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2 0.7386 (3) 0.0100 (2) 0.1980 (4) 0.0564 (8)
C3 0.8178 (2) 0.0189 (2) 0.3396 (3) 0.0550 (8)
C4 0.9242 (3) 0.2936 (2) 0.4346 (3) 0.0550 (8)
Cs 0.8170 (3) 0.2995 (2) 0.4017 (3) 0.0539 (8)

Table 2. Selected geometric parameters (A, ° )

Nil—S1 26014 (8)  NI—CI 1.148 (3)
Nil—NI 20552 N2—C2? 1473 (4)
Nil—N2 2078 (2)  N3--C3 1.486 (4)
Nil—N3 21132 N4-—C4 1471 (4)
Nil-—N4 2087 (2)  N5—CS 1462 (4)
Nil —N3 2115 2)  C2—C3 1503 (5)
S1—C1' 1630 (2)  C4—C5 1.506 (5)
S1I—Nil—NI 91.56 (1) N3—Nil--N5 925 (1)
SI—Nil—N2 88.44 (8)  N4—Nil—NS5 82.4 (1)
S1—Nil—N3 86.50 (7)  Nil—S1—CI' 102.43 (9)
S1-——Nil—N4 91.23 (1) Nil—N1—ClI 162.5 (2)
S1—Nil—N5 17347 (7)  Nil—N2—C2 109.0 (2)
NI—Nil—N2 925 (1) Nil—N3—C3 106.7 (2)
NI—Nil—N3 1749 (1) Nil—N4—C4 109.4 (2)
NI—Nil—N4 89.4 (1) Nil—N5—C5 107.2 (2)
NI—Nil—NS 8997 (9  SI'—CI—NI 179.1 (2)
N2—Nil—N3 828 (1)  N2—C2—C3 108.5 (3)
N2—Nil—N4 17806 (9)  N3—C3—C2 108.7 (3)
N2—Nil—N5 978 (1)  N4—C4—C5 109.3 (3)
N3—Nil—N4 9529 (9)  NS—C5—C4 1094 (3)
Symmeltry code: (i) § —x, 4 — v, —2.
Table 3. Hydrogen-bonding distances (A)

D—H---A H A D—H---A H-..A
N2—H7- - -F5 2,45 14) N3—H2. . .F3" 281 (4)
N2—H7. . .F7 265 (3) N3—H2. - -F4 258 (3)
N2—H8. - -F6' 279 (4 Na—Hi0- - -F6" 252 (3)
N2—H8. . -F7 262 (3) NS—HI5. . E1* 293 (3)
N3—HI. - -F2" 270 (3) NS—H16- - -F3" 232 (3)

H---A H-.A H A H-..A
HI---S1" 297 (3 HO- - S1 283 (3)

Symmetry codes: (i) | —x, —y, =2 (i) x, —v, 2+ 55 (1) 2—x,y, § — 5
(Vyx—4y=Lovx+ Ll-vi+ i) 2-xy 4 -2
The structure was solved by direct methods and developed
by alternating cycles of difference Fourier syntheses and full-
matrix least-squares refinements. The positions of the atoms
were determined unequivocally. The non-H atoms were refined
anisotropically, while the H atoms were refined isotropically.
Data collection: CAD-4 Software (Enraf-Nonius, 1994).
Cell refinement: CAD-4 Software. Data reduction: TEXSAN
{Molecular Structure Corporation, 1997). Program(s) used to
solve structure: SIR92 (Altomare et al., 1993). Program(s) used
to refine structure: TEXSAN. Software used to prepare material
for publication: TEXSAN.

Supplementary data for this paper are available from the [UCr
electronic archives (Reference: BK1401). Services for accessing these
data are described at the back of the journal.
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Abstract

The title compound, [(CH;3),NH:],[TeClq]. is isostruc-
tural with [(CH3);NH,]5[SnCle] and the high-density
form of [(CH3).NH-]>[PtClg]. It consists of a slightly
distorted [TeClg)*~ octahedron and [(CH;3),NH,]* ions
connected by a weak bifurcated hydrogen bond.

Comment

[(CH3);NH;1:[TeCly], (1), was reported to be isomor-
phous with [(CHj3);NH:]»[SnCls] (Ben Ghozlen &
Daoud, 1981; Knop er al., 1983) from X-ray powder
diffraction data taken at room temperature (Ishida er al.,
1984). The phase transitions and the molecular motions
of the cation and anion were studied by 'H NMR (Ishida
et al., 1984), *CI NQR (Horiuchi ez al., 1985; Ishikawa
et al., 1989) and °H NMR (Ikeda et al., 1989) under
the assumption that the Te salt has the same atomic ar-
rangement as the Sn salt. The 180° flip motion of the
cation about its pseudo-C; axis and the 90" re-orienta-
tional jumps of the anion around the Te—Cl bond axis
were found to occur at room temperature in the Te salt
with smaller activation energies than those determined
in the Sn salt. This implies that the ions in the Te salt
are bound more loosely than in the Sn salt.
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The present X-ray study showed that the Te salt is
isostructural with both the Sn salt and the dense form
of [(CH3),NH:]5[PtClg] (Ries, 1902; Khodadad er al.,
1984). It consists of parallel sheets of slightly distorted
[TeClg]>~ octahedra which are held together in a sheet
by weak bifurcated hydrogen bonds formed between
the [(CH3),NH,]* groups and the Cl atoms (Fig. 1).
The shortest contact distances between the cation and
the anion are N---CI(2) [3. 449(8)A] and N---Ci(2")
[3.553 (8)A] which are slightly longer than those re-
ported for the Sn salt, being consistent with the NMR
and NQR results: N- - -C1(2) 3.449 (8), H- - -Cl(2) 2. 69 A,
N—H. --Cl(2) 137°; N---CI(2") 3.553(8), H---Cl(2")
2.84 A, N—H. - -Cl(2') 133° [symmetry code: (i) —x,
-y, zl.

C2)

N @Cl(l)
)

CI(2)

Cc)

i Te

Fig. 1. An ORTEPII (Johnson, 1976) perspective view and atomic
numbering. Displacement ellipsoids arc drawn at the 50% proba
bility level. The N—H- - -Cl-type hydrogen bonds are indicated by
broken lines. [Symmetry code: (i) —x. —, ]

Experimental

Crystals of [(CH3):NH:):[TeCls) were grown by slow evapo-
ration from a concentrated HCI solution containing stoichio-
metric amounts of (CH31)-NH>Cl and TeO-.

Crystal data

(CaHsN)[TeCle] Mo K« radiation

M, = 432.50 A=071073 A
Orthorhombic Cell parameters from 25
Pnnm . reflections
a=17410(4) A 9 =119-125°
b=14.392(1) A u=2.883 mm™'
c—7368(4)A T=291 K
V=785.7(8) A’ Prismatic

Z=2 0.23 x 0.23 x 0.20 mm
D, = 1.828 Mg m™’ Yellow

D,, not measured

(C2HgN)2[TeCle]

Data collection

Rigaku AFC-5R diffractom- 605 reflections with

eter 1> 3a(])
w-20 scans Omar = 27.5°
Absorption correction: h=0—9

v scan (North et al., k=0— 18

1968) 1=0—9

Tmm = 045. Tmux = 056
1089 measured reflections
1089 independent reflections

3 standard reflections
every 97 reflections
intensity decay: 1%

Refinement

Refinement on F Apmar = 062 € A’

R =0.033 Apmm =-041e A7
wR = 0.032 Extinction correction:
§ =265 Zachariasen (1967)

Extinction coefficient:
6.5(8) x 1077

Scattering factors from
International Tables for
Crystallography (Vol. C)

605 reflections
39 parameters
H atoms not refined
= U[o*(F.)
+ 0.00002|F.|*]
(A/O')mu\ < 0001

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A7)

Uey = (1/3)L,Z,00d a2, ;.

X A l ch
Te 0 0 0 0.0422 (1)
I 0.1841 (3) 0.1481 (1) 0 0.0782 (6)
Cl2) 0.1957(1)  —0.06638 (8) 0.2486 (2) 00725 (4)
N 0.1906 (8) 0.1358 (4) 1”2 0.075(2)
cn 0.103 (1) 0.2271 (4) 12 0.081(2)
a2 0.389 (1) 0.1357 (%) 12 0.090(3)

o
Table 2. Selected geometric parameters (A, °)

Te—Cl(1) 25313 N—C(D 146 (1)
Te—Cl2) 2524(2)  N—C2) 1.47(1)
ClH—Te—Cl(2) 90.52(7)  C2—Te—Cl2" 93.06 (9)
ClH—Te—CN2") 89.48(71)  C(H—N—C(2) 16 (1)
CH2)—Te—CI(2) 86.94 (9)

Symmetry codes: (i) —x, —v, 2t (i) x, ¥, =2

H atoms could not be located from a difference Fourier map.
H atoms attached to N were placed in geometrically ideal
positions with N—H = 0.95 A, but were not refined. The
methyl H atoms were not included because these may be
disordered around the C—N bond.

Data collection: MSC/AFC Diffractometer Control Software
(Molecular Structure Corporation. 1988). Cell refinement:
MSCIAFC Diffractometer Control Software. Data reduction:
TEXSAN (Molecular Structure Corporation. 1997). Program(s)
used to solve structure: SIR92 (Altomare er al. 1993).
Program(s) used to refine structure: TEXSAN. Software used
to prepare material for publication: TEXSAN.

The authors thank the X-ray Laboratory of Okayama
University for the use of the diffractometer.

Supplemenlary data for this paper are a\dxlable from the lUCr
electronic archives (Reference: BK1402). Services for accessing these
dam are described at the back of the journal.
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Abstract

In the title compound, 2,3-diethoxy-1-(1,10-phenanthrol-
ine-N,N')-1-ruthena-closo-undecaborane, [Ru(C4H3-
B,y0>)(Ci>HgN,)], the Ru atom is bound to two N
atoms of the 1,10-phenanthroline (phen) ligand and six
B atoms of the closo 11-vertex {RuB,} cage. The Ru—
N bond distances are 2.117(2) and 2.128 (2) A, and the
N1—Rul—NI10 bite angle is 78.26 (8)°.
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Comment

In metalloborane chemistry, ligand-exchange reactions
at the metal centre of a compound present a reason-
ably viable way to form new metalloborane compounds
(Siedle & Todd, 1976). An analysis of the literature
shows that, in such processes, the leaving groups are
often phosphine ligands (PPh; or PMe,;Ph), while the
substituents could be such ligands as PMe; (Bown et
al., 1987), PMe;Ph (Kennedy, 1986) Ph,PCH;PPh;,
(Elrington et al., 1984), C,S2(CN)3~, CN~ (Siedle
& Todd, 1976) and SCSNEt, (Beckett er al., 1985).
Siedle & Todd (1976) published the synthesis of
[(phen)PdB,(H);] via a ligand-displacement reaction,
which was characterized by spectroscopic methods
(Siedle & Todd, 1976). No ruthenium analogue has
so far been reported. We report here the first phen-
ligated closo-ruthenaborane compound, (I), the structure
of which was established by X-ray diffraction.

Compound (I) (Fig. 1) contains an {RuB;oHjs-
(OC,Hs), } 11-vertex metalloborane cluster, with the Ru
atom lying above the boat-type face of six B atoms.
Such a cluster is very similar to [(PPh;);RuByHg-
(OC3Hs),1, dI) (Crook et al., 1984, 1985), and [(PMe3)-
(PPh;)RuBoHg(OC,Hs),], (IIT) (Bown et al., 1987).
However, the Ru—B bond lengths in (I) [2.014 (4)-
2.326 (3) A] are shorter than those reported for both (1)
[2.041 (8)-2.402 (8) A} and (II) [2.032 (5)-2.374 (5) A].
This indicates that the coordination of the phen ligand
strengthens slightly the metal-boron bonding within the
present cluster compared with the phosphines.

The bidentate phen ligand coordinates to the Ru
atom with Ru—N distances of 2.117 (2) and 2.128 (2) A.
These bonds are significantly longer than the cor-
responding Ru—Nphen bond lengths in the literature,
for example, 2. 056(8) and 2.082 (9) A for [Ru(bipy),-
(phen)]2+ (Ye et al., 1995) where bipy is 2,2’-bipyridine,
2.096 (5)-2.100 (5) A for [Ru(phen),(py),]** (Bonneson
et al., 1983), where py is pyridine, and an average of
2.063 (4) A for [Ru(phen);]** (Breu & Stoll, 1996). The
relative elongation of the Ru—N bond lengths can be
attributed to the influence of the {RuB} cage. In com-
pound (1), both the N—Ru—N bite angle [78.26(8)°]
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