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Introduction
Dithiophosphinato complexes have found application as

2Ry = 3 [[Fo| = [Fdll/3|Fol. ®"WRe = { Z[W(Fo* — FAF/Z[WFAT}H2
wl = ¢%(F?) + (aP)? + bP.

solvent extraction reagents for metals, insectides and pEStiCidesExperimental Section

flotation agents for mineral ores, and additives to lubricant oils
and can be used as precursors for use in metganic chemical
vapor deposition (MOCVD3}* The structures of a number of
zinc and cadmium complexes of substituted dithiophosphorus
ligands of the type {S,PR), e.g., [Zn(SPR.)J]2 (R = Et°
"Pr,,% Bu,*) and [CA(SPRy)2]2 (R = Et,, "2 IBu,,* Php!9), have

Sodium diisobutyldithiophosphinate (50% solution in water) was
obtained from Fluka Ltd. InGland GaCJ were gifts from Epichem.
Ltd., and solvents were obtained from BDH.

[IN(S2P'Buy)s] (1). The compound was prepared from sodium
diisobutyldithiophosphinate and indium chloride (Ig}3y the method
of Kuchen and co-workerS.The white precipitate formed in aqueous

been determined by X-ray crystallography. The related indium sejution was filtered under vacuum and recrystallized from toluene to
compounds [In(8PR)] (R = Me 12 Et, 1P OEt!c Ph19 are give colorless crystals. Yield: ca. 85%1 NMR (CDCl; 400 MHz) &
monomeric in the solid state in contrast to the dinuclear (ppm): 1.09 (d, 36H3Jy_y = 6.7 Hz, CH), 1.93 (dd, 12H3}4_y =
formulations seen for the zinc and cadmium species. Barron et6.0 Hz, CH), 2.54 (m, 6H2Jy-n = 6.4 Hz, CH).**C NMR (CDCb,
al12 have proposed that the structures of the related gallium 400 MHz)6 (ppm): 24.86 (CH), 24.95 (CH), 47.36 (Cb). 'P NMR

compounds [Ga(fPRy)s] (R = Me, Et) will be similar to the
structures of their indium analogues, though these complexes
have not been characterized crystallographically.

Here we report the X-ray crystal structures of the new
compounds tris(diisobutyldithiophosphinato)indium(lll) and
-gallium(lll), which, surprisingly, are not isostructural and are
seen to exhibit distinctly different coordination modes. The
gallium complex is, we believe, the first example of a tris-
(dialkyldithiophosphinato)gallium(lll) compound to be structur-
ally characterized

* Author to whom correspondence should be addressed. E-mail:

(CsDs, 500 MHZz) 6 (ppm): 67.68. IR major bands and tentative
assignments: 603 cmh v(In—S); 722 cm?, »(P=S). Anal. Calcd for
CoaHsaPsSsIn: C, 38.8; H, 7.3. Found: C, 38.1; H, 7.6.

[Ga(S:P'Buy)3] (2). The reaction was carried out as above but using
GaCk in place of the indium source. Yield: ca. 82%i NMR (CDCl;
400 MHz) 6 (ppm): 1.14 (d, 36H3J4—y = 6.7 Hz, CH), 2.15 (dd,
12H, 334-n = 6.1 Hz, CH), 2.38 (m, 6H,2J4- = 6.5 Hz, CH).1*C
NMR (CDCl;, 400 MHz) 6 (ppm): 24.71 (CH), 24.79 (CH), 48.15
(CHyp). 3P NMR (GsDs, 500 MHz) 6 (ppm): 68.24. IR major bands
and tentative assignments: 615 émw(Ga—S); 720 cm?, »(P=S).
Anal. Calcd for GiHsaPsSsGa: C, 41.3; H, 7.8. Found: C, 41.2; H,
7.7.

Crystallographic Structural Determination. Crystallographic data

paul.obrien@man.ac.uk. for 1 and2 are summarized in Table 1. Data were collected on Siemens
T Current address: The Manchester Materials Science Centre and P4/PC diffractometers using graphite-monochromated Malid Cu
,E)Aeparﬁmetnt ?\Llcghggiggk-rhe University of Manchester, Oxford Road, k¢ radiation forl and2, respectively. The structures were solved by
(all;cRiiiglibn, W BoS/Ie; RSobent Extr. lon. Exch199Q 8, 783. direct methods, and the non-hydrogen atoms were refined anisotropi-
(2) Haiduc, I.; Sowerby, D. B.; Lu, S.-FPolyhedron1995 13, 3389. cally using full-matrix Ie_ast-_squares basedrénThe polarity of2 was
(3) Takahashi, Y.; Yuki, R.; Sugiura, M.; Motojima, S.; Sugiyana,JK. determined by a combination &factor tests Ri* = 0.0614,R;~ =
Cryst. Growth198Q 50, 491. 0.0624] and by use of the Flack parameter £ —0.16(14),x" =
(4) Byrom, C.; Malik, M. A.; O'Brien, P.; White, A. J. P.; Williams, D. +1.15(14)]. CCDC: 1638201j and 163821%).
J. Polyhedron200Q 19, 211.
(5) Calligaris, M.; Nardin, G.; Ripamonti, Al. Chem. Soc. A97Q 714.
(6) Wunderlich, H.Acta Crystallogr., Sect. B982 38, 614.

g; wﬂzgg;::gﬂ e t';”étﬂ's‘t’gﬁ;, é?szsgfta cltggé 42 631 Compounds and2 are soluble in most organic solvents and

(9) Svensson, G.; Albertsson, Acta Chem. Scand.991, 45, 820. can be recrysta_llized from toluene at room temperatureT to give
(10) Casa, J. S.; Garcia-Tasende, M. S.; Sanchez, A,; Sordo, J.; Vazqueztransparent white crystals. Both compounds gave satisfactory
kgf:iég4“/2'-igisfg"an0v E. E.; Zukermann-Schepctdnafg. Chim. elemental analysis and were further characterized by NMR (

: 13- 31
(11) For structures of indium dithiophosphinates, see, for example: (a) *C, P), IR, TGA, and X-ray methods. The compounds are
Zukerman-Schpector, J.; Haiduc, 1.; Silvestru, C.; Cea-Olivares, R. Stable at room temperature for several months.
Polyhedron1995 14, 3087. (b) Svensson, G.; Albertsson,Atta The X-ray analysis shows the indium complely o have

Chem. Scandl989 43, 511. (c) Coggon, P.; Lebedda, J. D.; McPhalil, . : -
A. T.. Palmer, R. AJ. Chem. Soc. 1970 78. the anticipated approximatelp; symmetric structure shown

(12) Christopher, C. L.; Hynes, A.; Barron, A. R.; Haiduc, |.; Silvestru, C.
Polyhedron1996 15, 391.

Results and Discussion

(13) Kuchen, W.; Metten, J.; Judat, £hem. Ber1964 97, 2306.

10.1021/ic001331f CCC: $20.00 © 2001 American Chemical Society
Published on Web 06/06/2001



3630 Inorganic Chemistry, Vol. 40, No. 14, 2001 Notes

on pCM)

C@2

[o3)] C(3

Ci12)

'&U\/cm) ({_jene
oS ETIIN

7 - %’\

.

oot/ 8 L
st S

] ) Figure 2. The molecular structure of [GafSBuy)3] (2). Selected bond
Figure 1. The molecular structure of [INEBBu,)3] (1). Selected bond lengths (A) and angles (deg); 68(1) 2.337(3), GaS(2) 2.316(3),
lengths (A) and angles (deg); +8(1) 2.6493(9), IrS(2) 2.6100(8), Ga—S(3) 2.253(3), GaS(5) 2.260(3), P(BS(1) 2.030(3), P(BS(2)
P—S(1) 2.0225(12), PS(2) 2.0212(11), S(})In—S(2) 77.53(2), S(} 2.025(3), P(2)-S(3) 2.085(4), P(2)S(4) 1.961(5), P(3}S(5) 1.995(7),
In—S(1A) 90.82(3), S()In—S(2A) 100.55(3), S(2)In—S(2A) 93.30(3), P(3)-S(6) 1.948(8), S(BGa—S(2) 87.03(9), S(HYGa—S(3) 113.18(12),
S(1)-In—S(2B) 163.73(3). S(1-Ga—S(5) 108.26(14), S()Ga—S(3) 114.19(11), S(AGa—S(5)
113.6(2), S(3}Ga—S(5) 116.7(2).
in Figure 1, the crystallographic symmetryGs. The geometry
at indium is trigonally distorted octahedral as a consequence ofetry (Figure 2). The bite angle of the chelating ligand is
the restricted bite of the chelating diisobutyldithiophosphinate noticeably increased [at 87.03fR) cf. that in 1, and the
ligand [S(1)-In—S(2) 77.53(2)], the trans angles each being “tetrahedral” angle between the sulfur atoms of the two pendant
163.73(33. The In=S bond lengths [2.610(1) and 2.649(1) A] ligands is 116.7(2) The chelating GaS distances [2.316(3)
are noticeably different but lie within the range observed for and 2.337(3) A] are significantly longer than those to the two
other indium dithiophosphinate spectdsDistortions from pendant ligands [2.253(3) and 2.260(3) A], possibly reflecting
tetrahedral geometry at the phosphorus centers are small, thehe localization of the negative charge onto a single donor atom

Iargest. deviation being in. the-P—C angle [103.7(Z]; the in the latter cases. This localization is also reflected by a small
P—S distances are essentially the same at 2.021(1) and 2.023(1hsymmetry in the PS bond lengths to the coordinated and
A noncoordinated sulfur atoms (Figure 2). The distances to the

Although examples of pairs of simple compounds that show other sulfur atoms, which are 3.215(4) A to S(6) and 3.457(4)
four-coordination for gallium but five- or six-coordination for A to S(4), are far too long to be considered as bonds. The
indium have been reportédo date, all previously structurally  bonding Ga-S distances seen here are shorter than those seen
characterized pairs of analogous indium/gallium tris(chelates) in the only other previously reported GaSPS chélarehere
with (0,0) or (S,8) ligands have been shown to be isostruc- they are in the range 2.442.472 A.
turaf>*® (interestingly, no examples of corresponding pairs of  There are examples of tris(chelates) of dialkyldithiophos-
complexes with (O,S) chelates have been identified). However, phinates to antimord§ where there is a substantial asymmetry
whereas in the structure of UPS)sIn] (1) the metal center i the chelating distances (ca. 0.5 A), though in each of these
was found to be six-coordinate (vide supra), here in striking cases there are three long and three short bonds. In the complex
contrast the metal center inB(,P$)sGa] @) is four-coordinate,  formed between diphenyldithiophosphinate and cobalt(),
being bound to only one chelating and two pendant diiso- e see a pattern of coordination that is intermediate between
butyldithiophosphinate ligands in a distorted tetrahedral geom- that exhibited by indium irl and that present i@ In this cobalt
complex there are two chelating ligands and one pendant ligand.

(14) Chemistry of Aluminium, Gallium, Indium and ThalliuBowns, A.
J., Ed.; Blackie: Glasgow, 1993.

(15) For isostructural pairs of tris(Oxhelates with indium and gallium, (16) For isostructural pairs of tris(S)Shelates with indium and gallium
see, for example, the following. (a) Indium: Rodriguez, J. G.; Cano, see, for example, the following. (a) Indium and gallium: Dymock,
F. H.; Garcia-Blanco, Sryst. Struct. Commuri979 8, 53. Palenik, K.; Palenik, G. J.; Slezak, J.; Raston, C. L.; White, A.HChem.

G. J.; Dymock, K. R.Acta Crystallogr., Sect. B98Q 36, 2059. Soc., Dalton Trans1976 28. (b) Indium and gallium: Hoskins, B.
Gallium: Dymock, K.; Palenik, G. Acta Crystallogr., Sect. B974 F.; Tiekink, E. R. T.; Vecchiet, R.; Winter, Ghorg. Chim. Actal984

30, 1364. (b) Indium and gallium: Lisoivan, V. |.; Gromilov, S. A. 90, 197. (c) Indium: Bhattacharya, S.; Seth, N.; Gupta, V. D.; Noth,
Zh. Neorg. Khim1986 31, 2539. (c) Indium: Matsuba, C. A.; Nelson, H.; Thomann, M.Z. Naturforsch., Teil BL994 49, 193. Gallium:
W. O.; Rettig, S. J.; Orvig, dnorg. Chem1988 27, 3935. Gallium: Bhattacharya, S.; Seth, N.; Srivastava, D. K.; Gupta, V. D.; Noth, H.;
Nelson, W. O.; Karpishin, T. B.; Rettig, S. J.; Orvig, l@org. Chem. Thomann-Albach, MJ. Chem. Soc., Dalton Tran&996 2815.

1988 27, 1045. (d) Indium and gallium: Garcia-Montalvo, V.; Cea- (17) Cowley, A. H.; Hellert, D.; Gabbai, F. P.; Olbrich, Faorg. Chem.
Olivares, R.; Williams, D. J.; Espinosa-Perez,|Gorg.Chem.1996 1995 34, 3127.

35, 3948. (e) Indium: Abrahams, I.; Choi, N.; Hendrick, K.; Joyce, (18) (a) Sowerby, D. B.; Haiduc, |.; Barbul-Rusu, A.; Salajan, INbrg.

H.; Matthews, R. W.; McPartlin, MPolyhedronl994 13, 513. Indium Chim. Actal983 68, 87. (b) Day, R. O.; Chauvin, M. M.; McEwen,
and gallium: Nepveu, F.; Jasanada, F.; Walz)rarg. Chim. Acta W. E. Phosphorus Sulfur Relat. Elerh98Q 8, 121.

1993 211, 141. (f) Indium: Le, Q. T. H.; Umetani, S.; Matsui, M. (19) (a) Kowalski, R. S. Z.; Bailey, N. A.; Mulvaney, R.; Adams, H.;
Chem. Soc., Dalton Tran&997, 3835. Indium and gallium: Zaitseva, O’Cleirigh, D. A.; McCleverty, J. ATransition Met. Chem1981, 6,

E. G.; Baidina, |. A.; Stabnikov, P. A.; Borisov, S. V.; lgumenov, I. 64. (b) McCleverty, J. A.; Kowalski, R. S. Z.; Bailey, N. A.; Mulvaney,

K. Zh. Strukt. Khim199Q 31, 184-2. R.; O’Cleirigh, D. A.J. Chem. Soc., Dalton Tran%983 627.
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The closest analogues to the gallium strucRiege that formed and Mo(lll) 0.69 A shows them all to be capable of forming
between thallium and dicyclohexyldithiophosphirf&and those tris(chelates). It is well-known, however, that substituted dithio-
formed between diphenyl- and gitolyldithiophosphinate and  phosphinate ligands have a tendency to stabilize different, and
zinc!® where in each case there are one chelating and two sometimes unusual, coordination polyhetfrdhe two com-
pendant ligands. pounds can be used as precursors to grow thin films of indium
The reason for this unprecedented difference in coordination sulfide and gallium sulfidé? However, due to their low volatility
behavior betweefh and2 is not immediately apparent. Initially ~ compared to the corresponding dithiocarbamates, the compounds
we thought that it was a consequence of the very much shortermay have more use as precursors for the growth of nanocrys-
Ga—S coordination distances [due to the smaller ionic radii of talline materials of indium or gallium sulfide by thermolysis in
six-coordinate Ga(lll), 0.62 A, cf. 0.80 A for six-coordinate trioctylphoshphine oxide (TOPO), where volatility of the
In(111)] which would result in steric overcrowding around the ~Precursors is not essential.
_metal center if al! _three ligands were che_lat_ing. However, Acknowledgment. P.O’'B. acknowledges the support of
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