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aqua ligand, and {[Mn(pyBET)z(HzO)z]Cl& [2] 
where the carboxylato group of pyBET serves as a 
syn-unti bridging ligand. We now report the char- 
acterization of a new anhydrous polymeric man- 
ganese(I1) complex of betaine, [Mn(BET)J,, .nMnCl, 
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Introduction 

As neutral structural analogues of carboxylato 
ligands, betaine and its derivatives have been found 
to exhibit a rich variety of bonding modes in their 
metal complexes [l-6]. Among them, the carboxylato 
group of betaine ligands exhibits the common bi- 
dentate syn-syn bridging mode (Fig. l(a)) in 
[Ag(pyBET)(NO,)], [l], the syn-anti bridging mode 

(Fig. l(b)) in ([Mn(pyBET),(H~o)~lCl~}~ PI, the 
tridentate bridging mode in [Ag2(BET)2- 

WD)@0&1, and [&z(PYBET)~(CK%)& [31, the 
unsymmetrical chelating mode in [Cu(BET).,](NO,), 
[4] and the unidentate mode in [Zn(BET)2C12]H20 
[S] (BET= betaine, MesN*CH2COO-; pyBET 
= pyridine betaine, CSHSN+C!H2COO-)+. In the only 
known example of a discrete trinuclear carboxylato 
complex, [Cd,(pyBET),Cl,J, pyBET acts as an un- 
usual syn-skew bridging ligand [6] (Fig. l(d)). 

The crystal structures of manganese(I1) carbox- 
ylates have been widely studied, and polymeric struc- 
tures generally predominate [7]. One-dimensional 
polymers are however rare, two examples being 
[Mn(CH&H2COO)2(H,0)z]~ [8] where the Mn(I1) 
atoms are bridged by a syn-syn bidentate carboxylato 
group, a cl-1,1-O unidentate carboxylato group and 

*Metal-betaine interactions, Part IX. For Part VIII see 
ref. 1. 
**Author to whom correspondence should be addressed. 

‘The IUPAC names of BET and pyBET are trimethyl- 
ammonioacetate and pyridinioacetate, respectively. 

Experimental 

Preparation 

Complex 1 was prepared by dissolving MnC12. 4H20 
(0.495 g, 2.5 mmol) and betaine (0.686 g, 5.0 mmol; 
Sigma) in water (1.5 ml). After one day, pale yellow 
prismatic crystals were obtained. The crystals are 
hygroscopic. Complex 1 shows the following IR ab- 
sorption bands (cm-‘): <COO) at 1616~s and 1405s, 
s(CO0) at 718m. The separation (A) of 211 cm-’ 
between v-(COO) and u&COO) in complex 1 
is similar to that observed for [A&(BET),- 
(H20)2(N03)21, [3] (with A-221 cm-‘) in which 
the carboxylato group of BET acts as a bridging 
ligand in the syn-syn mode. The A values are sig- 
nificantly smaller than that (236 cm-‘) of uncom- 
plexed betaine [9] and hence indicative of the bridging 
mode of the carboxylato group [lo]. 

Cfystd data 

C15H33CbN40@n2, lU, = 603.13, trigonal, a = 

12.880(2), c=9.1173(8) A, V= 1309.9(3) A3, Z=2, 
T= 295 K, D, = 1.515 g cmp3 (CCLJ13rCH2CH2Br), 
D,=1.529gcm-3,F(OOO)=620, A=O.71073& &MO 
J&Y)= 13.7 cm-‘, space group ti (No. 147). 

X-ray data collection, structure solution and 

refinement 

Intensity data collected on a Nicolet R3m/V dif- 
fractometer were processed with the profile-fitting 
procedure [ll] and corrected for absorption using 
r&scan data [12]. The structure was solved by Pat- 
terson superposition and all non-hydrogen atoms 
were refined an&tropically. All hydrogen atoms were 
generated geometrically (C-H = 0.96 A) and included 
in the structure-factor calculations with assigned 
isotropic thermal parameters. Final RF and R,s are 
0.078 and 0.077 for 1830 observed data (Z>4o(Z), 
2e,, = 55O) using the weight scheme 
[a( IF,I) +O.ClOOOl lF,12]-‘. Computations were per- 
formed using the SHELTXCPLUS program package 
[13]. Analytic expressions of atomic scattering factors 
were used, and anomalous dispersion corrections 
were incorporated [14]. The final positional param- 
eters and equivalent isotropic thermal parameters 
of the non-hydrogen atoms are listed in Table 1, 
and bond lengths and angles in Table 2. 
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Fig. 1. Six idealized bridging modes of carboxylate and betaine ligands in their metal complexes. Enclosed in parentheses 
are the numerical values of the pair of R-C-O-M torsion angles (“) for each type of geometry. 

TABLE 1. Atomic coordinates (X 10’) and equivalent 
isotropic thermal parameters (A’X l@ for Mn; ld for 
others) 

X Y 2 Ga 

Mn(1) 0 0 0 271(5) 
MN2) 0 0 5000 258(4) 
00) 1586(3) 412(3) 1307(3) 37(2) 
O(2) 1529(3) 1040(3) 3584(3) 35(l) 
C(l) 1846(5) 543(5) 2632(5) 31(2) 
C(2) 2687(5) 134(5) 3254(5) 39(2) 
N(l) 2845(4) - 770(4) 2389(5) 40(2) 
C(3) 3429(7) - 289(7) 939( 6) 61(4) 
C(4) 3625(7) - 1090(7) 3261(7) 6U4) 
C(5) 1647(7) - 1885(6) 2158(9) 66(4) 
Mn(3) 3333 6667 7906(2) 515(5) 

W) 3333 6667 10500(3) 48(l) 
C](2) 5115(2) 6701(2) 7189(2) 75(l) 

“U, defined as one third of the trace of the orthogonalized 
U tensor. 

Results and discussion 

The crystal structure comprises discrete tetra- 
chloromanganate anions and linear cationic chains. 
In the anion, the Mn(3) atom, as located on Wyckoff 
position 2(d) of symmetry 3, is coordinated by four 
chloro ligands in a distorted tetrahedral configuration 
with Mn-Cl bonds of 2.365(3) A and Cl-Mn-Cl 
angles of 106.0(l) and 112.7(l)“. In the cationic 
polymeric chain, the independent Mn(1) and Mn(2) 
atoms occupy Wyckoff positions l(u) and l(b) of 
symmetry 3, respectively; accordingly both adopt 
axially distorted octahedral (C,) coordination ge- 

TABLE 2. Bond lengths (A) and bond angles (“) 

MnU)-O(l) 2.189(4) Mn(2W(2) 2.169(3) 

Mn(3>Cl(l) 2.365(3) Mn(3)-Cl(2) 2.365(3) 

0(1)-c(l) 1.243(5) 0(2)-C(l) 1.261(7) 

C(l)-c(2) 1.53(l) C(2)--N(l) 1.502(9) 

N(l)-C(3) 1.493(7) N(lW(4) 1.49(l) 

N(3)-C(5) 1.507(7) 

O(l)-Mn(l)-O(la) 93.2(l) O(l)-Mn(l)-O(ld) 86.8(l) 

0(2>-Mn(2)-0(2a) 88.2(l) 0(2)_~(2)-0(28) 91.8(l) 

Mn(l)-O(l)-C(l) 135.9(4) Mn(2)_0(2)C(l) 121.4(3) 
Cl(l)-Mn(3w1(2) 106.0(l) C](2)-Mn(3>C1(2i) 112.7(l) 

wwlw(2) 127.1(6) O(1ww)-c(2) 120.2(6) 

o(2)-c(lw(2) 112.6(4) C(l)--C(2W(l) 117.7(4) 

C(2w(w(3) 112.2(5) ~2w(lw(4) 107.8(5) 

C(3W(l)-c(4) 108.5(6) C(2w(w(5) 110.0(5) 

C(3W(l)c(5) 109.6(5) C(4W(l)-C(5) 108.7(6) 

Symmetry codes: (a) -y, x-y, z; (b) y-n, -x, z; (c) -x, 

-y. -z; (d) Y. Y-X, -z; (e) X-Y, 1, -I; (9 -1, -Y, 
1 -z; (g) y, y-x, 1 -z; fh) x-y, x, 1 -z; (i) y-x, 1 -x, z; 

(j) 1 -y. 1 +x-y, z. 

ometries (Fig. 2). The Mn-0 bond lengths are com- 
parable to those found for common manganese(I1) 
carboxylates in six coordination [15]. Each pair of 
adjacent metal atoms is separated by a non-bonded 
distance of 4X87(8) A, being bridged by the bi- 
dentate carboxylato groups of three BET ligands 
into a linear cationic chain running along the c axis. 

An interesting structural feature in complex 1 is 
that the carboxylato group of BET bridges Mn(I1) 
atoms in an abnormal non-planar skew-skew fashion 
(Fig. l(e)), which differs from the coplanar syn-syn, 
syn-unti and anti-anti bridging modes commonly 
found in metal carboxylates [16], and is also distinct 
from the unusual non-planar synskew mode found 
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