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The tetraphenylimidodiphosphinate-[P,P-diphenylphosphinoyl]?,P-diphenylphosphinimidate] ion forms stable
tris-chelates with the Bi(lll), In(lll), and Ga(lll) cations. The crystal and molecular structures {{{JMPh),N} 3]

(M = Ga, In, Bi) were determined by X-ray diffractometry. The geometry around the bismuth atom in compound
3 displays an approximatel@s, symmetry. This arrangement suggests the presence of a stereoactive lone pair
of electrons, which is located in one of the triangular octahedral faces. Derivatigestallizes in the triclinic

space groufl with Z = 2, a = 14.006(6) Ab = 14.185(4) Ac = 17.609(8) A, = 88.45(2}, 8 = 79.34(2),

andy = 78.23(2y. The structures of the gallium(lll) and indium(lll) tris-chelate oxygen-based compléxes (
and2, respectively) were compared with the bismuth analogue in order to determine the ligand steric bulk influence
on the coordination sphere in the absence of the electron lone pair. Conipleystallizes as the

[Ga{ (OPPh)2N} 3]:CH,Cl, solvate in the triclinic space growl; Z = 2, a = 13.534(4) Ab = 13.855(4) Ac

= 18.732(7) A,a. = 95.48(2}, 8 = 98.26(2}, andy = 97.84(2). Crystal data for the benzene solvate2pf

[In{ (OPPh)2N}3]-CsHe: triclinic space grougPl, Z = 2, a = 13.542(9) A b = 15.622(3) A,c = 18.063(5) A,

o = 98.21(1), f = 104.77(0y, andy = 92.260(0j.

Introduction ligands and that the interligand repulsion, the determinant of

o molecular structure according to VSEPR, also acts to inhibit
Over 30 years after the basic ideas of the valence shell o gistortion.

electron pair repulsion (VSEPR) model were first proposéd, In an effort to better understand the stereochemical conse-
this model continues to have remarkable success explaining thequences of the lone pair in ME systems, we chose to
geometry of main group compounds. According to the VSEPR jnyestigate the structures of three main group metal complexes
scheme, the MaE main group complexes (M= main group  of the  N-(P,P-diphenylphosphinoyljR,P-diphenylphosphin-

element, X= ligand, E= electron lone pair) should have a nigate] ligand, a. The imidobis(diphenylphosphinechal-
seven-coordinated structure with the lone pair acting as a

pseudoligand. However, some MK species have a regular H
octahedral geometry, while others have a distorted structure. N
The geometry of the molecules which fall into the first category Ph2'P TIP}V

is often discussed in terms of an “inert pair of electrons”. This

. ; : S X X
chemically inert pair, often implied by the structures of
complexes containing a heavy main group atom, has long posed i; ;‘;9
a problem for theorists. At present, several possible explana- e X ;;e

tions, ranging in sophistication from VSEPR to relativistic

molecular orbital calculations, have been put forth for various cogenide) ligands, [RR(X)NP(X)Ph] {X = O (), S b), Se
observed structurés Wheeleret al. presented a simple picture  (¢)}, seem to be specially suited for testing the stereochemical
of the orbital reasons for the lone pair activity or inactivity in  jnfluence of the electron lone pair in main group derivatives.
some group 15 halidés. It is based on qualitative symmetry
and overlap arguments. They found that the “inert pair effect” (3) (a) Bartell, L. S.; Gavin, R. MJ. Chem. Phys1968 48, 2460. (b)

is favored for electropositive central atoms and electropositive Wynne, K. J.J. Chem. Educ1973 50, 328. (c) Vezzosi, I. M.;
Battaglia, L. P. Corradi, A. Blnorg. Chim. Actal984 89, 151. (d)

Albright, T. A.; Burdett, J. K.; Whangbo, M.-HOrbital Interactions
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They offer the opportunity to vary the donor atoms and possessTable 1. Crystallographic Data for [G§OPPh)2N} 3]-CHCl2 (1),

a wide degree of ring flexibility and ring bite, as evidenced in
complexes containing the oxygen ligand showing-O bite
ranging from 3.44 to 2.55 A.

In this study, we report results of successful single crystal
X-ray studies of [Bf (OPPh).N} 3] (3) and the [If (OPPh),-
N}3]-CeHs solvate R-CgHe). Additionally, we report the
synthesis and the X-ray structures of the {GaPPh),N} 3]
solvate (-CHCI;). The group 13 complexes are reported in
order to determine the coordination mode of the imidodiphos-

phinate entity with these metals and assess the degree of ligand, A
steric bulk influence on the coordination sphere in the absencea, deg

of the electron lone pair.

Experimental Section

The 3P NMR spectrum was measured on a Varian VXR 300s
spectrometer operating at 121 MHz widh(ppm) scale and using a
solution of 85% HPO, as external reference. The FAB mass spectra
were recorded on a 3-nitrobenzyl alcohol support in the positive ion
mode on a Jeol JMS-SX102A instrument. The IR spectrum was
recorded on a Perkin-Elmer 283B spectrometer, as KBr pellets.
Microanalyses were performed by Galbraith Laboratories.

Tris[ N-(P,P-diphenylphosphinoyl)-P,P-diphenylphosphinimidato]-
gallium(ll), [Ga {(OPPh,)2N} 5] (1). An aqueous solution of Ga(NJ
(0.056 g, 0.219 mmol) in 5 mL of water was added to an aqueous
solution of K(OPPENPPRO) (0.3 g, 0.657 mmol), prepared by
previously described procedurgsin 3 mL of water. The white solid
formed was filtered, washed with water, and dried in vacuo; yield 0.72
g (83%), mp>300°C. 3P-NMR (CDC}, ppm): 6 25.36 (s). IR (KBr,
cmY): »(PN), 1210 (vs, br)y(PN)/6(CH), 1176 (m);»(P=0), 1088
(s), 1065 (s)p(PN), 751 (w);y(PNP), 555 (vs)p(OPN), 427 (w-m).

MS (FABT, CHsCl, for ¢Ga, m/2: 1318 [M'], 1240 [QsPsPhiiN3-
Ga'], 901 [O(PPh)N,Ga'], 562 [Ph + O,(PPh).NGa'], 485
[O2(PPh),NGa'], 416 [(OPPh),N*], 408 [O,P,PRsNGa’], 400
[O(PPh).N*]. Anal. Calcd for GxHeoNsPsOsGa: C, 62.46; H, 4.45;
N, 2.99. Found: C, 62.24; H, 4.43; N, 2.83.

Tris[ N-(P,P-diphenylphosphinoyl)-P,P-diphenylphosphinimidato]-

indium(lll) (2) and -bismuth(lll) (3). The synthesis and characteriza-
tion of the In(l1l) and Bi (l1l) complexes have been previously reported
by Cea-Olivaresand Williams® respectively. MS fo (FAB*, CHs-
Cl, for 13, m/2: 1364 [M'], 1286 [QsPsPhi1N3In™], 948 [Oy(PPh)4N,-
In*], 870 [OsPsPHN2INT], 608 [Ph+ Oy(PPh).NIn*], 532 [O(PPh),-
NIn*], 454 [O,P,PhsNIn*], 416 [(OPPhH),N*], 400 [O(PPh),N*]. MS
for 3 (FAB*, CHsCl, m/2: 1458 [M'], 1380 [QsPsPhiiN3Bi*], 1041
[O4(PPh)4N2Bit], 964 [OPsPHN,Bi*], 702 [Ph+ O(PPh),NBi*],
625 [O(PPh).NBi*], 548 [O,P.PhsNIn*], 416 [(OPPh),N*], 400
[O(PPh)N"].

X-ray Diffraction Studies. Suitable crystals were obtained by
solvent diffusion from a dichloromethametiexane mixture fod and
for 3 and from a benzenehexane mixture fo2. Data collections
were performed at room temperature on a Siemens P4 four-cycle
diffractometer with graphite-monochromated Mat Kadiation, using
the w—26 scan technique. Totals of 12 584, 12 657, and 12 345 (3
< 26 < 50°) reflections were measured far-3, respectively, from
which 5477 (), 10 415 @), and 7850 F > 4.00(F)] (3) were used for

(4) (a) Day, R. O.; Holmes, R. R.; Schmidpeter, A.; Stoll, K.; Howe, L.
Chem. Berl1991 124 2443. (b) Rietzel, M.; Roesky, H. W.; Katti,
K. V.; Noltemeyer, M.; Sheldrick, G. M.; Symons, M. C. R.; Abu-
Ragabah, AJ. Chem. Soc., Dalton Trand991 1285. (c) Rietzel,
M.; Roesky, H. W.; Katti, K. V.; Schmidt, H.-G.; Herbst-Irmer, R.;
Noltemeyer, M.; Sheldrick, G. M.; Symons, M. C. R.; Abu-Ragababh,
A. J. Chem. Soc., Dalton Tran&99Q 2387. (d) Rossi, R.; Marchi,
A.; Magom, L.; Casellato, V.; Tamborini, S.; Graziani, R.Chem.
Soc., Dalton Trans.1991, 1263. (e) Cea-Olivares, R.; Map-
Hernandez, M. A.Monatsh.Chem1993 124, 471. (f) Silvestru, C.;
Haiduc, |.; Cea-Olivares, R.; Zimbron, Rolyhedron1994 13, 3159.

(5) Wang, F. T.; Najdzionek, J.; Leneker, K.; Wasserman, H.; Braitsch,
D. M. Synth React. Inorg. Met-OrgChem 1978 8, 119.

(6) Schmidpeter, A.; Groeger, H. Anorg. Allg. Chem1966 345.

(7) Cea-Olivares, R.; Toscano, R. A.; Cdmed.; Valdes-Martnez, J.
Monatsh. Chem1992 123 391.

(8) Williams, D. J.Inorg. Nucl. ChemLett. 198Q 16, 189.

[In{(OPPR)2N}3]-CsHs (2), and [BI (OPPh):N} 3] (3)

1 2 3
formula C72H 50N3PGOGGa‘ C72H eoN 3P606| ne C72H soN 3PGOeBi
CH.CI, CsHe
fw 1403.7 1435.87 1458.0
space group P1(No. 2) P1 (No. 2) P1 (No. 2)
A (MoKa), A 0.71073 0.71073 0.71073
T,°C 20 20 20
a, 13.534 (4) 13.542 (9) 14.006 (6)
b, A 13.855 (4) 15.622 (3) 14.185 (4)
18.732 (7) 18.063 (5) 17.609 (8)
95.48 (2) 98.210 (10) 88.45 (2)
, deg 98.26 (2) 104.77 (0) 79.34 (2)
y, deg 97.84 (2) 92.260 (0) 78.23 (2)
Vv, A3 3420 (2) 3645 (4) 3366 (3)
z 2 2 2
Peaics Mglen?  1.363 1.269 1.439
u, mmt 0.675 0.507 2.815
R(Fo),2 % 7.28 4.28 5.64
Ru(Fo),> % 6.74 6.73 6.58
AR(F)) = JIIFo — Fell/YIFol. P Ru(Fo) = [S[W(F? — FA/
ZW( |:02)2] 1/2.

calculations. Three check reflections, monitored periodically during
data collection, revealed a total loss of intensity of 13.8% and 26.3%
for 1 and 2, respectively. In all cases, data were corrected for
background and Lorentzpolarization effects, and a semiempiricg(
scan) absorption correction was applied 3or Crystallographic data
are summarized in Table 1. The structured @ind3 were solved by

the Patterson method, while that fwas solved by direct methods,
using the Siemens SHELXTL-PLUS program (PC versiamd refined

by full-matrix least-squares calculations. The numbers of refined
parameters were 821 far 842 for2, and 782 for3. All non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were calculated
as a riding model with fixed isotropid = 0.06. The structures df
and 2 showed solvent disorders. The atom coordinates are listed in
Table 2, and summaries of selected bond distances and angles are listed
in Tables 3 and 4.

Results and Discussion

The structure of gallium tris-chelate which was found to
crystallize as the [GdOPPh)2N}3]-CH,Cl, solvate, is il-
lustrated in the ORTEP plot of Figure 1. Indium(lll) compound
2 contains benzene molecules as crystallization solventina 1:1
ratio. Figure 2 shows the molecular structure and atomic
labeling scheme of [B(OPPhR).N} 4], 3.

The structures are built from discrete {{DPPRh),N} 3]
molecules (M= Ga, In, and Bi). Every metal is coordinated
to the oxygen atoms from three bidentate ligands, forming six-
membered chelate rings. In compledesnd2, the coordination
geometry around the metal centers exhibits a slightly distorted
octahedral arrangement, as compared to the distortion pattern
observed in the analogous bismuth(lll) compouB)da{so herein
described® The ligands display a quite symmetrical chelating
coordination mode on interacting with the gallium(lll) and
indium(lll) cations. The average G#& and In-O bond
distances are 1.973(13) and 2.127 (9) A, respectively. The
differences between the shortg¢$i] 1.954 (5) and 2] 2.115

(9) Siemens Shelxtl PlufRkelease 4.0 for Siemens R3 Crystallographic
Research System; Siemens Analytical X-Ray Instruments, Inc.:
Madison, WI, 1989.

According to the dihedral angl@'] criterion, it is established that
the 1 and2 tris-chelates lie near thBzy limit in the pathOp(Dsq) <~

Dsn [ideal 6" angles: On(D3g) 70.5, 70.5, 70.5at by and 70.5, 70.5,
70.5 at by. Ideald’ angles: Dsn) 0, 0, @ at by and 120, 120, 120at

by]. The observed' angles are 108.6, 70.7, 71& by and 71.0, 111.5,
70.9 at by for 1; 108.4, 71.0, 70lat by, and 71.5, 111.0, 725t b

for 2. The observed' angles for3: 81.4, 74.5, 1114at by and 105.7,
59.9, 67.2 at bp. Muetterties, E. L.; Guggenberger, L.Idorg. Chem.
1974 96, 1748-1756.

(10)
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Table 2. Atom Coordinates x10% and Equivalent Isotropic Displacement Coefficientg (A 10°)2 for 1:CH,Cl,, 2:CsHs, and3
1 2 3

atom X y z Ueq) X y z Ueq) X y z Ueq)

M 1796(1) 1914(1) 2253(1) 29(1) 1682(1) 7264(1) 2007(1) 30(1) 1938(1) 2648(1) 3152(1) 38(1)
P(1) 1005(2) 3908(2) 1970(1) 36(1) —168(1)  7480(1) 492(1)  37(1) 749(2) 733(2) 3048(1)  48(1)
P(2) 1081(2) 3392(2) 3388(1) 36(1) 1529(1) 8724(1) 855(1) 39(1) 2873(2) 192(2) 2980(2) 50(1)
P(3) 140(2) 14(2) 2070(1) 38(1)  3434(1) 6120(1) 1476(1) 43(1) 2630(2)  3552(2) 4791(2) 52(1)
P(4) 1805(2) 116(2) 3161(1) 42(1) 4159(1) 7551(1) 2685(1) 42(1) 4013(2) 3541(2) 3375(2) 50(1)
P(5) 4139(2) 2617(2) 2624(1) 40(1)  1033(1) 8404(1) 3442(1) 35(1) 2306(3) 2953(2) 1169(2) 59(1)
P(6) 3439(2) 1514(2) 1276(1) 40(1) 1076(5) 6597(1) 3479(1) 37(1) 878(3) 4487(2) 1984(2) 66(1)
N(1) 1045(5) 4170(4) 2816(3) 38(3) 350(3) 8429(2) 543(2) 43(1) 1816(7) 75(7) 2847(6) 57(4)
N(2) 682(5) —299(5) 2799(3) 44(3) 4258(3) 6882(2) 1972(2) 52(1) 3701(7) 3408(8) 4282(5) 58(4)
N(@3) 4295(5) 1877(5) 1949(4)  49(3) 1221(3) 7581(2) 3866(2) 44(1) 1629(11) 3985(8) 1260(6) 95(5)
O(1) 1229(4) 2905(4) 1715(3) 38(2) 280(2) 6961(2) 1130(2) 43(1) 681(6) 1706(5) 3404(4) 50(3)
0O(2) 1238(4) 2369(3) 3117(3) 32(2) 2191(2) 8148(2) 1356(2) 40(1) 3006(6) 1204(5) 3174(4) 53(3)
0O(3) 551(4) 1997(4) 1852(3) 37(2) 2326(2) 6211(2) 1476(2) 45(1) 1830(6) 3252(6) 4434(4) 61(3)
O(4) 2357(4) 894(4) 2790(3) 38(2) 3126(2) 7577(2) 2857(2) 40(1) 3301(6) 3321(6) 2874(4) 56(3)
O(5) 3078(4) 2827(4) 2643(3) 38(2) 1064(2) 8291(2) 2600(1) 36(1) 2275(6) 2312(5) 1874(4) 54(3)
O(6) 2345(4) 1500(4) 1381(3) 41(2) 1161(2) 6393(2) 2655(2) 41(1) 885(7) 3995(6) 2758(5) 70(3)

aU(eq) is defined as one-third of the trace of the orthogonallZgtensor.

Table 3. Selected Bond Distances (A) farCH,Cl,, 2:CsHs, and3 Table 4. Selected Bond Angles (deg) farCH,Cl,, 2-CsHs, and3
1 2 3 1 2 3
M—0(1) 1.954(5) 2.126(3) 2.392(8) O(1)-M—-0(2) 90.9(2) 90.5(1) 84.4(3)
M—0(2) 1.968(5) 2.138(3) 2.281(7) 0(1-M—-0(3) 88.0(2) 90.2(1) 99.6(3)
M—0(3) 1.971(5) 2.115(3) 2.404(8) O(1-M—0(4) 179.2(2) 177.7(1) 171.1(2)
M—0(4) 1.983(5) 2.144(3) 2.273(9) 0O(1-M—0(5) 92.7(2) 91.9(1) 92.5(3)
M—0(5) 1.996(5) 2.120(3) 2.256(7) 0(1)-M—0(6) 87.4(2) 89.2(1) 94.0(3)
M—0(6) 1.959(5) 2.126(3) 2.337(8) 0(2-M—-0(3) 92.6(2) 92.6(1) 101.3(3)
N(1)—P(1) 1.582(6) 1.594(4) 1.577(9) 0(2)-M—0(4) 89.4(2) 87.6(1) 86.9(3)
N(1)—-P(2) 1.591(7) 1.578(4) 1.583(11) 0O(2-M—-0(5) 88.8(2) 90.0(1) 82.0(3)
N(2)—P(3) 1.581(7) 1.595(4) 1.574(10) 0(2-M—0(6) 178.2(2) 179.3(1) 163.4(3)
N(2)—P(4) 1.579(7) 1.577(4) 1.593(9) O(38)-M—-0(4) 91.2(2) 88.7(1) 83.8(3)
N(3)—P(5) 1.608(7) 1.585(4) 1.568(12) 0O(3-M—0(5) 178.3(2) 176.7(1) 167.7(3)
N(3)—P(6) 1.576(6) 1.577(4) 1.577(11) O(3)-M—-0(6) 87.8(2) 88.0(1) 95.3(3)
P(1-0(1) 1.511(6) 1.517(3) 1.509(8) O(4-M—0(5) 88.0(2) 89.3(1) 84.4(3)
P(2)-0(2) 1.511(5) 1.520(3) 1.539(9) O(4-M—0(6) 92.3(2) 92.8(1) 93.8(3)
P(3)-0(3) 1.514(6) 1.513(3) 1.517(10) 0(5-M—0(6) 90.7(2) 89.5(1) 81.6(3)
P(4)-0(4) 1.508(6) 1.509(3) 1.528(10) P(1)-N(1)—-P(2) 124.3(4) 126.2(2) 133.0(7)
P(5)-0(5) 1.505(6) 1.518(3) 1.519(8) P(3-N(1)—P(4) 124.3(4) 127.2(3) 128.9(7)
P(6)-0(6) 1.519(6) 1.512(3) 1.516(9) P(5)-N(1)—P(6) 122.5(5) 127.4(2) 130.0(7)
O(1)++0(2) 2.797(7) 3.028(3) 3.164(8) M—0(1)-P(2) 131.2(3) 127.1(2) 125.3(4)
0O(3)--0(4) 2.824(7) 2.977(3) 3.127(9) M—0(2)-P(2) 129.5(3) 126.5(2) 129.0(5)
O(5)++0(6) 2.818(7) 2.990(3) 3.021(8) M—0(3)-P(3) 130.6(3) 128.5(2) 128.8(4)
O(1)++0(3) 2.715(7) 3.003(3) 3.655(8) M—0(4)-P(4) 128.2(3) 125.0(2) 132.0(4)
O(1)+-0(6) 2.701(7) 2.985(3) 3.468(8) M—0(5)-P(5) 127.4(3) 126.5(2) 132.0(4)
O(3)--0(6) 2.722(7) 2.947(3) 3.515(8) M—0(6)—P(6) 129.3(3) 126.9(2) 132.0(5)
0O(2)++0(4) 2.773(7) 2.961(3) 3.153(8) N(1)—P(1)-0(1) 117.0(3) 118.0(2) 116.5(5)
0(2)--0(5) 2.781(7) 3.008(3) 3.034(8) N(1)-P(2-0(2) 117.2(3) 116.8(2) 118.1(5)
O(4y++0(5) 2.768(7) 2.997(3) 2.966(8) N(2)—P(3)-0(3) 117.4(3) 117.5(2) 117.2(5)
O(1)--0(5) 2.797(7) 3.028(3) 3.383(8) N(2)—P(4)-0(4) 116.1(3) 117.6(2) 116.4(5)
0(2)y++0(3) 2.797(7) 3.028(3) 3.655(8) N(3)—P(5)-0(5) 116.2(3) 117.0(2) 117.1(5)
O(4y++0(6) 2.797(7) 3.028(3) 3.361(8) N(3)—P(6)-0(6) 118.6(4) 117.5(2) 118.0(5)

(3) A} and the longes[1] 1.996 (5) and 3] 2.144 (3) & M—0O groups sit_uated on the same riHg.The closest &-C non-
bond distances are only 0.042 A fband 0.024 A for2. Some  bonded distances between phenyl carbons (all of which are
additional structural similarities are observed wherl®-0O within the range of the sum of the van der Waals ragiigre
bond angles are compared with the correspondirg5@-0 presented in Table 5, a few intramolecular distances shorter than
bond angles (Table 4). The largest difference betweeM& O the van der Waals radii sum (@, C-N, or C-P) being also
bond angles is only 2% and the average value of these Ppresent. There are no particularly short intermolecular contacts.
differences is 1.2(7) The crystal packing is determined by normal van der Waals
The MO;P;N chelate rings (M= Ga, In, and Bi) are arranged forces. The resulting distortion pattern observed around the
in boat conformation with the metal and nitrogen atoms at the gallium and indium atoms may be accounted for by the presence
apices. There are some phenaphenyl contacts, presumably of all the intramolecular interactions mentioned above. In the
due to the bulky nature of this ligand and to the size of the case of the bismuth atoms 8f this does not appear to be the
central atoms. These contacts occur mainly between phenylunique factor. . ) )
groups on the same phosphorus atom and also between the The average bond distances and angles (including those
equatorial phenyl groups situated on the same chelate ring. Thisaround the phosphorus atom, in exocyclic position) found in
contrasts with the observed situation in some bis-chelates with ) @S ey p—— Chem 1674 13, 1185, (5) Churehil
H i a) sliman, O.; Gray, H. Bnorg. em 3 . urcnill,
the analogous s_,ulfur ligand, where th_e chair and boat M. R.. Wormald, Jinorg. Chem 1971 10. 1778,
conformations with the metal and the nitrogen atoms at the (12 pauling, L.The Nature of the Chemical Bonrd. ed.; Cornell
apices give unfavorable 1,3 axigdxial arrangements of phenyl University Press; Ithaca, N.Y., 1960.
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Table 5. Short G--C Nonbonded Distance Found IRCH,Cl,, 2:CsHs, and3

1 2 3
C(1)---C(7) 2.925(20) C(L)y-C(7) 2.861(9) C(Ly-C(7) 2.868(14)
C(1---C(12) 3.141(22) C(3)-C(12) 3.404(15)
C(13)--C(19) 2.885(19) C(13)-C(19) 2.851(9) C(13)-C(19) 2.846(17)
C(13)--C(24) 3.374(20) C(13y-C(20) 3.320(9) C(6)-C(7) 3.201(16)
C(14)--C(19) 3.334(19) C(14y-C(19) 3.210(10)
C(25)--C(31) 2.842(20) C(25)-C(31) 2.852(7) C(25)-C(31) 2.840(15)
C(25)--C(36) 3.385(20) C(25)-C(32) 3.380(8) C(25)-C(32) 3.365(18)
C(37)y--C(43) 2.803(21) C(37-C(43) 2.827(8) C(3%)-C(43) 2.863(17)
C(37)--C(48) 3.249(23) C(3%-C(44) 3.403(8) C(3%)-C(44) 3.080(18)
C(38)--C(43) 3.165(22) C(38)-C(44) 3.435(17)
C(38)--C(59) 3.439(22) C(30):C(31) 3.275(15)
C(49)--C(55) 2.805(20) C(49)-C(55) 2.881(7) C(49)-C(55) 2.825(19)
C(49)--C(60) 3.406(20) C(49)-C(56) 3.367(7)
C(54)--C(55) 3.267(21) C(50y-C(55) 3.463(21)
C(61)--C(67) 2.858(18) C(61-C(67) 2.916(8) C(63)-C(67) 2.899(18)
C(66)--C(67) 3.357(21) C(61H-C(72) 3.291(9)
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Figure 1. ORTEP plot of [G&(OPPh),N}3]-CH,Cl, with thermal Figure 2. ORTEP plot of [B{ (OPPh),N} ], 3, with thermal ellipsoids
ellipsoids at the 50% probability level. Hydrogen atoms are omitted at the 50% probability level. Hydrogen atoms are omitted for clarity.

for cl
or clarity. evidence for the presence of a stereoactive lone’pdirEigure

3 shows the coordination sphere around the bismuth atom with
the phenyl rings omitted. The distortion pattern around the
bismuth atom in compound suggests the presence of a lone
pair. The shorter bond distances, set a{Bi(2), 2.281(7) A;
Bi—0(4), 2.273(9) A; and B+O(5), 2.256(7) A], correspond

to those oriented in the direction opposite to the lone pair and
the longer bond distances (set b) are those adjacent to the lone

the chelate rings agree well with corresponding dimensions
found in previous structure determinations (Table* 6Yhe
average PN and P-O bond distances are consistent with a
m-delocalized structure involving the five ligand atoms in the
chelate ring, as it has been noted in cyclic phosphaz€rigse
chelate ring angles in Table 6 vary somewhat due to variation
in size of the central atom and overall structure. The variation
in the average PN—P (A = 7°), M—O—P (A = 24.7), and
O—P—N (A = 8.4°) angles demonstrates the flexibility of the

(15) (a) Iglesias, M.; Del Pino, C.; Manez-Carrera, Solyhedron1989
8, 483. (b) Begley, M. J.; Sowerby, D. B.; HaiducJl. Chem. Soc.,

ligand and its ability to fulfill the requirements imposed by the
central atom, whereas it also indicates that the @ bite can
be greater or smaller than the range observed in the table.
We now make reference to compour®d in which the
coordination geometry around bismuth imitates the trig@aal
distortion noted in several six-coordinated group 15 com-
pounds®14-17 The ligands coordinate to the bismuth atom
asymmetrically, a fact which results in two distinct sets of Bi

bond lengths with the distances of one set longer than the other.

A similar pattern has been noted before, and it is considered

(13) Allcock, R.Phosphorus-Nitrogen Compounécademic Press; New
York, 1972.

(14) Lawton, S. L.; Fuhrmeister, C. J.; Hass, R. G.; Jarman, C. S;
Lohmeyer, F. Glnorg. Chem.1974 13, 135.

Dalton Trans.1987, 145. (c) Sowerby, D. B.; Haiduc, 0. Chem.
Soc., Dalton Trans1987 1257. (d) Day, R. O.; Chauvin, M. M.;
McEwen, W. E.Phosphorus Sulfur Relal98Q 8121.

(16) (a) Snow, M. R.; Tiekink E. R. TAust. J. Chem1987 40, 743. (b)

Colapierto, M.; Domenicano, A.; Scaramuzza, L.; ViciagoJAChem.
Soc., Chem. Commu968 302. (c) Kavounis, C. A.; Kokkou, S.
C.; Rentzeperis, P. J.; Karagiannidis A2ta Crystallogr.198Q B36,

2954. (d) Sowerby, D. B.; Haiduc, |.; Barbul-Ruso, A.; Salajari, M.
Inorg. Chim. Actal983 68, 87.

(17) (a) Bartell, L. S.; Gavin, R. MJ. Chem. Phys1968 48, 2460. (b)

Russell, D. R.; Poore, M. Cl. Chem. Soc., Chem. Commad®71,
18. (c) Iven, M. L.; Irving, H. M. N.; Nassimbeni, L. R.; Hutton, A.
T. Acta Crystallogr.1982 B38 2140. (d) Massiani, M. C.; Papiernik,
R.; Hubert-Pfalzgraf, L. GPolyhedron1991, 10, 437. (e) Hegetsch-
weiler, K.; Ghisletta, M.; Gramlich, Vinorg. Chem 1993 32, 2699.
(f) Reger, D. L.; Hulf, M. F.; Rheingold, A. L.; Haggerty, B. S.
Am. Chem. Sod 992 114 579. (g) Reger, D. LSynth. Lett1992
469.
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Table 6. Average Interatomic Distances (A) and Angles (deg) in Some Chelate Rings Containig the {{G#eh),N}

c-P-C

N-P-C

0-P-C

P-N-P

O-P-N

M—O-P

bite

P-C

P—N
1.587(6)
1.581(9)
1.586(2)
1.588(3)
1.656(12)
1.582(13)
1.581(9)
1.587(4)
1.588(2)

P-O
1.521(7)
1.540(4)
1.523(3)
1.499(4)
1.499(1)
1.530(7)
1.522(12)
1.534(4)
1.525(4)
1.511(4)
1.515(4)
1.520(6)

M-O
2.24(11)
2.073(4)
2.203(5)
2.870(4)
2.206(5)
2.06(5)

2.09(8)

compound

Sn{ (OPPhR)2N} 2]

fo\/\
T ) o
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107.7(2.4)
108.4(1.9)
107.8(1.6)
108.3(1.0)

107.9(5)
109.2(2)

126.7(2)
126.3(3)
130.4(4)
129.3(3)
123.2(6)
125.7(4)
125.3(2)
123.8(3)
130.7(1)
123.7(4)
127.0(4)
130.6(1.8)

117.4(5)
115.9(4)
118.0(4)
119.0(3)
110.6(5)
116.7(3)
116.7(1)
115.6(2)
115.8(7)
117.1(7)
117.3(4)
117.2(9)

131.3(2)
130.6(2)
130.5(3)
115.9(2)
140.6(5)
136.1(3)
137.7(1)
134.4(3)
135.9(1)
129.3(1.4)
126.7(1.0)
129.8(2.5)

85.64(4)

89.55(1)

88.5(2)
73.5(1)
78.3(3)
86.0(2)
83.4(1)
86.0(2)
88.2(1)
91.5(9)
89.6(7)
83.3(1.0)

3.045

2.921

3.074
3.444
2.785
2.811
2.788
2.813
2.759
2.812(1)
2.99(2)
3.10(6)

1.819(1)
1.767(13)
1.796(7)
1.801(3)
1.795(6)
1.801(5)
1.802(8)
1.799(7)
1.799(11)

1.586(10)
aSee ref 4a° See ref 4f° See ref 4e9 See ref 4ce See ref 4df See ref 4b9 This study.

1.584(7)
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2.062(8)
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Figure 3. 50% probability plot showing geometry around bismuth atom
with the phenyl rings omitted. The BiO bonds, denoted by letters,
identify the two distinct set of distances; the longer bonds corresponding
to set b are B+O(1), Bi—0O(3), and Bi~O(6) and the shorter bonds
[set a] consist of B+O(2), Bi—0(4), and Bi-O(5).

pair [Bi—O(1), 2.392(8) A; Bi-O(3), 2.404(8) A; and B+O(6),
2.337(8) A]. This speculation is supported by the opening of
the O-Bi—0O bond angles straddling the lone pair, which
averages 96.3 (2.9)11.9 larger than the average [84.4 (Z2b)
associated with the short set (set a). Moreover, the@
nonbonded distances [O1)0(3), 3.655(5) A; O(1)-0(6),
3.467(5) A; and O(3)-0O(6), 3.513(5) A] of the trigonal face
O(1)-0O(3)—0O(6) are larger than those of the other faces,
particularly the face opposite to the lone pair [G¢ZD(4),
3.157(5) A; O(2):-0(5), 2.964(5) A; and O(4)-O(5), 3.041-

(5) A]. Notably even the O(2)-O(5) length is shorter than
the 3.04 A van der Waals radii sdfn(Table 3). In addition,
there exists the possibility that the lone pair is displaced toward
the O(2)--O(3) edge, as evidenced by one of the longerQ
distances [3.6551(5) A] and the corresponding®—0 bond
angle [O(2-Bi—0O(3), 101.5(2)], the largest angle observed
in the coordination sphere. This pattern is in agreement with
the result obtained by Wheelat al. They found that the
electron lone pair on the central atom in distorted X
molecules (M= Bi or Sh; X =1 or CI)3 is hybridized toward
longer bonds and larger angles, in accordance with the VSEPR
model.

In Table 7 are listed some useful gauges employed by
Lawton' for measuring the extent of deformation of the central
MXE group (M= metal, X= donor atom, E= lone pair). All
of the MXgE cores present an approximat€ly, symmetry4-16
It is important to point out that this distortion does not
necessarily prove stereochemical activity of a lone pair but that
the resulting geometry is imposed both by the formation of four-
membered chelate rings of theCGOR, SCNR;, S;P(OR), and
S,PR; ligands and by the rigid nature of theGOR, and &
CNR; ligands!®20 In our compound3, the bending deforma-
tion?! (R, = 0.87), comparable with that found in both arsenic
compounds, is larger than the stretching deformatign =€
0.95), which is within the range of those exhibited by the other
bismuth compoundX15a.c

In marked contrast to the results obtained by comparing the
structures of both analogous compounds of indium(8))and

(18) Bondi, A. J.J. Phys. Cheml1964 68, 441.
(19) Zukerman-Schpector, J.; Haiduc, |.; Silvestru C.; Cea-Olivares, R.
Polyhedron1995 21, 3087.



Comparison between MgE and MXs Systems Inorganic Chemistry, Vol. 35, No. 13, 1998953

Table 7. Dimensions of the MXE Group (X= S or O) Involving Trivalent As, Sb, and Bi in Some Chelate Compounds [Average Interatomic
Distances (A) and Angles (de@)]

av M—XP (A) av X—M—X" (deg)

compound Xa Xp A Ry = X/ Xpt Xa—M-Xa Xp—M-Xyp A Ry = O0J/0¢°
[As(S,COEty] 2.28 2,94 0.66 0.78 92.0 107.6 15.6 0.86
o-[As(S:COMe}]® 2.30 3.00 0.70 0.76 90.7 1111 20.4 0.82
B-[As(S:COMe})]® 2.30 2.96 0.66 0.77 91.2 109.8 18.6 0.83
[As(S:CNEb)s]4 2.35 2.84 0.49 0.83 89.7 104.2 145 0.86
[Sh(SCOEt)] 2.52 3.00 0.48 0.84 87.5 1131 25.6 0.77
[Sb(SP(OMe})s]* 2.53 3.01 0.48 0.84 88.4 106.2 17.8 0.83
[Sb(SP(OELt))3]¢ 2.60 2.83 0.23 0.91 94.1 100.9 6.8 0.93
[Sb(SP(OPro))s]f 2.52 3.02 0.49 0.83 87.5 106.6 19.1 0.82
[Sb(SP(OEtp)3]" 2.53 3.05 0.52 0.83 87.0 102.9 15.9 0.84
[Bi(S2PER)s]! 2.75 2.82 0.06 0.97 95.5 98.6 31 0.97
[Bi(S2PER)3]-CeHé 2.78 2.79 0.01 0.99 93.2 93.0 -0.2 1.00
[Bi(S2P(O Proy)q]¢ 2.70 2.87 0.17 0.94 91.2 99.9 8.7 0.91
[Bi{ (OPPh),N} 5]« 2.27 2.38 0.11 0.95 84.4 96.3 11.9 0.87

a All data are weighted averageésDonor atom denoted b). ¢ See ref 219 Data taken from ref 14 See ref 16af See ref 16d9 See ref 15d.
h See ref 19! See ref 15a. See ref 15ck This study.

gallium(lll), 1, the comparison between the structures of
compounds2 and 3 brings forth important differences. In
addition to the distinct coordination mode displayed in the
bismuth compounds, the corresponding @—0O bond angles
differ significantly (Table 4). The largest difference observed
between compoungand compoun@ is 15.9, and the average
value of these differences is 6.5(4.0)The model fitting for
the bismuth and indium complexes is shown in Figure 4.

A close look at the phenyl ring positions reveals additional
structural differences. In the bismuth compound, the phenyl
groups oriented in the direction of the lone pair are arranged in
such a way as to allow an enlargement of the trigonal face
O(1)-0(3)—0(6), thus providing more space for the lone pair.
In contrast, the aromatic groups in the corresponding face of ™
the indium compound (Figure 3) are not arranged in such a
fashion. The deviation from the idealized crystal coordinates
for model atoms, illustrated in Figure 3, is strikingly larger for
C(1)-C(12), C(25)-C(30), C(31)C(36), C(61)-C(66), and
C(67)-C(72), which belong to the phenyl rings located toward
the trigonal face O(1)O(3)—0O(6).

The structures of the above reported Ga(lll) and In(lll)
complexes, which act as Mp¢ontrol systems, demonstrate that

the steric bulk of the ligand does not appear to be the only =7,
driving force for the whole observed distortion pattern in Figure 4. Model fitting view of [In{ (OPPh)N} 3] CeHs (2) [solid line]
compound3. and [B{ (OPPh):N} 4] (3) [dashed line].

~ Onthe other hand, the trigonal distortion detecteBistands  arguments that for highly electropositive central atoms and
in contrast to the enigmatic distortion pattern observed in the electropositive ligands, the small HOMO-lgap tempers the
sulfur-based analogue, fSPPR)2N} s],"*for which the steric distortion and favors the inert pair efféttFurther studies into
crowding in the valence shell may be expected to be smaller the donor atom substitution effects on the geometry of the
than in3. This result is consistent with the frontier orbital Corresponding selenium-based ana|oguq,(ﬁppb])2[\|}3]’ are

in progress.

(20) The comparison of the structures of group 13 and group 15 complexes .
containing SCOR, SCNR;, S;P(OR), and SPR; ligands indicates Acknowledgment. This work was supported by UNAM-

that the small differences observed in the coordination geometry may DGAPA Project Grant IN100395. V.G.M. acknowledges

be rationalized without invoking a stereoactive lone pair. For example, Mexican National Council of Science and Technology, CONA-
the distortions in the indium(lll) complexes are caused by the small ’

bite of such ligands: (a) Svensson, G., AlbertssonActa Chem. CYT for generous support and thanks L. Velasco-Ibarra and F.

Scand.1989 43, 511. (b) Coggon, P.; Lebeda, J. D.; McPhail, A. T.;  J. Peez-Flores for their work in recording the FAB-mass spectra.
Palmer, R. AJ. Chem. Soc., Chem. Commad®7Q 78. (c) Hauser,

P. J.; Bordner, J.: Schreiner, A. Forg. Chem 1973 12, 1347. (d) Supporting Info.rmation Available: Tables of cryst.allogra.phic

Bhattacharya, S.; Seth, N.; Gupta, V. D.;tNoH.; Thomann, MZ. data, atomic coordinates, bond lengths, bond angles, anisotropic thermal

Naturforsch.1994 49h 193. _ parameters, and hydrogen atom coordinates for each compound (39
(21) The stretching deformation is definedRis= Xo/Xp, WhereXa andXy pages). Ordering information is given on any current masthead page.

refer to the average bond distances of donor atoms formirg<M

short bonds, set axg), and long bonds, set bXf). The bending 1C9512082
deformation is defined aB, =04/0p, where(, is the average value
of the Xa—M—X, bond angles andly is the average bond angle of  (22) Williams, D. J.; Quicksall, C. O.; Barkigia, K. Whorg. Chem1982
the Xo,—M—X,, set. 21, 2097.




