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l,l’-Trimethylene-n-dicyclopentadienedichIorozirconium, (CH,)1(C5H4)1_- 
ZrCll , is orthorhombic, space group Pbca. The unit cell dimensions found were 
a = 8.277(2), b = 13.922(4), c = 32.568(5), 2 = 8. The structure was determined 
from three-dimensional X-ray data (1049 independent reflections) refined to an 
R factor of 2.64%. The coordination about the zwonium atom is that of a dis- 
torted tetrahedron comprised of the chlorine atoms and the centroids of the 
n-cyclopentadienyl rings. The Cl-Zr-CI bond angle is 96.92(7 i” and the centro:d 
-Zr-centroid angle 129.5”. The Zr-Cl bond distances found are 2.451(z) and 
2.431(2) A which are very close to the sum of the Pauling radii. Zirconium-ring 
centroid distances are 2.192 and 2.193 A and the range of Zr-C distances is 
2.477-2.516 A. The carbon-carbon distances within the n-cyclopentadiene 
rings average 1.395( 10) a and range from l-363(9) to 1.413(g) A. These values 
establish the pentahapto nature of the metal-ring bonding. 

introduction 

Recently, the crystal and molecular structure of (CH? )J(n-C5Hj )?TiCIZ was 
studied by X-ray [l] and neutron [2] diffraction methods. In this compound the 
pentahapto-cyclopentadienyl rings are severely limited in their librational motion 
by the bridging methylene chain. It was found that the carbon--carbon tiond 
distances in the rings are fairly uniform in length. in a related compound, 

l Tlus paper LS one of a senes taken from rbe Ph.D. Tbens of C.H. Saldaniaga-Moba. presented to 
the Department of Chemktry. Ohio Universay. hlarch. 1974. 





temperature on the diffractometer. The set of cell parameters was then used to 
calculate the density, D, = 1.714 g cmm3, and with the density the linear absorption 
coecficient [8], p = 12.21 cm-’ , was obtained. 

Since the crystal system was orthorhombic, data were collected only in the iliz1 
octant out to a maxinlum 0 angle of 45”. The intensities of several equivalent re- 
flections were determined in all octants and found to agree wvlthin about 5%. 
Crystal-to-counter and crystal-to-aperture distances of 208 and 173 mm, respec- 
tively. were used. Intensity data were collected by the O-28 scan technique using 
a variable 213 scan rate ranging from a mlnlmum of about 0.53” per minute for 
weak reflectIons to a maximum of 5.3’ per minute for the strong ones. The 
variable angular scan wdth used, 0.8 + 0.4 tan 0 degrees, was selected after a 
search for high and low angle reflecttons revealed that all of them had peak wldthj 
at half-height In the range of about 0.25 to 0.35”. In this way :t was ensured that the 
whole peak and part of Its background were scanned. The left and right background 
counts were obtained simultaneously with the peak scan being counted as the ini- 
teal and flnal 25% of the scan. During the data collection three standard reflec- 
tions of high, medium and low intensities were recorded every time a set of 32 
refiectlons were on a common scale. The change in the Intensities of the stan- 
dards was small and random (maximum fluctuation about 3.4%). Of the 785i 
independent reciprocal lattice points examined 1049 had Intensities greater than 
or equal to 3a where CJ = (total counts + backFound counts)” and were COIISI- 

dered to be observed. 
The data were corrected for the Lorentz and polarization effects but not 

ext.lnction or absorption (uR = 0.122). The data I*eduction procedure was carried 
out ivith the “Data Reduction and Tape Generation” program of Ahmed and 
Saunderson [ 91. 

Solu tiorz and refmernent of the structm-e 
A Patterson function was computed which gave a simple, straightforward, 

solution for the position of the Zr atom. Refinement of the scale factor and of 
the positional parameters of the heavy atom gave an R, index of 0.39, where 
R, = XllFJ - I F,ll/Zl F,I. From successive Fourier syntheses, the coordinates 
of the chlorine and carbon atoms were readily determined. Including the coor- 
donates of all non-hydrogen atoms In the structure and assuming Isotropic tem- 
perature factors for al! of them, convergence was obtained to an R, Indes of 
6.13% . AnisotropIc refinement, however, lowered this residual index to 3.64%. 

Most of the hydrogen atoms were found on an electron-density difference 
synthesis map made at this point on which they appeared with peak heights 
having minlmum and maximum values of about 0.47 and 0.62 e it -3 , respective- 
ly. However, the hydrogen atom positions were idealized at distances of 0.95 X 
from the carbon atoms and making the proper angles (109.5’ In the case of 
tetrahedral carbons, etc.) with them. The hydrogens were included in subsequent 
structure factor calculations with their coordinates fixed and isotropic thermal 
parameters one unit greater than for the corresponding carbons to which they 
are bonded. In this way the followmg flnal set of agreement parameters were 
obtained. R, 2.64% and f2ujF 2.5S% where RUJ, = [Cw(lF,I - IFJ)’ / 
X:urlF,I’j +. The goodness of fit, [ ~u~(AIFl)?/(nz--n)] Li, was 1.495; ITI is the 
number of observed reflections and n the number of variables refined. 
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The shifts applied to the parameters from cycle to cycle were damped by 
a factor of 0.5 to speed-up convergence [lo]. In the last cycle they were on the 
average less than one-tenth of the corresponding standard deviation. The function 
minimized was %.~(lF,l - IF,I)’ with weights given for every reflection by 
W = l/(1 + [(IQ - 105.0)/40.0]2}. 

A final difference Fourier map was featureless with maxima and minima 
rangng from 0.27 to -0.35 e A -3, respectively. The atomic scattering factors 
for the non-hydrogen atoms used in the present structure refinement were those 
of Hanson, Herman, Lea and Skillman [ 11 J , and inclusion was made of the real 
term of an anomalous dispersion correction factor for zirconium and chlorine 
[12] _ The hydrogen atom scattering factors used were those reported by Stewart, 
Davldson and Simpson [lZ:] . 

The flnal set of coordinates and isotropic temperature parameters det’ermmed 
for the zirconium and all chlorine and carbon atoms is given in Table 2. Table 3 
lists the anisotropic therm:tl parameters. The hydrogen atom coordinates 
together with the temperature factors assumed are presented in Table 4. Final 
observed and calculated structure factors are available*. 

Description of the sh-ucture 
The molecular conflguration of (CH, )x(C5 H, )? ZrCI, appears m Fig. 1, 

where the numbering scheme used In the solution and refinement of its structure 
is also given. A stereoscopic view of the molecule is shown in FIN. 2. As suggested 
by the figures, the coordination of the zirconium atom is that of a distorted 

TiBLE I! 

FIX AL POSITIOXAL PARAMETERS AND ISOTROPIC TEhlPERATURE FACTORS 

zr 
Cl(l) 
Cl(Z) 

C(1) 
C(2) 
C(3) 

C(3) 
C(5) 
C(6) 
C(i) 
C(8) 

C(3) 

CflO) 
Cfll) 

C(12) 
C(13) 

0.12013 (7) 
0.2928 (2) 
0.0001 (3) 
0 0551 (9) 

-0.0577 (9) 
-cl. 1780 (8) 

0.0029 (10) 
0.0129 (11) 

-0.0932 (IO) 
-0.1511 (i) 

-0.1130 (9) 
0.1771 (7) 

0.1876 (8) 
0.3923 (8) 

0.3522 (8) 
0.3187 (9) 

0.15699 (3) 

0.0544 (1) 
0.0285 (1) 
0 3599 (5) 
0.4069 (5) 
0.3139 (6) 

0.2837 (4) 
0.X03 (6) 
0.1341 (5) 
O.li61 (5) 
0.2701 (4) 
0.2882 (4) 

0.3011 (4) 
0.2231 (-I) 

0.1609 (5) 
0.2016 (5) 

0.11265 (2) 2.09 

0.0503 (1) 3.75 
0.1714 (1) -I.51 
0 2097 (3) -I 30 
0.1659 (4) 4.66 
0.1355 (3) 4.84 

0.0478 (3) 4.42 
0.013-I (3) 5.14 
0.0357 (3) 4.94 
0.0837 (3) 4.69 
0.0933 (3) 3.79 
0.1862 (3) 2.33 
0.1388 (3) 3.11 
0.1381 (3) 3.25 
0.1836 (3) 3.38 
o-21-%1 (3) 3.51 

c The Iable of structure factors bas been deposited as NAPS DocumenL No. 02440. WIUI ASIS/N.APS, 
clo h¶mroEiche Pubbuuons. 305 E. 46th Street. New York. New York 10017. x copy may be 
secured by cir:ng the document and remrltfng $1.50 for ticroflche or $5.00 for photocopies. 
Advance pwment LS requved. Make checks payable Lo hlicrofiche Pubbcatlons. 
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T4BLE 4 

HYDROGEN ATOh POSlTION4L PARAhlETERS AND ISOTROPIC TEAIPERATURE FACTORS 

H(1) -0.0137 0.3270 0.2389 5.30 

H(2) 0.1131 0 4095 0.2312 5.30 

H(3) 0.0093 0.1356 0.1352 5.66 
H(4) -0.115?_ 0.4590 0.1850 5 66 
H(5) -0.2526 0 3865 O.ll-lO 5 8-? 

H(6) -0 a-loo 0.3134 0.1659 5.8-l 

H(7) 0.0680 9.3134 0.041,0 5.42 

H(8) 0 0838 0.1880 -0.0”06 6.1-l 
H(9) -0.1110 0.0701 0.0101 5.94 

H(10) -0.‘255:! 0.1130 0 1086 5.69 

H(11) 0.2894 0.3557 0.1108 1.11 

H(lL?) O.-l812 0.2118 0.1104 -?.‘25 
H(i3) 0.4060 0.1001 0.1931 4.38 

H(1-l) 0.1665 0.1735 0 2486 4.51 

tetrahedron comprised of oonds to two chlorrne atoms and to the r entroids of 
the n-cycloper,tadienyl rings of the l,l’-trimethylenedicyclopentac’ienyl group. 

The distances from the heavy atom to the centrords of the cyc*lopentadienyl 
rmgs of 2.192 and 2.193 A (Table 5) and the Zr-C! distances associated with the 
five-membered rmgs, which are all in the narrow range of from 2.477( Yr to 
2.516(i) A, establish the pentalzapto coorcllnation mode of these groups [ 141. 
These zirconrum to carbotr distances are comparable to those reported by Bush 
and Slm [15] who found .I mean ZrC length of 2.50(l) X In bis-(x-dicyclopenta- 
dienyl)difluorozirconium(IV) [(CjHg)2ZrFz] from X-ray diffraction studres. These 

Fig. 1. Configwakoo of the I.l’-tnmethylene!cs.clopen~d~enyldlchl molecule showmg tie 

numbrnng scheme used UI the Tables. 



workers also obtained a mean ZI-C distance of 2.48(2) A in the corresponding 
dliodo compound (C; Hj )? ZrI, . .A vapor-phase electron-diffraction study 141 of 
the (C5HS )? ZrClz molecule, howe.Jer, gave a mean Zr--C: separat,lon of 2.5235) A 
which is slightly larger but still in substantial agreement with the values listed 
in Table 5. Table 6 provides further comparisons of intramolecular parameters III 
(CH?)J(CjH4)2ZrClz and several other related molecules [ 16, 171. 

The ZrCl bond lengths of 2.451(z) and 2_-l31(2) A, with un average of 
2_J11(101 .a, calculated for the title molecule are significantly longer than those 
reported by Ronova et al. [4], from a vapor-phase electron-dlffractlon study, 

T9BLE 5 

INTER ATOhlIC DISTANCES (44) AND ANGLES (“) ABOUT THE ZlRCONIUhl 4TOhl 

Bond drstonces 

Zr-CIt 1) 2.451 (1) zr-Cl(?) ?.-I31 (2) 
av. Zr-CI dlst 2.441 (IO) 
Zr-R(l) a a.192 Zr-R(2) u I? 193 

Zr-c(4) 2.482 (7) Zr-C(9) 2 506 (6) 

zr-C(S) 1.477 (7) Zr-c(lO) 2 -l96 (6) 

Zr-C(6) 2.487 (8) ZI-C(11) 2 483 (7) 

zr-C(‘I) 2.496 (6) 2r-q 12) 2 487 (6) 

Zr-C(8) 2.516 (7) ik-C(l3) a.502 (6) 
ar Zr-C dust. nng 1 9.492 (7) 
nv. 22-c d.lsl. nng 2 2 495 (4) 
av. Zr-C dlsl. both rings 3.494 (4) 

Bond onelcs 

CM1 )-zr-Cl(1) 96.92 (7) Cl(Z)-Zr-R( 1) 106.8 
CI(~)-ZI-R(~ 1 106.4 Cl(S)-m--R(S) 106.3 
CI(l )-Zr-Ri?-) 106.2 R(l)-21-R(2) 129.5 

a R(1) and R(2) are (he two rings cenlrotds. 
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TABLE 6 

BOND DISTANCES (A) AND ANGLES (“1 OF THE [(CHZ)~(C~H~)~] GROUP 

Bond drstancas rn trzmefhylene group 

C(1 &c(2) 

C(1 )--c(9) 
C(“,)--c(3) 

C(3l-c(8) 
ar. C-c dust. IA99 (5) 

Bond drslnnces rn rings 

C(4)--c(5) 
C(5l-c(6) 
C(6)-c(7) 
C(7Fc(6) 
c(4I-C(8) 
a”. C-c drst. “ng 1 
~b. C-c dst. nng 2 

9”. C-c dti. both MEiS 

1.396 (10) 

1.363 (11) 
1.385 (10) 
1.406 (9) 
I.412 (10) 
1.392 (9) 

1.397 (7) 
1 395 (5) 

C(9)-c(lO) 
C(IO)-_c(I 1) 

C(llFc(l2) 
C(12)-c(13) 

C(9)-c(l3) 

lnlemtomlc angles IR trimelhyienc group 

C(9)-c(l I-C(Z) 
C(1 )--c(1k-c(3) 
C(BkC(3)-C.(B) 
zav. C-C-C irngle about tnmelhylene carbons 

117.8 (6) 
117.3 (6) 
117.2 (6) 

117.4 (6) 

c(l)--c(9)-c(lo) 127 5 (5) C(3)-c(8)--c(1) 127.6 (6) 

c(1+c(9)-c(l3) 124.9 (6) c(3+c(8~-c(7) 127.8 (6) 
9~. C-C-C sngk betbbcen LnoeLbylene and rung cybons 127.0 (6) 

lntaralomic angles rn cyclopenloCieny1 rings 
C(-%+C(5)-c(6) 108.5 (7) 

c(5)-c:6+fx7) 107.5 (7) 

C(6)_C(7kC(8) 110.7 (6) 

C(4I-C(W-c(7) 104.0 (6) 
c(5)-C(4 I-C(8) 109.3 (6) 
a”. c-c-c angle. nzIg 1 1OB.O (11) 
2”. c-c-c zinple. nng 2 108 0 (6) 
av. C-c-C ade. both 

n?itzs 108.0 (6) 

1.503 (11) 

1.509 (9) 
1.485 (11) 

1.?97 (10) 

1.413 (9) 
1.383 (9) 

1.377 (9) 
I.412 (9) 
1.398 (9) 

107.8 (5) 

109.7 (6) 
107.1 (6) 
log.4 (6) 

107.0 (5) 

but are typical of values found in other complexes in which the zirconium atom 
is bound to z-cyclopentadlenyl groups (Table 7). Stezowslci and Eick [ 171, for 
example, report a Zr-Cl distance of 2.50 X in n-cyclopentadienylbis(acetyl- 
acetonato)chlorozirconium(lV), while Bush and Sim [ 151 cite a distance of 
Z-430(3) A in (CsH5)? ZrCl(SrPh~) obtained by Muir. As expected, the mean 
Zr-Cl bond length in (CH2)s(CSH4)I ZrCl, is intermediate between the values of 
1.975(5) and 2.632(Z) A obtained for the 2x-F and ZrI distances, respectively, 
in (CgHs)?ZrFz and (CgH5)2ZrIl [15]. 

The Cl-Zr-CI angle of 96.92(7)“, agrees closely with F-Zr-F and I-Zr-i 
angles of 96.2(3) and 96.2(1)O, respectively, reported for the difluorozirconocene 
and diiodozirconocene molecules [ 151, but not with the approximate value of 
104(2)” obtained for (CsHS)~ZrClz from electron-diffraction studies [4]. Similar- 
ly, the centroid-Zr-centroid angle is smaller than the corresponding angle found 
for (&H, )z ZrCl, in the vapor phase, but again agrees well with those found in 
(C, HS)ZrF2 and (C5H5 )ZrIz (Table 7). 



TABLE 7 

INTRAMOLECULAR P.\RAhlETERS iN SOME <CP’),ZrXY COMPLEXES 

Complex Zr--Y dst. 2r-C dfi.r. c-c! (rmsb CP-zr-CP X-Zr--X Ref. 
dtsl. angle angle 

;a, <\) lab C) (“1 

(CH2)3(C5H4)~ZrCI~ 2.441 (10) 2.491 (4) 1.39 (1) 129.46 96.92 (7) Ttus work 

WjHj)2ZrCI, Q 2.309 (5) 2.522 (5) 1.42 (1) 134 (5) iO4 (2) 4 
(CsHs)?ZrF2 1.975 (5) 3.50 (1) 1.36 (2) 127 8 (7) 96.2 (3) 15 
(CsHj)2Zrl~ 2.832 (2) 3.18 (2) 1.35 (4) 126.3 (7) 96.2 (1) 15 
(CjHg)2ZrCI(SIPh3) 3.430 2.19 (1) 15 

(CSH~)(CF~COCH,- 

COCF3)3Zr 2.527 (6) 1.40 (2) 16 
(CjHj)(MeCOCH2- 

COhlr)~ZrCl 1.50 (1) 2.55 (5) 1 .-I3 (5) 17 

a Vapour phase elecrrond~lfracrroo stud>. 

From the equation of the plane calculated through the zirconium and the two 
chlorine atoms: -0.7422x - 0.081-J - 0.6651~ + 2.6005 = 0, and through the zir- 
conium and the two rings centroids: + 0.6601x + 0.0959y - 0.7451~ t- 1.0285 = 0, 
it can be shown that the second plane is the approximate bisector of the Cl-Zr 
-Cl angle. Using the “Mean Plane” program of Poppy and Ahmed [ 181 distances 
out of the centroid-metal-centroid plane of 1.845 and 1.809 A are calculated 
for C(11) and C( 12), respectively. In the same way, the chlorine-metal-chlorine 
plane bisects the centroid-metal-centroid angle oi 129.46”, with the ring 
centroids being separated by distances of 1.978 A for the centrold of rmg 1 and 
of 1.988 X for that of ring 2. 

Table 6 gives a list of calculated bond lengths and angles in the l,l’-tri- 
methylenedicyclopentadienyl group. The C-C distances range from 1.363( 11) 
to 1.412(10) X [average l-392(9) A] in ring 1 and from 1.37719) to l-413(9) A 
[average 1.397(7) A] in ring 2. The mean carbon-carbon bond length of 1.395 
(5) A for all ten aromatic bonds is essentially equal to the vaiue of 1.399(5) A 
found in (CH, ),(C, H, ),TICI? [ 1, 21. This compares to the C-C distances of 
1.36(2) and 1.35(4) A obtained for (C,H,),ZrF, and (CSHS)?ZrI,, respectively, 
where there is no exocyclic carbon chain connecting the rings. It may also be 
compared to the average C-C distance of 1.40(2) A in (CjHj)(CFJCOCHZCOCF;),. 
Zr [16] and of l-43(5) A in (CjHg)(CH,COCH2COCH3)2ZrCl [17]. The bond 
angles at the carbon atoms in both rings average 108”, the ideal value for a regular 
pentagon. The mean methylene-carbon to ring-carbon bond distance is 1.503(6) A 
and the average methylene-carbon-methylene-carbon distance is 1.494(9) A. 
These distances between sp2 and sp3, and between sp3 and sp3 types of carbon 
atoms are comparable to those found between similar types of atoms [l-495(5) 
and l-508(5) A, respectively] in (CH, )3(CSH_,)aTiC12 [ 1, 21. Bonding angles at the 
exocyclic carbons, on the other hand, deviate considerably [average 117.4(z)“; 
from the expected tetrahedral value of 109.5”, indicating a fair amount of strain 
in the trimethylene moiety. It is apparent that those angles have to deform more 
in (CH2)3 (C,H, )* ZrCl, , where there is a bigger atom sandwiched between the 
cyclopentadienyl rings than in (CH,),(C,H,),TiC12. In the latter molecule, the 
angles about the trimethylene carbons average 114.9(3)“. All three carbon atoms 
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of the eXocyc!ic cham are to one side of the plane defined by the zirconium atom 
and the two ring centroids, the distances being 1.713(Z), 1.526(B) and 1.753(B) ?I 
respectively, for C(l), C(2) and C(3). 

Cyclopentadieny! ring 1 is strictly planar and may be represented by the 
equation: - 0.7139.r + 0.3538~ - 0.6043~ - 0.7233 = 0, with a $ -value of 
1.313 [19]. The largest displacement of a carbon atom from the mean plane is 
0.005( 7) A (Fi g. 3a). while the largest displacement of the idealized hydrogen ator 
1s 0.005 A. C(3) of the trimethylene chain, however, deviates from the plane by 
O-166(7) A which, agarn, irldlcates some degree of strain in the [(CH,)J(C,H,)~ ] 
group caused by the nccomodatlon of the larger metal atom betwee!) the two 
aromatIc rings. 

Ring 2 is also perfectly planar, the largest deviation of any ring carbon atom 
from the mean plane being 0.005(7) A (Fig. 3b). The hydrogen atoms deviate fron 
the plane by distances no less than 0.001 and no greater than 0.018 A but of 
course were originally placed in ideal positions re!ative to the ring. As was found 
rn ring 1, the exocycllc atom C(l) !s out of the mean plane of the carbon atoms 
by O.lSO(7) A in the directlon of the zirconium atom. The best-fit, mean plane, 
of ring 2 is represented by the equation: - 0.6247~ - 0.4894y - 0.60882 - 
5.4125 = 0, with an index of planarity, x’, of 1.723. Rings 1 and 2 make a dlhedra 
angfe of 50.2” in t!bls structure as compared to an angle of 46.4” in (CH,),- 
(C5H~)ITiCI-, [ 1, 21 where the two arornatlc rings are c!&er to each other. 

The moiecular structure of (CH,),(C,H,), ZrC!, has the interestmg feature 
that the two cyclopentadienyl rings are almost identical and symmetrically dis- 
placed wrth respect to the metal atom, as shown before by the equal Zr-ring 
centrold distances and the nmow range of ZI--c distances. This is further 
Illustrated by the fact that the angles betwel?n the ch!orme-metal-chlorine 
mean plane and the planes of rings 1 and 2 Xe 25.5 and 24.7”, respectively. That 
is, the Cl-Zr-Cl plane no; only bisects the centroid-metal-centroid angle but 
also the dlhedra! angle between the rings. Tllis symmetrlcal disposition of the 
two cyclopentadienyl moieties about the heavy atom is attributed to the fact 
that there are no unusually short intra- or inter-molecular contacts in the struc- 
ture (Table 8). It should also be mentioned thai the two rings are eclipsed in 
the mo!ecu!e as may be se.?n by examining Figs. 1 and 2, and by the fact that 

C? +0166(7) 

I 

Cl -0179t71 

I 

--cooq&l cs- c5 raoOl(8l 

/ \ 
n9 tar H8 -QCO6 

-aoal 

+mO5r71 

+ClOlO H,,~c’z~c”~~~QOO, 

Ftg. 3 Disphcements UI Anpstroms of atoms Tom the best-tll mevl pkme through the cyclopeotadlene 
rings. Rmng 1. (a). Rmg 2. <s). The e.s.d.‘s are grven m psrentheses. 



TABLE 8 

NONBONDED INTR 4- AND INTER-\IOLECUL\R CONT\CTS OF LESS THAN 3.60 % ABOUT THE 

ZiRCONIUhl AND CHLORINE 4TOUS 

lnfromoleculor d~stonccs IAl 

21-H(7) 3.07 Zr-H(11) 3.09 
Zr-H(8) 3.05 Zr-H(l2) 3.06 
Zr-H(S) 3 07 Zr-H(13) 3.07 
Zr-H(10) 3.09 Zr-Hf1-Z) 3.09 

Cl(l)-C(12) 3.65 Cl(2)-C(6) 3.48 
Cl(1 )-C(5) 3 17 Cl(l?)-C(7) 3.17 
Cl(l)-c(6) 3 38 CI(~,)-cxl2) 3.14 
CI(l)-C(ll) 3.18 Cl(2bC(13) 3.15 
Cl(l)-C(2) 3.38 C](2)-H(9) 3.53 
CI(1 a-H(8) 2.99 CI(SbHt10) 2.99 
CI(1 )-H(9) 3.39 Cl(“)-H(13) 3.51 
Cl(l)-H(12) 3 00 Cl(2I-HI 11) 2.99 
Cl(l)-H(13) 3.41 

Inlermolccular con tucls obou t CII I) and Cl(Z) 

CI(1 )-H(S) 1.78 100 10 
Cl(l)-H(7) 3.38 100 5 
CI( 1 )-H(3) 3.00 000 3 
Cl(l)-H(7) 3.15 000 3 
Cl(l)-H(11) 3:s 003 3 
Cl(2)-H(1) 3.32 000 3 
CI(PPH(5) 3.11 000 3 
Cl(Z)-H(1 1) 3.16 000 3 
Cl(S)-H(1) 3.45 100 2 
CI(L’)--H(4) 3 50 100 2 
CKI-)-H(2) 9.90 000 2 
CI(“J-H(1 3) 3.30 000 4 

a The notal~on 100 1 lndlcalrs that me iwst -tom IS in svmmetr~ roslt!on 1 translated one umt cell alone 
the x direclmn. The s,mmelry positrons I , 3. 3. 1 and 5 are. respecrl\ely. x. .\‘. -, .a. 11 + 1. ‘I - 2. !r - x, 
55 L \I. z: Lb+ x v It--_‘: 53+ r. !I t y. i . . 

Fig. 4. Stereoscopic view of PZIC~UI~ in the (CH~)J(C;HJ)?Z~CI~ UIII?, cell. 
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the distances of atoms C(4) through C(13) from the centroid-metal-centroid 
plane are correspondingly equal in the two rings. A packing diagram of the mole- 
cules in the unit cell of (CH2),(C5H,), ZrCll is shown in Fig. 4. 

A full discussion of the effect of thermal motion on the magmtude of the 
ring carbon-carbon distances will be deferred unti! the projected study of the 
remaining cyclopentadiene compounds is compieted. However, it is of interest 
to note that the spread in the C-C bond lengths for (C5H5)2 ZrF? and (C5H5 )* - 
Zrl, is about twice that observed for the subject compound. This is in substantial 
agreement with results quoted m the mtroductlon for analogous titanium com- 
pounds. 
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