
c30 
Nil 
N12 
Cl3 
Cl4 
Cl5 
Cl6 
Cl7 
c21 
c22 
C23 
C24 
C25 
C26 
c31 
C32 
c33 
c34 
c35 
C36 
c41 
C42 
c43 
c44 
c45 
C46 
N51 
C52 
c53 

0.16530) 
0.1519(l) 
0.3144(4) 
0.3815(l) 
0.2270(6) 
0.2654(6) 

- 0.0210(6) 
- 0.1301(4) 

0.1509(5) 
0.1369(4) 
0.3667(6) 
0.4905(8) 
0.4020(7) 
0.1089(5) 
0.2017(6) 
0.1416(7) 

0.0153(Y) 
- 0.0052(7) 

0.2180(9) 
-0.1112(8) 

0.0713(5) 
0.0171(7) 

- 0.0478(8) 
- 0.0535(6) 

0.0033(6) 
0.0637(5) 
0.5068(5) 
0.4691(5) 
0.5581(8) 
0.6846(8) 
0.7243(7) 
0.6371(6) 
0.4775(5) 
0.5568(7) 
0.6232(10) 
0.6073(11) 
0.5260(8) 
0.4639(6) 
0.1732(4) 
0.1768(6) 
0.1855(9) 

0.3067(l) 
0.2420(l) 
0.2422(2) 
0.2767(l) 
0.3527(4) 
0.3813(3) 
0.321 l(3) 
0.3342(3) 
0.4135(3) 
0.4790(2) 
0.2242(3) 
0.1685(4) 
0.2982(4) 
0.1415(2) 
0.0863(3) 
0.0166(4) 
0.0265(4) 
0.1069(4) 
0.0550(5) 
0.1502(6) 
0.2795(3) 
0.2315(3) 
0.2650(4) 
0.3442(4) 
0.3928(3) 
0.3612(3) 
0.3483(3) 
0.4249(3) 
0.4793(4) 
0.4566(5) 
0.3833(5) 
0.3282(4) 
0.1995(3) 
0.2223(5) 
0.1637(9) 
0.0864(8) 
0.0657(5) 
0.1220(4) 
0.1839(3) 
0.1193(3) 
0.0343(4) 

0.7910(l) 
0.9072(l) 
0.9282(2) 
0.8529(l) 
0.7021(3) 
0.6526(3) 
0.7620(3) 
0.7477(2) 
0.8256(3) 
0.8439(2) 
1.0014(3) 
1.001 l(4) 
1.0413(3) 
0.9104(2) 
0.9331(3) 
0.9235(5) 
0.8981(5) 
0.8888(4) 
0.9427(g) 
0.8630(6) 
0.9839(2) 
1.0343(3) 
1.0914(3) 
1.0975(3) 
1.0497(3) 
0.9937(3) 
0.8809(3) 
0.8918(3) 
0.9194(4) 
0.9349(4) 
0.9220(4) 
0.8944(4) 
0.8131(3) 
0.7569(4) 
0.7213(h) 
0.7386(7) 
0.7928(5) 
0.8300(4) 
0.7507(2) 
0.7377(3) 
0.7242(4) 

392(l) 
388(4) 
432(12) 
443(4) 
680(23) 

1200(26) 
546(19) 
890(20) 
504(19) 
725( 17) 
608(19) 

1033(34) 
710(24) 
563(16) 
802(21) 
913(30) 

1076(38) 
794(26) 

1866(69) 
1367(46) 
423(13) 
717(25) 
855(29) 
700(23) 
550(18) 
503( 18) 
535(19) 
628(21) 
901(30) 

1029(35) 
1032(36) 
856(30) 
625(23) 
Y95(30) 

1488(56) 
1690(65) 
1255(43) 
849(28) 
553(15) 
605(21) 

1086(37) 

3.5. Crystal structure determination of 2 
A summary of the crystal data for complex 2 and 

some details of the structure determination are given 
in Table 1. The crystal was sealed in a Lindemann 
capillary to protect it from atmosphere during data 
collection. Intensity data were collected on an Enraf- 
Nonius CAD-4 diffractometer using graphite-mono- 
chromated MO-Ka radiation. Cell constants were ob- 
tained by least-squares refinement of the setting angles 
of 24 reflections in the range 19 < 28 < 25”. During the 
data collection, no decrease in intensity was revealed 
by periodic monitoring. Lorentz polarization correc- 
tions were applied to the intensity data, but no absorp- 
tion correction was made. 

The structure was solved by the Patterson Heavy 
atom method using the SHELXS-86 [9] program, and 
least-square refinements were performed by the full- 
matrix method using SHELX-76 [lo]. All hydrogen atoms 
were located from difference Fourier maps. All non- 
hydrogen atoms were refined anisotropically and hy- 
drogen atoms isotropically. Non-hydrogen atom coordi- 
nates are given in Table 2. 

4. Results and discussion 

4.1. Synthesis and spectroscopic data 
The mononuclear molybdenum tetracarbonyl 

derivative, cis-[Mo(CO),(L)] (1) can be prepared by the 
displacement of piperidine from cis-[Mo(CO),(NHC,- 
H,,,),] by the diphosphazane ligand L (Scheme 1). The 
chelated complex 1 has been characterized by elemen- 
tal analyses, IR and ‘H, 13C and “P NMR spectro- 
scopic data. The infrared spectrum of 1 exhibits u(C0) 
absorptions at 2030s 1920s and 1910b cm-‘, that are 
characteristic of a Mo(CO), moiety bonded to a strong 
r-acceptor ligand, and are in the range observed for a 
similar type of diphosphazane complex [2bl. 

The “‘P NMR coordination shifts (A6 = ~~comp,ex~ - 
8c,igandj) observed for this complex are 41.5 ppm and 
39.0 ppm for the diphenyl-substituted phosphorus and 
the pyrazolyl-substituted phosphorus respectively (Ta- 
ble 3). These values are close to that observed for the 
complex cis-[Mo(CO),{Ph,PN(‘Pr)PPh,)l [2bl. 

The ‘jC NMR spectrum displays four different 
chemical shifts for carbonyl carbons (Fig. 1). The sig- 
nals centered at 219.1 ppm and 218.1 ppm show cou- 
pling constants (2J,,) in the range 10 Hz and 25-29 
Hz; these are assigned to the carbonyls in equatorial 
positions and trans- to the phosphorus atoms. The 
signals at 214.4 ppm and 207.2 ppm show coupling 
constants in the range 7-10 Hz, and are assigned to 
the carbonyls in axial positions. 

Reaction of fat-[Mo(CO),(MeCN),] with an equi- 
molar quantity of the new unsymmetrical diphosphaz- 
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Me 

Me 

L: R = i-C,H, 
1 

(ii) (iii) 

Me 

Me 

_ Me (iv) 
,Ph 

OC, /p\ 

oc’ M”\P/N-R 

co i,‘Ph 

Me 

R 

3a: R’ = Ph 3b: R’ = Ph 

4a: R’ = OPh 4b: R’ = OPh 

Scheme 1. (i) Mo(CO),(NHC,H,,),; (ii) Mo(CO),(MeCN),; (iii) 
heptane 96”C, 24 h; (iv) heptane 96”C, 1 h; (v) PR> (R’ = Ph or 
OPh). 

acetonitrile ligand is present in the axial position truns- 
to a CO atom, and the other two carbonyls are present 
tram- to phosphorus atoms. 

The coordination geometry of the complex is that of 
an octahedron with a slight distortion because of the 
small bite angle of the diphosphazane ligand (PlMoP2 

I I 1 

PPm 218 216 214 208 

Fig. 1. The 13C NMR (100.6 MHz) spectrum (‘“CO region only) of 

cis-[Mo(CO),(L)] (1). 

Fig. 2. ORTEP diagram of fat-[Mo(CO),(MeCNXL)] (2). 

angle is 64.2(l)“). The P-N-P angle is 102.5(2)“, close 
to that observed for the tetracarbonyl molybdenum 
diphosphazane complexes cis-[Mo(CO),RN(PX,),] 
[2b]. The geometry of the complex is similar to that 
observed for the analogous dppm tungsten complex 

fuc-[W(CO>,(MeCN>(dppm)l 1121. 
The Pl-Nl bond distance (1.689(4) A> is slightly 

shorter than the P2-Nl distance (1.715(4) A>. This 
difference is presumably because of the increased Z-- 
bonding in the P(l)-N(l) segment arising from the 
increased electron withdrawing effect of the dimethyl 
pyrazole group, as observed for the unsymmetrical 
diphosphazane ligand Ph,PN(‘Pr)P(O,C,H,) [2a]. The 
MO-PI bond length (2.482(3) A> at the pyrazole-sub- 
stituted phosphorys is shorter than the MO-P2 bond 
length (2.515(21 A) at the diphenyl-substituted phos- 
phorus; the distances are comparable to the M-P 
distances in cis-[Mo(CO>,{PhN(P(NHPh),),)l 1131 and 
cis-[W(CO),{‘PrN(PPh,),)] [2bl respectively. In the 
tungst:n dppm complex the mean W-P bond length is 
(2.51 A). Evidently the pyrazolyl-phosphorus acts as a 
slightly stronger rr-acceptor ligand than the diphenyl- 
substituted phosphorus. The three MO-CO bond 
lengths are 1.988(6), 1.973(6) and 1.934(6) A, where the 
shortest distance pertains to the carbonyl ligand lo- 
cated tram- to the acetonitrile group. The axial ace- 
tonitrile ligand is slightly tilted towards the diphosp- 
hazane ligand (mean N-MO-P 85”); this tilt is larger 
than that observed for fuc-[W(CO>,(MeCN>(dppm)l. 
The MO-N bond distance, 2.221(5) ‘A, is also longer 
than the corresponding distance in the tungsten dppm 
complex, 2.190(5) A, suggesting that the acetonitrile 
ligand in 2 would be more labile. 



4.3. Reactiorts of 2 with PR_, 
The acetonitrile complex 2 reacts Lvith triph- 

enylphosphine or triphenylphosphite to yield initially 

f~c-[Mo(CO),(PR,)(L)l (3 a or 4a), which undergoes 
intramolecular rearrangement to give the ITEY-[MO- 
(CO),(PR,)(L)l (3b or 4b) complex (Scheme 1). The 
reactions were monitored by “P NMK spectroscopy: 
the fuc- and rncr- complexes give clear AMX type 
spectra (Fig. 3). The intramolecular ,fizc- + mu- rcar- 
rangement is fast in the case of the PPh, complex. and 
is essentially complete in 6 h at room temperature. In 
addition to the two AMX patterns, another AX pat- 
tern is observed that arises from ci.s-[Mo(CO),(L)] (1) 
formed by the decomposition of the complex 2. 

In the reaction of P(OPh3i with 2, c\cn after one 
day in solution at room temperature. the peaks result- 

TABLE 4. Selected bond distance5 (A) and bond ctngles (‘,) in 

firs-(Mo((‘O),(M~(‘NXI,)] (2) 

Bond distances 6) 

MomPl 2.48X2) 

Mo-I’? 2.515(2) 

MO--Cl I .98X(6) 
MO-C? I .W.3((1) 

MO-C3 1.434((l) 

MO-N5 1 2.‘21(5 t 

PI-N1 I .h8%4) 

PI-N1 1 I .760(4) 
PI -C31 1.X17(5) 

Nl&P?- 1.71X4) 

Nl&C‘lO I .509(7) 

P2-c3 I 1.827(S) 
P?-C4 I 1.8lS(fl) 

Cl-01 1.143($3 

c2-02 l.liO(7) 

C-03 1.174(h) 

Nll-N12 1.3xX(7) 

Nll-CIS I ,.353(c)) 

NlS(‘13 I .340(9) 
CZI~C22 1.3X8(73 
N5 I X.52 1.12X71 

jl / 
I, 

I I ._-, ‘L-__._,_A-_.-___--i -b--. 

ing from the initially l’ornmcd ,fb(‘- isomer arc still seen. 
C’ompletc conversion can he achieved by heating the 
solution under reflux in hcnrcnc for 3 h. The diffcr- 
ence in the rate of /;i(,- --+ !71(~r- rcarrangemcnt for the 
PPhj and P(OPh ;) I’ipands parallels the relative rate of 
intramolecular isomcrization 01 [M(CO),L1] {L. -= 
PR,. P(OR&) complexes [I-!]. ‘l‘herc arc insufficient 
data to allow clear scparatikm of the clcctronic and 
steric factor5 rcaponcihlc for this dit‘fcrencc hctwcen 
PR3 and P(OR); tyi?c ligands in isomcri,zltion reac- 
tions 1141 hut it is conccivahle that steric factors domi- 
nate in the present C’;ISC. (The ‘l‘olman cone angle for 
PPh3 is l-15’. compared with 121’ for P(OPh), [IS]). 
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