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Diisopropylammonium oxalatotriphenyl- 
stannate 

( C 6 H 5 ) 3 ( C 2 0 4 ) ] ,  is a cis-C3Sn02 trigonal bip~cramid 
[Sn--Oeq = 2.115(1) and SnmOax = 2.260(1)A] that 
is approximately 50% displaced towards the square 
pyramid along the Berry pseudo-rotation pathway. Two 
cations and two anions participate in a hydrogen-bonded 
cluster [N.- .O 2.808 (3)-3.044 (3)/k] 

Comment 
With few exceptions, five-coordinate triorganotin com- 
pounds adopt a trigonal-bipyramidal configuration at the 
Sn atom, and examples of the trans-C3SnXY form vastly 
outnumber those of the cis-C3SnXY form. The latter 
arrangement can be effected by the use of a biden- 
tate monoanionic group; the use of a bidentate dianionic 
group introduces the additional influence of a counter- 
ion, whose effect on the structure of the onium tri- 
organostannate may be difficult to predict a priori. The 
oxalato group chelates to the triphenyltin cation in the 
dicyclohexylammonium derivative (Ng & Kumar Das, 
1995), but it merely links adjacent triphenyltin girdles 
in a linear chain in the trimethylsulfonium salt (Ng 
et al., 1994). On the other hand, the ligand exhibits 
both binding abilities in the 1/1 complex of tetramethyl- 
ammonium oxalatotriphenylstannate with bis(triphenyl- 
tin) oxalate (Ng & Kumar Das, 1993). 

The geometry of the Sn atom in the title compound, 
(I), is a cis-trigonal bipyramid and bond dimensions in- 

(I) 
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Abstract 
The coordination polyhedron of the five-coordinate 
Sn atom in the title compound, diisopropylammonium 
(oxalato- O I , 0 2)triphenylstannate, [NH2 (C3 H7 )2 ] [Sn- 

volving the Sn atom are similar to those found in the 
bis(dicyclohexylammonium) salt, which crystallizes in 
a triclinic as well as in a monoclinic modification (Ng 
& Kumar Das, 1995). The geometry is displaced by 
55% along the tbp-sq (trigonal bipyramid-square pyra- 
mid) Berry pseudo-rotation coordinate (Spek, 1990), 
which exceeds the average value of 30% found for the 
two independent ion pairs in the triclinic bis(dicyclo- 
hexylammonium) salt. The hydrogen-bonding interac- 
tions [N.. -O = 2.808 (3) and 2.864 (3) A] are similar to 
those found in bis(diisopropylammonium) bis(mercapto- 
acetatotriphenylstannate) [2.753 (5) and 2.886 (5) A], 
whose Sn atom is O,S-chelated by the anionic group 
(Ng et al., 1996). 
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Fig. i. ORTEPil (Johnson, 1976) plot of the title compound at the 3()~ probability level. H atoms are drawn as spheres of arbitrary radii. 

Experimental 

C o m p o u n d  (I) was  syn thes i zed  by  the reac t ion  o f  d i i sop ropy l -  
amine ,  t r iphenyl t in  h y d r o x i d e  and oxal ic  acid d ihydra te  (1:1:1 
molar  ratio).  The  reagents  we re  hea ted  in a small  v o l u m e  o f  
e thanol  and c o m p o u n d  (I) separa ted  on coo l ing  the fil tered 
solut ion.  Sol id-s ta te  l~9Sn N M R  (relat ive to MezSn) :  two  sites 
cen te red  at - 1 9 9  and - 2 1 3  p.p.m.  

Crystal data 

(C~,H16N)[Sn(CoHs)3(C204)]  
Mr = 540.23  
Tricl inic 
p]- 

a = 10.3121 (4) ,~, 
b = 11.3409 (7) ,~, 
c = 12.7787 (8) 
a = 113.224 (5) ° 
fl = 101.056 (4) ° 
-)' = 102.401 (4) i  
V 1276.1 (1) A 3 

Z = 2  
D~ = 1.406 M g  m -~ 
O,, not m e a s u r e d  

M o  K a  radia t ion 
A = 0 .71073  ,~, 
Cel l  pa ramete r s  f rom 25 

ref lec t ions  
0 = 1 2 . 0 - 1 3 . 0  ° 
# = 1.031 m m -  
T = 298 (2) K 
Ir regular  b lock  
0.35 x 0 .30  x 0 .25 m m  
Colo r l e s s  

Data collection 
E n r a f - N o n i u s  C A D - 4  

d i f f r ac tomete r  
scans  

Abso rp t ion  correc t ion:  
scan (Nor th  et al., 

1968) 
Tmi, = 0 .668,  Tm~x = 0 .773 

7790  m e a s u r e d  ref lect ions  
7406  independen t  ref lect ions  

6 3 2 0  ref lect ions  wi th  
1 > 2 o ( / )  

Ri,t = 0 .009  
0,,,~x = 29.97 ° 
h = 0 --, 14 
k = - 1 5  ----, 15 
l = - 1 7  ---, 17 
3 s tandard  ref lec t ions  

f requency :  60 min  
intensi ty  decay :  4 %  

Refinement 

R e f i n e m e n t  on F 2 
R[F 2 > 2o'(F2)] = 0 .028  
wR(F 2) = 0 .066  
S = 0 .999  
7406  ref lect ions  
413 pa ramete r s  
H a toms  we re  loca ted  and 

ref ined 

w = 1/[o.2(F,~) + ( 0 . 0 3 8 6 P )  2] 
w h e r e  P = (F,~ + 2F,2)/3 

(A/o.) .... = o.ool 
A p  .. . .  = 0 .312  e ,~-3  

L~pmin = - 0 . 3 2 0  e ,~-3  
Ext inc t ion  correc t ion:  none  
Scat te r ing  fac tors  f rom 

International Tables for 
Crystallography (Vol. C)  

T a b l e  1. Selected geometric parameters (,~, o) 
Snl ~( '1 2.159(2) Snl- -01 
Snl--C7 2.134 (2) SnI--03 
Sn I--C13 2.146 (2) 

C1 .-Snl--C7 I(k5.9 ( I ) C7--.Sn I--()1 
C I --Sn 1 ---C 13 103.9 ( I ) C7-.-Sn 1 --O3 
CI.--Snl --()1 88.4(I) CI3--SnI--OI 
C I --Sn 1 ---O3 158.7 ( 1 ) C 13--Sn I --O3 
C7--Sn I--C13 114.1 (I) ()I--SnI--O3 

2.115(1~ 
2.260 ~ 1 ) 

11)3.1 1) 
88.2 I ) 

134.7(1) 
82.5 (I) 
73.3(1) 

Data  col lec t ion:  CAD-4/PC (Kre t schmar ,  1994). Cel l  refine- 
ment:  CAD-4 VAX/PC ( E n r a f - N o n i u s ,  1988). Da ta  reduc-  
tion: XCAD4 (Harms ,  1997). P rog ram(s )  used  to so lve  struc-  
ture: SHELXS97 (Sheldr ick ,  1997b).  P rog ram(s )  used  to refine 
structure:  SHELXL97 (Sheldr ick ,  1997a) .  M o l e c u l a r  graphics :  
ORTEPII ( Johnson ,  1976). So f twa re  used  to prepare  mater ia l  
for  publ ica t ion:  SHELXL97. 

We thank the National Science Council for Research 
and Development (IRPA 09-02-03-0004 and 09-02-03- 
0371) for supporting this work. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SK 1232). Services for accessing these 
data are dcscribed at thc back of the journal. 
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Bis[(N,N-3-oxapentamethylenethio- 
carbamoylthioacetato)triphenyltin] hydrate 
and bis(dicyclohexylammonium) bis(3-oxa- 
pentamethylenethiocarbamoylthioacetate) 
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Abstract 
In the two independent dinuclear molecules of bis- 
[(N, N-3-0xapentamethylenethiocarbamoylthioacetato)tri- 
phenyltin] hydrate, [Sn2(C6Hs)6(C7HIoNO3S2)2(H20)], 
the aqua(N,N- 3- oxapentamethylenethiocarbamoylthio- 
acetato)triphenyltin moiety uses its carbonyl O atom to 

t Alternative names: aqua- I nO-/z- [ (4-morpholinecarbothioylthio)- 
acetato]- 1:2n 20:&-1(4-morpholinecarbothioylthio)acetato]-2nO-hexa- 
phenyl-l~3C,2n3C-ditin monohydrate and bis(dicyclohexylammo- 
nium) bis[(4-morpholinecarbothioylthio)acetate]. 

connect to the Sn atom of the (N,N-3-oxapentamethyl- 
enethiocarbamoylthioacetato)triphenyltin moiety, to fur- 
nish trans-C3SnOz trigonal bipyramidal geometries for 
the Sn atoms in the dinuclear compound. Hydrogen 
bonds link the coordinated water of one symmetry- 
independent molecule to the carbonyl and heterocyclic 
O atoms of the other independent molecule [O..-O = 
2.66(4) and 2.75 (2), and 2.769(8) and 2.667 (7) ,4,, 
respectively] in a layer structure. The orthorhom- 
bic unit cell of bis(dicyclohexylammonium) bis(3-oxa- 
pentamethylenethiocarbamoyithioacetate), 2Cj2H24N +.- 
2C7HIoNO3S2-, contains four centrosymmetric clusters 
of two cations and two anions. The C- -O bonds in the 
carboxyl -CO2 fragment of the anion are delocalized. 
The ammonium N atom is hydrogen bonded to two car- 
boxyl O atoms belongin~g to different anions [N. . .O = 
2.732 (4) and 2.738 (4)A] to form an eight-membered 
O - - C - - O . . . N . . . O - - - C - - O - -  .N.-.  ring. 

Comment 
Triphenyltin thiocarbamoylthioacetates, [(C6Hs)3SnO2- 
CCH2SC(S)NR2], have been assigned carboxylate- 
bridged structures on the basis of spectroscopic mea- 
surements (Ng & Kumar Das, 1991). The assignments 
have been corroborated by crystal structure analysis 
for the NR2 = N(CH3)2 (Ng & Kumar Das, 1995a), 
N(C2Hs)2 and N(CH3)(C6Hs) (Lo et al., 1999) deriva- 
tives. The NR2 - NO(CH2CH2)2 derivative, (I), crys- 

o112 
(I) 

~---x 

S "'x% / "  

11) 

tallizes with half a water molecule, and there are two 
independent dinuclear molecules in the unit cell. Each 
consists of a water-coordinated aqua(N,N-3-oxapenta- 
methylenethiocarbamoylthioacetato)triphenyltin moiety 
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