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The complex consists of monomeric P t C l 4 ( c 6 n l 0  - 
N2) 2 units. The Pt atom is octahedrally surrounded by 
four CI atoms, and by the N atoms from the two 
1-propylimidazole ligands in a cis geometry. All four 
Pt -CI  bonds are equal [ranging from 2.310 (3) to 
2.322 (3),/k] and are practically identical to those 
observed in other six-coordinate Pt tv complexes: tetra- 
methylethylenediammonium hexachloroplatinate(IV) 
[2.304-2.316 (5) ,~] (Bisi-Castellani, Manotti- 
Lanfredi, Tiripicchio, Maresca & Natile, 1984); 
2.318 (2) A in 9-methylguaninium hexachloro- 
platinate(IV) dihydrate (Terzis & Mentzafos, 1983) and 
2.314 (1)/~ in K2PtCI 6 (Ohba & Saito, 1984). The 
Pt-N(11) and Pt-N(21) bond distances of 2.061 (9) 
and 2.045 (8)A are in good agreement with those 
found for other compounds of Pt ~v with nitrogen-donor 
ligands (Fanizzi, Natile, Maresca, Manotti-Lanfredi & 
Tiripicchio, 1984). 

The structural parameters of the two independent 
imidazole rings are very similar and are well within the 
range observed in other metal complexes and 
derivatives (Navarro-Ranninger, Martinez-Carrera & 
Garcia-Blanco, 1983; Brouant, Barbe, Marsura & 
Luu-Duc, 1985). Both imidazole rings are planar; the 
propyl group is twisted as indicated by the torsion 
angles C(13)-N(12)-C(14)-C(15)  = 80 (1) and 
C(23)-N(22)-C(24)-C(25)  = 67 (2) °. The dihedral 
angle between the planes of the two imidazole rings is 
111 (2) °, while the dihedral angles between the N(11) 

and N(21) ligand-ring planes and the coordination 
plane around Pt Iv are 124 (1) and 51 (1) ° respectively. 

There are no abnormally short distances. The crystal 
structure consists of discrete molecules of PtCI 4- 
(1-propylimidazole) 2 with adjacent molecules held by 
van der Waals forces. 

This work was supported by the Polish Academy of 
Sciences. 

References 

BISI-CASTELLANI, C., MANOTTI-LANFREDI, A. M., TIRIPICCHIO, A., 
MARESCA, L. & NATILE, G. (1984). Inorg. Chim. Acta, 90, 
155-159. 

BRADDOCK, P. D., CONNORS, T. A., JONES, M., KHOKHAR, A. R., 
MELZACK, D. H. & TOSE, M. L. (1975). Chem.-Biol. Interact. 
11, 145-161. 

BROUANT, P., BARBE, J., MARSURA, A. & LUU-DUC, C. (1985). 
Acta Cryst. C41, 1369-1372. 

FANIZZI, F. P., NATILE, G., MARESCA, L., MANOTTI-LANFREDI, A. 
M. & TIRIPICCHIO, A. (1984). J. Chem. Soc. Dalton Trans. pp. 
1467-1470. 

International Tables for X-ray Crystallography (1974). Vol. IV. 
Birmingham: Kynoch Press. (Present distributor D. Reidel, 
Dordrecht.) 

NAVARRO-RANNINGER, M. C., MARTINEZ-CARRERA, S. & GARCiA- 
BLANCO, S. (1983). Acta Cryst. C39, 186-188. 

OHBA, S. & SAITO, Y. (1984). Acta Cryst. C40, 1639-1641. 
Syntex (1976). XTL/XTLE Structure Determination System. 

Syntex Analytical Instruments, Cupertino, California, USA. 
TERZlS, A. & MENTZAFOS, D. (1983). Inorg. Chem. 22, 1140- 

1143. 
WALKER, N. • STUART, D. (1983). Acta Cryst. A39, 158-166. 

Acta Cryst. (1988). C44, 439-443 

A Neutron Diffraction Study of Bis(cyclopentadienyl)(methyl)(methylene)tantalum(V) at 
15 K* 

BY F. TAKUSAGAWAt AND T. F. KOETZLE 

Chemistry Department, Brookhaven National Laboratory, Upton, NY 11973, USA 

AND P. R. SHARP~ AND R. R. SCHROCK 

Department of  Chemistry, Massachusetts Institute of  Technology, Cambridge, MA 02139. USA 

(Received 26 June 1987; accepted 16 October 1987) 

Abstract. [Ta(CsHs)2(CH2)(CH3)I, M r =  340.206, 
monoclinic, P2Jc, a = 6 . 4 9 2 ( 1 ) ,  b=11 .539(2 ) ,  c 

* Research at Brookhaven National Laboratory carried out 
under contract DE-AC02-76CH00016 with the US Department of 
Energy, Office of Basic Energy Sciences. Research at MIT was 
sponsored by the National Science Foundation. 

t Present address: Department of Chemistry, University of 
Kansas, Lawrence, KS 66045, USA. 

$ Present address: Department of Chemistry, University of 
Missouri at Columbia, Columbia, MO 65211, USA. 

0108-2701/88/030439-05503.00 

=15.174(2)/~,,  f l=117 .33(2)  ° , V=1009 .8  (3) /~ 3, 
Z = 4, D x = 2.238 Mg m -3, neutrons, 2 --- 
1. 1617 (2) ,/k, /1 = 0.2473 mm-' ,  F(000) = 122.68 fm. 
T =  15(0.5) K. The structure has been refined based on 
2446 reflections to yield an unweighted R value based 
on F 2 of 0.043. The molecule has approximate C s point 
symmetry. All C - H  bond distances have been deter- 
mined with e.s.d.'s _< 0.003 A. The mean C - H  distance 
11.091 (4) A} in the methyl group is slightly longer than 
that in the methylene group [1.081 (5)AI, while the 
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respective H - C - H  angles are 107.8 (3) ° (methyl, 
mean value) and 112.3 (2) ° (methylene). The T a - C  
methylene distance is 2.039 (1)]~, corresponding to a 
full double bond, 0.229 (1)A shorter than the Ta--C 
methyl distance of 2.268 (1)A. The cyclopentadienyl 
rings have an envelope geometry and exhibit small 
systematic deviations of the C - C  bond distances from 
the mean value of 1.419 A; by contrast, the ring C - H  
distances are equivalent, with a mean value of 
1.084 (1) •. 

Introduction. Metal-carbene (or alkylidene) complexes 
have been postulated as intermediates in catalytic 
reactions such as reduction of carbon monoxide 
(Cardin, Cetinkaya, Doyle & Lappert, 1973) and the 
metathesis of olefins (Ivin, 1983; Dragutan, Balaban & 
Dimonie, 1985). The simplest of these are methylene 
complexes. While there are now many examples of 
complexes that contain bridging methylene (,fl-CH2) 
ligands (Herrmann, 1982), there are still relatively few 
stable well characterized complexes that contain ter- 
minal methylene ligands (Gilliom & Grubbs, 1986; 
Holmes, Clark, Turner & Schrock, 1982; Patton, 
Strouse, Knobler & Gladysz, 1983; Clark, Roper & 
Wright, 1984; Gallop & Roper, 1986; Guggenberger & 
Schrock, 1975; Schultz, Williams, Schrock & Holmes, 
1984; Hill, Roper, Waters & Wright, 1983; van Asselt, 
Burger, Gibson & Bercaw, 1986; Fryzuk, MacNeil & 
Rettig, 1985; Bohle, Clark, Rickard, Roper, Shepard & 
Wright, 1987). Only two complexes that contain 
/t-CH 2 ligands have been structurally char~lcterized by 
neutron diffraction; they are [Os3(CO)lo(fl-H)2(fl-CH2)] 
(Schultz, Williams, Calvert, Shapley & Stucky, 1979) 
and [ {Rh(rp-CsHs)(CO) }2(~-CH2)] (Takusagawa, 
Fumagalli, Koetzle & Herrmann, 1981). To our 
knowledge none that contains a terminal methylene 
ligand has been examined by neutron diffraction. Here 
we report the results of a neutron diffraction study of 
[Ta(rp-CsHs)2(CH2)(CH3)] that was carried out at 
Brookhaven. 

Experimental. Experimental details and refinement 
parameters are summarized in Table 1. [Ta(r/5-C5 - 
Hs)2(CHE)(CH3)] was prepared as described in the 
literature (Schrock, 1975; Schrock & Sharp, 1978). A 
tabular crystal was mounted on an aluminium pin, 
oriented approximately parallel to the crystallographic 
[ 10i] direction. The sample was sealed in quartz under 
a helium atmosphere and placed in a closed-cycle 
helium refrigerator (Air Products and Chemicals, Inc. 
Displex model CS-202) mounted on a four-circle 
diffractometer at the High Flux Beam Reactor. A Ge 
(220) crystal monochromator was employed and the 
neutron-beam wavelength was calibrated based on KBr 
a 0 = 6.6000 A at 298 K. 

The cell dimensions are based on sin20 values of 32 
reflections. Intensities were measured in two octants 

Table 1. Experimental details and refinement 
parameters 

Crystal weight 6.4 mg_ 
Crystal faces (8) (100) (100) (010) (0iQ) 

(01 l) (OI l) (01 I) (01 I) 
Range of exp(.-#t) 0.645-0.805 
Number of reflections measured 4009 
Ri, t 0.044 
Number of independent reflections 2446 
Range of (sin0)/2 ( A ' )  0.023-0.687 
Range of hkl in asymmetric unit 0 _< h <_ 8, 0 _< k _~ 15, - 19 _~ / _-- 17 
Number of parameters 255 
R(F'-) 0.043 
wR(F:) 0,050 
S(F'-) 1.191 

(hkl, hkb with 20 _< 106 ° and an additional two octants 
(hkl, hkl) with 20 _< 65 °, employing a 0/20 step-scan 
technique. The scan range was varied according to 
A20= (1.69 + 4.10tan0) ° for the high-angle data 
(20 _> 65 °) and A20 = 4.0 ° for the low-angle data. The 
step size was adjusted to give between 60 and 75 steps 
in each scan. At each point, counts were accumulated 
for approximately two seconds, the exact time interval 
being determined by monitoring the incident-beam 
intensity. Two reflections were monitored every 100 
measurements; their intensities did not vary to any 
significant degree during the entire period of data 
collection. 

Integrated intensities of reflections were obtained by 
a conventional peak-minus-background procedure, 
assuming 15% of the scan at either extremity repre- 
sented the background intensity. Absorption correc- 
tions consisted of numerical integration over a Gaus- 
sian grid of points (Busing & Levy, 1957). The error in 
F 2 (F2--Isin20) was estimated as follows: o'2(Fo 2) 
= ac2ou.tSin228 + AFo 4 + B, where acou.t is the standard 
deviation based on counting statistics, and the co- 
efficients A and B were estimated from the discrepancy 
between symmetry-related reflections. We found that 
A = 7 . 2 x 1 0  -4 and B = 2 - 2 x 1 0  -2 on an absolute 
scale. All independent values of Fo 2 were retained in the 
subsequent refinements. 

The X-ray atomic coordinates of non-H atoms 
(Guggenberger & Schrock, 1975) were used as initial 
values for the structure refinement. After three least- 
squares cycles the H atoms were located in a difference 
map. The resulting model, including positional and 
anisotropic thermal parameters for all atoms and a type 
I isotropic-extinction correction (Becker & Coppens, 
1975) was refined by a full-matrix least-squares 
technique, minimizing Xw(Fo--k2F~) 2, employing a 
locally modified version of ORFLS (Busing, Martin & 
Levy, 1962). Weights were taken as w = 1/a2(F~). The 
most significant extinction-correction value applied to 
F~ was 0.864 for the reflection 100. Neutron scattering 
lengths used were bx~ = 6.91, bo = 5.80, b c -- 6.65 and 
b . = - 3 . 7 4 f m  (Koester, 1977). The neutron scat- 
tering length of the Ta atom was varied along with the 
other parameters, but the value obtained, 6.97 (3)fm, 
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Table 2. Positional and equivalent 
parameters at 15 K 

isotropic thermal 

x 3' z UL.,tA'" 2) 

Ta 0.0847 (1) 0.20999 (5) 0.14729 (4) 0.0100 (2) 
C(IA) 0.3051 (I) 0.11171 (6) 0.30403 (5) 0-0161 (2) 
C(2A) 0-1704 (1) 0-02500 (6) 0.23567 (5) 0-0156 (2) 
C(3A) -0.0659 (I) 0.04955 (6) 0.20405 (5) 0.0154 (2) 
C(4A) -0.0792 (I) 0.15202 (6) 0.25385 (5) 0-0160 (2) 
C(5A) 0.1505(I) 0.18960(6) 0.31635(5) 0.0166(3) 
C(IB) -0.0280 (I) 0.33966 (6) 0.00779 (5) 0.0165 (3) 
C(2B) 0.1338 (1) 0.23175 (6) -0.03227(5) 0.0150(2) 
C(3B) 0.2940 (I) 0.20616 (6) 0.00374 (5) 0.0143 (2) 
C(4B) -0.2914 (I) 0.29981 (6) 0-06563 (5) 0.0161 (2) 
C(5B) 0-1283 (I) 0.38266 (6) 0-06739 (5) 0.0175 (3) 
C(6) 0.2775 (1) 0.10379 (6) 0.08294 (5) 0.0169 (2) 
C(7) 0.3393 (I) 0.33089 (7) 0.21297 (5) 0.0186 (3) 
H(IA) 0.4921 (3) 0-1179 (2) 0.3409(I) 0.0349(6) 
H(2A) 0.2399(3) -0.0467(2) 0.2116(1) 0.0331 (6) 
H(3A) -0.2124 (3) 0.0003 (2) 0.1509 (I) 0.0333 (6) 
H(4A) -0.2382 (3) 0-1930 (2) 0-2460 (I) 0-0334 (6) 
H(5A) 0.1997 (4) 0.2645 (2) 0-3644 (I) 0-0339 (6) 
H(IB) 0.1062 (4) 0.3809 (2) -0.0042 (I) 0.0349 (7) 
H(2B) -0.0949 (3) 0-1764 (2) -0-0799 (I) 0-0305 (6) 
H(3B) -0.3976 (3) 0.1273 (I) -0-0113 (I) 0-0304 (6) 
H(4B) -0-3972 (3) 0.3068 (2) 0.1037 (I) 0.0319 (7) 
H(5B) -0.0859 (4) 0-4633 (]) 0.1087 (I) 0.0346 (7) 
H(6A) 0-4395 (3) 0-0703 (2) 0-1415 (I) 0.0400 (7) 
H(6B) 0-3169 (4) 0.1569 (2) 0.0336 (1) 0.0397 (7) 
H(6C) 0.1754 (4) 0.0292 (2) 0.0398 (1) 0.0384 (7) 
H(TA) 0.4709 (4) 0-3262 (2) 0.2898 (I) 0.0410 (7) 
H(7B) 0.3444 (4) 0.4117 (2) 0-1786 (2) 0-0417 (7) 
Cp(A )* 0.0962 0. 1056 0.2628 - -  
Cp(B)* 0.1751 0-2920 0.0225 - -  

* Ring centroid. 

agreed with the literature value [6.91 (7) fm] (Koester, 
1977) within one standard deviation. Final atomic 
coordinates and equivalent isotropic thermal param- 
eters are listed in Table 2.* 

Discussion. A schematic perspective drawing of the 
molecule is shown in Fig. l(a), and a view that shows 
atomic nomenclature and essential bond distances can 
be found in Fig. l(b). A list of complete bond distances 
and selected bond angles is presented in Table 3. There 
are no unusual intermolecular contacts: The shortest 
intermolecular H . . .H  distance is H(3B). . .H(6B) (x, y, 
- 1  +z) = 2.275 (3) A. A stereoview showing the crystal 
packing is given in Fig. 2. 

The molecule has approximate C s point symmetry in 
which C(6), H(6c), Ta and C(7) lie in the mirror plane; 
the root-mean-square displacement from idealized point 
symmetry, (A2) w2, is 0.020 A. The cyclopentadienyl 
rings are eclipsed relative to one another with a 
centroid-Ta-centroid angle of 135.95 (4) °. The cyclo- 
pentadienyl rings have an envelope geometry and 
exhibit small systematic deviations of the C - C  bond 
distances about the mean value of 1.419A. This 
pattern of deviations follows the C S molecular sym- 
metry, as do the displacements of the ring C atoms 

* Lists of anisotropic thermal parameters, observed and cal- 
culated squared structure factors, and complete bond angles, 
together with a figure showing displacements of atoms in r/5-CsH5 
rings from least-squares planes, have been deposited with the British 
Library Document Supply Centre as Supplementary Publication 
No. SUP 44469 (18 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 5 
Abbey Square, Chester CH 1 2HU, England. 

from their planes which range in magnitude from 0.001 
to 0.008 A. Similar deviations in ring C - C  bond 
distances have been observed in other r/5-CsH5 com- 
plexes, e.g. in [{Rh(r/5-C5H5)(CO)}2ffl-CH2)I (Taku- 
sagawa, Fumagalli, Koetzle & Herrmann, 1981), 
[Fe(r/5-C5H5)2(CO)212 (Mitschler, Rees & Lehmann, 

(a) 

PSEUDO MIRROR 

H(5A) 
H(7A) 

,( AI i 

II 2.100 . ClIAI'~ ,). 
CplA I 

H(2A) 

H(58) 
H(7B) 

2.039 .( 81 
2.o , ! 

• tpl8,1c( 8, 
2.268 C ( 3 B ) ~  

C(6) H(6B)f'~C(2B) 

I.I00 ~ HI3B) 

H(2B) 
~ H ( 6 C l  

(b) 

Fig. 1. (a) Schematic drawing of [Ta(r/5-CsHs)2(CH2)(CH3)]. (b) 
View showing the atom numbering and essential bond distances. 
Thermal ellipsoids are drawn at the 50% probability level 
(Johnson, 1976). 

A A 

Fig. 2. Stereoview of [Ta(r/5-CsHs)2(CH2)(CH3)], viewed down a, 
with ellipsoids as in Fig. l(b). 
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Table 3. Bond distances (A) and selected bond angles 
(o) 

Ta-C(6) 2.268 (I) Ta-C(7) 2.039 (1) 
C(6)--H(6A) 1.089 (2) C(7)-H(7A) 1.085 (2) 
C(6)--H(6B) 1.085 (2) C(7)-H(7B) 1.076 (3) 
C(6)-H(6C) 1.100 (2) 

Ta-Cp(A) 2.100 (I) Ta-Cp(B) 2.097 (I) 
C(IA)-C(2A) 1.417 (1) C(IB)-C(2B) 1.417 (I) 
C(IA)-C(5A) 1.422 (1) C(IB)-E(5B) 1.424 (1) 
C(2A)-C(3A) i.410 (1) C(2B)-E(3B) 1.410 (I) 
C(3A)-C(4A) 1.427 (1) C(3B)-C(4B) 1.427 (I) 
C(4A)--C(5A) 1-419 (1) C(4B)-C(5B) 1.418 (I) 
C(IA)-H(IA) 1.081 (2) C(IB)-H(IB) 1.079 (2) 
C(2A)--H(2A) 1-083 (2) C(2B)-H(2B) 1.078 (2) 
C(3A)-H(3A) 1.083 (2) C(3B)-H(3B) 1.092 (2) 
C(4A)--H(4A) 1.091 (2) C(4B)-H(4B) 1.085 (2) 
C(5A)-H(5A) 1.080 (2) C(5B)-H(5B) 1.085 (1) 

Mean values* 
C--Hmeth~l 1.091 (4) C-C,in~ 1.419 
C--Hmethrlen e 1 "081 (5) C-H,i,, ~ 1.084 (1) 
Ta-Cp 2.099 (2) 

Cp(A)-Ta-Cp(B) 135.95 (4) 
Cp(A)-Ta-C(6) 103-55 (4) 
Cp(A)-Ta-C(7) 105.93 (4) 
Cp(B)-Ta--C(6) 103.24 (3) 
Cp(B)-Ta-C(7) 105.55 (4) 
C(6)-Ta-C(7) 95.53 (4) 

Ta-C(6)-H(6A) 110.9 (I) 
Ta-C(6)-H(6B) 110. I (I) 
Ta-C(6)-H(6C) 112-2 (1) 
H(6A)-C(6)-H(6B) 108.5 (2) 
H(6A)-E(6)-H(6C) 107.5 (2) 
H(6B)-C(6)-H(6C) 107.5 (1) 
Ta-C(7)-H(7A) 123.6 (1) 
Ta-C(7)-H(7B) 123.7 (1) 
H(TA)-E(7)-H(7B) 112.3 (2) 

Mean values 
H-C-Hn,~.,h:l 107.8 (3) 
C-C-Ca,~ 108.00 (8) 
C-C-H,i.~ 126-0 (1) 

* E.s.d.'s of mean values calculated as tr = [ ~J~/n(n-1)] u2. 

1978), and [M(r/5-C5H5)(CO)3], M =  Mn (Fitzpatrick, 
Le Page, Sedman & Butler, 1981) or M =  Re (Fitz- 
patrick, Le Page & Butler, 1981). The ring C - H  
distances in [Ta(r/5-C5H5)2(CH2)(CH3)] are equivalent, 
with a mean value of 1.084 (1)A, essentially identical 
to that found by neutron diffraction at 15 K in 
[Ru(~-C5H5) 2] (Takusagawa & Koetzle, 1980) and 
[{Rh(~-C5Hs)(CO)}2(fl-CH2)] (Takusagawa, Fuma- 
galli, Koetzle & Herrmann, 1981). 

The mean value for the H - C - H  angles in the methyl 
ligand is 107.8 (3) ° and the mean C--H distance is 
1.091 (4)A. The mean C - H  value is essentially 
identical to that found in ethane (Kuchitsu, 1968) 
[ 1.096 (2) A]. 

The methylene ligand is the main focus of this study. 
The H - C - H  angle [112.3 (2) °] is significantly larger 
than those found in bridging methylene ligands, e.g. 
106.0(8) ° in [Os3(CO)lo(P-H)2(P-CH2)] (Schultz, Wil- 
liams, Calvert, Shapley & Stucky, 1979), and 
110.4(1) ° in [Rh{(r/5-C5H5)(CO)}2(P-CH2)] (Taku- 
sagawa, Fumagalli, Koetzle & Herrmann, 1981), but 
significantly smaller than that [117.4 (3) ° ] found in 
ethylene in the gas phase (Duncan, 1974). The mean 
methylene C - H  distance in [Ta(r/5-C5H5)z(CH2) - 
(CH3)] is 1.081 (5)]k, not significantly different from 
the value in ethylene of 1.087 (2)A (Duncan, 1974). 
Note that the mean C - H  distance in the g-CH 2 ligand 
in [Os3(CO)lo(P-H)z(p-CH2)] is 1.091 (1)A (Schultz, 
Williams, Calvert, Shapley & Stucky, 1979) and in 

[{Rh(r/5-C5H5)(CO)}2~-CH2)] is 1.095 (1),/k (Taku- 
sagawa, Fumagalli, Koetzle & Herrmann, 1981), more 
consistent with the C - H  distance in a methyl group, 
which is logically what one might expect. 

Further evidence that the Ta-C(7) bond is a full 
double bond consists of the 0.229 (1)A difference in 
bond distance between it and Ta-C(6). For com- 
parison the difference between the C-C distances in 
ethane (Kuchitsu, 1968) and ethylene (Duncan, 1974) 
is 0.194 (2) ]k. 

FT and TFK thank Joseph Henriques for technical 
assistance, and John Ricci for his careful review of the 
manuscript. RRS thanks the National Science Founda- 
tion for supporting this research. 

References 

ASSELT, m. VAN, BURGER, n. J., GIBSON, V. C. (~, BERCAW, J. E. 
(1986). J. Am. Chem. Soc. 108, 5347-5349. 

BECKER, P. J. & COPPENS, P. (1975). A cta Cryst. A31, 417-425. 
BOHLE, D. S., CLARK, G. R., RICKARD, C. E. F., ROPER, W. R., 

SHEPARD, W. E. B. & WRIGHT, L. J. (1987). J. Chem. Soc. 
Chem. Cornmun. pp. 563-565. 

BUSING, W. R. & LEVY, H. A. (1957). Acta Cryst. 10, 180-182. 
BUSING, W. R., MARTIN, K. O. & LEVY, H. A. (1962). Report 

ORNL-TM-305. Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, USA. 

CARDIN, D. J., CETINKAYA, l . ,  DOYLE, M. J. & LAPPERT, M. F. 
(1973). Chem. Soc. Rev. 2, 99-144. 

CLARK, G. R., ROPER, W. R. & WRIGHT, A. H. (1984). J. 
Organomet. Chem. 273, C 17-C 19. 

DRAGUTAN, V., BALABAN, A. T. & DIMONIE, M. (1985). Olefin 
Metathesis and Ring-Opening Polymerization of Cyclo-Olefins, 
2nd ed. New York: Wiley-Interscience. 

DUNCAN, J. L. (1974). Mol. Phys. 28, 1177-1191. 
FITZPATRICK, P. J., LE PAGE, Y. & BUTLER, I. S. (1981). Acta 

Cryst. B37, 1051-1058. 
FITZPATRICK, P. J., LE PAGE, Y., SEDMAN, J. & BUTLER, I. S. 

(1981). Inorg. Chem. 20, 2852-2861. 
FRYZUK, M. D., MACNEm, P. A. & REX'riG, S. J. (1985)../. Am. 

Chem. Soc. 107, 6708-6710. 
GALLOP, M. A. & ROPER, W. R. (1986). Adv. Organomet. Chem. 

25, 121-198. 
GILHOM, L. R. & GRUBBS, R. H. (1986). Organometallics, 5, 

721-724. 
GUGGENBERGER, L. J. & SCHROCK, R. R. (1975). J. Am. Chem. 

Soc. 97, 6578-6579. 
HERRMANN, W. A. (1982). Adv. Organomet. Chem. 20, 159-263. 
HILL, A. F., ROPER, W. R., WATERS, J. M. & WRIGHT, A. H. 

(1983). J. Am. Chem. Soc. 105, 5939-5940. 
HOLMES, S. J., CLARK, D. N., TURNER, H. W. & SCHROCK, R. R. 

(1982). J. Am. Chem. Soc. 104, 6322-6329. 
IVIN, K. J. (1983). Olefin Metathesis. London: Academic Press. 
JOHNSON, C. K. (1976). ORTEPII. Report ORNL-5138. Oak 

Ridge National Laboratory, Oak Ridge, Tennessee, USA. 
KOESTER, L. (1977). Springer Tracts in Modern Physics, Vol. 80. 

Neutron Physics, edited by G. HOHLER, pp. 1--55. Berlin, 
Heidelberg, New York: Springer. 

KucHrrsu, K. (1968). J. Chem. Phys. 49, 4456-4462. 
MITSCHLER, A., REES, B. & LEHMANN, M. S. (1978). J. Am. Chem. 

Soc. 100, 3390-3397. 
PATRON, A. T., STROUSE, C. E., KNOBLER, C. B. & GLADYSZ, J. A. 

(1983). J. Am. Chem. Soc. 105, 5804-5811. 
SCHROCK, R. R. (1975). J. Am. Chem. Soc. 97, 6577-6578. 
SCHROCK, R. R. & SHARP, P. R. (1978). J. Am. Chem. Soc. 100, 

2389-2399. 



F. TAKUSAGAWA, T. F. KOETZLE, P. R. SHARP AND R. R. SCHROCK 443 

SCHULTZ, A. J., WILLIAMS, J. M., CALVERT, R. B., SHAPLEY, J. R. 
& STtJCKV, G. D. (1979). Inorg. Chem. 18, 319-323. 

SCHULTZ, A. J., WILLIAMS, J. M., SCHROCK, R. R. & HOLMES, S. J. 
(1984). Acta Cryst. C40, 590-592. 

TAKUSAGAWA, F., FUMAGALLI, A., KOETZLE, T. F. & HERRMANN, 
W. A. (1981). Inorg. Chem. 20, 3060-3064. 

TAKUSAGAWA, F. & KOE'rZLE, T. F. (1980). Proc. Am. Crystallogr. 
Assoc. Meet. Abstr. Eufaula, Alabama, p. 16. 

Acta Cryst. (1988). C44, 443-445 

5-Methyl-2,8-diselena- 1,3,7-triphosphatricyclo[3.3.1.0 3'7]nOnane l-Selenide 

BY JOCHEN ELLERMANN AND EBERHARD K6CK 

lnstitut fffr Anorganische Chemie der Universitdt Erlangen-Nffrnberg, Egerlandstrasse 1, D-8520 Erlangen, 
Federal R epublic of  Germany 

AND HELMUTH ZIMMERMANN* AND MARTIN GOMM 

Institut fffr A ngewandte Physik, Lehrstuhl fffr Kristallographie der Universitdt Erlangen-Nffrnberg, 
Bismarekstrasse 10, D-8520 Erlangen, Federal Republic of German), 
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Abstract. CsH9P3Se 3, M r = 398.93, monoclinic, P2~/c, 
a = 6 . 6 4 3 ( 2 ) ,  b =  14.318(5), c =  11.636(7)A,  f l=  
95.40 (9) °, V = 1102 (2)/k 3, Z = 4, D x = 
2.405 g cm -3, 2(Mo Ka) = 0.70926 ,/k, /~ = 
102.89 cm -~, F(000) = 744, T =  295 (2) K, final R 
=0 .061  for 1551 unique reflections. The molecule 
consists of a tricyclic noradamantane cage. The basis of 
the cage is a five-membered P2Se2P(Se) ring with 
an exocyclic Se atom. The organic group CH3C(CH2) 3 
bridging the three P atoms forms a heteronoradaman- 
tane ring system. It has an enlarged cage structure with 
an expanded C-C(H2) -P (=Se )  bond angle of 121 ° at 
the methylene C atom. The mean value of the P - S e  
distances within the P2Se2P ring is 2.246 A and the 
exocyclic P--Se length is 2.089 (2)A. All other 
distances and angles are normal. 

Introduction. Melting of 4-methyl-l,2,6-triphosphatri- 
cyclo[ 2.2.1.02.6]heptane [CH3C (CHEP) 3, Pa-nortri- 
cyclane] with selenium in the molar ratio of 1:3 results 
in the formation of the title compound CH3C(CH 2- 
P)3Se3 (Ellermann, Demuth & Bauer, 1986). From the 
composition it is comparable to CHaC(CH2P)3S 3 
(Zimmermann, Gomm, Ellermann & K6ck, 1987) and 
CHaC(CH2As)3S 3 (Ellermann, Lietz, Merbach, Thiele 
& Zoubek, 1979). Whereas the phosphorus-sulfur 
compound consists of a noradamantane cage with a 
five-membered P2S2P(=S) ring and an exocyclic P=S 
bond, the arsenic-sulfur derivative consists of an 
adamantane cage containing a six-membered As3S 3 
ring. In order to establish whether CH3C(CH2P)aSe 3 is 
a noradamantane or an adamantane derivative, a 
crystal-structure analysis has been undertaken. 
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Experimental. Recrystallization of CsH9P3Se 3 from 
tetrahydrofuran gave light-yellow crystals; spherical 
crystal with r =  0.11 (1)mm used for X-ray analysis; 
Philips PW 1100 diffractometer (graphite mono- 
chromator, Mo Ks radiation), 03-28 scans with scan 
width (0.800 + 0.345tan0)°; profile analysis with a 
modified Lehmann & Larsen (1974)procedure; lattice 
parameters refined by least-squares procedure GIVER 
(Krogmann, 1966) on the basis of 34 reflections with 
22.3 _< 2/9 < 25. l ° ;  spherical absorption-correction 
factor A = 4.723 + 0.185; index range h + 7, k 0/15, 
10/12; six standard reflections (intensity variation 
0.7%); (sin0)max/2=0"55/k -~, 6198 reflections were 
measured, 266 reflections affected strongly by ab- 
sorption were eliminated, after averaging symmetrical 
equivalents, 1551 reflections [40 unobserveds included, 
I < 3a(/)] remained; Rin t = 0.032. Structure solved by 
direct methods for Se and P, subsequent Fourier map 
revealed all non-H atoms, all H atoms were located 
from a difference Fourier map; the residual electron 
density (0.58 to - 0 . 6 6 e / k  -3) prevents a precise 
refinement of the H coordinates. Blocked least-squares 
refinement based on F and weights w = 1/a2(IFo I), final 
cycles refined scale factor, coordinates, anisotropic 
temperature factor for non-H atoms; the isotropic 
temperature factor of some H atoms became negative 
and a fixed overall U = 0 . 0 3 9 6  A 2 was employed; 
R = 0.061, wR = 0.029, S = 2.02, max. A/o = 0.56; 
scattering factors taken from International Tables for 
X-ray Crystallography (1974). The CR YSTAN system 
(Burzlaf, Gomm & Zimmermann, 1986) was used for 
all computations and diagrams were drawn with 
ORTEPII (Johnson, 1977). 

Discussion. Atomic coordinates and equivalent iso- 
tropic temperature factors are reported in Table 1. 
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