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Table 2. Selected geometric parameters (4,°)

P1—04 1.582(3) P3—08 1.593(3)
P1—05 1.609 (3) P3—011 1.599 4)
P1—06 1.475 (3) P3—012 1.484 (3)
P1—07 1.484 (3) P3—013 1475 (4)
P2—05 1.585(3) P4—O011 1.606 (4)
P2—08 1.595(3) P4—014 1.584 (3)
P2—09 1.483 (4) P4—015 1.473 (4)
P2—010 1.478 (4) P4—016 1.480 (3)
04—P1—05 102.4 (2) Ol11—P3—012 108.9 (2)
04—P1—06 105.4 (2) 011—P3—013 107.8 (2)
04—P1—-07 111.2(2) 0O12—P3—013 119.8 (2)
05—P1—06 111.2(2) Ol1—P4—014 101.1(2)
05—P1-07 105.7 (2) O11—P4—O015 111.7(2)
06—P1—-07 119.6 (2) Ol1—P4—016 107.8 (2)
05—P2—08 99.1(2) 014—P4—015 105.4 (2)
05—P2—09 108.4 (2) 0O14—P4—016 110.8 (2)
05—P2—010 110.5(2) O15—P4—016 118.7(2)
08—P2—09 109.5(2) P1—04—C10 121.1 (3)
08—P2—010 1105 (2) P1—-05—P2 130.7 (2)
09—P2—010 117.3(2) P2—08—P3 128.4(2)
08—P3—011 100.3 (2) P3—-0O11—P4 129.2(2)
08—P3—012 109.7 (2) P4—014—C20 1222 (3)
08—P3—013 108.5 (2)

P1—04—C10—C9 165.9 (3) P3—011—P4—014 -159.4(3)
P1—05—P2—08 74.7 (3) P4—011—P3—08 105.4 (3)
P2—05—P1—04 -135.0(3) P4—014—C20—C19 157.8 (3)
P2—08—P3—0l1 —124.8 (3) 05—P1—04—C10 —67.3(4)
P3—08—P2—05 —164.3(3) O11—P4—014—C20 —65.3 (4)

Data collection: MSC/AFC Diffractometer Control Software
(Molecular Structure Corporation, 1988). Cell refinement:
MSC/AFC Diffractometer Control Software. Data reduction:
TEXSAN PROCESS (Molecular Structure Corporation, 1993).
Program(s) used to solve structure: TEXSAN; SAPI91 (Fan,
1991). Program(s) used to refine structure: TEXSAN LS.
Molecular graphics: TEXSAN; ORTEPIL (Johnson, 1976).
Software used to prepare material for publication: TEXSAN
FINISH.

We thank Dr Motoo Shiro (Rigaku X-ray Research
Laboratory) for his assistance in the preparation of this
manuscript.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry, including contact distances,
have been deposited with the JUCr (Reference: AS1187). Copies may
be obtained through The Managing Editor, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
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Abstract

The NHMe7 and SnClj ions both have approximate
threefold symmetry and lie on a mirror plane. The anion
is pyramidal with Sn—Cl 2.515(4) and 2.500(3) A
and Cl—Sn—Cl 90.6 (2) and 89.1(1)°. The pseudo-
threefold axes of the ions are superimposed with close
Cl- - -H contacts of 2.61 (7) and 2.71 (6) A.

Comment

The structure of the title compound, (I), is ionic with
SnCl;~ and NHMe3 lying on a mirror plane. The
molecular dimensions (Table 2) show that the trimethyl-
ammonium ion has the usual tetrahedral shape and
that the trichlorostannate ion is pyramidal. Both ions
possess non-crystallographic threefold symmetry, and an
unusual feature of the structure is the coincidence of
their threefold axes (Fig. 1). The axial hydrogen of the
trimethylammonium ion is aligned in the direction of
the CI atoms (Fig. 2).

HiC_  CHy
\ /
/N’+ SI’\C13_
H3C H
o

The CI- - -H distances (Table 3) are significantly less
than the sum of the van der Waals distances, indi-
cating weak bond formation. A search of the Cam-
bridge Structural Database (CSD) (Allen et al., 1991)
revealed 11 other organometallic structures (CSD code-
names ENCOSN, PECOTB20, PPECOT20, BITXUX,
DOWCIJ, DUSWOD, GEHTUI, KAHWAR, SIGMEA,
SIGNIF and VOGRAK) involving the SnCl35 ion. In
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Fig. 1. Projection of the structure along the N-Sn direction showing
superposition of the ions. H6 is wholly obscured by N. Atoms
bearing the suffix A are related to those without this suffix by the
symmetry operation —x, y, z. The mirror plane passes through CI1,
Sn, N, H6, C1 and H4.

Fig. 2. Projection of the structure onto (100) showing the unit cell
with half the contents omitted for clarity.

all of these structures except one, the mean Sn—Cl dis-
tance was significantly less and the Cl—Sn—Cl angle
was significantly greater than in the present structure,
the mean values over the ten structures being Sn—Cl
= 2.47A and Cl—Sn—Cl = 93.5°. The one exception
was GEHTUI, tert-butylammonium trichlorotin (Veith,
Jarczyk & Huch, 1988): although there is no coinci-
dence of the threefold axes of the ions as found in
the present structure, in both structures the formation
of Cl- - -H interionic bonds is coupled with lengthening
of the Sn—Cl distances due to electron withdrawal. zert-
Butylammonium trichlorotin has one extremely short
Cl- - ‘H(ammonium) distance (2.29 A) and a further short
contact of 2.42 A between this H atom and Cl from
a different anion. The Sn—Cl bonds are long (2.578,
2.527,2.521 A). In the present structure the attraction of
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the three Cl atoms to the axial H6 may contribute to the
reduction of Cl—Sn—Cl angles; other slightly longer
Cl- - -H approaches (Table 3) may also be significant. It
is interesting that the Cl—Sn—Cl angles in the present
structure are all similar whereas in tert-butylammonium
trichlorotin (where unsymmetrical Cl---H interactions
are present) the Cl—Sn—Cl angles vary between 88.2
and 93.5°.

Experimental
The crystals were supplied by Dr K. B. Dillon as part of

a study of tin complexes (e.g. Dillon, Halfpenny & Marshall,
1983, 1985) and were suitable without further recrystallization.

The density D, was measured by flotation.

Crystal data

[NH(CH3)3}{SnCl5]
M, = 285.17
Orthorhombic
Cmc2, .
a=953(1)A
b=831(1)A
c=1239(1) A

vV =981(3) Al
Z=4

D, =1.930 Mg m~?
D, =191 Mgm™

Data collection

Stoe Stadi-2 two-circle
diffractometer
Variable w scans
Absorption correction:
by integration from
crystal shape (SHELX76;
Sheldrick, 1976)
Trmin = 0.330, Thax =
0.886
583 measured reflections
580 independent reflections
552 observed reflections
[l > 30()]

Refinement

Refinement on F

R =0.031

wR = 0.031

S =0.906

552 reflections

50 parameters

H-atom treatment: see below

Mo Ko radiation

A =071073 A

Cell parameters from 15
reflections

0 =5-25°
=311 mm™'
T =286 K

Thin plate, tabular on (010)
0.56 x 0.44 x 0.039 mm
Pale yellow

R int &~ 0.017
Omax = 30.0°
h=0— 11
k=0—10
=016
1 standard reflection per
layer monitored every
20 reflections
intensity decay: <5%
(corrected by interpo-
lation)

Unit weights applied

(A/o)max < 0.001

Apmax = 0.65e A3

Apmin = —045e A~3

Extinction correction: none

Atomic scattering factors
from SHELX76

Table 1. Fractional atomic coordinates and isotropic or
equivalent isotropic displacement parameters (A?)

Uiso for Nand C; Ueq = (l/S)ZiEjUUafaj.'ai.aj for Sn and Cl atoms.

X y z UisolUeq
Sn 0 0.0390 (1) 0.25001 0.0596 (5)
Ccl 0 0.0193(5) 0.4525 (3) 0.077 (4)
C12 0.1840 (3) 0.2532(3) 0.2572(5) 0.085 (2)
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N 0 0.565 (1) —0.027 (1) 0.052 (3) Acta Cryst. (1996). C52, 342-347
C2 0.117(2) 0.578 (2) 0.043 (1) 0.12(1)

cl 0 0411 (3) —0.082 (2) 0.11 (1)

t Coordinate fixed to define origin.

Table 2. Selected bond lengths (A) ) and angles (°)

Sn—Cll 2.515(4) N—Cl 145 (2)
Sn—Ci2 2,500 (3) N—C2 1.42(2)
Cll—Sn—CI2 90.6 (2) Cl—N—C2 11 (D
Cl2—sn—C12* 89.1 (1) C2—N—C2' 104 (2)
Symmetry code: (i) —x, y, z.
Table 3. Contact distances (A)

cir'. . .He" 2.61(5) CII'- - -Ha™ 2,78 (5)
C12'- - -He6" 2.71(6) cI2- - -HI" 2.78 (6)

Symmetry codes: (i) x, —y, } +z (i) x,1 —y,z — §; (iii) x, —=y,z — 1.
Intensity measurements were made with a two-circle diffrac-
tometer employing equi-inclination Weissenberg geometry.
The angle & is the projection of § onto the equatorial plane.
The crystal was set to rotate around the a axis. A separate
standard reflection was chosen for each layer. During struc-
ture refinement, interlayer scale factors were refined and there-
after fixed. The structure was solved by the use of Patterson
and difference syntheses. During refinement H atoms were in-
cluded at calculated positions with individually refined Usso.
Anisotropic displacement parameters were allowed for Sn and
Cl only, with isotropic refinement of N and C.

The polarity of the structure was established by competitive
refinement. The chosen polarity had a significantly lower
conventional R value (0.0314 versus 0.0365), smaller residuals
in the final AF synthesis and lower uncertainties in the refined
parameters.

Data reduction: DATR (Small, 1977). Program(s) used
to solve structure: SHELX76 (Sheldrick, 1976), Patterson.
Program(s) used to refine structure: SHELX76. Molecular
graphics: SNOOPI (Davies, 1983).

I acknowledge the use of the Cambridge Structural
Database (Allen ez al., 1991).

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the TUCr (Reference: BM1018). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

The crystal structures of 3-furancarboxylic acid,
CsH;Os3, and both its calcium and strontium com-
plexes, catena-poly[diaquacalcium-y-(3-furancarboxyl-
ato-0,0":0)-p-aqua 3-furancarboxylate], [Ca(CsH303)-
(H,0):](CsH303), and catena-poly|[diaquastrontium-
1-(3-furancarboxylato-0,0":0)-p-aqua 3-furancarboxyl-
ate], [Sr(CsH303)(H;0);]1(CsH303), respectively, are
presented. The differences and similarities in the
hydrogen-bonding schemes of the title acid and 2-furan-
carboxylic acid are discussed, and the importance of
C—H- - -0 hydrogen bonds in the crystal packing of 3-
furancarboxylic acid and its strontium and calcium com-
plexes is highlighted.

Comment

The determination of the crystal structure of 3-furan-
carboxylic acid, (I), has been performed as an intro-
ductory step in the study of coordination compounds in
which it acts as a ligand or an anion.

M +
0 OH; 1%26 —l_
H(;?w”“‘M/Q. o Q e
AT 0T O\ L0 o0 N\ _0
H0§ ‘oH,
M =Ca
(MM =Sr

The crystals of 3-furancarboxylic acid are composed
of centrosymmetric hydrogen-bonded dimers, forming
approximately planar layers of molecules parallel to the
(104) plane (Fig. 1). The two O3—H3:--02 hydro-
gen bonds between the carboxy O atoms, which are
responsible for the formation of the dimer, have a
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