
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

THE FIRST COMPLETE CRYSTAL STRUCTURE OF A STANNATRANE.
TRIMERIC METHYL(2,2',2''-NITRILOTRIETHOXY)STANNANE
HEXAHYDRATE
Robert G. Swishera; Roberta O. Daya; Robert R. Holmesa

a Contribution from the Department of Chemistry, University of Massachusetts, Amherst,
Massachusetts

To cite this Article Swisher, Robert G. , Day, Roberta O. and Holmes, Robert R.(1995) 'THE FIRST COMPLETE CRYSTAL
STRUCTURE OF A STANNATRANE. TRIMERIC METHYL(2,2',2''-NITRILOTRIETHOXY)STANNANE
HEXAHYDRATE', Phosphorus, Sulfur, and Silicon and the Related Elements, 98: 1, 335 — 343
To link to this Article: DOI: 10.1080/10426509508036959
URL: http://dx.doi.org/10.1080/10426509508036959

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509508036959
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Plmphurus, Sulfur, and Silicon, 1995. Vol. 98, pp. 335-343 
Reprints available directly from the publisher 
Photocopying permitted by liccnsc only 

0 1995 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license by 

Gordon and Breach Science Publishers SA 
Printed in Malaysia 

THE FIRST COMPLETE CRYSTAL STRUCTURE OF 

NITRILOTRIETH0XY)STANNANE HEXAHYDRATE1.2 
A STANNATRANE. TRIMERIC METHYL(2,2’,2’’- 

ROBERT G. SWISHER, ROBERTA 0. DAY, and ROBERT R. HOLMES* 
Contribution from the Department of Chemistry, University of Massachusetts, 

Amherst, Massachusetts 01003 

(Received October 21, 1982) 

An X-ray analysis of the 1-methylstannatrane hexahydrate [MeSn(OCH,CH,),N], .6H,O (4) revealed 
a trimeric formulation. It crystallizes i! the monoclinic space group C2/c ( Z  = 4) with a = 9.206 (3) 
A, b = 13.774 (5) A, c = 26.581 (4) A, and p = 93.33 (2)”. The structure refined to R = 0.074 and 
R, = 0.086. The trimeric unit is disordered about a twofold axis, which passes through the central Sn 
atom. The geometry around this central atom closely approximates a pentagonal bipyramid. The two 
crystallographically equivalent end tin atoms have distorted-octahedral geometries. Strong association 
of the three monomeric methylstannatrane units formally leading to the trimer is suggested by the short 
S n 4  bond lengths involved. These have values of 2.11 (1) and 2.21 (1) A, as compared to corre- 
sponding values within the monomers of 2.17 (I) and 2.23 (I) A, respectively. The solid-state structure 
agrees with solution NMR data suggesting its retention in solution. The trimeric unit is indicated in 
solution as is the presence of three nonequivalent tin centers. The structure of 4 is compared with other 
seven-coordinated tin compounds. The six water molecules of 4 appear hydrogen bonded to each other, 
forming hexagonal rings that contain inversion centers. Additional hydrogen bonding binds the rings 
to adjacent molecules of 4. 

INTRODUCTION 

Although solid-state structures of silatranes3 and germatranes4 have been known 
for some time, similar structural information on stannatranes is lacking.s The basic 
structural entity for the known “atranes” is a trigonal bipyramid (1) that contains 
an apical intramolecular N+M bond formed with triethanolamine acting as a 
tetradentate ligand. 

0’1 
R 

1 

Typical of the compounds investigated by crystallography, this structural form 
has been found for 1-eth~lgermatrane,~ l-(a-naphthyl)germatrane,6 l-phenylsila- 
trane (a3, p7 and y8 forms), and l-(m-nitr~phenyl)silatrane.~ These are R-substi- 
tuted (2,2’ ,2”-nitri1otriethoxy)germane and -silane derivatives, respectively. X-ray 
studies show the same structure persists in the related silatranes, methy1(2,2’ ,3- 
nitrilodiethoxypropy1)silane (2)“’ and pheny1(2,2’,2”-nitrilotriphenoxy)silane (3).” 

Reprinted with permission from Inorg. Chem., 22, 3692 (1983). Copyright 1983 American Chemical 
Society. 

335 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
0
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



336 R. G .  SWISHER, R .  0. DAY and R. R. HOLMES 

NMR studies support the existence of atrane structures in solution for all three 
elements, SiI2 Ge,I2 and Sn.’”” In the case of Si and Ge, the structures indicated 
are consistent with the results of crystal studies. For the methylstannatrane, tem- 
perature dependence of the CH, proton splitting pattern was interpreted” in terms 
of intramolecular ligand exchange taking place between four conformations with 
the exchange being governed by both a ring inversion and a Berry pseudorotational 
process. The A conformer was indicated to be more stable than the B conformer. 
Both A and B would have two forms that differ in the relative position of the flap 
atom in the puckered rings. Ebullioscopic molecular weight measurements supportedI4 
a monomer formulation. 

4-A 4-B 

More recently, the same group of  worker^'^.^' determined the molecular weight 
of methylstannatrane in CHCI, to be trimeric and reinterpreted the previous NMR 
data1’ in  terms of a trimer unit having three nonequivalent hexacoordinated tin 
atoms. To explain the NMR temperature dependence, a dissociation rotation mech- 
anism is postulated16 whereby the trimer is converted into its enantiomer, which 
causes equivalence of two of the three tin atoms (Tc = 6.7”C). The appearance of 
only one methyl signal at 63°C is suggestedI6 to result from dissociation of the 
trimer to monomeric units. 

To establish the solid-state existence of the methylstannatrane system, we un- 
dertook a study of its X-ray structure, the results of which are reported here. 

EXPERIMENTAL 

Methylstannatrane was prepared by the reaction of dimethyltin oxide with triethanolarnine in refluxing 
xylene in the presence of a catalytic amount of KOH according to the preparation of Tzschach and 
Ponicke.” The product was obtained in high yield as a white powder, mp 289-290°C (lit” 288-290°C). 
Recrystallization from a benzene solution by the addition of  n-hexane to the cloud point, followed by 
refrigeration for several days, produced only a white powder. Anal. Calcd for C,H,,NO,Sn: C ,  30.04; 
I f ,  5.40; N ,  5.00. Found: C ,  29.39; H, 5.73; N,  4.99. Colorless crystals suitable for an X-ray study were 
obtained by slow air evaporation of a pyridine solution of the compound. 

C‘rvs/ullogruphy of [CH,Sn(OCH,CH,),N],.6H20 (4). All X-ray crystallographic studies were done 
with an Enraf-Nonius CAD4 diffractometer and graphite-monochromated molybdenum radiation ( A ( K a , )  
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COMPLETE STRUCTURE OF A STANNATRANE 337 

= 0.709 30 A ,  A (Ka?)  = 0.713 59 A) at an ambient temperature of23 ? 2°C. Details of the experimental 
and computational procedures have been described previously. IY 

A crystal of 4 having approximate dimensions of 0.20 x 0.18 x 0.15 mm, which was mounted inside 
of a sealed, thin-walled glass capillary as a precaution against moisture sensitivity, was used for the 
X-ray studies. 

Crystal Data for [CH,Sn(OCH,CH2),~,.6H20 (4):-space group C2lc [CR - No. 15],ly Z = 4, a = 
9.206 (3) A, b = 13.774 (5) A, c = 26.581 (4) A, p = 93.33 (2)”, y,,,, = 2.291 mm-’; 2946 
independent reflections ( + h ,  + k ,  21) measured by using the 8-28 scan mode for 2” 5 28,,,,, 5 50”; 
no corrections made for absorption. 

The structure was solved by using a combination of Patterson and Fourier difference techniques and 
refined by using full-matrix least squares.”’ Because of the space group ambiguity, the structure was 
refined in both Cc and C2/c. Since the refinement in Cc led to unsatisfactory correlation between the 
parameters of atoms that are twofold related in C2/c, the results of the refinement of C21c are reported, 
In  this refinement, the atoms C7, C9, C12, and N2 (involved in the disorder) were refined isotropically,” 
while the remaining independent non-hydrogen atoms were refined anisotropically. N o  attempt was 
made to include hydrogen atoms in the refinement. The final agreement factors2’ were R = 0.074 and 
R ,  = 0.086 for the 1882 reflections having I ?  2v,. The only peaks of any consequence in a final 
difference Fourier synthesis were in the immediate vicinity of the Sn atoms. 

RESULTS 

Solid-state Structure of 4 

The atom-labeling scheme for 4 is shown in the ORTEP plot of Figure 1. Atomic 
coordinates are listed in Table I, and selected bond lengths and angles and 0-0 

FIGURE 1 ORTEP plot of the [CH,Sn(OCH,CH,),N], moiety of 4 with thermal ellipsoids at the 50% 
probability level. Primed atoms are generated from the unprimed ones by the crystallographic twofold 
axis (1  - x ,  y, 1.5 - 2). Atoms for which primed equivalents are not shown were half-weighted in the 
refinement. For purposes of clarity, only one set of half-weighted atoms is shown. The hexahydrate 
arrangement is shown in Figure 3. 
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TABLE I 
Atomic Coordinates ( x  lo4) in Crystalline 

[CH,Sn(0CH2CHZ),N], .6H,O (4)" 

Sn 1 
SnZC 
0 1  
0 2  
0 3  
04 
ow1 
o w 2  
OW3 
N1 
c 1  
c 2  
c 3  
c4 
c 5  
C6 
C8 
CMl 
OK 
c 1  I f  
c12c 
N2C 
C7f 
COC 

atom typeb x Y 2 

7121 (1) 7993.3 (8) 8609.6 (4) 
5000d 8579 (1) 75OOd 
7132 (12) 8732 (8) 9284 (4) 
5840 (13) 7372 (8) 7979 (4) 
8084 (12) 6695 (8) 8813 (4) 
5747 (13) 9065 (8) 8273 (4) 
2329 (17) 9437 (11) 10367 (6) 
4159 (16) 8040 (11) 10765 (6) 
4461 (17) 
5287 (14) 
4692 (19) 
5982 (21) 
4138 (21) 
41178 (24) 
5942 (20) 
7224 (19) 
5870 (21) 
9094 (18) 
7010 (22) 
6786 (42) 
7311 (36) 
5332 (24) 
5229 (40) 
4176 (51) 

6 I27 (10) 
7231 (9) 
7988 (14) 
8511 (14) 
6913 (16) 
6620 (14) 
6420 (13) 
5949 (16) 

10097 (11) 
8562 (14) 
8565 (14) 

10358 (24) 
9294 (25) 

102.54 (14) 
10732 (25) 
10670 (34) 

10478 (5) 
8994 (5) 
9334 (7) 
9633 (7) 
8632 (7) 
8128 (9) 
9305 (6) 
9032 (7) 
8381 (7) 
8342 (8) 
7259 (7) 
7372 (19) 
7062 (13) 
7497 (12) 
7967 (13) 
7050 (17) 

a Numbers in parenthers are estimated standard deviations. 
Atoms are labeled to agree with Figures 1 and 3. Half- 

occupancy. Fixed. 

distances are presented in Table 11. Anisotropic thermal parameters for 4 (Table 
A), bond parameters for ring atoms (Table B), and least-squares planes (Table C )  
are provided as supplementary material. 

A schematic representation of 4 showing the basic structural features is given in 
Figure 2. Figure 3 shows the labeling for the hexahydrate unit. 

DISCUSSION 

The hexahydrate of methylstannatrane, 4, is trimeric in the solid state, containing 
a central seven-coordinated tin atom and two end six-coordinated tin atoms. The 
two terminal stannatrane units are related by a crystallographic twofold axis that 
passes through the central tin atom, Sn2. Atoms 0 4  and C8 of the central unit 
conform to the twofold symmetry, while the remaining ligand atoms of the central 
unit are disordered about the twofold axis. The atom labeled OK in Figure 1 is 
half-occupied by oxygen and half-occupied by carbon. The geometry of the center 
tin, Sn2, closely approximates a pentagonal bipyramid, while the end tin atoms 
have distorted-octahedral geometries. The average equatorial angle at Sn2 is 72.5", 
nearly the same as that in an idealized pentagonal bipyramid (72"). The average 
od-of-plane atom distance from the mean equatorial plane is 0.186 A (plane 1 of 
Trlhle C). 
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COMPLETE STRUCTURE OF A STANNATRANE 339 

TABLE I1 
Selected Bond Lengths (A), Bond Angles (deg), and -0 

Distances (A) in [MeSn(OCH2CH,),N], 6H20  (4)" 

bond 
typeb length type 

Snl-01 2.06(1) Sn1-02 
Snl-03 2.05 (1) Sn2-04 
Snl-04 2.11 (1) Sn2-02 
Snl-N1 2.28 (1) Sn2-N2 
Snl-CMl 2.14 (2) Sn2-O/C 

bond 
length type dirt 

2.17 (1) 0W1°-0W2* 273  (2) 
2.23 (1) 0W1a-0W3d 2.82 (2) 
2.21 (1) 0W2e-0W30 2.76 (2) 
2.33 (2) 01-0W3d 3.17 (2) 
1.99 (2) Ol-OWlg 2.72 (2) 

03-OWZd 2.74 (2) 

type bond angle type bond angle 
01-Snl-02 147.4 (4) 04-Sn244' 145.0 (5) 
01-Snl-03 
01-Snl-04 
01-Snl-NI 
0 1-Snl C M 1  
02-Snl-03 
02-Snl-04 
02-Snl-N1 
02-SnlCM1 
03-Snl-04 
03-Snl-Nl 
03-SnlCM1 
04-Snl-N1 
04-SnlCM1 
N 1-Snl-CM 1 
Snl-04-Sn2 
Snl-NIX1 

Snl-N145 
Snl-NIC3 

CI-NIX3 
C1 -N 1 4 5  
C3-N 1 4 5  

102.8 is  j 
89.8 (4) 
78.7 (4) 
98.5 (6) 
93.8 (4) 
70.3 (4) 
77.4 (5 )  

108.8 (6) 
163.7 (4) 
78.5 (4) 
92.5 (6) 
94.1 (5) 
95.9 (6) 

169.6 (6) 
109.0 (5 )  
10s (1) 
112 (1) 
108 (1) 
109 (1) 
110 (1) 
113 (I) 

04-Sn2-NZ 
04'-Sn2-N 2 
04-Sn2-02 
04-Sn2-02' 
04-Sn2-0/C 
04-Sn2-0/Cf 
02-Sn2-02' 
02Sn2-N2 
02'-Sn2-N2 
02-Sn2-0/C 
02-Sn2-0/Cf 

N2-Sn2-OfC' 
OC-Sn2-0/C' 
Snl-02-Sn2 
SnZ-NZCI 
Sn2-N2C9 
Sn2-N2C11 

N2-Sn2-0/C 

C7-N2-C9 
C7-N2C11 
C9-N2Cll 

70.9 is j 
74.5 (8) 
67.4 (4) 

146.8 (4) 
93.2 (6) 
87.1 (6) 
82.2 (6) 

135.0 (8) 
141.8 (8) 
83.0 (6) 
96.2 (6) 
88.4 (8) 
97.8 (8) 

179 (1) 
107.8 (5) 
116 (2) 
106 (2) 
103 (2) 
114 (2) 
106 (3) 
112 (3) 

Numbers in parentheses are estimated standard deviations. 
Atonir are hbeled to agrer with Figures 1 nnd 3. he Bgure 

captions for meaning of superscripts on atom labels. 

FIGURE 2 
indicate the Sn-0 bonds arising on forming the trimer from monomer units. 

Schematic diagram of the [CH,Sn(OCH,CH,),N], moiety of 4. The dashed lines formally 
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340 R.  G .  SWISHER, R. 0. DAY and R .  R. HOLMES 

FIGURE 3 ORTEIJ plot of [CH,Sn(OCHICH,),3N], .6H20 (4) with hydrogen-bonding interactions shown 
as dashed lines. To illustrate propagation of the hydrogen-bonded network, an additional six water 
oxygen atoms are shown. The following symmetry operations generate the coordinates of the atoms so 
marked from those given in the list of coordinates: ' = 1 - x ,  y ,  1.5 - z ;  c = 1 + x, y,  z :  d = 1.5 
- x, 1.5 - y , 2  - z ; e  = . x  - 4, 1.5 - y , z  - 4 ; f  = - x . y ,  1.5 - z ; g  = 1 - x . 2  - y , 2  - z .  

The association between the three methylstannatrane units of the trimer appears 
to be unusually strong. This is indicated by the short Snl-04 and Sn2-02 bond 
lengths. These bonds, which formally lead to the trimer from the monomeric 
methylstannatrane molecules, have lengths of 2.11 (1) and 2.21 (1) A, respectively. 
These values are shorter than the corresponding intramonomeric values of Sn 
bonded to trivalent oxygen: 2.17 (1) for Snl-02 and 2.23 (1) A for Snl-04. 
The Sn-0 bond lengths of the six-coordinated tin atoms are shorter than those 
of the central tin, as expected from reduced intermolecular repulsions. The same 
effect is found for the Sn-N bond lengths. The Sn-N bond associated with the 
six-coordinated tin atoms, 2.28 (1) A, is shorter than the Sn-N bond connected 
to the central tin atom, 2.33 (2) A. As can be seen in Table 11, the two independent 
N atoms, N1 and N2, have nearly tetrahedral geometries. The bond angles about 
N l  range from 105 (1) to 113 (1)" with an average value of 109.5", while the bond 
angles about N2 range from 103 (2) to 116 (2)" also with an average value of 109.5". 

Crowding is suggested between monomeric units of 4. The CM1-O/C distance 
is 3.37 (3) A, which is considerably less than the effective van der Waals diameter 
of the methyl 4.0 A. 

I t  is interesting to  note that the structure of the tert-butylstannatrane, 
~-BuS~(OCH,CH,) ,N,~~ is monomeric with the nitrogen atom and the tert-butyl 
group in the axial positions of a trigonal bipyramid. Presumably, the larger tert- 
butyl group would render the trimer less stable owing to increased steric interactions 
with groups in neighboring axial positions. 

As shown in Figure 3 ,  the oxygen atoms of the water molecules form a six- 
membered ring centered about an inversion center that has 0-0 distances (ranging 
from 2.73 (2) to 2.82 (2) A, Table 11) that suggest hydrogen bonding. In addition, 
each water oxygen atom is close enough to an oxygen atom of an adjacent stan- 
natrane unit to suggest a hydrogen-bonding interaction. A reasonable model for 
the observed geometry would be one in which each water molecule donates one 
H atom to a stannatrane oxygen atom and a second H atom to an adjacent water 
oxygen atom in the ring. The ring structure is reminiscent of the water arrangement 
in hexamethylenetetrarnine hexahydrate,25 (CH2)hN4 6H20 (plane 2, Table C). 
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COMPLETE STRUCTURE OF A STANNATRANE 34 1 

Comparison of 4 with Solution Data 

The trimer formulation found for 4 in the solid state agrees with the most recent 
molecular weight study indicating a trimeric molecule. 16,17 However, the presence 
of three different kinds of hexacoordinated tin atoms in the trimer inferred from 
the NMR datai6,I7 is not supported by the X-ray structure. Instead, the X-ray 
structure of 4 shows a central seven-coordinated tin atom and end hexacoordinated 
tin atoms. Although the terminal Sn atoms are crystallographically equivalent due 
to the disorder, they are not chemically equivalent. This is consistent with the 
presence of three types of tin atoms and three types of methyl protons indicated 
by the NMR spectra. If the X-ray structure of 4 is the one present in solution, one 
can interpret the fluxional behavior implied by the NMR data13.16*'7 in terms of a 
ligand-exchange mechanism similar to that cited6 in the Introduction for the trimer. 

Cornparison of 4 with Related Compounds 

The X-ray crystal structures of some related seven-coordinated tin compounds are 
in the literature.2h-'2 Structures 5-8 all contain chelating ligands with oxygen and 

X. OM,CL 

52 5 

' 720 

nitrogen as donor atoms. Structures 5," 7,2x and g2' resemble pentagonal bipyr- 
amids while 627 does not appear to conform to any idealized coordination geometry. 
The equatorial Sn-0 bond lengths of 5 average 2.144 (6) A for the chloro derivative 
and 2.164 (6) A for the hydroxo derivative.33 The Sn-0 bond lengths for 6 average 
2.083 (3) A. In both these cases the Sn-0 lengths are significantly shorter than 
those for the seven-coordinated tin atom in 4. 

Two examples of six-coordinated organotin compounds that contain oxygen do- 
nors are bis(2,4-pentanedionato)dimethyltin (9)34 and bis(8-hydroxyquinoli- 
nato)dimethyltin (10) .3s X-ray crystal structure determination has shown that the 
average Sn-0 bond lengths for 9 and 10 are 2.19 (1) and 2.11 (1) A, respectively. 
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N 

Other organotin compounds that have molecules associated through tin-oxygen 

In both 11 and 12 the Sn-0 bonds are divided into strong intramolecular co- 
bridges are (CH,),Sn(SAB) (11)36 and (n-C,H,),Sn(OCH,CH,O) (12).37 

.. 
ou 

valent bonds and weaker intermolecular interactions. For compound 11, the cov- 
alent Sn-0 bonds average 2.112 (9) A, while the weak interactions average 2.881 
(8) Compound 12, which has a stronger intermolecular association, has an 
average Sn-0 covalent bond length of 2.07 (1) A and weak Sn-0 interactions 
averaging 2.50 (1) A.37 This division of Sn-0 distances into weak interactions and 
strong covalent bonds is not observed in trimeric methylstannatrane. 
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