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A cationic eight-electron three-coordinate organobismuth complex with a weakly coordinating borate
anion, [BUN(CH,CsH,),-Bi] T[B(CeFs)4] ~ (3), and its coordination complexes with neutral donor molecules
were synthesized and structurally characterized. The reacti®udf(CH,CsH4).Bi—X (1a: X = Br,
1b: X = CI) with Li[B(CFs)4] afforded the ionic comple8. Complex3 reacted withla or 1b to form
halogen-bridged dinuclear complexg&BuN(CH.CsH4)2Bi} 2(u-X)] T[B(CeFs)s]~ (6: X = Br, 7. X =
ClI). Various neutral donor molecules coordinated to the cationic bismuth at8nanél four coordination
complexes {'BUN(CH,CsH4)2Bi} (D0o)]"[B(CeFs)s]~ (8: Do = MeCHO, 9: Do = MeOH, 10 Do =
MeCN, 11: Do = CH,Cl,) were isolated. The structures of complegeand6—11 were determined by
single-crystal X-ray analysis. In complé one of the fluorine atoms of the [B§Es)s] anion weakly
coordinates to the cationic bismuth center, making its coordination geometry equatorially vacant trigonal
bipyramidal. The same coordination geometry was also found for the bismuth centrdin The
cationic character of the bismuth center3ns reflected in the BN coordination distance, which is
>0.2 A shorter than those in the neutral azabismocines sudmasd 1b. The Bi~-N coordination
distances ir6—11 elongated depending on the coordination strength of the donor molecules.

Introduction

Cationic organometallic complexes of transition and main

plication to catalysis has not been reported. This is partly
because of the instability of organobismuth compounds that have
weak Bi—C bonds!® We have been interested in using orga-

group metals have been widely used as catalysts for polymer-popismuth compounds as reagents and catalysts for organic

ization and organic synthesis® Since inorganic bismuth

transformations. We have searched organobismuth compounds

compounds such as bismuth triflate and halides have attracteohaving stable cyclic frameworks for this purpose and recently

recent interest as efficient Lewis acid catalysts for organic
synthesis;® cationic organobismuth compounds will provide
potentially useful catalysts. However, the study on cationic
organobismuth complexes is very limit&® and their ap-
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reported that hypervalent organobismuth compounds, 5,6,7,12-
tetrahydrodibenzif][1,5]azabismocine¥’?? are useful and
recoverable reagents for the cross-coupling reaction with organic
bromides and chlorideéd:2*Since the 5,6,7,12-tetrahydrodibenz-
[c,f][1,5]azabismocine framework is very stable, we thought
cationic 5,6,7,12-tetrahydrodiber4][1,5]azabismocines were
useful compounds to examine the structure and reactivity of
cationic organobismuth compounds as potential catalysts. Here
we report the synthesis and structure of a cationic 5,6,7,12-
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Figure 1. Structure of complex (50% probability ellipsoids).
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1a: X =Br
1b: X =Cl Waals radii (3.75 A% and much longer than covalent-BfF

Bi * bond distances (2.190(4) A iIBuN(CH,CsHa),Bi—F 22 2.088-
q ! p (BCeF o) - (8)—2.59(1) A in the literaturd®21.2632) Weak interactions
N between the metals and fluorine atoms of fluorocarbons are well
Bu known?22 For bismuth compounds, BiF (fluorocarbons) short
3 contacts were reported in some neutral and an anionic bismuth
compouncP3-36
tetrahydrodibenzjf][1,5]azabismocine with a weakly coordinat-

ing borate anion and its coordination behavior with some neutral ~ (25) Emsley, JThe Elements3rd ed.; Oxford University Press: Oxford,
donor molecules, giving isolable coordination complexes. 998.

(26) Schmuck, A.; Leopold, D.; Wallenhauer, S.; SeppeltCKem. Ber.
199Q 123 761-766.
Results and Discussion (27) Chitsaz, S.; Harms, K.; Nediither, B.; Dehnicke, KZ. Anorg. Allg.
Chem.1999 625, 939-944.
A cationic eight-electron three-coordinate bismuth complex  (28) Yamaguchi, S.; Shirasaka, T.; Tamao, Bganometallics2002
with a weakly coordinating borate aniofBliIN(CH,CsH4)-Bi] * 21, 2555-2558.
~ s . (29) Sharutin, V. V.; Sharutina, O. K.; Egorova, I. V.; Ivanenko, T. K,;
[B(CeFs)a]~ (3), was almost quantitatively obtained by the pgepskii, v. K. Russ. J. Gen. Chergi002 72, 44-45.
reaction of bismuth bromidga or chloridelb with Li[B(C¢Fs)4] (30) Ooi, T.; Goto, R.; Maruoka, KJ. Am. Chem. Soc2003 125,
i iz ati 10494-10495.
(2) in CHCl, (SCheme 1)' RecryStalhzatlon from @Elzlhgxang (31) Rahman, A. F. M. M.; Murafuji, T.; Kurotobi, K.; Sugihara, Y.;
gave crystals §U|tqble for single-crystal X-ray analy§|s. Figure azuma, N.Organometallics2004 23, 6176-6183.
1 shows an ellipsoid plot of compleé Selected bond distances (32) Murafuji, T.; Azuma, T.; Miyoshi, Y.; Ishibashi, M.; Rahman, A.
and angles are summarized in Table 1. In the solid state, one off- M. M.; Migita, K.; Sugihara, Y.; Mikata, YBioorg. Med. Chem. Lett.

. ; . : 2006 16, 1510-1513.
the fluorine atoms of the anion occupies a vacant site of the (33) Plenio, H.Chem. Re. 1997, 97, 3363-3384.

cationic bismuth center, making its coordination geometry  (34) Farrugia, L. J.; Lawlor, F. J.; Norman, N. Bolyhedron1995 14,

distorted equatorially vacant trigonal bipyramidal with the 311-314.

nitrogen and the fluorine atoms in the apical positions and the _ (35) Jones, C. M.; Burkart, M. D.; Bachman, R. E.; Serra, D. L.; Hwu,
. . i, L S. J.; Whitmire, K. H.Inorg. Chem.1993 32, 5136-5144.

two carbon atoms in the equatorial positions. The-Bidistance (36) Whitmire, K. H.: Labahn, D.; Roesky, H. W.: Noltemeyer, M.;

in 3(2.971(2) A) is ca. 20% shorter than the sum of van der Sheldrick, G. M.J. Organomet. Chen1.991, 402, 55—66.
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Table 1. Selected Bond Distances (A) and Angles (deg) for 1a, 1b, 3, angd Bl

X
:d
Nesm Bi~ci™
// aT %
N
Bu
bond/
angle 1a8 1b? 3 6 7 & 9 10 11
a 2.559(4) 2.568(3) 2.357(2) 2.457(6) 2.475(6) 2.470(4) 2.487(4) 2.388(6) 2.402(6) 2.419(6) 2.400(3) 2.384(4)
b 2.247(5) 2.241(3) 2.221(3) 2.238(7) 2.230(7) 2.238(5) 2.225(6) 2.238(7) 2.205(7) 2.233(8) 2.235(4) 2.227(5)
¢ 2247(5) 2250(5) 2.223(3) 2.230(7) 2.233(7) 2.227(5) 2.246(5) 2.227(8) 2.211(8) 2.211(8) 2.223(3) 2.210(5)
d 2.7912(5) 2.663(1) 2.971(2) 2.9921(8) 2.8800(9) 2.879(1) 2.766(1) 2.612(7) 2.589(7) 2.584(9) 2.661(3) 3.250(3)
(Bi-F) (Bi-Br)  (Bi-Br)  (Bi-Cl) (Bi-Cl) (Bi-O) (Bi-O) (Bi-O) Bi-N)  (Bi-Cl)
ab  75.3(1) 75.1(1) 79.4(1) 74.8(2) 75.7(2) 742(2) 7562 76.3(2) 78.3(2) 75.3(2) 75.9(1) 75.7(2)
ac  72.9(1)  73.1(1) 76.9(1)  765(2)  74.3(2)  76.6(2) 743(2) 77.43) 75.4(3) 77.2(2) 77.7(1) 78.7(2)
ad  159.83(9) 158.73(9) 156.67(7) 153.0(1) 157.4(1) 153.2(1) 156.1(1) 160.6(2) 149.9(2) 152.8(3) 151.6(1) 148.5(1)
bc  93.9(2)  93.6(1)  96.2(1)  99.2(3)  100.5(3) 98.4(2) 100.5(2) 97.4(3) 97.7(3) 97.5(3)  99.4(1)  98.3(2)
bd 91.4(1)  90.8(1)  86.48(9) 88.8(2)  90.1(2)  88.9(1) 89.5(1) 89.2(2) 79.7(3) 87.3(3) 86.4(1) 88.5(1)
cd  93.4(1)  92.4(1)  86.41(9) 85.4(2) 91.5(2) 85.8(1) 90.6(1) 91.9(3) 87.5(3) 84.8(3) 83.6(1) 76.8(1)

aRef 22.PTwo independent molecules in the unit cell.

It is known that the intramolecular BiN coordination

distances of 5,6,7,12-tetrahydrodiberi#[1,5]azabismocines are
highly affected by the electronic nature of the Bi atdZWe
showed the BN distances in 5,6,7,12-tetrahydrodibenf
[1,5]azabismocines have a good linear relationship againstin 3, but is simply coming from the presence of the second
Hammett'som-constants of the substituents on the Bi afém.

As expected, X-ray diffraction showed the -BW distance

(2.357(2) A) in the cationic comple8 is much shorter than

those of previously reported neutral 5,6,7,12-tetrahydrodibenz-

[c.f][1,5]azabismocines (2.559(4P.894(4) A)21-22The Bi-N

distance in3 is also much shorter than those (2.491(1) and

2.509(1) A) of the cationic organobismuth complé2{Me,-
NCH,)CgHa} 2Bi][PFg] (4), in which the cationic bismuth center
is coordinated by the two amino grouffsThe precursors a8

and4, i.e., neutral bismuth chloridelb and5%7 (in the latter

Bi—N distances (2.568(3) and 2.570(5) A, respectively) are
almost identical. Therefore, the significant difference in the
Bi—N distances oB and4 is not caused by the incorporation

of the amino group in the eight-membered azabismocine ring

coordinating amino group id.

+

MeoN cl
L ) .
Bi [PFel~ Bi
g SghY.
NMe, NMe,

4 5

NMe,

During the X-ray analysis a3, we observed the presence of
a tiny amount of byproduct, bromine-bridged dinuclear cationic

compound only one amino group coordinates to the bismuth cOmMplex6, which was probably formed by the reaction ®f
center), have similar bismuth coordination geometries and their With 1aused in slight excess. Indeed, the reactio uiith 1a

Figure 2. Structure of complex6 (50% probability ellipsoids).

Hydrogen atoms and GiEl, are omitted for clarity.

in 1:1 ratio in CHCI, afforded6 in 83% isolated yield (Scheme
2). A similar chlorine-bridged dinuclear complek, was also
synthesized in 85% isolated yield by the reactiorilbfand 2
in 2:1 ratio (Scheme 3). Complexésand 7 afforded isomor-
phous crystals containing solvent molecules by recrystallization
from CH,Cl,. Selected bond distances and angle$ a@ind 7
are shown in Table 1. Figure 2 shows the structures,oin
which two azabismocine units are asymmetrically bound to the
bromine atom. The BiBr distance is 0.11 A longer than the
Bi2—Br distance, while the BitN distance is ca. 0.02 A shorter
than the Bi2-N distance. The BixBr and Bi2—Br distances
are respectively 0.20 and 0.09 A longer than the Bi distance
in 1a, while Bil—N and Bi2—-N distances are respectively 0.10
and 0.08 A shorter than the BN distance inla. These results
probably suggest that Bil has higher cationic character than
Bi2 and may be reflected in the fact that one of the fluorine
atoms of the anion is located relatively near Bil (BiEl =
3.217(4) A, within the sum of van der Waals radii of Bi and F
atoms (3.75 A)). Very similar structural trends were observed
for the chlorine-bridged complex

In order to obtain further information on the coordination
ability of 3 as well as the coordination effect of donor molecules
on the structure 08, we have examined the reaction®ith

(37) Carmalt, C. J.; Cowley, A. H.; Culp, R. D.; Jones, R. A.; Kamepalli,
S.; Norman, N. Clnorg. Chem.1997, 36, 2770-2776.
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Table 2. Crystallographic Data for Complexes 3 and 611

3 6 7 8
formula Q;szBBinoN C61H44BBizBI'C|2F20N2 C61H44BBi2C|3F20N2 C44H25BB”:20NO
fw 1139.39 1764.58 1720.13 1183.45
cryst size 0.45¢ 0.28x 0.07 0.32x 0.06 x 0.02 0.16x 0.11x 0.02 0.32x 0.06 x 0.02
cryst syst monoclinic monoclinic monoclinic orthorhombic
space group P2i/c (#14) P2;/c (#14) P2i/c (#14) Pca2;
alA 14.655(1) 10.0830(6) 10.0838(5) 21.409(2)
b/A 18.220(3) 14.7480(9) 14.8011(8) 24.581(3)
c/A 14.726(2) 39.812(2) 39.526(2) 15.709(2)
pldeg 98.600(8) 92.0560(10) 91.8310(10) 90
VIA 3887.8(9) 5916.4(6) 5896.4(5) 8266.9(15)
z 4 4 4 8
Dcaldg cn3 1.946 1.981 1.938 1.902
F(000) 2192.00 3376.00 3304.00 4576.00
u(Mo Ka)/em™t 46.58 68.03 61.92 43.87
TIK 173(2) 153(2) 153(2) 153(2)
20maideg 55.0 56.4 56.5 56.6
no. of rflns measd 9542 36 435 35696 49792
no. of unique rfins Rint) 8903 (0.024) 13799 (0.065) 13 665 (0.042) 17 414 (0.050)
no. of variables 608 846 846 1227
R1 (o > 2.00(lo)) 0.024 0.046 0.042 0.044
wR2 (all data) 0.065 0.098 0.080 0.106
GOF 1.025 1.057 1.000 1.046
diff peak, hole/e A3 1.08,—1.02 2.24-1.95 2.17-2.66 6.93,-3.44

9 10 11
formula C43H25BB”:20N0 C44Hg4BBiF20N2 C43H23BBiC|2F20N
fw 1171.43 1180.45 1224.33
cryst size 0.28«< 0.05x 0.01 0.14x 0.09x 0.06 0.16x 0.13x 0.10
cryst syst orthorhombic monoclinic orthorhombic
space group Pbca(#61) P2i/c (#14) Pbca(#61)
alA 21.248(1) 16.1503(9) 21.3142(10)
b/A 15.8200(11) 19.3680(10) 15.8821(8)
c/A 24.374(2) 13.6021(7) 24.2633(12)
pldeg 90 105.5520(10) 90
VIA 8193.3(10) 4098.9(4) 8213.5(7)

4 8 4 8
Dcadgcni3 1.899 1.913 1.980
F(000) 4528.00 2280.00 4720.00
u(Mo Ka)/em™t 44.25 44.22 45.43

TIK 153(2) 153(2) 153(2)
20maddeg 56.5 56.6 56.6

no. of rfins measd 50 694 25521 51220
no. of unique rfins Ry 9738 (0.086) 9609 (0.033) 9758 (0.045)
no. of variables 605 614 614

R1 (o > 2.00(l0)) 0.063 0.034 0.045
WR2 (all data) 0.139 0.080 0.135
GOF 1.072 1.028 1.070

diff peak, hole/e A3 2.00,—1.80 1.13-0.61 2.31-1.99

some neutral donor molecules. Aldehydes, MeOH, and MeCN those (2.69-2.72 A) in acetone complexes of [Big]2~ anions

formed isolable coordination complexes wish(Scheme 4).

(X = ClI, Br)*41 and longer than the intramolecular-BD

Among three aldehyde complexes (benzaldehyde, acetaldehydeglistance (2.52 A) in a neutral compound, (2-MeGEIg)(4-
and propionaldehyde), X-ray-quality single crystals were ob- MeCgH,)BiBr.3® The coordination of acetaldehyde slightly

tained for acetaldehyde compl@&by the crystallization of3
in the presence of acetaldehyde (4 equiv) from a@pthexane
mixture at —25 °C. MeOH and MeCN relatively strongly
coordinate to catio® and afforded coordination complex8s
and 10, respectively, by removal of solvent from a &,
solution of3 and ca. 1.2 equiv of MeOH or MeCN.

coordinated cationic complexes of transition and main group 5 71 A)42-44
metals have been structurally characterized by X-ray analysis,

no aldehyde-coordinated bismuth complex is found in the
CSD3# Structures of some ketone-coordinated neutral and g,
anionic bismuth complexes were reporféd'! The Bi--O

(0.038 A in average) lengthened the intramolecularIBi
coordination distance compared with that3of

Figure 4 shows the structure of the MeOH-coordinated
cationic part of comple®. The Bir--O distance ir9 is slightly
shorter than those in acetaldehyde com@gand in turn the
. . Bi—N distance ir9 is slightly longer than those i&. There are
Figure 3 shows the structure of the acetaldehyde-coordinatedi ee examples of MeOH-coordinated Bi complexes in the

cationic part of comple)8. Although a number of aldehyde- CSD38and the Bi-+O distance ir® is within their range (2.55

distance in8 (2.60 A, average) is more than 30% shorter than 627 2057-2062.

the sum of van der Waals radii (3.80 At is shorter than

(38) Cambridge Structural Database (CSD), version 5.27; Cambridge Chem.2004 24, 658-662.

Crystallographic Data Centre: Cambridge, England, 2005.

(39) Murafuji, T.; Mutoh, T.; Satoh, K.; Tsunenari, K.; Azuma, N.;
zuki, H.Organometallics1995 14, 3848-3854.
(40) Ahmed, I. A.; Blachnik, R.; Reuter, EZ. Anorg. Allg. Chem2001,

(41) Ahmed, I. A.; Blachnik, R.; Reuter, H.; Eickmeier, H.; Schultze,
D.; Brockner, W.Z. Anorg. Allg. Chem2001, 627, 1365-1370.
(42) Yin, H. D.; Wang, C. H.; Wang, D. Q.; Xing, Q. Chin. J. Org.

(43) Morsali, A.Z. Naturforsch.2005 60b, 389-392.
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N2

Figure 3. Structure of the cationic part of compl8X50% thermal
ellipsoids for Bi, C, N, and O atoms). Hydrogen atoms except those Figure 5. Structure of the cationic part of comple0 (50%

of acetaldehyde are omitted for clarity. thermal ellipsoids for Bi, C, N, and O atoms). Hydrogen atoms
except those of MeCN are omitted for clarity.

Figure 4. Structure of the cationic part of compl8X50% thermal
ellipsoids for Bi, C, N, and O atoms). The hydrogen atom of the
OH group could not be located. Hydrogen atoms except those of
methanol are omitted for clarity.

Figure 6. Structure of the cationic part of complekl (50%
thermal ellipsoids for Bi, C, Cl, and N atoms). Hydrogen atoms
except those of CKCl, are omitted for clarity.

Figure 5 shows the structure of the MeCN-coordinated to metals is known, isolated examples of such metal complexes
cationic part of complef0. There are three examples of MeCN-  are limited to transition metals (22 examples in the G351

coordinated Bi complexes in the CSPand the Bi-*NCMe and alkali metals (2 examples in the CS®j2and no example
coordination distance id0 is almost identical to those found is found for group 12-16 elements in the CSD. Figure 6 shows
in [BiCl([15]crown-5)(MeCN)][SbCd] (2.65(3) A¥® and [Bi- the structure of the C¥€l,-coordinated cationic part of complex

([12]crwon-4%(MeCN)][SbCH]z (2.650(9) A)46 Elongation of 11, in which the vacant coordination site of the bismuth center
the Bi—N distance is almost the same as that in acetaldehydeis occupied by one of the chlorine atoms of £&Hp. The Bi-
complex8. -Cl distance (3.250(3) A) is about 23% shorter than the sum of
The crystallization o3 in the presence of B® or PhS in van der Waals radii (4.21 &f The other chlorine atom is also
CH,Cl, did not afford a PkO- or PhS-coordinated complex  located near the bismuth center (3.446(2) A), which may suggest
but instead gave Cil,-coordinated completl It is worth
noting that CHCl,-free complex3 was obtained by recrystal- (47) Ferriadez, J. M.; Gladysz, J. AOrganometallics1989 8, 207
Iiza_tion of3from a CHZCIzlhexane_ mix_ture as mentioned above, 1%18) Colsman, M. R.: Newbound, T. D.: Marshall, L. J.: Noirot, M. D.:
while that of3 from CH,Cl, solution in the presence of b Miller, M. M.; Wulfsberg, G. P.; Frye, J. S.; Anderson, O. P.; Strauss, S.
or PhS afforded CHCI,-coordinated compledl The reason H. J. Am. Chem. S0d.99Q 112, 2349-2362.
is not clear why this difference occurred. Although the 24‘(1439) Bown, M.; Waters, J. MJ. Am. Chem. Sod99Q 112 2442~
coordination of CHCI, as a monodentate or a bidentate ligand ™ (50) Arndtsen, B. A.; Bergman, R. Gciencel995 270, 1970-1973.

(51) Butts, M. D.; Scott, B. L.; Kubas, G. J. Am. Chem. Sod.996
(44) Rogers, R. D.; Bond, A. H.; Aguinaga, S.; ReyesJAAm. Chem. 118 11831-11843.

So0c.1992 114, 2967-2977. (52) Bryan, J. C.; Kavallieratos, K.; Sachleben, Rlforg. Chem200Q
(45) Schiger, M.; Frenzen, G.; Neuiitler, B.; Dehnicke, K.Angew. 39, 1568-1572.
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Cationic Organobismuth Complex

bidentate coordination of the GBI, ligand as observed in
several example¥,49:52,54.55

FS

Cl Cl +
i
q ¥ p [B(CeFs)al ~
N
Bu

1"

Conclusion

We have succeeded in synthesizing a stable cationic eight-Was @dded a cooled-€0
electron three-coordinate organobismuth complex with a weakly

coordinating anion,'BUN(CH,CgH4)2Bi] T[B(CsFs)4] 7, 3. In the
solid state, one of the fluorine atoms of the anior8iweakly

coordinates to the bismuth to form a 10-electron four-coordinate
center. Complex accepts various neutral molecules, such as
aldehydes, methanol, acetonitrile, and dichloromethane, to form

Organometallics, Vol. 26, No. 7, 20@21

pound6 as colorless crystals containing gEl, (439 mg, 83%).
IH NMR (499.1 MHz, CBCly): 6 8.66 (dd,J = 7.5, 1.2 Hz, 4H),
7.66 (ddJ=7.5,0.8 Hz, 4H), 7.52 (td] = 7.5, 1.4 Hz, 4H), 7.47
(td,J= 7.5, 1.3 Hz, 4H), 4.78 (d] = 15.5 Hz, 4H), 4.44 (d) =
15.5 Hz, 4H), 1.38 (s, 18H)}3C NMR (125.4 MHz, CDRCl,): 6
175.1, 153.7, 148.6 (dcr = 240 Hz), 140.0, 138.7 (dlcr = 243
Hz), 136.7 (dJcr = 241 Hz), 131.9, 129.6, 128.7, 124.6 (bs), 62.95,
62.85, 28.1. IR (KBr): 2980, 1644, 1512, 1462, 1086, 980, 756
cmL. Anal. Calcd for GoH4:BBisBrF,gN,-CH.Cly: C, 41.52; H,
2.51; N, 1.59. Found: C, 41.47; H, 2.43; N, 1.57.
[{'BUN(CHCgH4)2Bi} 2(u-Cl)] T[B(CsFs)4]~, 7. TO a slurry of
Li[B(C6Fs)4] (0.50 mmol, 343 mg) in 5 mL of CkCl, at —20°C
°C) solution of chloridelb (1.0 mmol,
496 mg) in 10 mL of CHCI,. The reaction mixture was stirred at
—20 °C for 2 h and then allowed to warm slowly to room
temperature. The precipitated LiCl was removed by filtration, and
the solvent was removed under vacuum to give compauas a
white solid. Recrystallization from Ci&l,/hexane furnished com-
pound? as colorless crystals containing &, (735 mg, 85%).
IH NMR (499.1 MHz, CDBClp): ¢ 8.57 (d,J = 7.5 Hz, 4H), 7.67

isolable coordination complexes. The coordination of the donor (4 ;=75 Hz 4H), 7.55 (td) = 7.5, 0.9 Hz, 4H), 7.46 (td] =
molecules elongates the intramolecular nitrogen to bismuth 7.5 1 3 Hz, 4H), 4.80 (d] = 15.5 Hz, 4H), 4.45 (dJ = 15.5 Hz,
coordination distance, and the degree of elongation depends omn), 1.39 (s, 18H)13C NMR (125.4 MHz, CBCl,): 6 176.7, 153.6,

their coordination strength. This adjustable property of the 148.6 (dJor = 242 Hz), 138.8, 138.7 (dicr = 243 Hz), 136.7 (d,
intramolecular nitrogen to bismuth coordination stabilizes the J.. = 245 Hz), 131.7, 129.5, 128.8, 124.6 (bs), 63.0, 62.8, 28.1.

cationic complex and is potentially useful for catalyis.

Experimental Details

General Comments All manipulations of air-sensitive materials

were carried out under a nitrogen atmosphere using standard

Schlenk tube techniques or in a glovebox filled with argon or

nitrogen. Anhydrous solvents were purchased from Kanto Chemi-

cals or Aldrich and used as received. Li[Bfg)4] was purchased
from Tosoh FinechentH and!3C NMR spectra were recorded on

a Jeol LA500 spectrometer. Chemical shifts given in ppm are

referenced to tetramethylsilane (external) ft and 13C NMR
spectra (0.0 ppm), and coupling constants are reported in hertz.
['BUN(CH2CgH4),Bi] "[B(CeFs)4] ~, 3. To a slurry of Li[B(CGsFs)a]
(2.0 mmol, 686 mg) in 10 mL of CkCl, at —20 °C was added a
cooled (20 °C) solution of bismuth chloridéb (1.0 mmol, 496
mg) in 10 mL of CHCl,. The reaction mixture was stirred &20
°C for 2 h and then allowed to warm slowly to room temperature.
The precipitated LiCl was removed by filtration, and the solvent
was removed under vacuum to give compothduantitatively.
Further purification by recrystallization from GB8I,/hexane fur-
nished3 as colorless crystals (1.06 g, 93%H). NMR (499.1 MHz,
CD.Cly): 6 8.12 (d,J = 7.5 Hz, 2H), 7.84 (dJ = 7.5 Hz, 2H),
7.73 (t,J = 7.5 Hz, 2H), 7.53 (tdJ = 7.5, 1.2 Hz, 2H), 5.00 (d,
J = 15.5 Hz, 2H), 4.72 (dJ = 15.5 Hz, 2H), 1.46 (s, 9H)3C
NMR (125.4 MHz, CDCly): 6 184.0, 155.3, 148.6 (dicr = 241
Hz), 138.7 (d,Jcr = 242 Hz), 138.0, 136.7 (dJcr = 243 Hz),

132.8, 130.3, 129.5, 124.6 (bs), 66.5, 65.7, 28.6. IR (KBr): 2978,

1644, 1514, 1464, 1275, 1086, 980, 756 ¢mAnal. Calcd for
C42H21BBIiF,N: C, 44.27; H, 1.86; N, 1.23. Found: C, 44.19; H,
2.13; N, 1.11.

[{IBUN(CH2C6H4)zBi}2(/,4-Br)] Jr|:B(C6|:5)4]7, 6.To a solution of
compound3 (0.30 mmol, 342 mg) in 5 mL of C}KCl, was added
a solution of bromidd.a (0.30 mmol, 162 mg) in 6 mL of CKCl,.

IR (KBr): 2980, 1643, 1512, 1462, 1086, 980, 754 ¢mAnal.
Calcd for QOH4zBBiQC|F20N2'CH2C|2: C,42.59; H, 2.58; N, 1.63;
Cl, 6.18. Found: C, 42.52; H, 2.62; N, 1.61; Cl, 6.16.
[{'BUN(CH,CgH4)2Bi} (MeCHO)] T[B(CeFs)4] ~, 8. To a solution
of compound3 (0.50 mmol, 570 mg) in 5 mL of C4Cl, was added
an excess of acetaldehyde (ca. 0.12 mL, 2 mmol). After the mixture
was stirred at room temperature for 3 h, 10 mL of hexane was
added and the mixture was cooled-t@5 °C for 3 days to give
complex8 as colorless crystals (273 mg, 46%) NMR (499.1
MHz, CD,Cl,): 6 9.89 (q,J = 3.0 Hz, 1H), 7.96 (dJ = 7.5 Hz,
2H), 7.78 (dJ = 7.5 Hz, 2H), 7.68 (tJ = 7.5 Hz, 2H), 7.50 (t)
= 7.5 Hz, 2H), 4.94 (dJ = 15.5 Hz, 2H), 4.63 (dJ = 15.5 Hz,
2H), 2.44 (dJ = 3.0 Hz, 3H), 1.44 (s, 9H):3C NMR (125.4 MHz,
CD.Cly): 6 207.5, 182.2, 154.6, 148.6 (dsr = 245 Hz), 138.7
(d, Jcr = 244 Hz), 137.4, 136.7 (dlcr = 244 Hz), 132.4, 130.1,
129.4, 124.1 (bs), 65.5, 64.8, 32.0, 28.4. IR (KBr): 2984, 1699
(C=0), 1645, 1516, 1464, 1090, 980 cinAnal. Calcd for G4H2s
BBiF,o0NO: C, 44.66; H, 2.13; N, 1.18. Found: C, 44.41; H, 2.16;
N, 1.19.
[{'BUN(CH,C¢H4)2Bi} (MeOH)] Jr[B(C@|:5)4]7, 9.To a solution
of compound3 (0.20 mmol, 223 mg) in 2 mL of C§Cl, was added
methanol (1Q:L, 0.25 mmol). The reaction mixture was stirred at
room temperature for 3 h, and then the solvent was removed under
vacuum to give compoun@ Recrystallization from CkCl,/hexane
furnished compouné as colorless crystals (195 mg, 85%).NMR
(499.1 MHz, CRQCly): ¢ 7.94 (d,J = 7.5 Hz, 2H), 7.78 (d,) =
7.5 Hz, 2H), 7.71 (tJ = 7.5 Hz, 2H), 7.51 (td) = 7.5, 1.2 Hz,
2H), 4.92 (dJ = 15.5 Hz, 2H), 4.63 (d) = 15.5 Hz, 2H), 3.78 (s,
3H), 2.68 (bs, OH), 1.42 (s, 9HC NMR (125.4 MHz, CDCly):
0 182.0, 154.6, 148.6 (dcr = 243 Hz), 138.7 (dJcr = 245 Hz),
137.1, 136.7 (dJcr = 244 Hz), 132.4, 130.3, 129.5, 124.1 (bs),
65.4, 64.7, 53.0, 28.4. IR (KBr): 3609 (OH), 2982, 1645, 1516,
1464, 1090, 980 cni. Anal. Calcd for GaHosBBiF,0NO: C, 44.09;

The reaction mixture was stirred at room temperature for 2 h, and H» 2.15; N, 1.20. Found: C, 43.53; H, 2.18; N, 1.17.

the solvent was removed under vacuum to give compduas a
white solid. Recrystallization from Ci€l,/hexane furnished com-

(54) Huang, D.; Huffman, J. C.; Bollinger, J. C.; Eisenstein, O.; Caulton,
K. G.J. Am. Chem. S0d.997, 119, 7398-7399.

(55) Krossing, I.Chem—Eur. J. 2001, 7, 490-502.

(56) Preliminary evaluation of the catalytic performance of the cationic
complex3 showed it worked as a Lewis acid catalyst for allylation reaction

of aldehydes with allylbismuth species and the Mukaiyama aldol reaction.

[{'BUN(CH,CgH4),Bi} (MeCN)]"[B(CeFs)4] ~, 10.To a solution
of compound3 (0.20 mmol, 223 mg) in 2 mL of CHCl, was added
acetonitrile (12.5L, 0.24 mmol). The reaction mixture was stirred
at room temperature for 3 h, and then the solvent was removed
under vacuum to give compourdd. Recrystallization from Chkt
Cly/hexane furnished compourd as colorless crystals (203 mg,
88%).'H NMR (499.1 MHz, CDBCl,): ¢ 8.15 (d,J = 7.5 Hz,
2H), 7.73 (dJ = 7.5 Hz, 2H), 7.64 (tJ = 7.5 Hz, 2H), 7.50 (t)
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= 7.5 Hz, 2H), 4.87 (dJ = 15.5 Hz, 2H), 4.53 (dJ = 15.5 Hz, packag®’ with Crystal§® and SHELX-97° programs. Ortep draw-
2H), 2.36 (s, 3H), 1.40 (s, 9H}3C NMR (125.4 MHz, CRCl,): ings were generated using the ORTEP-3 for windows progfam.

0 180.1, 154.1, 148.6 (dicg = 241 Hz), 138.7 (dJcr = 245 Hz), Crystallographic data have been deposited with the Cambridge
137.7, 136.7 (dJcr = 241 Hz), 132.3, 130.0, 129.2, 124.5 (bs), Crystallographic Data Centre. Copies of the data can be obtained
119.4, 64.6, 64.2, 28.3, 2.8. IR (KBr): 3061, 2984, 2267 (CN), free of charge on application to the CCDC, 12 Union Road,

1644, 1514, 1464, 1086, 980 ci Anal. Calcd for GsHos Cambridge CB2 1EZ, U.K. (fax, (int:}44-1223/336-033; e-mall,
BBiF,N2: C, 44.77; H, 2.05; N, 2.37. Found: C, 44.62; H, 2.04; data_request@ccdc.cam.ac.uk), on quoting the deposition numbers
N, 2.34. CCDC-631261%), CCDC-6312626), CCDC-6312637), CCDC-

[{'BUN(CH,CgH4).Bi} (CH.CI,)] [B(CeFs)4] ~, 11.To a solution 631264 8), CCDC-6312659), CCDC-631266 10), and CCDC-
of compound3 (0.20 mmol, 223 mg) in 2 mL of CkCl, was added 631267 (1).
PhO (35uL, 0.22 mmol) or PBS (37uL, 0.22 mmol). The reaction

mixture was stirred at room temperature for 6 h, and then the  Acknowledgment. This work was partially supported by the
mixture was cooled te-20 to —30 °C to give colorless crystals,  japan Society for the Promotion of Science (JSPS), and M.B.

Whi?h were proved to be complekl by single-crystal X-ray  thanks the JSPS for a postdoctoral fellowship.
analysis.

X-ray Crystallography. Data collection was performed on a
Bruker Smart Apex CCD diffractometer (MooKradiation, graphite
monochromator) except for compl8xfor which a Rigaku AFC7R
system (Mo Kux radiation, graphite monochromator) was used. Data
were corrected for absorption. The structures were solved by the OM0611453
Patterson method. Structure refinement was carried out by full-
matrix least-squares oR2. The hydrogen atoms were placed in (57) CrystalStructureversion 3.7.0; Rigaku and Rigaku/MSC, 2005.
calculated positions and refined using a riding model. For complex Cr(gaggﬁzigih‘é‘%izg%’ (;{aﬁéi gaﬁ”tfgéf,’r ;ibfl;oi?gr%ri%glf’lgégv'
9, the hydrogen atom bo_und to the methanOI oxygen ato“.“ could )259) Sheldrick, G. M.SHEBI/_XL-Q% U‘;li\)//ersit'a Gdt)i/ﬁgen: G’erm,any, '
not be located. Table 2 gives further details. Structure solution and 1997.
refinement were performed using the CrystalStructure software  (60) Farrugia, L. JJ. Appl. Crystallogr.1997, 30, 565.

Supporting Information Available: Crystallographic data in
CIF format. This material is available free of charge via the Internet
at http://pubs.acs.org.




