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Organometallic chemistry of diphosphazanes

VIII *. Synthesis, spectroscopic studies and crystal structure
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Abstract

The reaction of fac-[Mo(CO);(MeCN);] with the unsymmetrical diphosphazane thPN(iPr)P(Ph)(DMP) (L) gives the complex
fac-[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 fac-[Mo(CO)s(PR)XL)] (3a, 4a), which undergoes
an intramolecular isomerization to afford mer-[Mo(CO),(PR ;XL)] (3b, 4b). Synthesis of cis-{Mo(CO),(L)] (1) and fac{Mo(CO);L]

(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 [1-3]. 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 wviz. Ph,PN(‘Pr)P(PhYXDMP) (L), po-
tentially a tridentate PPN donor ligand, and its molyb-
denum carbonyl complexes cis-[Mo(CO),L] (1) and
fac-[Mo(CO),(MeCNXL)] (2) and fac-[Mo(CO),(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(C'Pr)P(PhXDMP) (L) was pre-
pared by the reaction of Ph,PN(*Pr)PPhCI [4] with
3,5-dimethylpyrazole in boiling benzene in the pres-
ence of triethylamine [5*]. The complexes cis-
[Mo(CO),(NHCH,,),] and fac{Mo(CO),(MeCN),]
were prepared by published procedures [6, 7). The
NMR spectra were recorded as reported previously [8].
IR spectra were obtained with a Hitachi 750-50 spec-
trometer. C, H and N analyses were carried out with a
Heracus CHN-O 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.

© 1993 — Elsevier Sequoia S.A. All rights reserved
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3. Syntheses

3.1 cis-[Mo(CO) (L) (1)

A mixture of ¢is-{[Mo(CO),(NHC.H,),] (0.20 g, 5.3
% 107* mol) and the ligand L (0.24 g, 5.4 < 107 mol)
was dissolved in 30 mL of dichloromethane and the
solution was stirred for 30 min. Evaporation of the
solvent, followed by crystallization of the residue from
dichloromethane—petrol mixture (1: 1), vielded 1 as a
pale yellow solid. (Yield 0.27 g, 80%:). M.p. 160°C (with
dec.) Anal. Found: C. 55.5; H, 4.6: N, 6.3. Cy\H -
MoN;O, P, cale.: C. 5520 H. 4.5 N, 6.4%. IR (Nujol):
p(CO) 2030s, 19205, 1910b cm ' '"H NMR (CDCI,):
7.26-8.18 (m, Ph); 0.06 (s, CH-DMP); 3.92 (m. CH-
Pr); 243 (s, Mc-DMP), 2.26 (s, Me-DMP); 1.22
(d. Jyy, =7 Hz, Me-"Pr); 0.05 (d, ;=7 Hz Me-
"Pr). C NMR (CDCI,): 219.1 (dd. 10, J(PC) = 25.5
Hz. CO). 218.1 (dd. 9.9, J(PC)=129 Hz, CO), 2144
(t, J(PC)=9 Hz, CO). 207.2 (t, J(PC) = 8 Hz. CO).

3.2 fac-IMo(CO)(MeCNI(L)] (2)

A solution of L (0.88 g, 2.0 x 107 mol) in 25 mL of
acetonitrile was added dropwise to a solution of fac-
[Mo(CO){(McCN) ] (prepared in site by heating
Mo(CO),, (0.5 g. 1.9 x 1077 mol) in 20 mL of MeCN
for 24 h) at 45°C. The mixture was stirred for 30 min,
concentrated in racuo to 20 mlL, and kept at — 10°C
overnight to give the title compound (2) as pale yeliow
crystal (Yield 0.97 g, 779%). M.p. 180°C (with dec.).
Anal. Found C, 55.5; H, 4.9; N, 8.5. C ,,H;,MoN,0,P,
calc.: C, 33.9; H, 48; N, 84%. IR (Nujol): »#(CO)
1938s. 1857s. 1791s em ~'. 'H NMR (CDCl;): 7.19-8.3
(m. Ph); 5.9 (s. CH-DMP) 3.8 (m, CH-'Pr); 2.37
(s, Me-DMP); 2.21 (s, Me-DMP); 2.19 (5. Mce-MeCN):
115 (d, Yy =69 Hz, Me-"Pr); 0.01 (d. ;=69
Hz Mec-'Pr). Even traces of moisture in acetonitrile
solvent lowered the vield of 2, and led to the formation
of substantial quantitics of 1.

3.3. fac-IMo(CO) (L)] (2a)

3.3.1. Method A

A solution of 2 (0.10 g, 1.5 x 10 mol) in 20 mL of
heptanc was heated under reflux tor [ h. The title
compound scparated as a pale yellow solid, which was
filtered off and washed with heptanc (Yield 0.019
g, 209%). M.p. 170°C (with dec.). Mass spectral data:
m/z = 627, [Mo(CO)(L)]" (37} m/z = 571.
(Mo(COXL)]™ (100); m/z =343, [MolL)]" (94). IR
(Nujol): »(CO) 1925s, 18325, 1814s em ' 'H NMR
(C.Dy): 6.8-79 (m. Ph); 545 (s, CH-DMP), 3.4
(m, CH-'Pr); 2.25 (s, Me-DMP); 1.94 (5. Me-DMP);
0.87 (d, Yy, =4 Hz. Me-'Pr); 084 (d. =4
Hz, Me¢-'Pr).

3.3.2. Method B

A suspension of 1[0.20 g. 3.06 x 107 mol] in 25 mL
of heptane was heated under reflux for 24 h. A pale-
yellow solid separated. and was filtered off and identi-
fied as 2a from its IR spectrum [Yield 0.068 g, 36%].

Compound 2a 1s highly sensitive to air, and decom-
posed upon storage cven under nitrogen for several
days, vielding the tctracarbonyl complex 1 and other
unidentitied products. In view of this instability of 2a
satisfactory €. H, and N analyses could not be ob-
tained.

3.4 mer-IMo(COQ) (PR LR = Ph (3b) and R = OPh
(4b} ]

A solution of PPh, (0.094 g 3.6 X 10" mol) in 20
mlL. of benzene was added dropwise to 2 (0.20 g. 3 X
10 "% mol) and the resulting vellow solution was stirred
overnight. Solvent was removed in racuo to obtain a
vellow oil. Dissolution of the oil in toluenc: petrol
(1: 1) and cooling of the solution afforded crystals of 3b
(Yicld 0.22 g 8191 M.p. I87°C (with dec.). Anal.
Found: C; 65.7: H. 34: NL3S. O H ;MoN,P,O, calc.:
C. 6410 H 4.9 N 4.7%. IR (Nujolk: »(CO) 1974m,
1872s. 1831s em™'. 'H NMR (CDCI,): 7.1-8.05
{m. Ph) 394 (s, CH-DMP) 390 (m. CH-'Pr); 2.39
(s, Me-DMP): 211 (s. Me-DMPY, 1.09 (d. ;= 6.9
Hz. Me-"Pr), =031 (d. "/, = 6.9 Hzo Me-"Pr).

TABLE ©. Crystal data and intensity collection parameters for fuc-
[M(CO) (MeCNXL)] (2)

Formula C+ Hi-MoN,O, P,

Molecular weight 6H6.3
Crystal svstem Monoclinic
Space group P2, e

Z 4

alA) 10.182(5)
DAY H0.947(2)
A 19.086(2)
B 41 .95(02)
PAY KRR
FRL 1279.8

Radiation (graphite Mo-K (4 = (0.71069 A)

monochromator)

Linear abs. coeft. {em 5 482
Scan technique w 26
& range te28
Total no. of reflections RRRY
Unique reflections 5785
Observed reflections (F 5 SotF ) 1037
R (.038KR
R, 0.0408
Largest peak in final ditf, {1129

map le A9

R=SIFE =1 F /S E D R, =[0wU F = TE D /S 12
W= OO Ao TR )+ 0.0000010F)7)
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The analogous complex 4b was prepared from
P(OPh), (0.111 g, 3.6 x 107> mol) and 2 (0.2 g, 3 %
10~* 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,sH 4 MON;P,O¢ calc.: C, 60.8; H, 4.7; N, 4.4%. IR
(Nujol): »(CO) 1995m, 1890s, 1863s cm'. 'H NMR
(CDCl;): 6.88-8.3 (m, Ph); 5.95 (s, CH-DMP); 3.9
(m, CH-'Pr); 2.37 (s, Me-DMP); 2.11 (s, Me-DMP);
1.17 (d, *Jyy =7 Hz, Me-'Pr); —0.08 (d,*Jyy=7
Hz, Me-'Pr).

TABLE 2. Ng)n-hydrogen atomic coordinates and isotropic thermal
parameters (AZ X 10*) for fac{Mo(CO);(MeCNXL)] (2)

Atom x y z Uey

Mo 0.1653(1) 0.3067(1) 0.7910(1) 392(D)
P1 0.1519(1) 0.2420(1) 0.9072(1) 388(4)
N1 0.3144(4) 0.2422(2) 0.9282(2) 432(12)
P2 0.3815(1) 0.2767(1) 0.8529(1) 443(4)
Cc1 0.2270(6) 0.3527(4) 0.7021(3) 680(23)
01 0.2654(6) 0.3813(3) 0.6526(3) 1200(26)
C2 —0.0210(6) 0.3211(3) 0.7620(3) 546(19)
02 —-0.1301(4) 0.334203) 0.7477(2) 890(20)
C3 0.1509(5) 0.4135(3) 0.8256(3) 504(19)
03 0.1369(4) 0.4790(2) 0.8439(2) 725(17)
C10 0.3667(6) 0.2242(3) 1.0014(3) 608(19)
C20 0.4905(8) 0.1685(4) 1.0011(4) 1033(34)
C30 0.4020(7) 0.2982(4) 1.0413(3) 71024)
N11 0.1089(5) 0.1415(2) 0.9104(2) 563(16)
N12 0.2017(6) 0.0863(3) 0.9331(3) 802(21)
Cl13 0.1416(7) 0.0166(4) 0.9235(5) 913(30)
C14 0.0153(9) 0.0265(4) 0.8981(5) 1076(38)
C15 —0.0052(7) 0.1069(4) 0.8888(4) 794(26)
C16 0.2180(9) 0.0550(5) 0.9427(8) 1866(69)
C17 ~0.1112(8) 0.1502(6) 0.8630(6) 1367(46)
C21 0.0713(5) 0.2795(3) 0.9839(2) 423(13)
C22 0.0171(7) 0.2315(3) 1.0343(3) 717(25)
C23 -0.0478(8) 0.2650(4) 1.0914(3) 855(29)
C24 —0.0535(6) 0.3442(4) 1.0975(3) 700(23)
C25 0.0033(6) 0.3928(3) 1.0497(3) 550(18)
C26 0.0637(5) 0.3612(3) 0.9937(3) 503(18)
C31 0.5068(5) 0.3483(3) 0.8809(3) 535(19)
C32 0.4691(5) 0.4249(3) 0.8918(3) 628(21)
C33 0.5581(8) 0.4793(4) 0.9194(4) 901(30)
C34 0.6846(8) 0.4566(5) 0.934%(4) 1029(35)
C35 0.7243(7 0.3833(5) 0.9220(4) 1032(36)
C36 0.6371(6) 0.3282(4) 00.8944(4) 856(30)
C41 0.4775(5) 0.1995(3) 0.8131(3) 625(23)
C42 0.5568(7) 0.2223(5) 0.756%(4) 995(30)
C43 0.6232(10)  0.1637(9) 0.7213(6) 1488(56)
C44 0.6073(11)  0.0864(8) 0.7386(7) 1690(65)
C45 0.5260(8) 0.0657(5) 0.7928(3) 1255(43)
C46 0.4639(6) 0.12204) 0.8300(4) 849(28)
N51 0.1732(4) 0.1839(3) 0.7507(2) 553(15)
C52 0.1768(6) 0.1193(3) 0.7377(3) 605(21)
Cs3 0.1855(9) 0.0343(4) 0.7242(4) 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 < 26 < 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 [10]. 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),(1)] (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, *C and *'P NMR spectro-
scopic data. The infrared spectrum of 1 exhibits »(CO)
absorptions at 2030s, 1920s and 1910b cm !, that are
characteristic of a Mo(CQO), moiety bonded to a strong
mr-acceptor ligand, and are in the range observed for a
similar type of diphosphazane complex [2b].

The *'P NMR coordination shifts (48 = 8 .omplex) —
8giganay) 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,}] [2b].

The *C 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 (°J.,) 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 fac-[Mo(CO);(MeCN);] with an equi-
molar quantity of the new unsymmetrical diphosphaz-
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anc L results in the quantitative formation of
[Mo(CO)(MeCNXL)] (2) [Scheme 1] The IR spectrum
of 2 shows three carbonyl stretching vibrations at 1938,
1857 and 1791, close to the values observed for the
molybdenum [11] and tungsten {12] complexes of dppm.
The 'H NMR spectrum shows two different reso-
nances for the two methyl groups (0.01 ppm and 115
ppm) of the isopropyl substituent owing to the pres-
ence of an ;idiuccm chiral phosphorus centre. The high
shiclding of one of the methyl groups (80,01} suggests
that these protons lic in the shiclding zone of one of
the phenyvl groups on phosphorus. A single crystal
X-ray crystallographic study supports this conclusion
(see below).

The P NMR spectrum of 2 shows an AX pattern
and the chemical shifts are shown in Tahle 3. The
coordination shifts obscrved for this complex are 43.7
ppm and 39.4 ppm for the diphenyl-substituted phos-
phorus and the pyrazolyl-substituted phosphorus re-
spectively. Thus the PPh, phosphorus atom in the
tricarbonyl complex 2 15 deshiclded relative 1o that of

fac-

© Organomerallic chemistry of diphosphazanes

pound 2a shows three new carbonyl stretching vibra-
tions in the IR spectrum at 1925, 1832 and 1814 em ™.
This compound also ¢xhibits NMR spectroscopic fei-
tures different from those of 2 (see section 2). In its
mass spectrum the highest peak at m /2 = 627 can be
assigned o the moleculay on fac- \M(\\(‘O) A1)
These results indicate that the diphosphazanc in 2a
ligand, bonded through the two
phosphorus atoms and the pyrazolyl pyridinic nitrogen
atom, The shift in the carbonvl stretching vibration
from 1791 em ’ for compound 2. to 1814 ¢m ! for
compound 2a. supports the above conclusion that the
a-donor acctonitrile ligand is replaced by the weakly
maccepting pyrazolvl nitrogen. Pyrolysis of the te-
tracarbonyl comples 1 tor 24 hoin boiling heptane also
gives 2a.

The *'P NMR spectrum of 2a shows an AX pattern.
As a result of the tridentate coordination of the
diphosphazane ligand o the two phosphorus and
pyridinic nitrogen atoms, the o, values for PPh, and
PPh{DMP) phosphorus nucler are very different from

acts as a tridentate

the tetracarbonyl complex 1, apparcently because of the those obscrved for 2. More significantly. the pyrazolyl
presence u! the weakly coordimated acetonitride ligand substituted phosphorus in 2a is deshielded to about 8
in place of a strong m-acceptor carbonyl ligand ppm, whercas the PPh. phosphorus 1 appreciably

The tricarbonyl complex 2 was heated under reflux
in acctonitrile for 1 h to find out whether the pyrazolyl
nitrogen would replace the coordinated acetonitrile
ligand. After | h. signals resulting from the starting
material 2 had disappeared from the *'P NMR spec-
trum, and only the signals from the tetracarbonyl com-
plex 1 were observed. The tricarbonyl complex 2 is not
stable 1n hot acctonitrile solution and undergoes a
redistribution to give the stable tetracarbonvl complex

In contrast. heating a solution of 2 in heptane (a
non-coordinating solvent) gives an insoluble pale-vel-
low compound 2a in low yicld (20%) along with the
tetracarbonyt complex (1) as the major product. Com-

¢
shietded (about 20 ppm). NL\"LIthL[CSS the PPh, phos-
phorus in 2a is deshielded relatne to that in the tree
ligand.

4.2 Xeray structure of 2

The solid-state structure of 2 1s established by X-ray
crystallography. A perspective view of the molecule is
shown in Fig. 2. Sclected bond lengths and bond angles
are shown in Table 4. The diphosphazane ligand 1
coordmated to molybdenum in a chelating mode utiliz-
ing its two phosphorus donor sites. The pyrazolyl nitro-
gon ix not anvolved in coordination 1o the metal. The

TABLE 3. 7P NMR duta for complexes 1-db ”

Compound PPh ., I’Ph(DMP 7 7 T 7 B
B 15 5 15 i

Ph-PNCPOP(PhXDMPXL) 138 ) o 16 I i Coex -

cis-{MotCO) (L (1) 85.3 115 {106 9.0 LS

fue-Mo(CO) {(MeUNXLY €2} 39.3 437 [BRRY 9.4 254

fae-Mo(CO) (L) 2a) 69.3 RN 18.6 474 2506

Compound - ) - o o o (H2Z) o
PR, ’I\ (\ PPh (M) PPHMDMPXX) "\\17 MX AX

3a fuc- N PPh, Y 1O o e 39 294 N

3b rner- PPh i" 3 i28.1 HOLO 880

da fuc- P(OPh), 64,5 96,1 R T [43.0

4b mer- POPhY, tou7 12001 370 8.8 164.8

Y Measured at 81 MHz in toluene for compounds 2 -4h. and in dichloromethane for L

and b

A8 =

Sleomplex?

Atligand)
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; JOL
| N Me
Ph\ /N\ /Ph Me | _Ph
/P P\ CO P/
Ph N oc_ | _~ ~
z'vo _w, Mg N—R
oc” | Np
Me €O >pp
. Ph
L:R =i-C H,
1
l(m [(iii)
Me
Me Me
c e O
rlq | Ph v  Me N’N\ Ph
., _
P
N S
- Mo N—R
oc” | \P/ oc” | >,
0] ~ P\
| “Ph co | ph
Ph Ph
2 2a
l(V)
Me Me
I\?‘<§>\Me I\?@\Me
PR, }',/Ph oc ‘ Ph
OC\IJ/IO/ \N—R OC\' / \
oc” | \P/ R/ /I \ /
Ph Ph
3a: R'=Ph 3b: R’'=Ph
4a: R’ =0OPh 4b: R’ = OPh

Scheme 1. (i) Mo(CO),(NHCH j),; (i) Mo(CO)4(MeCN)s; (i)
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 trans-
to a CO atom, and the other two carbonyls are present
trans- 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 (P1MoP2

ppm 208

Fig. 1. The 13C NMR (100.6 MHz) spectrum (}*CO region only) of
cis-[Mo(CO),(L)] (1).

C43

Fig. 2. ORTEP diagram of fac-{[Mo(CO);(MeCNXL)] (2).

angle is 64.2(1)°). 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
fac-[W(CO),(MeCN)dppm)] [12].

The P1-N1 bond distance (1.689(4) A) is slightly
shorter than the P2-N1 distance (1.715(4) A). This
difference is presumably because of the increased -
bonding in the P(1)-N(1) segment arising from the
increased electron withdrawing effect of the dimethyl
pyrazole group, as observed for the unsymmetrical
diphosphazane ligand Ph, PN(i Pr)P(O C¢H, ) [2a]. The
Mo-P1 bond length (2. 482(3) A) at the pyrazole sub-
stituted phosphorous is shorter than the Mo-P2 bond
length (2.515(2) A) at the diphenyl-substituted phos-
phorus; the distances are comparable to the M-P
distances in cis-[Mo(CO) {PhN(P(NHPh),),}] [13] and
cis-[W(CO), {'PrN(PPh,),}] [2b] respectively. In the
tungsten dppm complex the mean W-P bond length is
(2.51 A). Evidently the pyrazolyl-phosphorus acts as a
slightly stronger m-acceptor ligand than the diphenyl-
substituted phosphorus. The three Mo-CO bond
lengths are 1.988(6), 1.973(6) and 1.934(6) z&, where the
shortest distance pertains to the carbonyl ligand lo-
cated trans- 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 fac-[W(CO);(MeCN)dppm)].
The Mo-N bond distance, 2.221(5) A is also longer
than the correspondmg distance in the tungsten dppm
complex, 2.190(5) A suggesting that the acetonitrile
ligand in 2 would be more labile.
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4.3. Reactions of 2 with PR,

The acetonitrile complex 2 reacts with triph-
enylphosphine or triphenylphosphite to yield initially
fac-[Mo(CO),(PR NL)] (3a or 4a), which undergoes
intramolecular rearrangement to give the mer-[Mo-
(CO)(PR XL (3b or 4b) complex (Scheme 1). The
reactions were monitored by *'P NMR spectroscopy:
the fac- and mer- complexes give clear AMX type
spectra (Fig. 3). The intramolecular fac- - mer- rear-
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 cis-{(Mo(CO) (L) (1)
formed by the decomposition of the complex 2.

In the reaction of P(OPh;) with 2. cven after one
day in solution at room temperature, the pcaks result-

TABLE 4. Selected bond distances (A) and bond angles (°) in
fac-IMA(CO);(MeCNXLY (2)

Bond distances (/D\) Bond angles ()

Mo-P1 2.482(2) C3-Mo-N51 177.7(2)
Mo-P2 2.515(2) (2-Mo--N51 93.7(2)
Mo--C1 1.988(6) C2-Mo-C3 8442}
Mo-C2 1.973(6) Cl-Mo-N51 93.22)
Mo-C3 1.934(6) Cl-Mo-C3 87.43)
Mo-N5i 22215y Cl-Mo-C2 92.3(3)
PI-N1 1.689(4) P2-Mo--N51] 86.1(1)
P1-N11 1.760(4) P2-Mo-C3 Ys.9(2)
P1-C21 1LBL7(S) P2-Mo-C2 167.4(2)
N1-P2 1.715(4) P2-Mo-C1 100.602)
N1-C10 1.5097) PI1-Mo-N51 54.2(1)
P2-C31 1.827(5) P1-Mo-C3 95.8(2)
P2-C41 1.815(6) P1-Mo-C2 102.9(2)
C1-0l 1.143(8) P1-Mo-ClI 164.6(2)
C2-02 1.156(7) Pl1-Mo-P2 63.201)
C3-03 1174(6) Mo-P1-C21 127.3(2)
NI1-NI2 1.388(7} Mo-PI-N11 1I8.7(2)
N11-C15 1.353(9) Mo-P1-N1 H7.4(2)
N12-C13 1.340(9) N11-P1-C21 101023
C21-C22 1.388(7) N1-P1--C21 HI5.9(2)
NSI-C52 1.123(7) NI-P1-NI11 103,72
PI-Nt-Cl0 122,144
PI-N1-P2 102.5(2)
P2-N1-C10 134.9(4)
Mo-P2-Nl 95.5(2)
Ni1-P2-C4} 109.9(2)
Ni-P2-C31 103.9(2)
Mo-P2-C41 S H2)
Mo-P2-C31 126.5(2)
C31-P2-C4} 102.7¢3)
Mo-C1-0] 177.2(6)
Mo-C2-02 175.3(5)
Mo-C3-03 176.4(5)
PI-NI1-Cl15 128.4(4)
PI-NII-Ni2 119.7(4)
PI-C21-C26 LI8.8(3)
P1-C2i-C22 123.7(4)
Mo-N31-C52 172.5(4)
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Fig. 3. The *'P NMR spectrum (81 MH2) of the products of the
reaction of fuc-[Mo{CO)AMeCNXL)] (2) with PPh; in benzene: (a)
after 30 min; (b)Y atter & h. (For assignment of m observed reso-
nances see Table 31

ing from the initially formed fac- isomer are still seen.
Complete conversion can be achieved by heating the
solution under reflux in benzene tor 4 h. The differ-
ence in the rate of fac- - mer- rearrangement for the
PPh; and P(OPh,) ligands parallels the relative rate of
intramolecular isomerization of [M(CO), L.} {L =
PR, PCIOR);} complexes [14). There are insufficient
data to allow clear separation of the clectronic and
steric factors responsible for this difference between
PR, and P(OR), typc ligands in jsomerization reac-
tions [14] but it is conceivable that steric factors domi-
nate in the present case. {(The Tolman cone angle for
PPh; is 145% compared with {217 for P(OPh), [15])

In the sner- isomers. the DMP-substituted phospho-
rus is trans- 1o the PR ;o this is obvious from the P-P
coupling constants observed (Table 3).
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