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The complexes MgOAc)Cls(n3-tetraphos-2) (tetraphos=2 P(CH,CH,PPh)3, 1, and Mg(OAc)Clx(73-etp)(etp

= PhhPCH,CH,P(Ph)CHCH,PPh), 2, were prepared by reactions of MOAC),Cly(PPh), with tetraphos-2 and

etp, respectively, in CKCl,. Their UV—vis and3!P-NMR spectra have been recorded and their structures have
been determined. Crystal data for space groufPbca a = 24.450 (2) Ab = 27.486 (3) A,c = 15.017 (3) A,

V = 10091 (2) B, andZ = 8, with final residualsR = 0.0683 andR, = 0.0724. Both the tetraphos-2 and etp

ligands coordinate to the Mo centers in tridentate fashions with chelating/bridging bonding modes. The complexes

that are also bridged by the acetate ligands are twisted about the-mettzll bonds with average twist angles
of 13.2 for 1 and 11.4 for 2, respectively. The lowest energy bands at 643 nm (14 389'.cen= 909 M!

cm ) for 1 and 644 nm (14388 cm, € = 1536

M1 cm™1) for 2 can be assigned # — ¢ * transitions. The

study on3'P{H} NMR spectra ofl and2 concluded that the through metahetal quadruple bonding coupling

|3~]P7M07M07P| is about 20+ 1 Hz.

Introduction

The dimolybdenum (ll) tetraacetate M®.CR), and its
derivatives such as M€lg*~ have traditionally been the starting
materials for the synthesis of complexes containing the qua-
druply bonded Mg core! The most extensively studied
reactions of dimolybdenum(ll) carboxylates involve the prepara-
tion of complexes of the type MEOAC)2X2P2, M02(OAC) X 2-
(PP), and Mg(OAC)Cl3P3, where P and PP represent mono-
dentate and bidentate phosphine ligand, respectively and X
represents an alkyl, amido, siloxide, or halide ligand. These

complexes can be envisaged as the intermediates of the stepwis

deacetylation of Mg(OAC), to form MoxX4(PP) or M02X4Ps.
Complexes of the type ME(OAC).X,P, that have been
reported include Mg(O,CCsHs)Bro(PB)2,22 Moy (O.CMe),-
C|2(PBL{3)2,4 M02(02CCM63)2C|2(PE§)2,5 and MQ(OszE)zC|2-
(PPh),.5 These complexes were structurally characterized and
shown to have a torsional angle close to zero. Molecules of
the type Mo(OAC).X,(PP) that have been reported include the
cases PR- PhhPCH,CH,PPh, cisPhhPCH=CHPPHh, and 1,2-
CsH4(PPh)2, and on the basis of the spectroscopic data, they

the type Me(OAC)ClsPs, only Moy(OAC)Cls(PMe;)s has been
reported and the twist angle is evidently close to zero. The
X-ray structure of [Mg(O,CCH;s)(dmpe}](BF4). shows that

the dmpe ligands bridge the Mo atoms so as to maintain a
rigorously eclipsed rotational geomefryQuadruply bonded
complexes with a bridging RGO ligand and stereoelectroni-
cally similar ones usually have the eclipsed conformation. For
complexes of the type MoxPP), the molecules adopt a
staggered or partially staggered geometry around the metal
metal bond due to ligand constraints. The minimization of
aonbonded repulsions from the sets of ligands usually favors a
rotation away from the eclipsed conformatibn.

We report here complexes of the types JM@AC)Cla(y3-
tetraphos-2) and M@OAC)Cls(n3-etp), where tetraphos-2
P(CH,CH,PPh)3 and etp= Ph,PCHCH,P(Ph)CHCH,PPh.

The complexes are bridged by both the acetate ligand and the
n3-phosphine ligand and are twisted about the-Méo qua-
druple bonds.

Experimental Section

have all been assigned as acis arrangement of the acetate groups General Procedures. All manipulations were carried out under an

and a bridging bonding mode for the PP ligandThese

complexes were considered to be the most stable when the®

overall rotation geometry remains eclipsedror complexes of
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atmosphere of dry, oxygen-free nitrogen by using Schlenk techniques
r a nitrogen box, unless otherwise noted. Solvents were dried and
deoxygenated by refluxing over the appropriate reagents before use.
Methanol was purified by distillation from magnesiumhexane from
sodium/benzophenone, and dichloromethane frg®s.P The visible
absorption spectra in dichloromethane were recorded on a Hitachi
U-2000 spectrophotometer. TE#®{'H} NMR spectra were recorded
on a Bruker 200 NMR spectrometer or on a Bruker AM 300 WB
spectrometer.

Starting Materials. The complex Mg(OAc).Cl,(PPh), was pre-
pared according to a previously published proceduiEhe reagents
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Table 1. Crystal Data for MeCl3(OAc)(tetraphos-2)THF

Inorganic Chemistry, Vol. 35, No. 10, 199&€931

Table 2. Atomic Coordinates and Equivalent Isotropic
Displacement Coefficients @ for Mo,Cls(OAc)(tetraphos-2THF

formula M@,Cl3P405CagHs3
fw 1100.08 atom X y z Req)
Zpace group ;’23""‘19(3) Mo(l)  0.19870(9)  0.20475(6)  0.1888(1)  3.6(1)
b A 27.485(5) Mo(2) 0.23914(8) 0.14930(6) 0.1152(1) 3.5(1)
' : CI(1) 0.2451(3) 0.2816(2) 0.1818(3) 3.9(3)
¢ A 15.017(1) Cl2)  01184(3)  01721(2)  0.2559(4)  4.5(4)
3 . . . .
¥ A 10090(2) c@E)  01781(3) 0.0806(2) 0.1061(4)  4.5(4)
dangfon? 145 P(1) 0.1373(3) 0.2441(2) 0.0740(4) 2.8(4)
C;;'gt Size. mm 016 015 0.25 P(2) 0.2330(3) 0.1756(2) —0.0481(3) 2.9(4)
(Mo Koyt 8915 : P(3) 0.3294(3) 0.1885(2) 0.0891(4) 3.1(4)
/éata collch instrum R'igaku AFC5R P(4) 0.1957(3) 0.0426(2) —0.2104() 4.3(4)
ac , o(1) 0.2418(8) 0.1851(5) 0.3065(9) 4(1)
radiation monochromated in 1.5418
incident beami(Cu Ko A) ' 0(2) 0.2770(6) 0.1216(5) 0.230(1) 4(1)
orientation reflcns: no.; 20;19.3< 20 <28.4 gg; 8%283 813821&3) 8322,((% ‘é(é))
ter[fp”?g (2).deg - c(3) 0.170(1) 0.2607(8) —0.032(1) 400)
’ g C(4) 0.179(1) 0.2150(7) —0.090(1) 4(1)
Zg‘i‘g‘gﬁa"gnge @, deg 5‘2; o 18 c(5) 0.2928(9) 0.2108(8) —0.079(1) 400)
: ' =c0= c(6) 0.3246(9) 0.2348(7) 0.003(1) 3(1)
no. of unique data 7637 c(7) 0.235(1) 0.1269(7) —0.132(1) 4(1)
no. o obsed data 2083
o for obsa <o c(8) 0.186(1) 0.0948(8) —0.135(2) 6(2)
criterion for obsd._ ng( ) c(9) 0.110(1) 0.2998(8) 0.121(1) 4.0(5)
{‘0- 0 p?ratms retined 10872 C(10) 0.076(1) 0.2969(9) 0.190(2) 5.5(6)
ransm factors (max; min) e c(11)  0.054(1) 0.340(1) 0.231(2) 5.7(7)
R 0.0724 c(12) 0.071(1) 0.3833(9) 0.203(2) 5.5(6)
. o ’ C(13) 0.106(1) 0.386(1) 0.133(2) 5.9(7)
quality-of-fit indicatof 1.98 c(14) 0.125(1) 0.344(1) 0.092(1) 5.0(6)
largest shift/esd,final cycle 0.32 c(15) 0.0757(9) 0.2127(7) 0.034(1) 2.6(5)
largest peak,e/A 0.534
gest peak, : C(16) 0.039(1) 0.2400(9) —0.019(2) 5.7(7)
2R = 3 [|Fol — [Foll/Z|Fol- ® Ry = [SW(IFo| — IFc)¥3W|Fol7 "2 w c(7)  —0.008(1) 0.217(1) ~ —0.056(2) 7.0(7)
= 1/[02(522+ gFo7. © Quality-of-fit = [FW(|Fo| — |Fecl)?/Nobserved— ggg; —%%12%((11)) %11391(51()8) —0-8%30(322) 5-2(226)
Nparameter . . : :
C(20) 0.069(1) 0.1645(8) 0.045(1) 4.5(6)
tris(2-(diphenylphosphino)ethyl)phosphine (tetraphos-2) and bis(2- c(21) 0.3728(9) 0.2123(8) 0.180(1) 3.2(5)
. . _ c(22) 0.398(1) 0.1767(8) 0.232(2) 5.7(7)
(dlphenylpho§ph|no)ethyl)phenylphosphlne (etp) were purchased from c(23) 0.430(1) 0.195(1) 0.303(2) 5.9(6)
Strem Chemical Co.. C(24) 0.437(1) 0.242(1) 0.316(2) 6.3(7)
Preparation of Mox(OACc)Cls(tetraphos-2). Moz(OAc).Clx(PPh), C(25) 0.412(1) 0.2774(8) 0.268(2) 5.1(6)
(0.20 g, 0.22 mmol) and tetraphos-2 (0.148 g, 0.22 mmol) were placed C(26) 0.378(1) 0.2616(9) 0.196(2) 5.5(6)
in a flask containing 20 mL of CkCl,. The mixture was then stirred C(27) 0.376(1) 0.1440(8) 0.039(1) 3.3(5)
at room temperature f& h toyield a green solution. The solventof ~ C(28) 0.359(1) 0.098(1) 0.024(1) 5.3(6)
the green solution was evaporated and the solid redissolved in a C(29) 0.394(1) 0.063(1)  —0.018(2) 8.0(8)
minimum amount of ChCl,, followed by addition ofn-hexane to C(30) 82461@(1) 8%2(? :88‘2%(3) 1(7)"1(8)
precipitate the green solid. The product was then dried under reduced C(31) -463(1) 124(1) -028(2) @)
e o . ; , c(32) 0.428(1) 0.158(1) 0.014(2) 6.6(7)
pressure. Yield: 0.158 g (69%). UwWis spectrum in CECl,: 643 C(33) 0.134(1) 0.0086(8) —0.197(2) 5.3(6)
nm. Anal. Calcd for GH4sCls0,PsMo, (MW = 1027.91): C, 51.41; C(34) 0:102(1) 0:008(1) _0:123(2) 8:0(8)
H, 4.41. Found: C, 51.27; H, 4.43. C(35) 0.052(1)  —0.019(1)  —0.118(2) 9.3(9)
Preparation of Mox(OAc)Cls(etp). Mo(OAC).Cl(PPh). (0.10 g, C(36) 0.036(1) —0.044(1) —0.194(2) 10(1)
0.11 mmol) and etp (0.064 g, 0.12 mmol) were placed in a flask C(37) 0.067(1) —0.043(1) —0.265(2) 7.5(8)
containing 10 mL of CHCl,. The mixture was then stirred at room C(38) 0.114(2) —0.018(1) —0.270(2) 6.1(7)
temperature fo2 h toyield a green solution. The solvent of the green ~ C(39) 0.243(1) 0.0070(8) —0.146(1) 4.0(5)
solution was evaporated and the solid washed with ether and then dried C(40) 0.279(1) —0.0216(9)  —0.195(2) 5.4(6)
under reduced pressure to give a green product. Yield: 0.076 g (75%). C(41) 0.319(1)  —0.051(1) —0.158(2) 6.5(7)
UV —vis spectrum in CECl,: 644 nm. Anal. Calcd for HseCls0,Ps- C(42) 0.321(1) —0.055(1) —0.067(2) 7.0(7)
Mo, (MW = 891.84): C, 48.48; H, 4.07. Found: C, 48.04; H, 4.29. C(43) ~ 0.285(1) ~ —0.029(1) ~ —0.015(2) 6.5(7)
2 Ot Ly AO.80, L AL e O LAY o(44) 0.246(1) 0.0015(8) —0.055(1) 5.3(6)
X-ray Crystallography. The diffraction data of the complex Mo 0(3) 0.341(2) 0.098(2) 0.653(4) 27(2)
(OAc)Cli(tetraphos-2) were collected on a Rigaku AFC5R diffracto-  c(45) 0.361(2) 0.066(2) 0.590(3) 17(1)
meter driven by MSC/AFC Diffractometer Control Softw¥rat 20+ C(46) 0.410(2) 0.044(2) 0.631(4) 17(2)
1 °C, which was equipped with graphite-monochromated @u(K, C(47) 0.413(2) 0.063(2) 0.713(3) 16(1)
=1.5418 A) radiation. Data reduction was carried by standard methods C(48) 0.380(3) 0.103(2) 0.718(3) 17(2)

in the program “TEXSAN™! Basic information pertaining to crystal

parameters and structure refinement is summarized in Table 1. Tablesspace group was subsequently determined toPbea from the

2 and 3 list positional parameters and selected bond distances andsystematic absences.

angles, respectively. Routine &—w data collection was used to scan a possible 7637

A green crystal of Mg(OAc)Ch(tetraphos-2) was mounted in a  data points in the range 5 20 < 115. Three check reflections

capillary tube with epoxy cement. The unit cell constants were monitored throughout the data collection displayed no significant gain

determined from 20 reflections withd2in the range from 19 to 29 or loss in intensity. Empirical absorptions based on azimutigl (

These were consistent with the orthorhombic crystal system, and thescans of reflections of Eulerian anglenear 90 were applied to the

data.

(10) MSC/AFC Diffractometer Control Software. Molecular Structure The programs in TEXSAN were used to solve the s_tructure, which
Corporation, 3200 Research Forest Drive, The Woodlands, TX, 1988. led to the locations of the positions of several heavier atoms. The

(11) TEXSAN, TEXRAY Structure Ana|ysis Package_ Molecular Structure remaining atoms were found in a series of alternating difference Fourier
Corporation, 3200 Research Forest Drive, The Woodlands, TX, 1993. maps and least-square refinements. The positions of the hydrogen
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Table 3. Selected Bond Distances (&) and Angles (deg) for Scheme 1. Formation Scheme faot and2
Mo.Clz(OAc)(tetraphos-2)THF

Mo(1)—Mo(2) 2.126(3) P(2}C(7) 1.84(2) )\

Mo(1)—CI(1) 2.399(6) P(3)C(6) 1.82(2) o’ o

Mo(1)—ClI(2) 2.382(7) P(3)}C(21) 1.84(2) Cly, | | oPPh3 tetraphos2  CH2CI2

Mo(1)—P(1) 2.529(6) P(3YC(27) 1.84(2) ” Mo=Mo’ or etp -

Mo(1)—0(1) 2.13(1) P(4)%C(8) 1.84(2) ph3p? | | e

Mo(2)—CI(3) 2.412(6) P(4)yC(33) 1.85(3) NG

Mo(2)—P(2) 2.562(5) P(4YC(39) 1.78(2) Y

Mo(2)—P(3) 2.487(7) Oo(BC(1) 1.27(3)

Mo(2)—0(2) 2.10(1) 0(2>-C(1) 1.27(3) *

P(1)-C(3) 1.84(2) C(1>C(2) 1.52(3)

P(1)-C(9) 1.82(2) C(3)C(4) 1.54(2) o” o

P(1)-C(15) 1.83(2) C(5rC(6) 1.60(3) Cly, | | O

P(2)-C(4) 1.82(2) c(7-C(8) 1.49(3) Ph_ , Mo=No

P(2)-C(5) 1.81(2) p A\Ze!

P {/ Ph

Mo(2)—Mo(1)—ClI(1) 112.9(2) P(1yC(15-C(16) 117(2) / h
Mo(2)—Mo(1)—CI(2) 109.4(2) P(1yC(15-C(20) 122(2) R
Mo(2)—Mo(1)—P(1) 103.2(1) Mo(2yP(2y-C(4) 122.8(7) R = CH2CH2PPh 1
Mo(2)—Mo(1)—0(1) 91.1(4) Mo(2yP(2-C(5) 110.3(6) R=Ph )2
Cl(1)—Mo(1)—-CI(2) 137.7(2) Mo(2y-P(2)-C(7) 116.5(6)
g:gg_mggg_g((ll)) gif(%) gg&ﬁg?%g iggégg) respectively. Clearly, the products received their third chloride

atom from the CHCI, solvent. The reactions are shown in
Scheme 1.

Green crystals of MgOAc)Cls(tetraphos-2) conform to the
space group Pbca with eight molecules in a unit cell. Figure 1

CI(2)-Mo(1)—P(1)
CI(2)-Mo(1)—O(1)
P(1)-Mo(1)-O(1)
Mo(1)—Mo(2)—CI(3)

87.7(2) C(5YP(2-C(7)  101(1)
87.8(5) Mo(2)}-P(3)-C(6) 111.0(7)
165.7(4) Mo(2)-P(3)-C(21) 123.2(7)
107.6(2) Mo(2)-P(3)-C(27) 109.3(8)

mggg:mgg;:g% igg-g% g%ggg)ﬁgg% igg-éggg shows the ORTEP diagram for M@ACc)Cls(tetraphos-2). It
Mo(1)—Mo(2)—0(2) 92 '2(4) C21}P(3)-C(27) 100'(1) is seen from Figure 1 that one of the molybdenum atoms is
CI(3)~Mo(2)—P(2) 97.5(2) C(8yP(4)-C(33)  103(1) coordinated by one chlorine atom and two phosphorus atoms
CI(3)—Mo(2)—P(3) 151.6(2) C(8YP(4-C(39)  100(1) while the other molybdenum atom is coordinated by two
C{(?;)_—M(z(i)—(?()Z) 92.0((4)) C(3(3);P(E1))—C(C(’>9)) 102((1)) chloride atoms and one phosphorus atom. The two molybdenum
P(2)-Mo(2)—P(3 77.2(2) Mo(1}XO(1)-C(1) 115(1 i i .
P(2)-Mo(2)-0(2) 156.2(4) Mo(20(2-C(1) 115(1) atoms are also brldged by the OAtigand. The two phos
P(3)-Mo(2)-0(2) 84.0(4) O(1}C(1)-O(2) 126(2) phorus atoms coordinated to the same molybdenum atom are
Mo(1)—P(1)-C(3) 116.2(8) O(yC(1)-C(2)  117(2) cis to each other due to ligand constraints. In the complex Mo
Mo(1)—P(1)-C(9) 108.1(7) O(2}C(1)-C(2) 117(2) (OAC)Cl(PMe;)s, these two phosphorus atoms are trans to each
Mo(1)—P(1)-C(15) 120.6(7) P(BHC(3)-C(4) 110(1) other_. Th(_a tetra_phos-z ligand forms one chelati_ng ring and_ one
g(g)—P(l)—E(Z) 188(1)9 P(%g(4)—g(g) 113(1) bridging ring with the Mo atoms, which are five- and six-
nggzgg)): ng; 103'&5 ) PP((S? ng;: CES% ié?&; membered, respectively. The six-membered ring formed by the
P(4)-C(8)-C(7) 112(1)  P(2}C(7)-C(8) 116(2) molybdenum atoms and the tetraphos-2 ligand adopts the less

sterically demanding boat configuration. The tetraphos-2 ligand
atoms were fixed as riding models during the least-square refinements.is coordinated to the molybdenum atoms in a tridentate fashion.
The final residuals of the refinement weke= 0.0682 andR, = 0.0723, This type of bonding mode has been found in the comphex
respectively. Mo2Cls(PE®)(173-tetraphos-2¥3 As in the case ofac-Mo,Cl,-
(PEg)(i73-tetraphos-2§3 the central phosphorus atoms of the
achiral ligand tetraphos-2 become chiral upon coordination to
the molybdenum atoms. RacemR#&ndS) mixtures of ligands
have been obtained. Green crystal2aonform to the space
group P2)/c with eight molecules in a unit celt The
crystallographic asymmetric unit comprises two independent
molecules2aand2b). Figure 2 shows a representative ORTEP

Results and Discussions

Syntheses and Structured? The green title complexes Mo
(OAc)Cly(tetraphos-2),1, and Ma(OAc)Cls(etp), 2, were
synthesized by reactions of M@®ACc),Cly(PPh), with 1 equiv
of tetraphos-2 or etp in Ci€l,. The yields were 69% and 75%,

more than 16% during data collection. The best results of refinement

and crystal data are as follows: space gréapc, a= 13.245 (2) A,

b=29.784 (3) Ac=23.989 (2) A = 94.501 (3}, V= 9433.8 (2)

A3, andZ = 8, with final residualsR = 0.0986 andR, = 0.1280.

Each asymmetric unit contains two independent molecules. Selected

bond distances (A) and bond angles (deg): Me{p(2) = 2.121-
(3), Mo(3)—Mo(4) = 2.134(3), Mo(3)-Cl(4) = 2.410(9), Mo(3)-
P(5) = 2.583(8), Mo(3)-P(7) = 2.501(9), Mo(3)-O(3) = 2.11(2),
Mo(4)—CI(5) = 2.363(9), Mo(4)-CI(6) = 2.403(7), Mo(4}-P(6) =
2.521(8), Mo(4y-0O(4) = 2.12(2); Mo(4>-Mo(3)—Cl(4) = 108.9(2),
Mo(4)—Mo(3)—P(5)= 104.5(2), Mo(4}-Mo(3)—P(7)= 99.8(2), Mo-
(4)—Mo(3)—0(3) = 91.7(4), Cl(4-Mo(3)—P(5) = 96.9(3), Cl(4)-
Mo(3)—P(7) = 151.1(3), Cl(4y-Mo(3)—0O(3) = 89.2(5), P(5r
Mo(3)—P(7)= 78.0(3), P(5)-Mo(3)—0O(3) = 159.6(5), P(7Mo(3)—
O(3) = 87.3(5), Mo(3)-Mo(4)—CI(5) = 106.8(2), Mo(3)-Mo(4)—
CI(6) = 110.7(2), Mo(3)-Mo(4)—P(6) = 105.6(2), Mo(3}-Mo(4)—
O(4)=92.0(4), CI(5)-Mo(4)—CI(6) = 142.4(3), CI(5-Mo(4)—P(6)
= 85.6(3), CI(5-Mo(4)—0(4)= 87.0(6), Cl(6)-Mo(4)—P(6)= 83.6-
(3), Cl(6)-Mo(4)—0(4) = 92.6(6), P(6yMo(4)—0O(4) = 162.3(5).

Complete tables of crystal data, anisotropic thermal parameters, bond

(12) The data collection fo2 has been tried several times and the diagram for2b. The structures a2 are similar to that ofl and
procedures were similar to those fbr However, the crystal decayed

the difference is that the central phosphorus atomlads
coordinated with a phenyl group while thatfith a dangling
—CHCH,PPh unit.

Figure 3 shows the views of the inner partldboking down
the Mo—Mo bond. TheA configuration formed by the four
smallest torsional angles (average 2Bi& found for Ma(OAC)-
Cls(tetraphos-2). Since the complex crystallized in the cen-
trosymmetric space groupbca it should have four molecules
with A/R configuration and the other four with/Sconfiguration
in a unit cell. Complex2a has aA configuration with an
average twist angle of 11°4vhile 2b has aA configuration
with an average twist angle of 12.7 The internal rotation
angles of complexes, 2, andrac-Mo,Cly(PEg)(3-tetraphos-
2) are listed in Table 4 for comparison. It is interesting that
these molecules have a similar trend of internal rotation angles,

distances, and bond angles are provided as Supporting Information. (13) Cotton, F. A.; Hong, Blnorg. Chem 1993 32, 2354.
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Figure 3. View looking down the Me-Mo bond forl. The benzene

€ (66) ;
B¢ (52) carbon atoms are not shown for clarity.

C (65)

role in determining the twist angle. In addition, although the
Figure 2. ORTEP drawing of in its entirety. ligands in the two complexesand?2, one involving a dangling
—CH,CH,PPh and the other a Ph group, are sufficiently
starting from the largest-PMo—Mo—P angles to the smallest  different that both inter- and intramolecular nonbonded forces
P—Mo—Mo—Cl or O—Mo—Mo—0 angles. ltis also noted that may be very different in the two cases, their twist angles are
althoughl and?2 have bridging acetate ligands while hi4- similar.
(PES)(n3-tetraphos-2) has only monodentate chloride and As shown in Table 3, there are three distinctly different
phosphorus atoms, their average twist angles are similar. All Mo—P bond lengths in the compound. The two ¥® bonds
the quadruple-bonded complexes containing a bridging acetatethat are trans to the acetate ligand have longer bond distances,
ligand and a diphosphine ligand reported so far have twist angles2.529(6) and 2.562(5) A, than the one that is trans to the chlor-
equal to or close to zef® The title complexes provide unique ide atom, which is 2.487(7) A. This indicates that the ace-
opportunities to compare the effect of a bridging acetate ligand tate ligand has a larger trans effect than the chloride ligand. In
and a bridging polydentate phosphine ligand on the twist angle, the complex Me(OAc)Cl(PMe;3)s, it was found that the
and it is clearly shown that the nonbonded steric repulsions Mo—P bond length in which the phosphorus atom is trans
resulting form the chelating/bridging bonding mode play a major to the acetate oxygen is 2.517(9) A and is shorter than the other
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Table 4. Comparison of the Internal Rotation Angles (deg) for Compounds y#tRhoshpine Ligands

complex P-Mo—Mo—P Cl-Mo—Mo—ClI Cl—Mo—Mo—P P(Oy-Mo—Mo—CI(O) av
1 22.1 11 13.9 6.2 13.2
2a 18.7 8.8 11.2 7.0 11.4
2b —19.0 -9.8 —10.1 —-6.7 —-11.4
3F 19.4 12.5 10.0 4.7 11.7

a Complex3 = Mo,Cls(PE)(>-tetraphos-2).

Table 5. Comparison of the MeMo Bond Distances and

Torsional Angles for Several Complexes with Bridging OAc

Ligands

complexes Me-Mo, Ay, deg
Mo,Cl3(OAc)(;%-tetraphos-2) 2.126(3) 13.2
Mo2(OAC)Cly(173-etp) Ra)2 2.13 11.4
Mo2(OAC)Clx(5%-etp) @Rb)2 2.13 11.8
MoCl4(PEt)(*-tetraphos-2) 2.132(3) 11.7
MoCls(OAC)(PMe)<° 2.121(2) 0
Mo,(OAC)[(PhNLCCHg] ¢ 2.107(1) 0
Moz(OAc)(ambt)e 2.093(3) 1.9
(CaNzHs)[Mo2(OAC)[CHsGa(GN2Ha)OllT  2.127(1) 0

aThis work. P Reference 13¢ Reference 8¢ Reference 15¢ Refer-
ence 16/ Reference 17.

- - — —=Mo2(0Ac)Cls(etp)
Moz(0Ac)Cls(tetraphos—2)

Absorbance

200

600

400
nm

Figure 4. UV—vis spectra ofl and2 in CH,Cls.

two equivalent Me-P bonds (2.550(6) A), where the trans group

(v

(a)
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Figure 5. 3P{*H}-NMR spectrum ofl in CD,Cl; (a) along with its
simulation (b).

(14 388 cmil, € = 1536 M1 cm™1) for 2 can be assigned ®
— 0 * transitions. Clearly, the two complexes have simibar
— J * transition energy in solution, which is similar to that of
rac-Mo,Cls(PEg)(573-tetraphos-2) (660 nm). It is noted that
although these three complexes have similar ¢ * transition
energies in solution, the absorption coefficients ofdhe ¢ *
transition for1 and 2, which are 1536, and 909 M cm1,
respectively, are significantly smaller than that rafc-Mo-
MoCly(PES)(;3-tetraphos-2) (660 nm, 3590 Mcm™1). The
proposed “intensity-borrowing® from the nearby LMCT transi-
tion in rac-Mo,Cl4(PEg)(53-tetraphos-2) should be more im-
portant. This is consistent with the prediction that complexes

is another phosphine ligand. Combining these two results, it with oxygen donor ligands, such asnd2, should have higher
can be concluded that the trans effect series for complexes ofenergy LMCT states than GIBr- or I--containing compounds,

the type M@(OAC)Cl3Ps is MesP > CH3CO,~ > CI~. The
order of this series is similar to that found for the complex
Mo02(0;CCMey),Clx(PEk)s, i.e., PEtP > MesCCQ,~ > Cl—.14
The Mo—0 bond distances of compleix 2.10(1) and 2.13(1)
A are typical for complexes which are bridged by a single
acetate ligand, i.e., M@OAC)[(PhNLCCHa]s, 2.162(5) A5
Mo,(OAc)(ambty(ambt = anion of 2-amino-4-methylbenzo-
thizole), 2.16(1) Al® Moy(OAc)Cly(PMes)s,8 2.10(4) A, and
(CaN2Hs)[Mo2(OAC)[CHsGa(GN2H3)0]4], 2.102(8) AL7 Table

5 lists the Mo-Mo bond distances and twist angles for some

and thus a smaller probability for mixing between the LMCT
character and thé — 6 * transition. Also the Me-Mo—0O
angles of 91.1 and 922in 1 will result in an ineffective
intensity-stealing mechanism for the mixing of CT with—~ 6
* transition and thus a small intensity. The second lowest
energy bands appear at 412 nm (20 284 Ynfior 1 and 501
nm (19 608 cm?) for 2, respectively.

(2) NMR Spectroscopy. The 31P{*H}-NMR spectrum of
complex 1 consists of four sets of peaks centered—&.71,
26.37, 32.40, and 48.38 ppm, respectively, as shown in Figure

complexes bridged by a single acetate ligand and those forsa. The assignment of the peak-e8.71 ppm to atom P(4) is

Mo,Cl4(PEb)(n3-tetraphos-2). The correlation between the
Mo—Mo bond distance and twist angle fit quite well for the

clear since atom P(4) is the only one that does not coordinate
to the metal centers and should have chemical shifts similar to

first four molecules since they have the same chelating/bridging that of the free phosphine ligand. This assignment can be

bonding modes.

Spectroscopic Studies. (1) Absorption Spectrum.The
absorption spectra fol and 2, which were measured in
CH.,ClI,, are shown in Figure 4. The lowest energy bands at
643 nm (14 389 cmt, e = 909 Mt cm™1) for 1 and 644 nm

(14) Arenivar, J. D.; Mainz, V. V.; Ruben, H.; Anderson, R. lorg.
Chem 1982 21, 2649.

(15) Cotton, F. A;; lisley, W. H.; Kaim, Wlnorg. Chem 1981, 20, 930.

(16) Cotton, F. A,; lisley, W. HInorg. Chem 1981, 20, 572.

(17) Breakell, K. R.; Rettig, S. J.; Storr, A.; TrotterCJan J. Chem 1983
61, 1659.

verified by the fact that P(4) can only couple with P(2) to show
as a doublet. It follows that the peak at 26.37 ppm can be
assigned to the central phosphorus atom P(2) since it is the only
atom that atom P(4) couples. This coupling is seen in Figure
6, which shows a homonuclear shift-correlated 2-D NMR
spectrum forP nuclei with!H decoupling and delay period to
emphasize the small coupling20 Hz) for1l. The distinction
between P(1) and P(3) is based on the following difference.

(18) Hopkins, M. D.; Gray, H. B.; Miskowski, V. MPolyhedron1987, 6,
705.
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Figure 6. Homonuclear shift-correlated 2-D NMR spectrum fép |

nuclei with*H decoupling forl. Y i

Table 6. 31P{*H} NMR Data for Ma(OACc)Cls(3-tetraphos-2) 3 _20
= 0 1l r
nuclei o, ppm coupling Jp-p, HZ i Fas
P(1) 48.38 P(1)P(2) 41 1 :
P(2) 26.37 P(1YP(3) 20.1 3 " ™
P(3) 32.40 P(&P(3) 57.7 é i
P(4) -8.71 P(2)-P(4) 33.7 3

Both P(1) and P(3) can couple with P(2) through the connecting

chain @Jp-c—c—p) and through the Mo atom, i.&Jp—mo—p for ] :
P(3) ancBJp—_mo-mo—p for P(1). Itis a general trend th&d_yo—p ] [4s
is often much larger thafJ_mo—mo—p.1° The peak at 32.40 3 F
ppm is thus assigned to P(3) since the coupling constant of T o " Fso
P(2-P(3) is 57.7 Hz. The peak at 48.38 ppm is then assigned 3 r
to P(1). Itis noted that P(2) and P(3) are coordinated to the T a5 a0 s 30 25 ap 'PPM
same Mo atoms and should have similar coordination shifts. PPM

The P(1) atom that coordinated to the Mo center with two Figure 8. Homonuclear shift-correlated 2-D NMR spectrum féP
chlorine atoms has the largest downfield chemical shift. The nuclei with 'H decoupling for2.

coupling constants of the two phosphorus atoms that form the

bridge, i.e. P(1) and P(2), is only 4.1 Hz. Spectrum simulation 1@0le 7. *P{*H} NMR Data for Ma(OAc)Cl:(i*etp)

was done for an ABCD spin system by employing the coupling nuclei o, ppm coupling Jp—p, Hz

constants listed in Table 6, and produced the result shown in P(5) 21.80 P(5)P(6) 0

Figure 5b. P(6) 48.61 P(6YP(7) 20.5
Figure 7a shows th#P{1H}-NMR spectrum of compleg. P(7) 30.46 PGYP(7) 55.6

The spectrum consists of three sets of peaks centered at 21.80,

30.46, and 48.61 ppm, respectively. On the basis of the Spin system by employing the coupling constants listed in Table
assignments fot, the peak at 48.61 ppm can be first assigned 7, and produced the result shown in Figure 7b.

to P(6) since it is the only P atom that coordinated to the Mo  An interesting aspect about the observed coupling constant
center with two chlorine atoms. It follows that P(5) can be is the relative weighting of the contributions via the metal and
assigned to the peak at 21.80 ppm since it does not couple withvia the ligand “backbone” in complexdsand2. As seen in
P(6), as seen in Figure 8. These are the two phosphorus atomd ables 6 and 7, the coupling constant between P(1) and P(2) in
that form the bridging bonding. The peak at 30.46 ppm is then 1is 4.1 Hz and that between P(5) and P(6Riis 0 Hz (due to
assigned to P(7). This assignment is consistent with the factthe limit of the instrument resolution). THdp-mo-p values

for 2 that among the three phosphorus atoms bonding to are 57.7 and 55.6 Hz ih and?2, respectively. If the observed
molybdenum atoms, the central one has the most upfield couplings can be divided into met&lp—mo-p OF 3Jp—mo—Mo-P:
chemical shifts. Spectrum simulation was done for an ABC and backbone?Js—c-c-p, contributions, where the latter is
assumed to be similar to the coupling in the free ligéghthe

(19) (a) Verkade, J. @Coord Chem Rev. 1972 9, 1. (b) McFarlane, W.; magnitudes of the observed coupling constants would require

E?:gr?)fstinD.PSg Chem Soc, Faraday Trens 1974 70. 377 (©) - the contributions fromJp-wo-p and backbone couplire-c-c-
Metal Ph(’JsphorUs Comfolex.eBie.hI, P., Fluck, E., Kosfeld, R., Eds.; to be of the same sign, while the contributions frél-vo-wo-p,
NMR Basic Principle and Progress 16; Springer-Verlag: New York,
1979. (d) Finer, E. G.; Harris, R. KRrog. NMR Spectrosc1971, (20) Grim, S. O.; Barth, R. C.; Mitchell, J. D.; Gaudio, J.IBorg. Chem
6, 61. 1977 16, 1776.




2936 Inorganic Chemistry, Vol. 35, No. 10, 1996 Lee et al.

and3Jp_c_c—p in the same six-membered ring to be of opposite 37 4+ 1 Hz. The|ZJp_mo-p| Value for the [PBP(CH,),PRR'']-
sign, assuming the Karplus-type angular dependence of theMo(CO), system were found to be 28 H%.

coupling constants in the ring system to be minimal. Com-
parison of the’Jp_c_c—p values of the free tetraphos-2 and etp
ligands, 20.1 and 19.7 Hz, respectively, with the observed
coupling constants df and2 clarify this aspect. Itis also noted Supporting Information Available: Tables of anisotropic thermal

that the coupling constants of PAR(3) in1 and P(6)-P(7) in parameters, bond distances, and bond anglesdod tables of crystal

2, which couple only through metametal bonds, are similar data, atomic coordinates, ani_sotropicthermal parameters, bond d_istances
and are 20.1 and 20.5 Hz respectively. Thus, we could probably@d bond angles, and twist angles fr(16 pages). Ordering
conclude that the through metal-metal quadruple bond coupling information is given on any current masthead page.

[3Jp—Mo—Mo—p| IS about 20+ 1 Hz. The|ZJp_mo—p| Value is about IC951187B
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