
1794 (C5H12N)[Sn(N3}2(C6Hs)3]  A N D  (C7HI4N) [Sn(N3)2 (C6H5)3]  

Refinement 

Refinement  on F 2 
R[F 2 > 2ty(F2)] = 0.040 

wR(F 2) = 0.088 

S = 1.047 
10206 reflections 
596 parameters 
H-atom parameters 

constrained 
w = 1/[cr2(F 2) + (0.0401P) 2 

+ 5.4307P] 
where P = (Fo 2 + 2Fc2)/3 

(Z~/O')max = 0.004 
Apmax = 0.877 e ,~-3 
Apmin = -0.746 e ~-3  
Extinction correction: 

SHELXL96 
Extinction coefficient: 

0.00058 (8) 
Scattering factors from 

International Tables f o r  
Crystallography (Vol. C) 

Table 3. Selected geometric parameters (A, °)for (II) 
Snl--NIII 2.226(4) Sn2--NII2 2.244(5) 
Snl--N211 2.371 (4) Sn2--N212 2.343 (4) 
Snl---CI I I 2.144(4) Sn2---C112 2.131 (5) 
Snl---C211 2.131 (4) Sn2--C212 2.131 (5) 
Snl--C311 2.129(4) Sn2---C312 2.131 (5) 
NIII--N121 1.137(5) NII2--NI22 1.094(6) 
NI21--NI31 1.145 (7) NI22--N132 1.137 (7) 
N211--N221 1.186(5) N212--N222 1.165(6) 
N221--N231 1.139(5) N222--N232 1.156(6) 

N111--SnI--N211 177.54(14) N112--Sn2--N212 175.7(2) 
NI21--Nlll--Snl 1 2 3 . 4 ( 3 )  N122--N 112--Sn2 126.7(4) 
N221--N211--Snl 121.5 (3) N222--N212--Sn2 125.1 (3) 
CI 1 l---Sn 1--42211 123.70(14) C112--Sn2---C212 118.3(2) 
CI II--SnI--C311 120.83(15) C112--Sn2~312 117.91 (19) 
C211--Snl---C311 115.28(15) C212--Sn2---C312 123.58(18) 
CIII--Snl--Nlll  89 .73 (16)  CI12--Sn2--NII2 86.7(2) 
C211--SnI--Nlll 92 .24 (16)  C212--Sn2--N112 93.21 (18) 
C311--SnI--Nlll 92.41 (16) C312--Sn2--NII2 94.1 (2) 
CIII--Snl--N211 88 .17(15)  C112--Sn2--N212 90.53(19) 
C211--SnI--N211 87 .88(14)  C212--Sn2--N212 85.14(17) 
C311--SnI--N211 89 .76(14)  C312--Sn2--N212 90.16(18) 
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Table 4. Hydrogen-bonding geometry (A, °)for (11) 
D--H. • .A D--H H. • .A D. • .A D--H. • .A 

N41--H41- • -N211 i 0.91 1.93 2.838 (5) 172.2 
N5 l--H51. • -N231 0.91 2.26 2.949 (6) 132.0 
N5 I--H5 I. • • N232 i 0.91 2.43 3.140 (7) 135.3 

Symmetry code: (i) 1 - x, ½ + y, ½ - z. 

For both compounds, data collection: SMART (Siemens, 
1995); cell refinement: SAINT (Siemens, 1995); data reduc- 
tion: SAINT; program(s) used to solve structures: SHELXS86 
(Sheldrick, 1985); program(s) used to refine structures: NRC- 
VAX (Gabe, Le Page, Charland, Lee & White, 1989) and 
SHELXL96; molecular graphics: ORTEPII (Johnson, 1976) in 
NRCVAX; software used to prepare material for publication: 
NRCVAX and SHELXL96. 
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Abstract 

The title compound, [ThBr2(7/5-C10Hi5)2] or Cp~ThBr2 
[Cp* = 7/5-C5(CH3)5], presents a pseudo-tetrahedral 
'bent-metallocene' geometry in the solid state, with the 
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Th atom binding to two pentamethylcyclopentadienyl 
ligands and two bromide ligands. The Th- -Br  bond 
length is 2.800 (2).~, whereas the T h - - C  distances are 
in the range 2.77 (1)-2.782 (9) ,~,. 

Comment 

Thorium tetrahalides T h X  4 (X = CI, Br, I) have been 
the standard starting materials in organothorium chem- 
istry despite their polymeric structure and low solubil- 
ity in common organic solvents. However, the recent 
introduction of discrete species displaying improved 
solubility and reactivity such as ThBr4(thf)4 (Clark, 
Frankcom, Miller & Watkin, 1992), has stimulated new 
studies in the inorganic and organometallic chemistry of 
thorium. The bis(pentamethylcyclopentadienyl)thorium 
complex Cp~ThBr2, (I), prepared as described below, 
is isostructural with both the thorium and uranium di- 
chloro analogs, Cp~MC12 (Spirlet, Rebizant, Apostolidis 
& Kanellakopulos, 1992). As such, it presents two 7r- 
bonded Cp* ligands and two a-bonded bromide ligands, 
with an overall pseudo-tetrahedral environment around 
the Th atom (Fig. 1). The site symmetry is mm2.  

,,,Br 
Th . . . . . .  

(I) 

The Th--Br distances [2.800 (2) ,~] are slightly 
shorter than those observed in the few other struc- 
turally characterized complexes containing terminal 
Th--Br bonds: 2.829(3) A in ThBr4[OC(Me)Nipr2]2 
and 2.834 (4),~, in ThBr4[OC(NEt2)2]2 (A1-Daher, Bag- 
nall, Benetollo, Polo & Bombieri, 1986), 2.833(2)- 
2.876(3)A in ThBra(thf)4 (Clark et al., 1992), 
2.895 (2),4, in Cp~Th(thf)Br2 (Edelman, Hitchcock, 
Hu & Lappert, 1995), 2.821(2)A in Cp*ThBr(O- 
2,6-tBuzC6H3)2 (Butcher, Clark, Grumbine, Scott & 
Watkin, 1996), and 2.863(1) and 2.874(1),~ in 
[Li(thOa]2[Th(r/5-C2B9Hll)2Br2] (Rabinovich, Cham- 
berlin, Scott, Nielsen & Abney, 1997). The shorter bond- 
ing contacts observed for (I) are probably the result of 
the relatively reduced crowding about the metal center. 
The Th---C distances [2.77 (1)-2.782 (9) ,~] are within 
the values expected for Th--Cp* interactions [see, for 
example, Butcher et al. (1996),  and references therein]. 
Similarly, the Th---centroid distances and centroid-- 
Th---centroid angle in Cp~ThBr2 (2.51,4, and 137.1 °) 
are very close to the values reported for other Th----Cp* 
complexes [e.g. 2.53.4, and 128 ° in Cp*2ThC12 (Spirlet 

et al., 1992), and 2.54A and 133 ° in Cp~Th(thf)Br2 
(Edelman et al., 1995)]. 0 Finally, all C---C bond dis- 
tances [1.39 (1)-1.52 (2) A] and angles [ring: 107.0 (6)- 
109.4 (9)°; exocyclic: 122 (1)-128 (1) °] within the Cp* 
ligand (for examples and leading references, see Butcher 
et al., 1996; Edelman et at., 1995; Spirlet et at., 1992) 
are also typical, considering the different types of hy- 
bridization of the atoms involved. There are no unusual 
intermolecular contacts (Fig. 2). 

C(6) 

C(2) 

C(5) 
C(4) 

Th(1) 

Br(l) 

Fig. 1. The molecular structure of Cp3ThBr2, H atoms have been 
omitted for clarity and displacement ellipsoids are at the 35% 
probability level. 

Fig. 2. A view of the unit cell of (I) parallel to the c axis, with 
35% displacement ellipsoids for Th atoms, Br atoms as boundary 
ellipsoids and C atoms as striped spheres. 
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E x p e r i m e n t a l  

The preparation of (I) was achieved by reacting ThBr4(thf)4 
with a slight excess (2.2 equivalents) of Cp*MgCI.THF in 
toluene for 1 d at 373 K. After filtration, the solvent was 
removed under reduced pressure to give Cp~ThBr2 as a white 
microcrystalline solid (87% yield). Crystals of Cp~ThBr2 
used in this structure determination were obtained from a 
concentrated toluene solution at 247 K. 

Crystal data 

[ThBr2(CloHls)2] Mo Ka radiation 
M, = 662.3 A = 0.71073 ,~, 
Orthorhombic Cell parameters from 25 
From2 reflections 
a = 15.018 (7) ,~, 0 = 5.66--14.10 ° 
b = 17.517 (4)o,~, # = 10.59 mm -I  
c = 8.226 (4) A T =  150 K 
V = 2164 (1) ~3 Parallelepiped 
Z =  4 0.14 x 0.12 x 0.10 nun 
De = 2.033 Mg m -3 Colorless 
Dm not measured 

Data collection 
Rigaku AFC-7R diffract,m- 

eter 
w-20 scans 
Absorption correction: 

empirical via ~b scans 
(North, Phillips & 
Mathews, 1968) 
Tmi, = 0.21, Tmax = 0.35 

1024 measured reflections 
1024 independent reflections 

1022 reflections with 
F > 4a(F)  

0m~x = 25-0 ° 
h = 0 ---, 17 
k = 0 ---+ 20 
l =  - 9 4 9  
3 standard reflections 

every 100 reflections 
intensity decay: 0.3% 

Refinement 

Refinement on F 
R = 0.031 
wR = 0.034 
S = 2.28 
1022 reflections 
60 parameters 
H atoms riding, overall 

U for H atoms refined: 
0.10 (2) ~2 

w = 1/[o2(F) + 0.005F 2] 
(m/O')max = 0.001 
Apmax = 3.6 e A, -3 
Apm|n = - 4 . 3  e A -3 
Extinction correction: none 
Scattering factors from 

Cromer & Waber (1974) 

[ThBr2(CIoHI5)2] 

Table  2. Selected geometric parameters  (/t, °) 
Th(I)--Br(I) 2.800(2) C(1)--C(4) 1.48(2) 
Th(I )---C(I ) 2.77(I) C(2)---C(3) 1.42(1) 
Th(1) C(2) 2.77(1) C(2)---C(5) 1.52(2) 
Th( 1 )---C(3) 2.782 (9) C(3)---C(6) 1.52 (2) 
C( 1 )---<2(2) 1.39 ( I ) C(3)----C(3' ) 1.40 (2) 

Br( 1 )--Th( 1 }----Br(I") 98.9(1) 

Symmetry codes: (i) -x ,  y, z; (ii) -x ,  -y ,  z. 

The title structure was solved by direct methods and refined 
by full-matrix least-squares techniques. All non-H atoms 
were refined anisotropically and H atoms were located from 
difference Fourier .maps and then set with ideal geometries 
[d(C--H) = 0 .96A and 109.5 °] and refined with a group 
displacement parameter as riding groups. Major peaks in the 
final difference Fourier map were located near the Th atom. 
The apparent thermal motion of C(4) is quite anisotropic. In 
an attempt to improve this situation, C(4) was moved off 
the mirror plane and fixed at half occupancy. This model 
would simulate a wagging motion of the methyl group, yet 
still allow the mirror symmetry to be satisfied by the rest 
of the molecule. Unfortunately, all such refinements with 
this model would not converge; thus, the model with C(4) 
on the mirror plane is reported. Because Fmm2 is a non- 
centrosymmetric space group, the structure was also refined 
as the other enantiomorph. The final residuals obtained for the 
incorrect absolute structure were R = 0.048 and wR = 0.055. 

Data collection: MSC/AFC Diffract, meter Control Soft- 
ware (Molecular Structure Corporation, 1993a). Cell refine- 
ment: MSC/AFC Diffract,meter Control Software. Data reduc- 
tion: TEXSAN (Molecular Structure Corporation, 1993b). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1985). 
Program(s) used to refine structure: SHELXTL-Plus (Sheldrick, 
1990). Molecular graphics: SHELXTL-Plus. 

This  w o r k  was  p e r f o r m e d  u n d e r  the ausp ices  o f  the 
Div i s ions  of  C h e m i c a l  Sc i ence  and T e c h n o l o g y  and Ma-  
terials Sc i ence  and Techno logy ,  Los  A l a m o s  Nat iona l  
Labora tory ,  w h i c h  is opera ted  by the Unive r s i ty  of  Cal-  
i fornia  for  the US D e p a r t m e n t  of  Ene rgy  unde r  con-  
tract W - 7 4 0 5 - E N G - 3 6 .  The  s t ructure  was  ana lyzed  in 
con junc t i on  wi th  an unde rg radua t e  facul ty  d e v e l o p m e n t  
w o r k s h o p  in PC Based  X- ray  Crys ta l log raphy ,  con-  
duc ted  at C l e m s o n  Univers i ty .  We  gra tefu l ly  a c k n o w l -  
edge  the Cami l l e  and H e n r y  Drey fus  Founda t i on  Specia l  
Grant  P r o g r a m  in the C h e m i c a l  Sc i ences  for  fund ing  of  
this workshop .  We  also thank Drs S teven  K. G r u m b i n e  
and John  G. Watk in  ( L A N L )  for  a gene rous  gift o f  

ThBr4(thf)4.  

Table  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~ 2 ) 

Ueq = (l/3)~,~UiJa~a)*a,.ay. 

x 
Th(I) 0 
Br(l) 0.1417 (1) 
c(1) 0 
c(2) 0.0743 (7) 
c(3) 0.0466 (6) 
c(4) 0 
c(5) o. 1709 (7) 
c(6) o. 106 ( 1 ) 

y z Ueq 
0 0 0.020 ( I ) 
0 0.2215 (2) 0.040 (I) 

-0.1574 (7) 0.025 (2) 0.028 (4) 
-0.1410 (6) -0.069 (1) 0.038 (3) 
-0.1129(5) -0.222(1) 0.032(3) 
-0.1892 (9) 0.192 (2) 0.073 (9) 
-0.1587 (7) -0.031 (2) 0.072 (6) 
-0.0985 (6) -0.368 (2) 0.064 (5) 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BK1342). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

The diprotonated (H2TETP) 2- macrocycle in the 
title compound, 2Na+.C22H38N40~-.16H20 or 2Na+.- 
(H2TETp)2-.16H20, possesses a [3434] conformation, 

Alternative name: disodium 4,11-diaza-l,8-diazoniatetradecane- 
1,4,8,1 I-tetrayltetrakis(3-propionate) hexadecahydrate. 

the propionate arms all being deprotonated. Two are ex- 
tended and the other two are folded towards two pro- 
tonated N atoms. The crystal structure is stabilized by 
a complex hydrogen-bonding scheme since the unit cell 
contains 16 water molecules. 

Comment 

The structure of the diprotonated form of 1,4,8,11- 
tetra(2-carboxy)ethyl-1,4,8,11-tetraazacyclotetradecane, 
(H2TETP) 2-, (I), has been investigated as part of a 
study of the different conformations of the TETP ligand 
according to its protonation state (Dahaoui-Gindrey et 
al., 1995; Dahaoui-Gindrey, 1995). 

O- N+H N O- 

2Na+" ~ -~ . 16H20 
O- N H÷N 

(I) 

As in other TETP forms, the structure is centrosym- 
metric so only half of the atoms of the chemical 
formula are unique (Fig. 1). Atoms N1 and N1 t in 
trans positions are protonated, the N- -C  bond dis- 
tances of these N atoms being on average longer than 
those involving the non-protonated N2 and N2 ~ atoms 
[1.503(4) and 1.470(4)A, respectively]. The C---O 
bond lengths, which are statistically equal [1.254 (1)- 
1.270 (1)A], are appropriate for deprotonated carboxyl 
groups. Thus, the TETP ligand is diprotonated bearing 
two negative charges, and consequently is formulated 
as (H2TETP) 2-. Both negative charges of the ligand 
are neutralized by the positive charges of two Na ÷ ions. 

The cyclam skeleton of this compound has a [3434] 
conformation according to Dale's nomenclature (Dale, 
1980), with a methylene group located at each corner 
of the macrocycle to give an endodentate geometry, as 
was also reported for HnTETP and HsTETP + (Dahaoui- 
Gindrey et al., 1995). (H2TETP) 2- has two of the 
propionate groups extended outside of the ring and two 
others folded inside forming an intramolecular three- 
centre hydrogen bond between the HN1--N1 donor 
group, and the 03 and N2 acceptors. The sum of the 
intramolecular angles involving the HN1 atom as the 
central atom is exactly 360 °. The (H2TETP) 2- torsion 
angles (Table 1) are close to those found in H4TETP 
except for the extremity of the folded propionate chain: 
in particular, the 03 and 04  atoms of (H2TETP) 2- 
exhibit perfect cis and trans positions, respectively, with 
regard to the C10--C11 bond [whereas in H4TETP, the 
N2-----C9---C 10---C 11, C9---C 10---C 11---O3 and C9- -  
C10--C11---O4 torsion angles are -49.8  (7), -45 .9  (9) 
and 132.3 (6) ° , respectively]. 
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