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Fig. 1. Face view of [[n(tmtaa)C1] showing the atomic numbering 
scheme with displacement ellipsoids at 50% probabilitT. 
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Abstract 
The structure consists of an InC1 fragment bonded sym- 
metrically to the four N atoms of the macrocyclic ligand 
tmtaa (chloro{ 3,5,14,16-tetramethyl-2,6,13,17-teWaaza- 
tricyclo[ 16.4.0.0 7,12] docosa- 1 (18),2,5,7 (12),8,10,13,16,- 
19,21-decaenediido-N,N',N",~"}indium). This is the 
first structural characterization of an In entity coordi- 
nated to this ligand and reveals an unusual five-coordinate 
square-pyramidal geometrY oaround the In atom. The 
metal is displaced 0.738 (3) A above the N4 coordination 
plane. The average In--N bond distance is 2.165 (5),/k 
and the In--C1 distance is 2.380 (2) A,. 

Comment 
The aim of this investigation was to confirm the expected 
mm symmetry, determine the displacement of the metal 
ion from the mean plane of the four N atoms of the macro- 
cycle and compare the structure with similar derivatives 
of this ligand and other porphydn systems. The molecular 
structure of the title compound, (I), and atomic labelling 
scheme are shown in Figs. 1 and 2. 

(I) 

Fig. 2 shows that the familiar saddle shape, adopted by 
the free macrocycle and arising from stedc interactions 
between the methyl and phenyl groups, is retained in the 
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Fig. 2. Side view of [In(tmtaa)C1] showing the saddle conformation 
adopted by the ligand. 

metal complex (cf. Cotton & Czuchajowska, 1990). The 
metal is symmetrically bound 0.738 (3) A above the N4 
plane. This displacement is signifi .c~fly greater than that 
found for the Ga derivative (0.48 A) (Atwood, Atwood, 
Cowley, Atwood & Rom/m, 1992) and may be explained 
in terms of the larger covalent radius of In (1.41 A) with 
respect to Ga (1.20 A) (Alcock, 1990). The displacement 
of In from the N4 plane is not unexpected, since the 
nitrogen-to-centre (N--Ct) distance of the dianionic tm- 
taa ligand lies in the range 1.85-1.87 ]k (Weiss, Bursten, 
Peng & Goedkin, 1976), i.e. substan, tially less than the ob- 
served In--N distance [2.165 (5) A]. As a result of metal 
coordination, torsional distortions and angle deformations 
occur in the 14-membered ring to minimize steric interac- 
tions, and the N--Ct distance increases to 2.035 A. 

The bond distances for In--C1 [2.380 (2) A] and I n -  
N [2.165 (5)]k average] are similar to those found in 
the related structure of tetraphen~,lporphyrinindium(m) 
chloride [2.369 (2) and 2.156 (6) A average, respectively 
(Ball, Lee, Marshall & Trotter, 1980)]. It has been sug- 
gested that the metal-to-axial-group bond distance be- 
comes greater as the charge donation to the metal from 
the macrocyclic ligand increases (Weiss, Bursten, Peng & 
Goedkin, 1976). Such charge donation is expected to be 
significantly larger for the C22H22N42- ligand compared 
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to the  de loca l i z ed  po rphy r in  l igand.  H o w e v e r ,  this  ef fec t  
is offset  by  the  In  a t o m  be ing  d i sp laced  on ly  0.61 ,~, f r o m  
the  po rphy r in  N4 plane ,  as a resul t  o f  the  larger  core  s ize  
o f  this l igand  ( N - - C t  = 2 .067 ,&). This  resul ts  in re la t ive ly  
m o r e  cha rge  d o n a t i o n  f r o m  the  po rphy r in  l igand  lead ing  
to a ba l anc ing  ef fec t  and  an app rox ima te  e q u i v a l e n c e  in  
the  me ta l - to -ax ia l - a tom dis tances .  

O n  f o r m a t i o n  o f  the  c o m p l e x ,  the  s t ructure  o f  the  
d e l o c a l i z e d  f r a m e w o r k  o f  the  m a c r o c y c l e  is m o d e r -  
a te ly  affected.  T h e  ave rage  b e n z e n o i d  C - - N  d is tance  is 
1.417 (5)~, ,  c o m p a r e d  to  1.404 ( 8 ) A  for  the  f ree  l ig- 
and  (Goedk in ,  Pluth,  P e n g  & Burs ten ,  1976). The  C - -  
C and  C - - N  b o n d  l eng ths  o f  the  2 ,4 -pen t aned i imina to  
uni t  ind ica te  cha rge  de loca l i za t ion  t h roughou t  the  two  six- 
m e m b e r e d  che la te  r ings.  The  ave rage  C - - N - - C  ang le  in 
the  c o m p l e x  is 126.80 ° , c o m p a r e d  to 125 ° for  the  unsat-  
u ra ted  N a toms  and  129 ° for  the  H(N)  a toms  in the  f ree  
mac rocyc l e .  

E x p e r i m e n t a l  

Reaction of anhydrous indium(HI) chloride (1.25 g, 3.51 mmol) 
with Li2(C22H22N4) (0.78 g, 3.52 mmol) in toluene at 343 K re- 
sulted in the formation of [In(C22H22N4)C1] and two equivalents 
of  LiCl. The complex was isolated as dark orange crystals by re- 
crystallization from chloroform/hexane (20/80) solution. 

Crystal data 

[In(C22H22N4)CI] 
Mr = 492.71 
Monoclinic 
P21/c 
a = 8.927 (4) A. 
b = 22.457 (7) ]~ 
c = 10.209 (3) A 
/3 = 101.34 (3) ° 
V = 2006.7 (12) ,~3 
Z = 4  
Dx = 1.631 Mg m -3 

Data collection 
Siemens R3m diffractometer 
w-20 scans 
Absorption correction: 

analytical 
Tmi~ -- 0.81, Tm~x -- 0.86 

3700 measured reflections 
3472 independent reflections 
2672 observed reflections 

[I > 2tr(/)] 

Refinement 
Refinement on F 2 
R[F 2 > 23(F2)] = 0.0464 
wR(F 2) = 0.1457 
S = 1.059 
3457 reflections 
266 parameters 
H-atom parameters fixed 

Mo Ka  radiation 
)~ = 0.71073 ,A, 
Cell parameters from 16 

reflections 
0 = 8 - 9  ° 

# = 1.33 mm -1 
T = 220 (2) K 
Blocks 
0.51 x 0.15 x 0.11 mm 
Dark orange 

Rim = 0.0417 
0 ~  = 25.00 ° 
h -- 0 ---~ 10 
k--  0---~ 26 
l -- - 1 2  ~ 11 
3 standard reflections 

monitored every 200 
reflections 

intensity variation: 8% 

Apm~ = 0.86 e A. -3 
Apmin = -1 .45  e A -3 
Extinction correc- 

tion: SHELXL93 
(Sheldrick, 1994) 

Extinction coefficient: 
0.0023 (6) 

Calculated weights 
w = l/[tr2(F 2) + (0.0700P) 2 

+ 6.3000P] 
where P = (F 2 + 2/72)/3 

(A/a)max = -0 .025  

Atomic scattering factors 
from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

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

Ueq = (1/3)Ei~jUoa'~ a~ ai.a j. 

x y z Ueq 
In(I) 0.17816 (5) 0.13459 (2) 0.49556 (4) 0.0234 (2) 
CI(I) 0.2860 (2) 0.08821 (8) 0.3261 (2) 0.0346 (4) 
N(1) 0.0953 (6) 0.2230 (2) 0.4318 (5) 0.0261 (12) 
N(2) 0.3501 (6) 0.1745 (2) 0.6493 (5) 0.0266 (12) 
N(3) 0.1890 (6) 0.0744 (2) 0.6629 (5) 0.0255 (12) 
N(4)  --0.0664 (6) 0.1233 (2) 0.4426 (5) 0.0295 (13) 
C(1) 0.0657 (9) 0.3319 (3) 0.4564 (8) 0.039 (2) 
C(2) 0.1472 (7) 0.2738 (3) 0.4961 (6) 0.0276 (14) 
C(3) 0.2706 (8) 0.2763 (3) 0.6040 (6) 0.0293 (15) 
C(4) 0.3559 (7) 0.2321 (3) 0.6814 (6) 0.0251 (14) 
C(5) 0.4506 (8) 0.2528 (3) 0.8128 (6) 0.031 (2) 
C(6) 0.4256 (8) 0.1279 (3) 0.7298 (6) 0.0280 (14) 
C(7) 0.5819 (8) 0.1291 (3) 0.7879 (6) 0.033 (2) 
C(8) 0.6525 (8) 0.0803 (3) 0.8559 (6) 0.038 (2) 
C(9) 0.5710 (8) 0.0281 (3) 0.8621 (7) 0.038 (2) 
C(10) 0.4167 (8) 0.0250 (3) 0.8022 (6) 0.034 (2) 
C(I 1) 0.3405 (7) 0.0751 (3) 0.7369 (6) 0.0261 (14) 
C(12) 0.0678 (8) 0.0476 (3) 0.6950 (6) 0.0265 (14) 
C(13) 0.0806 (9) 0.0111 (3) 0.8205 (7) 0.039 (2) 
C(14) -0.0823 (8) 0.0530 (3) 0.6198 (7) 0.034 (2) 
C(15) -0.1476 (7) 0.0887 (3) 0.5104 (6) 0.0289 (15) 
C(16) -0.3211 (8) 0.0889 (4) 0.4772 (7) 0.041 (2) 
C(17) -0.1240 (7) 0.1626 (3) 0.3361 (6) 0.0267 (14) 
C(18) -0.2460 (8) 0.1506 (3) 0.2322 (6) 0.033 (2) 
C(19) -0.2858 (8) 0.1911 (3) 0.1280 (7) 0.037 (2) 
C(20) -0.2034 (8) 0.2426 (3) 0.1218 (7) 0.037 (2) 
C(21) -0.0775 (8) 0.2544 (3) 0.2220 (6) 3.034 (2) 
C(22) -0.0369 (7) 0.2167 (3) 0.3297 (6) 0.0271 (14) 

Table  2. Selected geometric parameters (A, o) 
In(l)--N(4) 2.158 (5) N(2)--C(4) 1.331 (8) 
In(1)--N(2) 2.163 (5) N(2)--C(6) 1.417 (8) 
In(1)--N(3) 2.166 (5) N(3)--C(12) 1.333 (8) 
In(1)--N(1) 2.172 (5) N(3)--C(ll) 1.414 (8) 
In(1)--Cl(l) 2.380 (2) N(4)--C(15) 1.344 (8) 
N(1)--C(2) 1.353 (8) N(4)--C(17) 1.416 (8) 
N(1)--C(22) 1.420 (8) 
N(4)--In(1)--N(2) 140.3 (2) N(3)--In(1)--N(I) 140.0 (2) 
N(4)--In(I)--N(3) 90.6 (2) N(4)--In(1)--Cl(1) 107.49 (15) 
N(2)--In(1)--N(3) 76.8 (2) N(2)--In(1)--Cl(l) 112.2 (2) 
N(4)--In(1)--N(1) 76.4 (2) N(3)--In(l)--Cl(l) 109.80 (14) 
N(2)--In(1)--N(1) 89.4 (2) N(1)--In(1)--CI(1) 110.16 (15) 

The data were collected with the crystal mounted in a Lin- 
demarm tube, held at 220 K with an Oxford Cryosystem 
Cryostream Cooler (Cosier & Glazer, 1986). Data collection 
and cell refinement: Siemens R3m system. Data reduction: 
SHELXTL-PIus (Sheldrick, 1991). Program(s) used to solve 
structure: SHELXTL-PIus (Sheldrick, 1991). Program(s) used 
to refine structure: SHELXL93 (Sheldfick, 1994). 

We  t h a n k  the  S E R C  and  T h e  Assoc i a t ed  Octe l  C o m -  
pany  Ltd  for  grants  in  ass is tance  o f  this  work .  

Lists of structure factors, anisotropic displacement parameters and 
H-atom coordinates have been deposited with the IUCr (Reference: 
AB1129). Copies may be obtained through The Managing Editor, Inter- 
national Union of Crystallography, 5 Abbey Square, Chester CH1 2HU, 
England. 
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zerrt oktaedrisch von den Liganden PF2Ph umgeben. Die 
Phenylgruppen sind dabei mit ihren Ebenen parallel zur 
dreiz/ihligen Achse ausgerichtet. Die Verzerrtmg vonder 
idealen Oktaedersymmetrie, die in sfftrkerem MaBe im 
W(PF2tBu)6 (Krampe, Kruck & Tebbe, 1989) beobachtet 
wird, karm im W(PF2Ph)6 auf die Wechselwirktmg 
der sperrigen Phenylgruppen und die damit verbundene 
Aufweitung der entsprechenden Winkel ~o(P--W--P) --- 
93,21 (9) ° zuriickgefiihrt werden. Gleichzeitig wird eine 
mit qo(P--W--P) = 84,0(15) ° verbundene Stauchung 
des Oktaeders WP 6 ill Richtung der dreiz~ihligen Achse 
beobachtet. Diese ffihrt zu einer ringfrrmigen Anordnung 
der Phosphor- und Fluoratome um das Wolframatom. 
Die Fluoratome benachbarter PF2Ph-Gruppen nfthem sich 
dabei bis auf einen Abstand von 2,812 2i,. Zusammen 
mit den Phenylringen oberhalb und unterhalb der PF- 
Ringebene ergibt sich eine vollst~dige Abschirmung des 
Zentralatoms. 

Hexakis(difluorphenylphosphan)- 
wolfram(0) hydrat, W(PF2Ph)6.H20 

W. CRUM]', TH. KRUCK, B. SmCERS UND K.-F. TmmE 

Institut f i ir  Anorganische Chemie, Universitdt zu K61n, 
Greinstrafle 6, 50939 K6ln, Deutschland 

(Eingegangen am 30. August 1993; angenommen am 17. November 
1993) 

Abstract 
The structure of a neutral complex of zero-valent tung- 
sten, hexakis[difluoro(phenyl)phosphine]tungsten mono- 
hydrate, [W(PF2Ph)6].H20, is described. In compari- 
son with the known structure of the analogous complex 
[W(PF2q3u)6] the title complex has a rather small W--P  
distance, indicating a stronger 7r-acceptor property of the 
PF2Ph ligand. 

Kommentar 
Die Kristallstruktur ent l~t  isolierte neutrale Komplexe 
W(PF2Ph)6 (I) (Fig. 1). Das zentrale Wolframatom be- 
setzt eine Lage der Ptmktsymmetrie 32 und ist ver- 

Ph 
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P h ~  PF2 Ph 

PF2 [ / 
I 1 , ,  illl| PF2 

• % ,  , ,  

W H20 

Ph ~ PF2 [ PF2 
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Fig. 1. W(PF2Ph)6. Komplex mit der Atombenennung und den 
thennischen Ellipsoiden (diese umschreiben den Oft mit 50% 
Aufenthaltswahrscheinlichkeit ffir den Mittelpunkt des Atoms bei 
T = 298 K). 

Ein bemerkenswerter Aspekt in der "Struktur des 
W(PF2Ph)6 ist der relativ kurze Bindungsabstand d(W-- 
P) = 2,375 (2),4,. Die Bindungsverk/irzung wird im 
Vergleich mit den Daten der bisher bekannten homo- 
genen Phosphankomplexe W(PMe3)6 mit d(W--P) = 
2,455 (5) A (Rabinovich & Parkin, 1990), W(dmpe)3 mit 
d(W--P) = 2,414(6)A (Cloke, Fyne, Gibson, Green, 
Ledoux, Perutz, Dix, Gourdon & Prout, 1984) und 
W(PF2tBu)6 mit d(W--P) = 2,417(6)A, (Krampe et al., 
1989) deutlich. Dem Liganden PF2Ph karm folglich 
in dieser Reihe die hrchste 7r-Akzeptortendenz zuge- 
sprochen werden. Die Bindungsgeometrie um die Phos- 
phoratome folgt dem bereits im W(PF2tBu)6 beobach- 
teten Trend mit einer deutlichen Verzerrung der Tetra- 
edergeometrie [qo(F--P--F) = 95,6 (3), qo(W--P--F) -- 
116,1 (3), 115,7 (2) und qo(W--P--C) = 126,8 (3)°]. Die 
tibdgen geometdschen Parameter der Phosphanliganden 
entsprechen der Erwartung. 
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