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The indium(l) complex [TRYZ]In ([TpB47] = tris(3,5-ditert-butylpyrazolyl)hydroborato), synthesized by the reaction

of [TpBY2Na with InCl, exhibits a structure in which the [Fy¥] ligand adopts a highly twisted configuration due

to steric interactions of theert-butyl substituents in the 5-positions of the pyrazolyl groups. In contrast, the
absence of Fert-butyl substituents allows the pyrazolyl groups in f¥fin to be coplanar with their respective
In—N—N—B planes. The structure of [Pf]In has been previously reported but was noted to exhibit an unusual
type of disorder in which a nitrogen atom of one molecule was coincident with the boron atom of its disordered
configuration [Dias, H. V. R.; Huai, L.; Jin, W.; Bott, S. Giorg. Chem1995 34, 1973-1974]. In view of the
unusual nature of the disorder, which involved both a 2-fold rotation and a canting of the molecule, the disordered
structure of [TB¥]In was re-evaluated. Significantly, an ordered structure oB{Tip was obtained. The disorder
present in the previously reported structure is a consequence of adopting a space group with unnecessarily high
symmetry. Thus, [TB]Iin provides an example where the structure is much better described as ordered in a
noncentrosymmetric space group, rather than disordered in the centrosymmetric alternafi¥dln [Smonoclinic,

of space groupP2;/c (No. 14), witha = 18.781(9) A,b = 10.380(2) A,c = 20.849(6) A8 = 112.76(33, and

Z = 4. [TpPY]In is orthorhombic, of space groupmc; (No. 36), witha = 16.193(3) Ab = 15.214(3) Ac =
9.963(3) A, andz = 4.

Introduction o 4 .

R =R
As a consequence of the facile incorporation of a variety of R N—N R
substituents (R and'Rinto the 3- and 5-positions, the tris- /NN RR
(pyrazolyl)hydroborato [TPR] ligand system (Figure 1) con- H_B\ = [Tp™]
tinues to be one of the most popular in coordination chemistry. N—N
For exampletert-butyl incorporation at the 3-position affords R'/&.%R
considerable steric protection about a metal center an#'{[T]p L |

ligands have been used extensively to support monomericFigure 1. The [TPRR] ligand system.
terminal alkyl, hydride, and hydroxide derivatives of the main
roup element¥ as in [TF¥|BeH 3 [TpBY|MgR,* [TpBY]ZnH 56 _ . .y .
?TDE’E')]ZHRF"7 and [Trjal‘[t'“"Fszl]rlOH.8 rl(/ﬁ)orl rgcenglyp,)wl synthe- [TpBU(Z]_’ in which the 5-position of th_e pyrazolyl group 1S also
sized the related tris(3,5-trt-butylpyrazolyl)hydroborato ligand, ~ ©ccupied by the sterically demandinert-butyl substituent.
Significantly, intraligand repulsive interactions between the
t Columbia University. 5-tert-butyl substituents result in the [F{¥] ligand adopting a
¥ The University of Texas at Arlington. highly twisted, propeller-like, configuration, so that the local

¢ University of North Texas. symmetry of [TF"] is reduced toCs, compared to theC
® Abstract published imdvance ACS Abstractdanuary 15, 1996. y y h [ & ] ical for th t3’|. g In thi s
(1) (a) Trofimenko, SChem. Re. 1993 93, 943-980. (b) Parkin, G.  Symmetry that is typical for the [T] ligand. In this paper,

Adv. Inorg. Chem1995 42, 291-393. (c) Kitajima, N.; Tolman, W. we describe the synthesis and structure of the In(l) derivative
B. Prog. Inorg. Chem1995 43, 419-531. (d) Santos, |.; Marques, [TpBulz]m. As part of this study, we have also had course to

N. New. J. Chem1995 19, 551-571. . . .
(2) The abbreviations adopted here for tris(pyrazoly)hydroborato ligands '€-€valuate the structure of the less substituted derivative,

are based on those described by Trofimetkdhus, the tris- [TpBYJIn, which was reported to exhibit an unusual type of

(pyrazolyhhydroborato ligands are represented by the abbreviation Tp, 2_fo|d disorderl® Significantly, we have identified that the
with the 3- and 5-alkyl substituents listed respectively as superscripts. r L.
(3) Han, R.; Parkin, Glnorg. Chem.1992 31, 983-988. structure of [T§"]In is indeed ordered and that the unusual

(4) (a) Han, R.; Looney, A.; Parkin, Gl. Am. Chem. Sod989 111, disorder originally proposed is a consequence of adopting a

7276-7278. (b) Han, R.; Parkin, GI. Am. Chem. Sod99Q 112 ; ; ;
3662-3663. (c) Han, R.; Parkin, ®rganometallics991 10, 1010~ space group with unnecessarily high symmetry.

1020. (d) Han, R.; Parkin, GI. Am. Chem. Sod992 114, 748-

757.

(5) Looney, A.; Han, R.; Gorrell, I. B.; Cornebise, M.; Yoon, K.; Parkin, (8) Alsfasser, R.; Trofimenko, S.; Looney, A.; Parkin, G.; Vahrenkamp,
G.; Rheingold, A. L.Organometallics1995 14, 274—288. H. Inorg. Chem.1991 30, 4098-4100.
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Figure 2. Molecular structure of [T{]in.
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Results and Discussion

Synthesis of [TFPY'2]In and Structural Comparisons with
[TpB¥]In. Although In(l) complexes are well-precedenféd,

many of these complexes are oligomeric. For example, (cyclo-

pentadienyl)indium(l) derivatives [¢Rs)In] exhibit a varied
degree of oligomerization, which includes monomeétidimer-
ic,’® hexamerid* and polymeric structure’S,depending on the
nature of the substituents of the cyclopentadienyl ligand.

Recently, however, Piggott and Dias independently reported the

use of bulky tris(pyrazolyl)hydroborato ligands to isolate the
monomeric In(l) complexes [FIn16 and [TFE4]In.10 In view
of our interest in the structural and chemical ramifications of
bulky tert-butyl substituents in the 5-positions of the pyrazolyl
groups of tris(pyrazolyl)hydroborato ligands. in the vicinity

Kuchta et al.

Figure 3. View of [Tp8¥sin down the In--B axis, emphasizing the
twisted nature of the [T§"] ligand.

Table 1. Selected Bond Lengths (A) and Angles (deg) for
[Tp®“qIn

In—N(12) 2.471(4) N(12) In—N(22) 77.3(1)
In—N(22) 2.474(3) N(12) In—N(32) 81.9(1)
In—N(32) 2.458(4) N(22) In—N(32) 80.5(1)

Figure 4. The two disordered configurations of [f{jin in Cmcm
emphasizing the canted nature of the disorder.

in [TpBY7]In adopt a highly twisted, propeller-like, array with

of the boron, we have now synthesized the related In(l) complex respect to the In-B axis. As noted previously, such twisting

[TpBY4In by the reaction of [TP'2]Na with InCl (Scheme 1).
The structure of [TP'2]in has been determined by X-ray
diffraction, as illustrated in Figures 2 and 3. Selected bond
lengths and angles for [Ff]In are presented in Table 1. In
comparison to the less substituted Bfpn derivative, the most
interesting feature of the structure of FFg]in is the dramati-
cally twisted [T#Y] ligand. Specifically, the pyrazolyl groups

(11) Tuck, D. G.Chem. Soc. Re 1993 22, 269-276.

12) R75-C5Me4(PPQ)]In is a monomer with an Ia-In separation of 5.929(1)

. See: Schumann, H.; Ghodsi, T.; EsserActa Crystallogr.1992
C48 618-620.

(13) {[7°-Cs(CHyPh)]In} exists as a dimer with an inIn separation of
3.631 A. See: Schumann, H.; Janiak, C.iri@n, F.; Loebel, J.;
Dietrich, A. J. Organomet. Chenl989 363 243-251.

(14) [(7>-CsMes)In]s exists as a hexamer. See: Beachley, O. T., Jr.; Blom,
R.; Churchill, M. R.; Faegri, K., Jr.; Fettinger, J. C.; Pazik, J. C.;
Victoriano, L. Organometallics1989 8, 346—356.

(15) [(GsHs)In]x, 520 [(CsHaMe)In]x, 1 [(CsHaBu)INn]y, 5 [(CsHaSiMeg)In]y, '
and [(GMesH)In] %€ are polymeric. (a) Frasson, E.; Menegus, F.;
Panattoni, CNature 1963 199 1087-1089. (b) Beachley, O. T.,
Jr.; Pazik, J. C.; Glassman, T. E.; Churchill, M. R.; Fettinger, J. C;
Blom, R.Organometallics1988 7, 1051-1059. (c) Beachley, O. T.,
Jr.; Lees, J. F.; Rogers, R. D. Organomet. Chenl991 418 165—
171. (d) Beachley, O. T., Jr.; Lees, J. F.; Glassman, T. E.; Churchill,
M. R.; Buttrey, L. A. Organometallics199Q 9, 2488-2492. (e)
Schumann, H.; Kucht, H.; Kucht, A.; Glitz, F. H.; Dietrich, A.Z.
Naturforsch.1992 47B, 1241-1248.

(16) Frazer, A.; Piggott, B.; Hursthouse, M. B.; Mazid, 81.Am. Chem.
Soc.1994 116 4127-4128.

is a consequence of intraligand repulsive interactions between
the 5tert-butyl substituents, and similar structures have been
observed for other [T§2JM and [TpBU2]MX derivatives® For
comparison, the average twist angle for f¥gin (22.4°) is
comparable to that for the thallium analogue §13TI (22.8°).°
Although further comparisons between the structures of
[TpBY?]In and [TPR4]In were of interest, the reported structure
of [TpB¥]In was disordered? so that more detailed comparisons
with the published data were not appropriate. Curiously,
however, the disorder model proposed for §¥n was rather
unusual, in the sense that the molecule exhibited a 2-fold
disorder about am2m site in such a manner that a nitrogen
atom of one molecule was coincident with the boron atom of
its disordered configuration, as illustrated in Figures 4 and 5.
Thus, the disordered configurations are related by a 2-fold
rotation about the In-B axis, coupled with a canting of the
molecules. Such a disorder model is even more unusual when
it is considered that the thallium analogue ¥Fprii? exhibits
an ordered structure. Furthermore, disorder of this type has
not (to our knowledge) been observed for any other tris-
(pyrazolyl)hydroborato complex. Therefore, in view of both
the unprecedented nature of the disorder and our interest in
making a detailed comparison between the structures of

(17) Cowley, A. H.; Geerts, R. L.; Nunn, C. M.; Trofimenko, 3.
Organomet. Cheml989 365 19-22.
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Figure 5. View orthogonal to that of Figure 4, illustrating the two
disordered configurations of [Pg]in in Cmcm

Figure 7. View of [TpB¥]In down the In--B axis, illustrating theCs,
molecular symmetry.

[TpBYZ]In and [TPP4]In, we decided to re-investigate the X-ray
structure of [TFY]In. Significantly, as will be described later
in the text, an ordered structure was indeed obtained féi]lip

(Figures 6 and 7, Table 2), thereby allowing a more detailed

comparison to be made with the structure of §93in. Thus,
averaged metrical data for [F¥¥]in and [T]In are collated

Inorganic Chemistry, Vol. 35, No. 4, 199®45

Table 2. Selected Bond Lengths (A) and Angles (deg) for §}in

Cma@;2 Cmcend Cmcnt
IN—N(12) 2.494(6) 2.43(3) 2.44(4)
In—N(22) 2.485(4) 2.56(2) 2.45(1)
N(12)-In—N(22) 80.4(1) 80.3(6) 81.3(5)
N(22)-In—N(22) 77.1(2) 75.5(9) 78.6(5)

aThis work. ° Reference 10.

Table 3. Comparison of the Structures of [T]in and [T#Y]In

[Tp®2]in [Tp®“]in
d(In—Nga)/A 2.468[9] 2.488[6]
d(B—Na)/A 1.561[8] 1.55[1]
N—In—Na/deg 80[3] 79[2]
d(In---Ng3)/Aa 1.66 1.68
twist anglesz/ded 19.8, 23.5, 23.8 0,24,2.4
Ta/ded 22.4 1.6
d(In---In)/Ac 6.90 6.48

ad(In--+N3) is the displacement of In from the coordinating plane.
bThe twist angle is defined as the Nh:-:B—N torsion angle.
¢d(In--+In) is the closest separation between indium centers in adjacent
molecules.

Table 4. Comparison of the Unit Cell Parameters of Fffin

[TpB¥]ina [TpB¥]in®
alA 16.150(1) 16.193(3)
b/A 15.1935(6) 15.214(3)
cA 9.9325(8) 9.963(3)
a, B, yldeg 90, 90, 90 90, 90, 90

aReference 10° This work.

Re-Evaluation of the Structure of [TpB“]in. Crystals of
[TpBY]In suitable for X-ray diffraction studies were grown from
benzene at room temperature, and cell constant data identified
that the crystal selected was isomorphous with that used in the
previous determination (Table %). Systematic absences were
consistent with three space groups, naméhmcm (No. 63),
Cm@; (No. 36), andC2cm (No. 40), the latter being a
nonstandard setting fé&xma2. For a unit cell withz = 4, space
groupCmcmrequires the molecule to be located on a site with
eitherm2m or 2/m symmetry, both of which are inconsistent
with the presumed molecular symmetry (which does not possess
a 2-fold axis), whereas a site of onty symmetry is required
by the other two space group alternatives. Since the space group
originally reported for [TB“]In is Cmcm(No. 63), we selected
the related noncentrosymmetric alternat@m; (No. 36), a
space group which is consistent with the presumed molecular
symmetry. Significantly, a well-defined ordered structure
(Figures 6 and 7), with the molecule residing on a crystal-
lographic mirror plane, was obtained following a series of least-
squares refinements which convergediter 0.0304 andR,, =
0.0359. The final difference map was effectively featureless,
furnishing no evidence for the presence of a disordered
configuration. It is, therefore, apparent that the disordered
structure previously reported for [F#j]In is a consequence of
the structure being solved in a space group of unnecessarily
high symmetry.

An important issue that bears consideration is the question
concerning why the noncentrosymmetric space group was not
selected as the correct choice in the original publication. In

in Table 3, from which it is evident that, despite the pronounced this regard, since systematic absences do not distinguish between
twisting of the pyrazolyl groups, the local coordination environ- centrosymmetric and noncentrosymmetric space group alterna-

ments about the indium centers in EPiglin and [TPY]In are

very similar. The closest trIn separation between adjacent

molecules of [TBY7In is 6.90 A, comparable to that of 6.48 A

tives, ambiguities between such space groups are quite com-
mon18 Fortunately, intensity statistics have been used with
some success to distinguish between noncentrosymmetric and

in [TpBUIn, and thereby attests to the monomeric nature of these centrosymmetric alternativégl® In this respect, a value of

In(I) complexes.

0.666 for[JE2 — 1|0(based on all reflections) is observed for
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[TpB¥]In, which is much more in accord with the theoretical effect is that, in certain circumstances, groups of atoms may be
value for a noncentrosymmetric (0.736) than centrosymmetric incorrectly located in positions that are related to their true
(0.968) space groufs:1° However, since statistical tests based locations by reflection perpendicular to the polar axis; a

on the more intense reflections may be biased toward acompletely incorrect ordered molecular structure may be
noncentrosymmetric choiédjt is plausible that such atestmay derived?! Thus, it is quite conceivable that if one were to be
not be regarded as definitive, and thereby not influence one prejudiced by the appearance of the electron density difference
strongly in the selection of a space group. Furthermore, theremaps in a noncentrosymmetric space group, one could incor-
are many examples where the noncentrosymmetric space groupectly assume that the centrosymmetric space group should be
has been incorrectly selected in preference to the centro-selected in preference.

symmetric alternativé? and it is possible that such afactormay  The effect of the imposed disorder on the derived metrical
prejudice one to favor erroneously the centrosymmetric space yatq of [THY]In is summarized in Table 2. Thus, it is evident
group. that, as a result of the imposed disorder, the In-N bond lengths

~ Commonly, however, the correct selection of space group is gevyiate from their true values and are accompanied by higher
judged by the success of the final solution. The natural gqqg.

conclusion is, therefore, that the solution for P¥{in in the
centrosymmetric space gro@pncmwas regarded as “success-
ful”, albeit disordered. We have also refined the structure of
[TpBYIn in Cmcmand obtained a structure similar to that
described previousli22° However, the refinement is not as
well behaved and thR values R = 0.081,R, = 0.1230) and
goodness-of-fit (3.19) are considerably worse than for the correct
structure.

It still remains to be explained why the noncentrosymmetric
space group was not selected for the final solution in the origina
publication!® especially since it was in fact considered as a
possibility once it was recognized that the structure was
(apparently) disordered. However, at that time, a successful
solution giving an ordered structure was not obtained in the
noncentrosymmetric space group, thus leading to the erroneou
conclusion that the noncentrosymmetric space group was an
incorrect selection.

The reason why the correct structure was not obtained when ) - ; - .
the structure was originally refined in the noncentrosymmetric °ccupied. Such is the circumstance for refining 7in in
space group is that electron density maps at early and middle©mem and the ability to observe such an unusual effect in the

stages of refinement suggested a disordered structure. In thif?r€Sent case is presumably related to the fact that the X-ray
regard, it is well-known that an electron density difference map Scattering is dominated by the indium atoms which themselves
based on the position of a single heavy atom in the non- &€ described by the centrosymmetric space group, even though

centrosymmetric space gro@me; would necessarily exhibit ~ the molecules are not.
mirror symmetry perpendicular to the polaaxis. In effect,

such a difference map represents a superposition of the two polaSummary
configurations and therefore gives thppearanceof a disor-
dered structure. However, it would not necessarily be expected
that electron density difference maps midway through the

refinement procedure would also exhibit mirror symmetry. Thus, " f th V] h ligand in thi
since the difference maps midway through the refinement S-positions of the pyrazolyl groups, the [T] ligand in this

appeared to indicate a disordered structure, it was assumeocomplex adopts a highly twisted configuration. For comparison

incorrectly that the centrosymmetric space gramcmwas purposes, the structure of the related complexX’fTip, which

the correct choice. was previously reported to exhibit an unusual type of disorder,
The ability of a single heavy atom to impose effective mirror \évas_ rS'?Valtf?tidl' Slgglflﬁantly_, an forgerzq SgUCtF‘fe hwas

symmetry in the electron density difference maps in the final derived for [T Tin, and the origin of the disorder in the

stages of refinement (as observed here) has been previousl)p]fe,v'ouS str:Jctu(;e dt_etermmatlon was |der1t|}:|ed as acons.tlaq%(_-:‘nﬁe
reportec?L-22 In fact, a rather extreme consequence of such an ©f Incorrectly adopting a space group with unnecessarily hig
symmetry. Since it is not unprecedented for structures that are

correctly described in a centrosymmetric space group to be

As indicated above, ambiguities between noncentrosymmetric
and centrosymmetric space groups have many precedents, with
centrosymmetric structures often being incorrectly refined in
noncentrosymmetric space groups.Although attempts to
refine a centrosymmetric structure in a noncentrosymmetric
space group are normally accompanied by problemg. (
structural distortions, significant variations in chemically equiva-
lent bond lengths, ill-behaved displacement parameters, and
| large esd’s), the ability to perform such a refinement with a

“reasonable degree of success” is logical in the sense that the
additional atoms which are required for the noncentrosymmetric
space group are in positions effectively determined by the
symmetry of the centrosymmetric alternative. The converse
ssituation, howeverj.e. one in which a noncentrosymmetric
structure is refined in a centrosymmetric space group, is neither
common3 nor obvious, since the higher symmetry space group
effectively requires atoms to be refined in sites that are not

The In(l) complex [TB"?]in has been synthesized by the
reaction of [TFY2JNa with InCl. Due to steric interactions
derived from the presence dért-butyl substituents in the

(18) For some leading references, see: (a) Marsh, R. E.; Berrfatta.

Crystallogr. 1995 B51, 300-307. (b) Marsh, R. EActa Crystallogr. incorrectly refined in the noncentrosymmetric alternative,
é994t ﬁ\SQ fggé‘lBsii (707) I;/I;rig), '\IA?. EH; FI{-Ielrzbstﬁlm,b Ft _mlc:taH [TpB¥]In provides an interesting counterexample where the
rystallogr. | 77-78. arsh, R. E.; Herbstein, F. H. ; ; ;
Acta Crystallogr 1983 B39 280-287. (e) Marsh, R. E.; Schomaker, structure is. much better described as or_dered in the noncen-
V. Inorg. Chem.1979 18, 2331-2336. () Marsh, R. E.Acta trosymmetric space group, rather than disordered in the cen-
Crystallogr.1986 B42 193-198. (g) Marsh, R. EActa Crystallogr. trosymmetric alternativé®
1981, B37, 1985-1988. (h) Marsh, R. Elnorg. Chim. Actal989
157, 1-2. (i) Baur, W. H.; Tillmanns, EActa Crystallogr.1986 B42
95-111. (22) Cowie, M.; Haymore, B. L.; Ibers, J. A. Am. Chem. S0d.976 98,
(19) Karle, I. L.; Dragonette, K. S.; Brenner, S. Acta Crystallogr.1965 7608-7617.
19, 713-716. (23) Obviously, it is plausible that small deviations from centrosymmetry
(20) The structure was also attemptedAma, but similar, and more may not be sufficient to prevent a strictly noncentrosymmetric structure
extreme, problems were encountered compared to thos€rfmm from being refined in a centrosymmetric space group. In this specific
(21) Murphy, V. J.; Rabinovich, D.; Parkin, @. Am. Chem. S0d.995 instance, we are referring to a disorder in which there is a significant

117, 9762-9763. structural change.
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Table 5. Crystal and Intensity Collection Data for [#{3]In and
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Table 6. Atomic Coordinates %10*) and Equivalent Isotropic

[TpB4In Displacement Parametersi{A 10%) for [TpBu7]In
[Tp®“qIn [Tp®in X y z Ueay
formula Q;3H5gBN5|n C21H34BN5|I"I In 8619(1) 1087(1) 582(1) 54(1)
fw 664.5 496.2 N(11) 7570(2) 3594(3) —31(2) 37(1)
lattice monoclinic orthorhombic N(12) 8219(2) 3361(4) 554(2) 41(2)
alA 18.781(9) 16.193(3) N(21) 7062(2) 1555(3) —716(2) 35(1)
b/A 10.380(2) 15.214(3) N(22) 7815(2) 1436(3) —664(2) 42(1)
c/A 20.849(6) 9.963(3) N(31) 6939(2) 1871(3) 441(2) 34(1)
o/deg 90.0 90.0 N(32) 7333(2) 714(3) 598(2) 38(1)
pldeg 112.76(3) 90.0 C(11) 7644(2) 4733(4) —327(2) 42(2)
yldeg 90.0 90.0 C(12) 8357(3) 5239(5) 97(3) 52(2)
VIA3 3760(2) 2454(1) C(13) 8691(2) 4366(5) 634(2) 48(2)
z 4 4 C(21) 6588(2) 811(4) —1251(2) 36(2)
radiation @/A) Mo Ka (0.710 73) Mo K (0.710 73) C(22) 7048(3) 241(4) —1555(2) 49(2)
space group P2:/c (No. 14) Cma; (No. 36) C(23) 7797(3) 643(4) —1180(2) 47(2)
p(calcd)/g cn® 1.174 1.343 C(31) 6578(2) 2066(4) 885(2) 38(2)
u(Mo Ko)/em™? 6.56 9.81 C(32) 6723(3) 999(4) 1311(2) 46(2)
R2 0.0446 0.0304 C(33) 7189(2) 190(4) 1121(2) 40(2)
Ry2 0.0559 0.0359 C(41) 7071(3) 5283(4) —1007(2) 48(2)
C(42 6926(3 4324(5 —1600(2 63(2
R :_12“:0 — Fl/IFol; Ry = YWYFo — Fel/Y W2 Fof; w = [0%(F) CE43; 7411%33 6505%5; *1180%33 73%3;
+ 9P C(44) 6300(3) 5680(5) —964(3) 65(2)
C(51) 5723(2) 625(4) —1451(2) 43(2)
Experimental Section C(52) 5269(3) 1843(5) —1796(3) 58(2)
C(53) 5553(3) 269(5) —818(3) 60(2)
General Considerations. All manipulations were performed using C(54) 5450(3) —477(5) —1978(3) 61(2)
a combination of glovebox, high-vacuum, and Schlenk technigfues.  C(61) 6091(2) 3247(4) 882(2) 45(2)
Solvents were purified and degassed by standard procedtifeand C(62) 5929(3) 3220(5) 1556(3) 72(3)
13C NMR spectra were measured on Varian VXR 200, 300, and 400 C(63) 6525(3) 4494(4) 882(3) 56(2)
spectrometers. IR spectra were recorded as KBr pellets on a Perkin- C(64) 5309(3) 3211(5) 263(3) 58(2)
Elmer Paragon 1000 spectrophotometer. Mass spectra were obtained C(71) 9464(3) 4494(5) 1238(3) 62(2)
on a Nermag R10-10 mass spectrometer using chemical ionization C(72) 9582(4) 5842(7) 1510(4) 142(4)
(CH,) techniques. Elemental analyses were measured using a Perkin- ggz) 18228(2) gégg(g) 133?1(? 1%21‘(2)
Elmer 2400 CHN elemental analyzer. PFgNa was prepared as C( ) (4) (8) ©) “)
- . ; 4 . (81) 8515(3) 377(6) —1315(3) 73(3)
described previously for the potassium derivative K, with the c(82) 9048(5) 1425(8) —1121(6) 192(9)
i i i 9 But
exceptlt_)n of substltutlng_KBHby NaBI_-h. [TpB4]in was prepared _ C(83) 8946(4) —780(8) —864(6) 160(7)
as previously reported, with the exception that the reaction was carried  c(g4) 8344(4) —168(22) —1985(4) 198(7)
out in benzene over a period of 2 days at room temperéature. c(91) 7491(3) —1141(4) 1409(2) 52(2)
Synthesis of [TPYZIn. A mixture of [Tp®¥2JNa (1.28 g , 2.24 C(92) 7623(4) —1954(5) 862(3) 96(4)
mmol) and InCl (0.50 g, 3.36 mmol) in benzema (10 mL) was heated C(93) 6893(3) —1806(5) 1629(3) 84(3)
atca.85°C for 4 days. After this period, the gray-green mixture was ~ C(94) 8231(4) —998(6) 2047(3) 97(3)
cooled to room temperature and an additional quantity of benzene (B 6911(3) 2572(5) —227(2) 25(2)

80 mL) was added. The mixture was filtered, and the solvent was
removed from the filtrate under reduced pressure to givEéYdin as

a white solid (1.10 g, 68% based on Naftg). Anal. Calcd for
[TpBYqIn: C, 59.7; H, 8.8; N, 12.7. Found: C, 60.6; H, 8.6; N, 12.6.
MS: m/z= 665 (M'). IR data: 2552 cm! (vg_n). *H NMR (CeDe):
01.36[s, 27H, 3C(El3)3], 1.40 [s, 27H, 3C(El3)3], 6.10 [s, 3H, 3E]

aEquivalent isotropic defined as one-third of the trace of the
orthogonalizedJ; tensor.

Table 7. Atomic Coordinates % 10*) and Equivalent Isotropic
Displacement Parameters{A 10%) for [TpB“]In

X z e
(B—H not observed).3C NMR (CsDg): 6 30.3 [q, {c-n = 128, y Uear
3C(CHs)3], 31.7 [q,%Jc_n = 128, 3CCHa)4], 32.5 [s, (CHs)4], 32.6 :\Tn 5000 ?ia?’;(l) 215730 1 ﬁ(?
[s, 3C(CHa)g], 101.9 [d,Ne-n = 173, LH], 158.0 [s, £C(CHy)d], (11) 5000 82(6) 5(11) (4)
162.1 [s, ©C(CHy)d] N(12) 5000 2282(4) 1091(6) 52(2)
S ‘ o . N(21) 4212(3) 1817(3) 3888(4) 51(1)
X-ray Structure Determinations. Crystal data and data collection
) i N(22) 4044(3) 2710(3) 3842(4) 52(1)
and refinement parameters for fPig]in and [T#4]In are summarized c(11) 5000 832(5) 847(10) 63(3)
in Table 5, while atomic coordinates are listed in Tables 6 and 7. A c(12) 5000 1195(5) —415(9) 64(3)
typical procedure is provided by the example of §jn. A single C(13) 5000 2098(5) —232(7) 50(2)
crystal of [TF“]In was mounted in a glass capillary and placed ona  C(14) 5000 2818(6) —1280(8) 57(3)
Nicolet R3m diffractometer. The unit cell was determined by the C(15) 5000 2421(6) —2683(14) 80(4)
automatic indexing of 25 centered reflections and confirmed by C(16) 4259(5) 3404(5) —1119(8) 93(3)
examination of the axial photographs. Intensity data were collected C(21) 3629(4) 1409(4) 4581(6) 61(2)
using graphite-monochromated MaxkX-radiation ¢ = 0.710 73 A). C(22) 3063(4) 2023(4) 5005(6) 67(2)
Check reflections were measured every 100 reflections, and the data C(23) 3334(3) 2827(3) 4531(5) 50(2)
were scaled accordingly and corrected for Lorentz, polarization, and g(gg) gggg(g) %ig(? ggg(?) gg(g)
absorption effects. The structure was solved using direct methods and (25) (5) (5) (7) (3)
standard difference map techniques on using SHELXTL PC. System- €(26) 3580(4) 4388(4) 5180(7) 80(3)
C(27) 2253(5) 3670(5) 5775(8) 90(3)
B 5000 1394(10) 3263(27) 74(8)

(24) For another example in which a structure that was initially refined in
centrosymmetridPl is better described as noncentrosymmefig
see: Calabrese, J. C.; Gardner, K. H. ACystallogr. 1985 C41,
389-392.

(25) (a) McNally, J. P.; Leong, V. S.; Cooper, NACS Symp. Set987,

357, 6—23. (b) Burger, B. J.; Bercaw, J. ACS Symp. Sed987,
357, 79-97.

aEquivalent isotropicU defined as one-third of the trace of the
orthogonalizedJ;; tensor.

atic absences were consistent w@mcm(No. 63),Cm@; (No. 36),
andC2cm (No. 40), of which the choic€m@; (No. 36) was selected
for the reasons described above. Hydrogen atoms on carbon were
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included in calculated positions. Data were collectednfds, £I, and Supporting Information Available: Additional ORTEP diagrams

inversion of configuration allowed the correct polarity to be established. and tables of crystal and intensity collection data, hydrogen coordinates,

Systematic absences for [T]in were consistent uniquely with the  pond distances and angles, and anisotropic displacement parameters

space groupP2,/c (No. 14). for [TpBY7Iin and [TE¥]In (14 pages). This material is contained in
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