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Synthesis and Structures of Intramolecularly Base-Coordinated Group 15 Aryl Halides
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Four group 15 monochlorides of the type B&F [Ar = 2-[(dimethylamino)methyl]phenyl, 2-(M&ICH)CeH4
(CgH12N), E = Sb @), E = Bi (5); Ar = 8-(dimethylamino)-1-naphthyl, 8-(MB)CioHs (C12H12N), E = Sb ©),

E = Bi (7)] have been prepareda the salt elimination reactions of 2 equiv of either 2-gNE€H,)CgHyLi or
8-(MexN)CoHeLi with ECl3. Four related group 15 dihalides of the type EAfAr = 8-(Me;N)CygHe, X = Cl,

E = As, (8), E=Sb 9); Ar = 2-(MexNCH,)CgH4, X = Cl, E= Bi (10); X = |, E = Bi (11)] have been prepared

via the salt elimination reactions of equimolar amounts of 8AN)€;oHsLi or 2-(Me;NCH,)CeHyLi with EX .

The X-ray crystal structures of—6, 8, 9, and 11 are described, and the observed trends in the degree of
intramolecular coordination of the nitrogen atoms are consistent with the view that the Lewis acidity of these
complexes is associated with the-E o* orbitals. Crystal data fo#: triclinic, space grougl, a = 9.1483(1)
A, b=9.4868(1) A,c = 12.9776(2) Ao = 70.614(83, B = 85.738(9), y = 83.094(9}, V = 1054.0(2) &, Z
= 2, R=0.0420. Crystal data fds: monoclinic, space group2i/c, a = 11.9498(1) Ab = 11.4695(1) Ac
= 13.9456(8) A8 = 104.536(6), V = 1850.2(3) B, Z= 4, R=0.0375. Crystal data fd: monoclinic, space
groupP2:/n, a= 9.4991(8) A\b = 23.455(4) A,c = 9.726(1) A, = 100.629(8), V = 2129.8(4) B, Z = 4,
R = 0.0406. Crystal data fo8: orthorhombic, space group2:2:21, a = 9.713(3) A,b = 9.835(4) A,c =
13.310(3) A,V = 1273.8(5) B, Z= 4, R= 0.0695. Crystal data fd: orthorhombic, space group2;2:2;, a
=0.7140(3) Ab = 10.0196(1) Ac = 13.444(3) AV = 1308.5(3) B, Z= 4, R=0.0320. Crystal data fat1:
monoclinic, space group2i/c, a = 7.9455(7) A,b = 19.3949(3) A,c = 8.6226(9) A, = 93.338(9}, V =
1326.5(2) B, z = 4, R=0.0379.

Introduction observation that the structures of conventional triarylpnictogen
derivatives exhibit only weak Lewis acidity. Similar conclu-
sions have been drawn for triarylphosphorus derivatives that
employ ligands2 and 3.7

In addition to the structural studies ong&rcompounds, we

Ligands with the capability of intramolecular coordination
such as1! (“two-arm”), 22 (“one-arm”), and3® (“stiff-arm”)
have been used extensively in the chemistry of both transition

NMe, NMe, MeN have also described the results of a number of crystal structure
determinations for a range of aryl bismuth(lll) halides and halo
g ‘O anions, and a number of structural trends in these and related
compounds have become apparerh general, it is observed
NMe, that diarylbismuth or -antimony monohalide compounds have
1 2 3 a strong tendency to exhibit four-coordinate group 15 element

centers in which an additional ligand or atom is coordinated
metaf and main group specié€sin the context of main group  transto the E-X bond, thus resulting in an equatorially vacant,
chemistry, one of the principal points of interest in such ligands trigonal bipyramidal or disphenoidal coordination geometry. In
concerns the possibility of hypercoordination due to the proxim- contrast, monoarylbismuth and -antimony dihalide compounds
ity of additional donor sites which are constrained to lie close tend to form two additional bondsansto each of the two EX
to or within the primary coordination sphere. Recently, we bonds, thereby adopting square-based pyramidal five-coordina-
reported the preparation and characterization of severst Ar tion around the group 15 element. The coordination numbers
(where E= As, Sb, or Bi) compounds featuring ligandsnd and geometries observed for EAr&nd EABX (E = group 15
3.5 In each case, it was found that the amine arms were weakly element, Ar= aryl, X = halide) compounds are thus consistent
coordinated, thus representing an interesting contrast to thewith the Lewis acidity of the E center being associated with
the E-X o* orbitals® These observations have been sum-

ltTJhe UniverSfité of Tlexas at Austin. marized by means of the general formula EAK, in which
niversity of Bristol. inati ;
® Abstract published iidvance ACS Abstractday 15, 1997. the generally obgserved coordination number of the E center is
(1) van Koten, G.; Noltes, J. C.; Spek, A. L.Organomet. Chenl976 equal to (3+ n).
? ﬁl& 18% T B H. K - < 160 In the present contribution, we describe the synthesis and
astrzebski, J. T. B. H.; Knaap, C. T.; van Koten,JGOrganomet. _ ; ; _ i
Chem.1983 255 287. X-ray crystal structures of diarylBi and —Sb monohalides and
(3) van Koten, G.; Jastrzebski, J. T. B. H.; Noltes, J. C.; Spek, A. L,;
Schoone, J. CJ. Organomet. Chenl978 148 233. (6) Kamepalli, S.; Carmalt, C. J.; Culp, R. D.; Cowley, A. H.; Jones, R.
(4) van Koten, G.; Terheijden, J.; van Beek, J. A. M.; Wehman-Ooyevaar, A.; Norman, N. C.Inorg. Chem.1996 35, 6179.
I. C. M.; Muller, R.; Stam, C. HOrganometallics199Q 9, 903 and (7) Chuit, C.; Corriu, R. J. P.; Monforte, P.; Rey@.; Declercq, J.-P.;
references therein. Dubourg, A.Angew. Chem., Int. Ed. Engl993 32, 1430.
(5) Carmalt, C. J.; Cowley, A. HMain Group Chem. New&996 4, 4 (8) Carmalt, C. J.; Cowley, A. H.; Decken, A.; Norman, N. Q.
and references therein. Organomet. Cheml995 496, 59 and references therein.
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Table 1. Selected Bond Lengths (A) and Bond Angles (deg) for
Compoundsi—6, 8, 9, and11

Scheme 1

NMe, NMe,
' Toluene -78°C Y Compound4
2 Li + EC; —mePr ECl Sh(1)-C(1) 2.152(3) Sh(B-Cl(1) 2.579(9)
-2LiCl 2 Sb(1)-C(10) 2.160(3) Sb(HN(2) 3.216(3)
, Sh(1)-N(1) 2.463(2)
E = Sb (4) and Bi (5)
C(1)-Sb(1)-C(10) 97.7(1)  N(1}Sb(1)}-Cl(1) 165.58(6)
C(1)-Sb(1)-N(1)  75.1(1) C(1}Sb(1)}-N(2)  152.37(9)
C(10)-Sb(1)-N(1) 91.57(9) C(10}Sb(1)-N(2)  66.48(9)
O NMe, O NMe, C(1)=Sb(1)-Cl(1) 91.31(8) N(1}Sb(1)-N(2)  82.58(8)
2 i . gy, Toluene78°C ‘ l C(10)-Sh(1)-Cl(1) 85.50(7) CI(1}Sh(1)-N(2) 108.97(5)
O Li : -2LiCl ECI Compoundb
s Bi(1)—C(1) 2.258(6) Bi(1)-CI(1) 2.667(2)
Bi(1)—C(10) 2.264(5) Bi(1)}-N(2) 3.047(5)
E =Sb (6) and Bi (7) Bi(1)—N(1) 2.570(5)
monoaryt-Bi, —Sb, and—As dihalides that feature ligands S&g_g:ﬁg_ﬁﬁ? ) ?;371((22)) 2'8;5,‘8))_5}(21)) igg:égg
and 3. Our motivation for the preparation and structural C(10)-Bi(1)-N(1)  89.0(2)  C(10)Bi(1)—N(2) 68.1(2)
characterization of these aryl halides of the heavier group 15 C(1)-Bi(1)—CI(1) 92.8(1) N(1¥Bi(1)—N(2) 93.7(1)
elements stemmed from a number of considerations. First, we C(10)-Bi(1)—=CI(1)  89.0(1)  CI(1)-Bi(1)—N(2) 99.2(1)
were interested in investigating the validity of the generalization Compounds
EAr;_Xnin the presence of potential supplemental coordination  Sb(1>-C(1) 2.167(5) Sh(:)ClI(1) 2.559(1)
from an amine arm. Second, the prior use of ligahe$ has Sh(1)-C(13) 2.164(4) Sb(1)N(2) 2.903(4)
permitted the isolation of compounds which possess unusual SP(1)-N(1) 2.519(4)
geometries and/or solid state structures. Moreover arylelement- c(1)-Sh(1)-C(13)  96.5(2) N(1}Sb(1-Cl(1)  164.9(1)
(1IN halides can exhibit solid state interactions such as halide C(1)-Sb(1)-N(1) 74.3(2) C(13Sb(1)-N(2) 163.6(1)
bridges; hence potentially interesting coordination compounds 221)3)—8%%)1_)31((11)) g?-ggg ﬁgi%ssb%i_);\:\(lg) gg-gi%
could result. Third, higher coordination numbers are anticipated N . :
than in the case of the triaryl derivatives,sBr(Ar = 2, 3). C(13)-Sb(1)-CI(1) ~ 89.8(1)  Cl(1)-Sb(1)=N(2) 94.20(8)
Compound
Results and Discussion As(1)-C(1) 1.94(1) As(1)-CI(1) 2.340(3)
) As(1)-CI(1) 2.207(3) As(1¥N(1) 2.351(9)
The colorless crystalline compoundsand5 were prepared
via the s_alt_ elimination reaction of [2_-[(di_methylamino)me_thyl]- ggg:ﬁzgg:g:g; 3%% gl((ll);_'fs((ll))__'\,'\l((ll)) ;g:g%
phenyl]lithium (2-(MeNCHy)CeH4Li) with the appropriate Ci)-As(1)-Cl(2) 91.3(2) CI@2yAs(l)-N(1) 174.8(2)
element trichloride in toluene solution at78 °C (Scheme 1).
The colorless crystalline compounfisand 7 were prepared in Sb(1)-C(1) 5 13§g)mp0um§b(1—)N(1) 2.460(4)
a similar manneria the salt elimination reaction of [8-(di- . :
methylamino)-1-naphthylJlithium (8-(M#\)CacHeLi) with the SbArcla) - 2382(L)  Sb(hCi) - 2.500()
appropriate element trichloride in toluene solution-&t8 °C C(1)-Sb(1)-CI(1) ~ 92.84(3)  C(1)Sb(1)-N(1)  75.3(2)
(Scheme 1). Satisfactory elemental analytical data were ob- C(1)=Sb(1)-Cl(2) ~ 94.87(2) ~ CI(1ySb(1}-N(1)  167.2(1)
tained for each new compound. Moreover, tHeand3C NMR Cl(1)=Sb(1)-Cl(2) ~ 88.98(6) ~ Cl(2)-Sb(1)-N(1)  87.39(1)
spectra of4—7 are consistent with the anticipated formulas. CompoundL1
However, in order to reveal the extent to which the Nigesups glgg—ﬁgg %-ggg((g)) g_i((i))::g) ) %12%1%3((%))
are coordinated to the group 15 element centers, it was necessary 2\~ : ! a :
to determine the structures of these compounds by X-ray Bi(1)-1D) 2.9874(6) Bi(1)-1(1a) 3.9823(7)
crystallography. C(1)-Bi(1)—N(1) 73.2(2)  1(1)-Bi(1)—I(2a) 175.58(2)
The structures o—6 are illustrated in Figures 1, 3, and 4, C(1)-Bi(1)~I(1) ~ 94.8(2)  1(2)-Bi(1)—I(2a) 88.52(2)
respectively, and selected bond distance and angle data havegggjgi'g))::g)) gz:g% (N:ﬁ)):gﬁ))::&g% 123:?8
been compiled in Table 1. N(1)-Bi()-1(2)  163.9(2)  I(1)Bi(1)~I(1a)  100.11(1)
The molecular structure ef (Figure 1) reveals that the two  N(1)-Bi(1)-C(1) 163.1(6)  1(2}Bi(1)—I(1a)  109.34(2)
amine groups differ in their extent of interaction with the Sb Ic(:a)—BBI((li)—lﬁ(Zz) ) 8877'88%?) Ié'z(?}Els(i%)_Bl'((lla)) ;g-g;‘;gg
i i i —blI(1)—I(Za, . | —bl(1la .
center, with N(1) being strongly coordinated [Sb{N(1) N(D)-Bi(D)—I(2)  96.3(2)

2.463(2) A] and N(2) having only a weak interaction [Sbf1)
N(2) 3.216(3) A]. The orientation of the interaction of N(1) is A is slightly smaller than the sum of the van der Waals radii
such that the formal lone pair of the Nigroup is directed [4.3 A] but considerably larger than the sum of the covalent
toward the Sb center and the-SK(1) vector lies approximately  radii [2.88 A]. Moreover, there are also weak intermolecular
transto the Sb-Cl bond [N(1)-Sb—CI(1) 165.58(6)]. This interactions between the Cl atoms and a hydrogen of the CH
deviation from the ideal angle of 188 due to the constraints  groups in these “dimer units” (Figure 2). Additional weak
imposed by the coordinated amine arm. The overall geometry interactions are also present between the Cl atoms and a
at the antimony center is best described as distorted equatoriallyhydrogen atom from the GHyroups of neighboring dimers.
vacant trigonal bipyramidal; the angles around the Sb center The solid state structure 6fcomprises individual molecules
are C(1)-Sb(1)-Cl(1) 91.31(8j}, CI(1)—Sb(1)-C(10) 85.50(7), with no unusually short intermolecular contacts. The structure
C(10-Sb(1)-N(1) 91.57(9), C(1)-Sb(1)-N(1) 75.1(1}, of 5 (Figure 3) bears a very close resemblance to tha4 of
and C(1)-Sb(1)-C(10) 97.74(1). Evidently, there are weak (although they are not isomorphous) such that the geometry at
Sbr--Sb interactions between centrosymmetrically related pairs the bismuth center is best described as distorted equatorially
of molecules oft since the observed Stsb distance of 4.059(6)  vacant trigonal bipyramidal. Only one of the amine groups is
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Figure 1. View of the molecular structure of showing the atom-  Figure 4. View of the molecular structure & showing the atom-
numbering scheme. Ellipsoids are drawn at the 30% level. Hydrogen numbering scheme. Ellipsoids are drawn at the 30% level. Hydrogen
atoms are omitted for clarity. atoms are omitted for clarity.

remaining angles around the Bi center, which are €Bif1)—
Cl(1) 92.8(1y, CI(1)—-Bi(1)—C(10) 89.0(1), C(10)}-Bi(1)—
N(1) 89.0(2}, C(1)-Bi(1)—N(1) 72.7(2), and C(1)-Bi(1)—
C(10) 95.1(2), are similar to the corresponding angles4in
The Bi(1)-N(1) distance in5 is longer than the sum of the
covalent radii but much shorter than that of the sum of the van
der Waals radii [3.66 A] and compares favorably with the-Ri
distance of 2.525(6) A observed in ArBi(tolyl)CI (A+ 2-(Me,-
NCH,)CgHa, CoH1oN).2 The Bi—Cl distance of 2.667(2) A is
similar to that observed in ArBi(tolyl)CI [2.700(2) A] but longer
than those in chlorobis(2,4,6-tris(trifluoromethyl)phenyl)bis-
muthine [2.463(3) A and sulfonyl-stabilized chlorobismuthine,
Ar'Bi(toly)Cl (Ar' = 2-(tert-butylsulfonyl)phenyl) [2.556(2)
A],1% in which there are no groups coordinatidns to the
chlorine atom. The second amine arm, with a Bi{lN)(2)
distance of 3.047(5) A, is very weakly bound and lies ap-
proximatelytransto C(1) [C(1)-Bi(1)—N(2) 159.0(2}].

The solid state structure 6fconsists of individual molecules,
and there are no unusually short intermolecular contacts (Figure
4). As in the case of and5, interactions with the amine arms
are evident; however, the two arms interact with antimony to
different extents. The stronger bound amine arm with an
Sh(1)-N(1) distance of 2.519(4) A liesansto the Sb-Cl bond,
and the CI(1)Sb(1)-N(1) angle is 164.9(2) The second
amine arm, with an Sb(BN(2) distance of 2.903(4) A, is more
weakly bound and lies approximatetyans to C(1) [C(1)}>
Figure 2. View of the “dimer units” of4 showing the intermolecular ~ SB(1)~N(2) 163.6(1)]. The deviations from the idealized
interactions. angles of 180 are due to the constraints of the ligand, and the
effect of the reduced flexibility of the aminonaphthyl group
becomes apparent on comparing the structureésarfd 4, the
extent of interaction of the stronger bound amine arm with the
Sb center being weaker in the caséafs indicated by a longer
Sb—N distance. The overall coordination geometry at the
antimony center [ignoring N(2)] can be described as distorted
equatorially vacant trigonal bipyramidal with the angles around
the Sb center being C(1)-Sb@A¢I(1) 91.6(1y, CI(1)—Sb(1)>
C(13) 96.5(2), C(13)-Sb(1)-N(1) 86.5(1}, and C(1)-Sb(1)-
N(1) 74.3(2).

Crystals of7 were examined by X-ray crystallography and
found to be isomorphous with those @&fbut problems during
refinement prevented an accurate structure from being obtained.

It is worth noting that the solution phadd NMR spectra of

Figure 3. View of the molecular structure d§ showing the atom- compounds4—7 each exhibit a sharp singlet for the NMe
numbering scheme. Ellipsoids are drawn at the 30% level. Hydrogen
atoms are omitted for clarity. (9) Suzuki, H. K.; Murafuji, T.; Matano, Y.; Azuma, Nl. Chem. Soc.,

Perkin Trans.1993 1, 2969.

i i ; (10) Whitmire, K. H.; Labahn, D.; Roesky, H. W.; Noltemeyer, M.;
strongly coordinated [Bi(1}N(1) 2.570(5) AJ, and as in the Sheldrick, G. M.J. Orgonomet. Chen1991402, 55.
case of4, the axial positions are occupied by the nitrogen and (11) Suzuki, H.; Murafuji, T.; Azuma, NJ. Chem. Soc., Perkin Trans.

chlorine atoms; the N()Bi(1)—CI(1) angle is 165.1(2) The 1993 1, 1169.
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Scheme 2

Oy o
¢ Toluene -78°C l
+ ECl; —————=
Li -LiCl ECI,

E = As (8) and Sb (9)

protons at room temperature, thus suggesting rapid equilibrium
between more strongly [N(1)] and more weakly [N(2)] bound
arms.

In all cases, the structures df-6 are consistent with the
o*-orbital bonding model in the sense that the more strongly
bound amine arm isansto the E-Cl bond. This is consistent
with the view that the Lewis acidity of aryl-element(lll) halide
compounds is associated with the-K o* orbitals as opposed  Figure 5. View of the molecular structure & showing the atom-
to the E-C ¢* orbitals and is also in accord with previous numbering scheme. Ellipsoids are drawn at the 30% level. Hydrogen
observations on related structufdd13 As outlined in the atoms are omitted for clarity.

Introduction, the structures of ligand adducts of diarylbismuth
or -antimony monohalide compounds tend to exhibit four-
coordinate group 15 element centers, examples of which include
[BiPh,Br(thf)]12 (thf = tetrahydrofuran), [Bi(mesBr(OSPh)]
(mes = 2,4,6-MegCgH>), and [Bi(mes)Br(hmpa)] (hmpa=
hexamethylphosphoramide, OP(Nf.2 In all three com-
pounds, the geometry about the bismuth center is best described
as equatorially vacant trigonal bipyramidal, with the neutral
donor ligand and the bromine occupying axial sites. This
coordination geometry was also observed in the structures of
4—6 although the angles about the element centers deviate more
substantially from the ideal values due to the constraints of the
ligand. Four-coordination in diaryl complexes can also be
satisfied by the addition of halide to give halo anions; examples
include [PPBI[EPh:X;] (E = Bi, X = Br;12E = Sh, X= Cl,
Brl4), [NEY][EPhX;] (E = Bi, X = ;35 E = Sh, X = Cl,
116.17), and [Cog-CsHs),][SbPhCl;].18

The colorless crystalline compoun8isand9 were prepared
via the salt elimination reaction of 8-(MN)CyoHsLi with the
appropriate element trichloride in toluene solution—at8 °C
(Scheme 2). Satisfactory elemental analytical data were ob- Cl(1) 96.1(3}, C(1)~As(1)—Cl(2) 94.9(3}, Cl(1)—As(1)-Cl(2)
tained for each new compound. Moreover, #Heand3C NMR 91.3(2F, C(1)-As(1)—-N(1) 79.9(4), CI(1)—As(1)-N(1)
spectra oB and9 are consistent with the anticipated formulas. 88.6(2], and Cl(2)-As(1)-N(1) 174.8(2). There are, how-

In order to reveal the extent to which the NpMegroups are ever, additional intermolecular interactions between a chlorine
coordinated to the group 15 element centers, it was necessary@tom on one molecule and the arsenic on another, resulting in
to determine the structures of both compounds by X-ray the formation of infinite chains in the solid state. Note, however,
crystallography. that theH NMR spectrum shows a singlet for the methyl

The structures 08 and9 are illustrated in Figures 5 and 6, 9roups, thus indicating an equilibrium between closed and open
respectively, and selected bond distance and angle data havdorms in the solution phase.

Figure 6. View of the molecular structure @ showing the atom-
numbering scheme. Ellipsoids are drawn at the 30% level. Hydrogen
atoms are omitted for clarity.

been compiled in Table 1. In the solid state structuredof Compound9 (Figure 6) is isomorphous witl, and the
(Figure 5), the amine arm interacts strongly with the arsenic Structural description given fd is therefore appropriate here
center and the AsN bond [2.351(9) A] is locatetransto the as well. The amine arm interacts strongly with the antimony

As(1)~CI(2) bond [N(1)-As(1)—CI(2) 174.8(2J], thus explain-  center [Sb(1}N(1) 2.460(4) AJtransto CI(1) [N(1)-Sh(1)-
ing the fact that the As(H)CI(2) bond distance [2.340(3) A]is ~ Cl(1) 167.2(1}], and the Sh(Z)CI(1) bond distance [2.500(1)
slightly longer than that for As(BCI(1) [2.207(3) A]. The  Alis slightly longer than that of the Sb(£)CI(2) bond [2.3821
geometry at the arsenic center is equatorially vacant trigonal Al due to thistrans effect. The angles around the Sb center
bipyramidal; the angles around the As center are €&(1)— are C(1)-Sb(1)-Cl(1) 92.84(3}, C(1)-Sb(1)-Cl(2) 94.87(2},
Cl(1)—Sb(1)-CI(2) 88.98(6), C(1)-Sb(1)-N(1) 75.3(2},
(12) Clegg, W.; Errington, R. J.; Fisher, G. A.; Hockless, D. C. R.; Norman, CI(1)—Sb(1)-N(1) 167.28(1), and CI(2)-Sb(1}-N(1) 87.39(1).
N. C.; Orpen, A. G.; Stratford, S. El. Chem. Soc., Dalton Trans.  As in the case 08, there are intermolecular interactions between
1992 1967. a chlorine atom on one molecule and the antimony on another,

Eﬁg Norman, N. © Pshf’i,lp:r%r#S’Cgumgtfr'flgggﬁfé%té'i'?gggi‘gz 167. resulting in the formation of infinite chains in the solid state.

(15) Clegg, W.; Errington, R. J.; Fisher, G. A.; Flynn, R. J.; Norman, N. Attempts to prepare monoarylbismuth or -antimony dichlo-

C.J. Chem. Soc., Dalton Tran$993 637. rides by salt elimination reactions of 2-(M¢CH,)CsH4Li with
8% gﬁgi d'\r’i'(-:vks\‘;\‘/"’esrb_y&/lghﬁ‘]-C(Z)r?\?ﬁ:‘tﬂf;f‘;tég]hleg’gfjas5467'359- the appropriate element trichloride in toluene solution-Z8
(18) Calderazzo, F.; Marchetti, F.; Ungari, F.; Wieber, Gzz. Chim. °C resulted only in the isolation of the diaryl derivativéand

Ital. 1991, 121, 93. 5. Accordingly, it was necessary to prepare the bismuth
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Scheme 3
NMe, NMe,
Et,0
Bi + 2BiClz———— 3 BiCl,
3
10
NMe, NMe,
Nl THF
. + al ——————— > il
BiCl, T2NaCl Bil,
11

dichloride BIiArCh (Ar = 2-(Me;NCH,)CeH4, CoH1oN) (10) via
the redistribution reaction of 2 equiv of Bi€With BiArs in
diethyl ether solution. Satisfactory elemental data and mass
spectral analyses were obtained for the product. Howeker, ) ) .

Figure 7. View of the molecular structure dfl showing the atom-

Is insoluble in all Cqmmon solvents; _henc? it was th possible numbering scheme. Ellipsoids are drawn at the 30% level. Hydrogen
to grow crystals suitable for X-ray diffraction experiments. It = 5ioms are omitted for clarity.

was therefore deemed appropriate to synthesize the correspond-
ing iodide in an effort to obtain a more soluble compound. The
yellow crystalline compound BiAsl (11) was prepared by
treatment of10 with 2 equiv of sodium iodide in thf solution
(Scheme 3).

The structure ofll is illustrated in Figures 7 and 8, and
selected bond distance and angle data have been assembled in
Table 1. The crystal structure &fl established that the amine
group is coordinated to the Bi center [BiEN(1) 2.503(6) A]
trans to 1(2) [N(1)—Bi(1)—1(2) 163.9(2]]. As expected, the
Bi(1)—I(2) bond distance [3.1156(6) A] is slightly longer than
the Bi(1)-1(1) distance [2.9874(6) A]. The crystal structure
also revealed that the molecule is associated into centrosym-
metric dimersvia a bridging interaction involving 1(2) [Bi(L)y ¥
I(2a) 3.2432(6)A] (Figure 7) such that the overall geometry at
bismuth is best described as distorted square-based pyramidal
with the aryl group in the apical position and the three iodines
and the nitrogen atom of the amine arm in the basal plane. In Figure 8. View of the molecular structure dfl showing the “polymer
turn, these dimers interact furtheia a very symmetric ~ Of dimers”
interaction involving I(1) [Bi(1)-1(1a) 3.9823(7) A] as shown
in Figure 8; if these interactions are considered, the overall Bi
coordination geometry is octahedral. Beca(idds a weakly . ; - .
bound polymer of more strongly bound dimers, its solid state ligands. This deparFure _from the genera‘I‘ trend 'S,,O.bV'OUSIy a
structure resembles those of the phosphine oxide and phosphin&€Sult of the constraints imposed by the “two-arm” ligand.

In conclusion, several aryl group 15 halide compounds

complexes [Bij(hmpa)}® and [Sbi(PMe;)],%° respectively, in e 4 N
plexes [Bi(hmpa)} [Sbi(PMe)] pecively. ! featuring ligands capable of intramolecular base coordination

which similar iodide bridging interactions are present. . .
As described in the Introduction, monoanBi, and —Sb have been synthesized and structurally characterized. The extent

dihalides generally exhibit square-based pyramidal pentacoor-Of the interaction bgtween the metal center and nitrogen.atom
dinate structures with apical aryl groups. Thus, the previously of the pendant arm is dependent on the nature of the substituents

; ; d the particular group 15 element. Thus, it was noted that
reported structures of [BiPhEOPPh)],, [BiPhBr(dmpu)h an ; 0 4. _ ;
(dmpu = N,N-dimethyl-1,3-propanediylurea), and [BiPhBr the Sb(1)N(1) qllstance ird is shorter than_tha_tt i6, suggesting
(dmpu)] feature apical aryl groups and a basal plane of thatthe constraints ofthg naphthyl group in ligé&way hinder
bromines and ligand oxygen atofdhis geometry is also coordination. However, it should be noted that the Sb{(1)

observed in the structure ol if the weak interaction with I(1a) ~ Pond distance i® is essentially identical to that ia. Itwas
is ignored. Note, however, th& and 9 do not follow this also observed that the nitrogen/group 15 element interaction is

general trend in the sense that only four-coordinate structuresStroNger in the halide derivatives A#X and ArEX, than in the

are observed. These differences arise as a consequence of thf€viously reported trisubstituted derivativess®f Such a
size and rigid nature of ligan@ which does not allow for the trend is consistent with the view that the Lewis acidity of these

i i i i 13
coordination of other halides. It is also of interest to compare COMPlexes is associated with the-R o* orbitals™ through
these structures with that of [SHAI;] (Ar' = 2,6-(Mer which the amine arms can coordinatansto the E-X bonds

NCH,),CeHs) (1221 In this case, the Sb center possesses an and that E-X o* orbitals are better acceptors than-E o*

overall pentacoordinate arrangement and the nitrogen atoms of
the pendant arms are not coordinateans to the chloride

orbitals.
(19) Clegg, W.; Farrugia, L. J.; McCamley, A.; Norman, N. C.; Orpen, A. . | .
G.; Pickett, N. L.; Stratford, S. Bl. Chem. Soc., Dalton Tran$993 Experimental Section
(20) ZCSIZSg W.: Elsegood, M. R. Graham, V.; Norman, N. C.: Pickett, N General Procedures. All manipulations were performed under a
L Tavakkoli K.J. Chem. Soc.. Dalton "i'ran$994’17'43'.’ " dry, oxygen-free dinitrogen or argon atmosphere using standard Schlenk
(21) Atwood, D. A.; Cowley, A. H.; Ruiz, dJnorg. Chim. Actal992 200, techniques or a HE-493 Vacuum Atmospheres drybox. Unless

271. otherwise stated, all solvents were dried over sodium and distilled from
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sodium benzophenone ketyl under argon prior to use. The reagentsTable 2. Crystal Data and Details of Intensity Measurement and
2-(Me:NCHy)CgHaLi and 8-(MeN)CioHsLi were prepared according Structure Refinement fo4—6, 8, 9, and11

to literature method’? All other reagents were procured commercially 4 5 6

and used without further purification. Elemental analyses were -

performed by Atlantic Microlab, Inc., Norcross, GA. formula GuHafCNSb - GgHaaCINGBI - C2aH24CINLSb
fw 464.65 512.82 497.65

Physical Measurements.Mass Spectra (CIMS) were run on a MAT temp, K 203(2) 173(2) 203(2)

4023 instrument, and NMR spectra were recorded on a GE QE-300

spectrometertd, 300.19 MHz;'%C, 75.48 MHz). NMR spectra are ér;l/&st syst OtrTclhciu?cs %Zigcﬁ]ic r?]gggcﬁic

referenced to §D¢ which was dried over sodiusrpotassium alloy and space P1 P2./c P2,/n

distilled prior to use!H and*C chemical shifts are reported relative group

to Si(CH)4 (0.00 ppm). Melting points were obtained in sealed glass g, A 9.1483(1) 11.9498(1) 9.4991(8)

capillaries under argon (1 atm) and are uncorrected. b, A 9.4868(1) 11.4695(1) 23.455(4)
Compound 4. A slurry of 2-(MeNCH,)CgHaLi (1.00 g, 7 mmol) c A 12.9776(2) 13.9456(8) 9.726(1)

in 20 mL of toluene was addeda cannula to a stirred solution of a, deg 70.614(8) 90 90

SbCk (0.798 g, 3.5 mmol) in 20 mL of toluene af78°C. The reaction f, deg 85.738(9) 104.536(6) 100.629(8)

temperature was maintained -a¥8 °C for 2 h, following which the Vs degg 83.094(9) 90 90

reaction mixture was allowed to warm slowly to ambient temperature. V.A 3054'0(2) 41850'2(3) 42129'8(4)

After being stirred for an additional 12 h, the reaction mixture was d(calc) 1464 1841 1552

filtered, and the filtrate was warmed and concentrated to a total volume glen?

of 15 mL. Cooling of the resulting solution te-20 °C overnight abs coeff, 14.41 96.72 14.33
afforded a 70% yield of colorless, crystallide(mp 118°C). Anal. cmt
Caled for GeHzaNoSbCI: C, 50.79; H, 5.68; N, 6.58; Cl, 8.32.  (rystal 0.50x 0.27x  0.51x 0.38x  0.78x 0.27 x
Found: C, 50.86; H, 5.69; N, 6.52; Cl, 8.40. CIMS (@Hm/z= size, mm 0.24 0.34 0.13
425 (M" + H), 389 (M — CI"), 136 (ligand+ H). *H NMR (CqDe): frange,deg  2.7434.95 2.33-30.00 2.30-27.47
0 1.83 (s, 12H, NMg), 3.24 (s, 4H, Ch), 6.80 (t, 2H, GH4), 7.07 (m, total no. 9852 11673 5942
6H, GsHs). 3C{*H} NMR (CsDg): 0 45.0 (s, CH), 65.9 (s, CH), of rfins
129.1 (s, CH, @Hy), 136.2 (s, CH, GH.), 143.7 (s, CH, €H,), 148.1 no. of 8497 5393 4798
(s, CH, GH.), ipso carbons not detected. obsd rfns

Compound 5. A solution of 2-(MeNCH,)CeHaLi (0.453 g, 3.17 ”Obg‘;gﬁ‘:s 250 206 259
mmol) in 20 mL of toluene was addeda cannula to a stirred slurry

; ; : GOF onF? 1.044 1.078 1.051

of BiCl3 (1 g, 3.15 mmol) in 20 mL of toluene at78°C. The reaction
temperature was maintained -a¥8 °C for 2 h, following which the WFEIZIBE | 0.0839/0.0420  0.0906/0.0375  0.1038/0.0406
reaction mixture was allowed to warm slowly to ambient temperature. ol
After being stirred for an additional 12 h, the reaction mixture was 8 9 11
filtered, and the filtrate was warmed and concentrated to a total volume “¢5rmula GoH1CiNAS — CiH1CiNSH  GHiloNBi
of 15 mL. Cooling of the resulting solution te-20 °C overnight fw 316.05 362.88 596.98
afforded a 50% vyield of colorless, crystalliB€mp 156-152°C) Anal. temp, K 293(2) 293(2) 173(2)
Calcd for GgH24NLBICl: C, 42.16; H, 4.72; N, 5.46; Cl, 6.80. Found: A A 0.71073 0.71073 0.71073
C, 42.20; H, 4.68; N, 5.37; CI, 6.89. CIMS (G} m/z= 513 (M" + cryst syst orthorhombic orthorhombic monoclinic
H), 477 (M—CI7), 136 (ligand+ H*). *H NMR (CeDg): 0 1.86 (s, space P2,2,2, P2:2:2; P2i/c
12H, NMe), 3.29 (s, 4H, CH), 7.23 (m, 6H, GHa), 8.97 (d, 2H, GHJ). group
13C{1H} NMR (CsDe): 6 45.4 (s, CH), 67.8 (s, CH), 129.6 (s, CH, a, 9.7140(3) 9.7140(13) 7.9455(7)
CeHa), 131.3 (s, CH, @Ha), 140.5 (s, CH, @Ha), 146.1 (s, CH, GHa), b, A 9.8535(4) 10.0196(1) 19.3949(3)
ipso carbons not detected. c A 13.310(3) 13.444(3) 8.6226(9)

Compound 6. A solution of 8-(MeN)C,oHeLi (0.5 g, 2.82 mmol) % (cjieg 90 90 90
in 20 mL of toluene was addeda cannula to a stirred slurry of Sh_Cl p, deg 2 2 93.338(9)

; . y, deg 90 90 90

(0.32 g, 2.82 mmol) in 20 mL of toluene at78 °C. The reaction vV, A3 1273.8(5) 1308.5(3) 1326.5(2)
temperature was maintained a8 °C for 2 h, following which the 7 4 4 4
reaction mixture was allowed to warm slowly to ambient temperature. d(calc), 1.648 1.842 2.989
After being stirred for an additional 12 h, the reaction mixture was glcré
filtered, and the filtrate was warmed and concentrated to a total volume abs coeff, 30.59 24.89 179.09
of 15 mL. Cooling of the resulting solution te-20 °C overnight cm?t
afforded a 60% yield of colorless, crystalliie(mp 210°C). Anal. crystal 0.69x 0.34x  0.53x0.31x 0.34x0.21x
Calcd for G4H24N,SbCI: C, 59.92; H, 4.86; N, 5.62;. Found: C, 57.65; size, mm 0.30 0.25 0.17
H, 4.84; N, 5.62. CIMS (Ch): m/z= 499 (M" + H), 463 (M—CI-), Orange, deg  2.5726.95 2.54-34.22 2.16-30.00
170 (ligand). *H NMR (CeDe): 6 2.64 (s, 6H, NMg), 7.22 (t, 1H, tOtg:C ?f?r-]s 2975 3531 8096
CioHe), 7.52 (m, 5H, GoHg). *3C{*H} NMR (CsDg): 0 46.1 (s, CH),
118.9 (s, CH, GHe), 125.6 (s, CH, GH¢), 128.8 (s, CH, GHe), 130.6 no. gf ar 1837 3382 3860
(s, CH, GoHe), 135.5 (s, CH, GHe), 136.2 (s, CH, GHe), ipsocarbons nooofsrelr‘ ns 149 149 123
not detected. barams

Compound 7. A slurry of 8-(MeN)CyoHeLi (1.0 g, 5.64 mmol) in GOF onF? 1.013 1.074 1.065
20 mL of toluene was addeda cannula to a stirred solution of Bi€l WR2/RE 0.1775/0.0695 0.0726/0.0320 0.0854/0.0379
(0.89 g, 2.82 mmol) in 20 mL of toluene at78 °C. The reaction [I > 20(1)]

temperature was maintained a8 °C for 2 h, following which the
reaction mixture was allowed to warm slowly to ambient temperature.
After being stirred for an additional 12 h, the reaction mixture was
filtered, and the filtrate was warmed and concentrated to a total volume

of 15 mL. Cooling of the resulting solution te-20 °C overnight (CeDe): 6 46.0 (s, CH), 118.3 (s, CH, GHe), 124.9 (s, CH, GHe)
afforded a 50% vyield of colorless, crystallie(mp 254). CIMS 127.0 (s, CH Q,H;) 12;) 5 (s CHl (foH’e) 130’8 o o ,G;OHG,) 139;3

CHy): m/z= 585 (M" + H), 550 (M—CI). 'H NMR (CeDy): :
(2.524)(5, 12H, NMQ,(6.86 ( M, QOI-EG), 7.24)(d, 2H, qu,§),67.§)8 d, (& CH G, 136.0 (s, C, GHq), 154.0 (s, C, GHo), otheripso

2H, CigHe), 7.98 (d, 2H, GaHe), 9.12 (d, 2H, GoHe). C{H} NMR ~ carbons not detected.

aR1=3||F, — F||/Z|Fo. WR2= [S[W(F2 — FAY/Z[W(Fod)] Yo,
1/[03(Fsd) + (a*P)2 + b*P] whereP = [Max(0,F,2/3 + 2F23].
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Compound 8. A solution of 8-(MeN)C,eHeLi (0.50 g, 2.82 mmol)
in 20 mL of toluene was addeda cannula to a stirred solution of
AsCl; (0.51 g, 2.82 mmol) in 20 mL of toluene &f78 °C. The reaction
temperature was maintained -a¥8 °C for 2 h, following which the
reaction mixture was allowed to warm slowly to ambient temperature.
After being stirred for an additional 12 h, the reaction mixture was

Carmalt et al.

a dark yellow solution formed. The solution was filtered, and the filtrate
was transferredia cannula into a Schlenk flask. Hexane (20 mL)
was cannulated onto the solution very slowly. Solvent diffusion at
—20 °C resulted in the formation of a 71% vyield of yellow X-ray-
quality crystals. Anal. Calcd for &11oNBil: C, 18.11; H, 2.03; N,
2.36. Found: C, 19.68; H, 2.40; N, 1.56. CIMS (§Hm/z= 598

filtered, and the filtrate was warmed and concentrated to a total volume (M™ + H), 470 (M — I7). *H NMR (CsDg): 6 1.92 (s, 6H, NMg),

of 15 mL. Cooling of the resulting solution te-20 °C overnight
afforded a 50% vyield of colorless, crystalliBémp 128). Anal. Calcd
for Ci2H12NASCl: C, 45.60; H, 3.82; N, 4.43; Cl, 22.43. Found: C,
45.72; H, 3.86; N, 4.37; Cl, 22.60. CIMS (GH m/z= 315 (Mt +
H), 280 (M—CI7). H NMR (CsDe): 6 2.22 (s, 6H, NMeg), 6.89 (d,
1H, CioHg), 7.14 (t, 1H, GoHe), 7.32 (t, 1H, GoHg), 7.43 (d, 1H, GoHe),
7.57 (d, 1H, GoHe), 9.13 (d, 1H, GoHe), 3C{*H} NMR (CsDg): 0
46.5 (s, CH), 110.1 (s, C, GHe), 119.1 (s, CH, GHe), 126.4 (s, CH,
CioHg), 127.7 (s, CH, GHe), 129.2 (s, CH, GHs), 131.1 (s, CH,
CioHg), 131.7 (s, C, GHe), 133.5 (s, CH, @Hs), 134.9 (s, C, GHe),
148.7 (s, C, GoHe).

Compound 9. A solution of 8-(MeN)C,cHeLi (0.50 g, 2.82 mmol)
in 20 mL of toluene was addeda cannula to a stirred slurry of Sh{l
(0.643 g, 2.82 mmol) in 20 mL of toluene at78 °C. The reaction
temperature was maintained a78 °C for 2 h, following which the
reaction mixture was allowed to warm slowly to ambient temperature.
After being stirred for an additional 12 h, the reaction mixture was

3.40 (s, 2H, CH)), 7.42 (m, 3H, GH,), 8.99 (d, 1H, GH,). 13C{1H}
NMR (CsDg): 6 46.3 (s, CH), 68.9 (s, CH), 130.0 (s, CH, €H,),
131.3 (s, CH, @Hg), 141.5 (s, CH, GHa), 147.6 (s, CH, @H.), ipso
carbons not detected.

X-ray Crystallography. Crystallographic data and details of the
data collection procedures and structure refinemendf, 8, 9, and
11 are presented in Table 2. Crystalsldfwere grown from solvent
diffusion of thf and hexanes at20 °C whereasi—6, 8, and9 were
grown from toluene solutions stored-aR0 °C. Crystals of5 and11
were mounted on glass fibers, and crystals4p®, 8, and 9 were
mounted in thin-walled glass capillaries and sealed under argon (1 atm).
Data sets fod, 6, 8, and9 were collected on an Enraf-Nonius CAD4
diffractometer at 25C, and a Siemens P4 diffractometer was used for
the collection of data for compoun&sand11 at —100°C. Graphite-
monochromated Mo K radiation ¢ = 0.710 73 A) was used for all
structures. Accurate unit cell parameters were determined by recen-
tering 25 optimal high-angle reflections. Three standard reflections

filtered, and the filtrate was warmed and concentrated to a total volume were measured every 1800 s during data collection, and no decrease

of 15 mL. Cooling of the resulting solution te-20 °C overnight
afforded a 50% yield of colorless, crystallifgmp 172-176°). Anal.
Calcd for GoH12NAsSCl: C, 45.60; H, 3.82; N, 4.43; Cl, 22.43.
Found: C, 45.72; H, 3.86; N, 4.37; Cl, 22.60. CIMS (§Hm/z=
315 (M* + H), 280 (M—CI~). H NMR (CgDg): 6 2.99 (s, 6H, NMg),
7.58 (t, 1H, GoHe), 7.70 (t, 1H, GeHe), 7.77 (d, 1H, GdHe), 7.90 (d,
1H, CioHe), 8.05 (d, 1H, GoHe), 8.86 (d, 1H, GoHe). 3C{H} NMR
(CsDe): 6 47.1 (s, CH), 119.0 (s, C, GHe), 126.0 (s, CH, GHe),
130.0 (s, CH, @Hg), 130.0 (s, CH, GHe), 134.0 (s, CH, &Hg), 134.1
(s, CH, GoHe), 135.4 (s, C, @He), 147.7 (s, CH, GHe), 145.0 (s, C,
Ci0He), otheripso carbon not detected.

Compound 10. A solution of Bi(GH12N)3® (1.00 g, 3.26 mmol) in
20 mL of EO was addedia cannula to a stirred solution of Bi€l
(1.03 g, 1.64 mmol) in 20 mL of ED at room temperature, resulting
in the formation of a white precipitate. The solution was stirred for
30 min and pumped to dryness to yield 1.87 gl6f(mp 228-230
°C). Anal. Calcd for GH12NBICl»: C, 26.11; H, 2.92; N, 3.38; Cl,
17.12. Found: C, 25.84; H, 2.99; N, 3.25; Cl, 16.97. CIMS (H
m/z = 413 (M + H). No NMR data were obtained due to the
insolubility of compoundLO in all common solvents.

Compound 11. To a stirred solution of Bi(gH:2N)Cl, (0.50 g, 1.21
mmol) in 30 mL of toluene was added Nal (0.363 g, 2.42 mmol) at
room temperature. The reaction mixture was stirred for 5 h, after which

(22) Sheldrick, G. MSHELXTL PC Version 5;Biemens Analytical X-ray
Instruments, Inc.: Madison, WI, 1994.

in intensities was noted. Corrections were applied for Lorentz
polarization and absorption (SHELXA fdr6, 8, and9, face-indexed

for 11) effects. The structures were solved for the heavy atoms by a
Patterson map. Subsequent difference syntheses gave all other non-
hydrogen atomic positions, and these were refined by full-matrix least
squares orF? using the Siemens SHELXL PLUS 5.0 (PC) software
package? All non-hydrogen atoms were allowed anisotropic thermal
motion. Hydrogen atoms were included at calculated positiordHC

0.96 A) and were refined using a riding model and a general isotropic
thermal parameter.
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