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TiiE CRYSTAL ARD !4OLRCULAR STRUCTURR OF p-)I'-DICHIAROBIS&EXAFLUORO- 

BVP-2-RRVL)-BIS(CYCLOOCTA-1.5-DIkXYL)DIXRIDIUH(III). 

David R. RuSSell* and Paul A. Tuckert 

Department of Chemistry, University of Leicester. Leicester IEl ?RR. 

(Seceived October 14th. 1976) 

The title CCUQOWL~ is isolated frun reaction of hexafiuorobut+!-yne 

uith P--p~-Dichlorobis(cycloocta-l,5-1Lene)diiridium(I~ at 90°C. crystals 

of the coa~pler, solvated vith deuterobenzene. are monoclinic, space group 

~2lf~vitb a = lo.97 ~0.02, b= 17.96 z 0.03, S= n-63 ~0.02 2. 6 = 

x27-l *0_60: The acetylene has abstracted a hydrogen 8tQp forming a o- 

bonded cig-vinylic group and the original cyclooctadiene, having lost a 

proton, is coordinated as the cycloocta-1.54iienylllgand. Mean bond 

lengths are Ir-C12.467, Ir-C (allylic) 2.17. I-C (olefinic) 2.36 and 

Ir-c (v*lic) 2.09 Iz. 
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The reactions of C,,F6 vith P-)l'-Dichlorobis(cycloocta-1.5-diene) 

dirhod.iua(I) and (cyclooeta-1,5-diene)acetylacetonatoiridium(I) produce 

caaplexes in which the acetylene has, respectively, added 1,4 to the 

cyclooctadiene ligaud. and, formed an iridiacyclopentene rlng[2]. Complexes 

similar to II are almost cestaiuly intermediates in the formation of these 

addition products and it is probable that complexes similar to I are also 

intermediates. However, because of the higher temperature required to 

form I, it is likely to be further along any postulated reaction sequence. 

The formation of 

since the change 

III 
coordinate Ir 

II) 

I from II vould be an important step in such a sequence 

is fraa formally five coordinate IrI to fonaally six 

sad involves no more then a net proton transfer. - 

(III 

Experimental 

bexadeuterobenzme used to record the 'H n.m.r. 8pectna. They welt 

paraUelipipedm vith the foram ~1001. fOli') and COll) denloped. Tbe 

cryatalm mlwly becmc opaqum mtendingin airandwretbererore ualed 

intbin-ualled~~ capillaries. -~uiiitcuUdimlslmsue frcmo8cillation 

pbotograpbsrecoxdedvithCS_ rrdiUlcpaa~fWm28 ml&t8 t~_rrdiatifnd 

opt~sedan aU&ssenkrgdiffkact&. 

mUtdI]ata-- -~&,,y,&gr~~zc~xy~ (r).~= yf3.8,-dic vita ‘-1 

5' 10.97 +0.02:~.~.1'1.96_~0.03,~.r~L1.~3 ~'tj.oex; a--,l2*:4 &0.6?. .;. 
_, -... 



absences LO &vhen h+1=211+1andQkOvhenk=2n+l. A ku-&I = 

1.5419. A (MO-KJ - 0.71072. p 04oKK) = 79.5 an-l. 
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IntenSitieS Yere measured in ten layers (0 k 1 through 9 k 1 ) ox, a -- -- 

Stoe Weissenberg diffractometer using monochromatic Ho% radiation aud a 

w-scao technique. The 1755 significant &> 2u(1)1 intensities with 0.1~ 

sint~f~ < 0.62 -' nmisured fran 8 crystal of approximate dinensions 0.032 x 

0.014 x 0.01&m were corrected for Lorentz polarisation and abSorpti0a 

effects [31. 

Scattering factors were taken frcm ref. 4, correctioos for the 

auanalous scattering by iridium were frau ref. 5. The structurevas 

solved by conventional 'heavy ataa' methods. The positional sod themal 

pamDIeters of the non-hydrogen atans were refined by = block-diagonal 

least-squares procedure each block containing the p=aseters of oae at=- 

Anisotropic themal parameters sere refined for Ir, Cl ad F atom. 

Eydrogen at- were not located and not included in the structure factor 

calculation5. slight crystal decanposition was trident arid layer scale 

factors were refined before anisotropic thermal parameters were intro- 

timed. In the final cycles a veighting scheme. ulth the night givm by 

*= (5.53-0.20734+ O.cm1~~~2Y-~ , was introduced la order that gl12 be 

approxlmatelyindependentof s. 
II 

The final Rvaa 0.071 and E* 0.076 

Q' = &ClSl-~l)/E&~) for1755 reflections. Thcmuimm shift ia 

the final cycle wan 0.1~~~. A final difference Fourier synthesis. shoved 

no maxima or mlnlna vith au absolute height > 0.&ET3. The flualat~c 

Cood.iMtes and themal parauctera are listed in !lTable 1. All anisotropic 

themalpammeters h+drcalprlncipal cmpcmmt8. 

kontinued on p- 308) 
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BOND LMGTHS (2, AiiD ANGLES co) iiITli ESTIWSLZD 

STAXDARD DEVIATIOZIS (IEi PARFXXESESS). 

Mean C-C (benzene) and C-F bond lengths are 1.51(9j and 1.2616) P 

respectively. The mean C-C-C (benzene) angle is I20 (10): M(1) is 

the midpoint of the C(4)-C(5) bond and M(2) is the centre of gravity 

of atoms C(l), C(2) end c(8). 

Ir-Cl 

Ir-Cl' 

sr-C(l) 

Ir-C(2) 

Ir-C(a) 

W-C(4) 

k-C(5) 

Ir-C(ll) 

C(l)-c(2) 

cm-c(a) 

C(2)-C(3) 

c(3)-C(4) 

C(4)-C(5) 

c(5)-C(6) 

c(6Lc(i') 

C(7LC(8) 

c(llMm2) 

Cm+C(9) 

cu)-c(10) 

2.454(6) 

2.480(6) 

2.13(3) 

2.19(3) 

2.la(3) 

2.35(3) 

2.X'(3) 

2.09(2) 

1.47(4) 

1.3a(4) 

l-47(4) 

1.52(4) 

l-37(4) 

1.55(4) 

1.61(4) 

1.47x4) 

1.47,7(&I 

1.51(4) 

1.26(L) 

Ir-Cl-Ir' 

Cl-Ir-C(11) 

Cl'-Ir411) 

M(2LIr-C(11) 

M(l)-Ir-Cl 

H(lLIr-Cl' 

H(lLIr-Mi(2) 

Cl-k-Cl 

Cl-Ir-M(2) 

Cl'-Ir-H(2) 

Ir-C(ll)-C(lO) 

Ir-C(llLC(l2) 

c(12)-c(11)-c(10) 

c(ll)-c(lo)-c(9) 

101.5(g) 

m(l) 

90(l) 

94 

95 

90 

84 

78-S(6) 

u9 

143 

la21 

119(2) 

120(2) 

l30(3) 

127(3) 

98(31 

l21(3) 

l32(3) 

114(2) 

ll2(2) 

lm2) 

ll9(2) 

- 
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FICUREl Molecular gemetxy and atcm numbering for 

E~~C~H~~cC~CF3~C~CF~~H3cl12. Thermal . 

ellipsoids are scaled to 10% probahllity. 

Bond lengths and angles are listed in Table 2. The canplex 

symmetric diner, each half containing (L pseudo-octshedrally 

TtT 

is E cexltm- 

co-ordinatcd 

Ir -a atanifthe aLlylfunction is regardedas ananionic four-electron 

donorocrupyingtwoaites ofthe (dlstortcd) octahedron. 

The Ir-C(vZnylic) and C-C(vlnylic) bond lengtha In I [2.09 and1.268 

rap,1 are similar to those reported for the vinylic grouping in the 

compues, IrCc(aa) = ctcxiMHc2(81)&'I-%&C0 (2.09 and 1.;9al c6l =d 

frkif = CXBloC~~3 )kC~loC~X~)c1~pp4~2C0 (2.08 aad 1.29~) ['I]. 'ik 
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c112, in which all Pd-C distances arc et&l. the angle is ll1.5O [lOI 

whereas. for exsmple. in Pd(a-allyl)(SnU3)(PPh3). where the metal- 

central carbon distance is shorter. the angle is llb.S" [ll]. The 

difference betuecn Ir-C(1). 2.&. and the mean of W-C(2) and Ir-C(6) 

distances, 2.192, although of low significsnce is in accord uith this 

relationship. 

The presence of a co-ordinatcd double bond in the cyclo-octadicnyl 

ring appears to impose a rotation on the co-ordinatcd ally1 function 

with respect to the Ir Cl plane and about the Ir-Ir veetbr. relative 
2 2 

to the observed orientation in unconstrained v-ally1 complexes. This 

effect csn be observed in Fig. 2, 

Ir-Ir vector intersects the ally1 

central carbon atom than does the 

absence of any twisting about the 

FIGURE2 

where it may also be seen that the 

group plane at a point nearer to the 

Pd-Pd vector in [Pd(r-allyl)Cl],. The 

C(k)-C(5) bond, and the uncxccptional 

Oricntaticm of the r-allylic fuucticm: 

af in I(=-allyl)PdClJ2 

b) in mplcx I. 

ringauglcsandringbapdtorsioaaagles [Tables2 and31 arc indkativt 

ofalrcLtofstraininthccyclo-oetadicaylli8aad~ Themeulofthc 

c(3) -_c(2j - C(I) - c(8) aad c(2) - C(1) - ~(8) - C(7) torsion We8 

[koOj cap+ms withthe correipcn~ angle of 43O Ill 1.1.3.3-b5tra=et41- 

~&l~U(III diaer~tl21. 
-.. - 

&oim!rT@&~& betueenthctuoIr-cl bondleagths,togcthcr 

._:- &g&&&&&~antatiddi~o~ $I+ tlm:o&r a&y1 CUbcQ rfau [c(2)- ~.~ ._.:. ,. __ 
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TAXS3 TOFlSIOH ANGLES to) FOR THE RING BOHDs IN THE 

CYCLOOCTADIEHYL LIGAND. 

~(8)-C(l)-C(2bC(3) 33 c(~)-c~~)-c(~)-c(?) 33 

C(lbC(2bC(3)-C(~) 89 c(5bc(6bcm-c(8) 46 

C(2bC(3)-C(4)4(5) 91 c(6)47bc(8)41) 102 

c(3Lc(irLc(5I-c(6) 1 Ccr)-C(8bC(lbC(2) 47 

TABIS 4 MEAN PIAtiES DEFIHED 3Y ATOMS AND DEVIATIOM 

(2, OF SPECIFIED ATOMS F'ROM TilOSE PLANES. 

i) 

if) 

iii) 

_ iv) 

VI’ 

~(13). c(14), ~(15). ~(16). ~(17)s C(l8): 

~(13) 0.03, ~(14) -0.09. ~(15) 0.06 

~(16) -0.00. ~(17) -0.07. ~(18) 0.06 

Ir, C(9). C(10). C(3.l)~ C(l.2): 

Ir 0.01, C(9) 0.03, C(10) -0.06 

c(u) 0.05; ch2) -0.02 

Ir, Ir'. Cl, Cl': 

c(l) -0.35. c(2) 0.50, ~(81 0.09 

c(4) 2.18, cts) 2.32. Ch..I) -2.09 

c(l), c(2). c(8) : 

c(3) -0.65. ~(7) -0.88 

c(3). c(4), c(5). c(6): 

c(3) 0.00. C(4) 4.00. c(5) 0.00 

c(6) -0.00 
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group is unsynsnetrlcally co-ordinated, with C(8) having the greater o- 

component. Unfortunately, the two bond lengths C(1) - C(2) and C(1) - 

C(6), though of low accuracy, do not correlate with this conclusion. 

The extreme snisotropic thermal panmeters obtained for the fluorine 

atoms (Table 1 and Fig. 11, frequently observed in conrpounds containing 

CF3 groups, suggest large librational motion or disorder about their 

respective C-C bonds. 

The geometry of the huadeuterobeneene molecule is poorly detexmined. 

The large temperature ractots or its carbon atcam suggest considerable 

libration but it is also possible that the crystal 'decomposition 

(tide suma) is due to loss or this solvent of crystallisation vith 

resulting lack 

Pig. 3. There 

of definition. The molecular packing is illustrated 

are no exceptionally short intermolecular contacts. 

a 

in 

FIGmE OFKZP stereo draving of the unit cell contents_ 

vlevedappr0ximatelyal0ng [loOI. 

~ovledmmult8 

yt thank Jtr. 0. A. Clarke ror supplying the crystals, the University 

of Leicutu caplune L8horatcny r0r facilitie8. the S.R.C. ror rinancial 

arqrpore,W J- mtt&ybc0.ud,r0rax0a~oriridi~rtu. 
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