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Summary 

The precise molecular structure of the title compound has been deter- 
mined by single crystal X ray dlffractometry It consists of a cyclohevadlene 
nng fused at the 5 and 6 posItIons to a cyclobutane rrng which IS m turn fused 
to a cyclohewne ring The two sl\ membered rmgs are trans to each other with 
respect to the shared four-membered nng The Fe(C0)3 moiety IS bound in the 
usual way to the conjugated dlene portlon of the cyclohexadlene rmg The fea- 
ture of greatest Interest IS the mutual Influence of the conformatlons of the 
two fused cycloalhane rings,, whose lntnnslcally preferred conformations are 
mutually IncompatIble Under the influence of the fused cyclohexadlene nng 
the C, nng would tend to be planar, while the cyclohexane rmg would tend, 
of Itself, to have a chair conformation The actual result IS a compromise, wth 
the C, nng being folded by 15” along its dlagona! and the C, nng havmg a con 
formatlon intermediate between plananty and a chair Crystallographic data 
space group, P2,, 2 = 2 Unit cell dlmenslons at 3°C are a = 6 176(l), b = 

11 307(Z), c = 9 781(Z) S, and P = 92 89(2)” A set of 1733 reflectlons hawng 
28(Mo K,) < 63 7O and 1> o(l) was refined to convergence (R, = 0 055, 
R, = 0 034) with hydrogen atoms refined rsotroplcally and all others anlso- 
tropically 

* * 00 leave fmm San Fe-do ValIev Slate College as a Nal~onal Science Foundation Facula 
Fellow 1971-1972 
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tntroductlon 

Previous work in these iaboratorles has led to the preparation and struc- 
tural charactenzatlon of a series of compounds formed by the reachon of 
polyolefims of type I wth FeZ(CO), and hlo(CO),(CH,CN), [l-4] Among 
these have been compounds II V These are of Interest because of the oppor- 
tunltles they afford to study the conformatlonal Influence of one fused ring 
upon another Thus far, the structures of II 131, III [2] and IV [4] have been 
determmed by X-ray crystallo,graphy and reported In detail Comparison of 
III and IV showed that conformatIons are not slgnlflcantly senslttve to crystal 
envuonment 

(I) in = 2.3.4) (II!) (III) 

tOC)~Mo f-m) (OC),Fe -m 
(.E?) (PI 

In this paper we report and discuss the detalled structure of compound 
V, in whvzh the tendency of the central four membered ring to be essentially 
planar (as It IS in II, III and IV) and thus constraln three consecutive C-C 
bonds m the saturated xx-membered ring to be coplanar IS In conflict with the 
inherent tendency of the SLX membered nng to adopt a chrur conformation 

Experunental 

Tr~cyc:o[G 4 0 O? 7 Jdodeca-3,5 dlenetrlcarbonyluon, Fe(CO),( C, :H,,) 
(compound V), wan prepared and characterized In this laboratory by Dr G 
Deganelio [ 1 ] Large, well shaped, yellow, single crystals suitable for dlffrachon 
studies were obtamed by recrystalllzntlon from toluene Nelssenberg and 
precewon photographs used to determine the probable space group and a 
prehmmzuy set of laftlce constants mdlcated monoclinic, 2/m, symmetry The 
systemahcally absent reflectlons were those requrred by the noncentrosym- 
metric space group P2, CG (No 4) or the centrosymmetrlc space group 

P%,, C& (No 11) [5] 
A crystallme specimen approwmatmg a rectangular paralleleplped wth 

dlmenslons of 0 16 X 0 30 X 0 25 mm WLS cut from a larger smgle crystal and 
glued to the end of a thin gkss fiber havmg a tip diameter of 0 10 mm Thrs 
crystal was then accurately centered optIcally on a computer-controlled four 
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crrcle Syntex Pl Autodiffractometer ithose gonrometer was located m a cold 
room marntarned at a temperature of 3 2 1°C A total of fifteen high angle 
[BO(Mo-K,) > 25”] reflectrons, chosen to gwe a good sampling of recrprocal 
space and diffractometer settings, were used to align the crystal and calculate 
angular settmgs for each reflectron A lest squares refinement of the drffrac- 
tlon geometry for these 15 reflections, recorded at a temperature of 3 + 1°C 
wth Nb filtered MO-K, radlatton (X = 0 71069 I) gave the lattice constants 
a = 6 176(l), 6 = 11 307(Z), c = 3 781(Z) A, and I; = 92 S9(2)” A unit cell 
content of two Fe(CO),(C,,H,,) molecules gwes a calculated densrty of 1 16 
gcmw3, m good agreement wrth the obsened denstty of 1 18 gem-’ measured 
by flotation 

intensity measurements utlllzed Nb filtered hlo K, radratlon and the 
O-20 scannmg technique wrth a Z” take-off-angle and a normal-focus X-ray 
tube ? scanning rate of 2’/mln 1ia.s employed for the sy mmetncal scan betbteen 
settings 1 0” above and below the calculated K, doublet values [X(K,,) = 
0 70926 A and X(K,.) = 0 71354 A] of each reflection Bachground counts, 
each lasting for half the total scan time, were tahen ar both ends of the scan 
range A total of 1926 Independent reflectrons having l?O(hlo K,) < 63 7” 
(1 5 times the number of data rn the lrmrtlng Cu K, sphere) \\ere measured In 
concentrrc shells of IncreasIng 20 contnlnlng appro\lmately 650 reflections 
each The five standard reflections measured every tao hundred reflectlons as 
a monitor for possible dlsallgnment and/or deterloratron of the crystal, gave 
no lndlcatlon of either 

The linear absorptron coeffwlent of the crystal [S] for hlo-K, radratron 
ts 1 14 mm-‘, yleldlng a ,uR of 0 23 for a spherwal crystal having the same 
volume as the specimen actually used Smce the absorptron of A-rays by a 
spherlcal crystal hawng E.rR = 0 2.3 1s virtually Independent of scattering angle 
[ 71, and deviations from thus absorption occasloned by the use of a rectangular 
paralleleprped shaped specimen are practrcally neglrgrble except for a tnvlal 
fraction of the reflectlons, no absorption corrections were made and the In 
tersltles of all reflectlons were reduced to a set of relative squared amplitudes, 
lF,I’, by means of standard Lorentz and polarlzatlon correctrons 

This set of observed structure factor amplitudes was used to calculate 
a Wilson plot and then reduced to a correspondmg set of normalized structure 
factors, E,,, , The chowe of P2, Ci [5] as the most probable space group was 
Indicated at this point by the poaltwe results of sensltwe tests for plezo elec 
trlclty as \xell as by the values of the various statIstIca lndlcators calculated 
using these normalized structure factors - all of which \\eere In agreement \blth 
a non centrosymmetrlc space group This choice was fully supported by the 
results at all stages of the subsequent structure determination and refinement 

Of the 1926 reflectrons examrned, 193 \\ere eventually rejected as ObJec 
twely unobserved by applying the reJectIon cntenon. I < o(l), where a(l) IS the 
standard devlatlon In the rntensrty computed from o’(l) = (C, + h-B), C, being 
the total count from scannmg, k the ratlo of scanning time to total background 
time (u-r this case, b = 1) and B the total background count The heavy-atom 
technrque, difference Fourier syntheses, and full-matrL\ least-squares were 
used with the remarnmg 1733 observed mtensrtles m the determmatlon and 
refinement of the structure 



372 

The atomic coordmates of the uon atom were readily derived from a 
~hWe-chmenslonal Patterson synthesis The remammg non-hydrogen atoms of 
the totally general positlon asymmetnc unit. were located from successive 
drfference Founer syntheses based on partial models of the molecule 

Urut-welghted full-matrlu least-squares mlnlmtzatlon of the function 
Zur(lF,l- KlF,I)’ (where K IS the scrile factor and w IS the werght asstgned to 
each reflectlon) through refinement of the fractlonal atomic coordinates and 
lsotroplc thermal parameters of the 19 crystallographlcally Independent non- 
hydrogen atoms resulted In a conventlonal unwerghted residual, R, = C IIr;bl - 

lF,Il/GIF,1, of 0 095 and a conventional welghted residual, RT = {ZW(IF',,I - IF,I) 
CWIFJ ] K, of 0 095 These and all subsequent structure factor calculations 
employed the atomic form factors compiled by Cramer and Mann [S] and an 
anomalous dlsperslon correctIon to the scattering factor of the Iron atom [9] 
Utilization of anIsotrop!c thermal parameters for all atoms In further cycies of 
least squares refinement gave R, = 0 064 for 1733 Independent reflectlons 
having %I(Mo-K,) < 63 7’ and I > o(f) 

In order to determine the absolute confIguratIon of the molecule, tt was 
nectary at this pomt to mabe a choice between the two possible enant~o 
morphs Refmement of the enantlomorph produced by murormg perpendlc- 
ular to the b axis gave R, = 0 069 for 1733 reflectlons, thereby mdlcatmg the 
correctness of the orlgmal descnptlon as the absolute conflguratlon for the 
molecule A difference Founer synthesis based on the correct absolute conflg 
uratlon revealed the sLyteen hydrogen atoms In chemically antlclpated POSI 

tions 
Further unit-welghted cycles of full-matnx least squares refinement which 

employed amsotroplc thermal parameters for non hydrogen atoms and lsotroplc 
thermal parameters for hydrogen atoms gave R, = 0 056 

Empulcal weights (w = l/a’) were then calculated from 

o = &,lFJ” = 1 397 - s 12 x lO_‘F, + 3 71 x lo-‘F,’ - 3 x 10-V, 
0 

the a, being coefficients derived from the least-squares fitting of the curve 

where the F, values were calculated from the fully refined model using unit 
welghtmg and an I > a(l) rejection criterion 

Smce the shifts m hydrogen atom parameters were somewhat erratic and 
approulmately equal to ther estimated standard devlatlons, theu va!ues were 
fixed and only parameters for the arusotropic non hydrogen atoms were varied 
m the final cycles of full-matrl?c least-squares refinement which utlllzecl empu 

~cal weights and converged to fmal values of 0 055 and 0 034 for RI and R2, 
respectlveIy, for IT33 mdependent reflections Dunng the final cycle of refme 
ment, no param eter for a non hydrogen atom shifted by more than 0 09 u‘p with 
the average sh& bemg 0 04 op. where up LS the estimated standard devtatlon of 
the parameter. Smce a careful exammation of the final F, and F, values mdt 
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cated the absence of eatmctlon effects, ektmctlon corrections were not, made 
The esd of an observation of unit weight was 1 S7, Indlcatmg a slight under 
estlmatlon of o(F,)” A fmal difference map showed no electron density peaks 
greater than 0 40 e q-3 

The followmg programs were used on an IBi\l 370/155 computer for this 
work MAGTAPE and SCTFTZ, data reduction programs wrltten by V W Day, 
FORD 4P II, Fourier and Patterson synthesis program by Zalkln, ORFLSE, full- 

TABLE 1 

ATOMIC COORDIN4TES AND ISOTROPIC THERMAL P4R?METERS IN CR\ ST4LLINE 
F~(CO)+=I-H,~)” 

Fe 1512(S) 0 -1705(l) 2 78 
O(1) -l236(13) 5OiSt6) -131 l(8) 4-l 

O(2) --1867(16) 366(l) 2533(11) 68 

O(3) 3820(13) --1690(7) 3026(B) 48 

C(l) 2259(16) 51 i(S) 9013(B) JO 

cc2, 3053( 11) 706(7) 7531(i) 29 

C(3) 3192(12) --36-I(7) 661x8) 32 

C(-l) 133J(li) --1OSOr7) 639illl) 37 

C(3) -5iS(l?) --556(11) 61-lJ(13) 38 

C(6) -513(18) 817(S) 6167(10) 38 

C(i) 101-1(11) l-lJ4(7) 7183(B) 31 

C(8) 499(1-I) 1452(11) 8731(11) 46 

C(9) 929(!?8) 2681(15) 93% 15) 59 

C( 10) 2191(23) 2668(15) 10717(13) 61 

C(l1) 4297(2-l) lS-l6( 15) 1059-l(15) 60 

C(13) 3811(22) 677(11) 102.lS(S) 51 

C(l3) 31?8(13) 1276(B) -l168(8) 33 

(x1-l) -524(15) 205(8) 3388t 11) 42 

C(l5) 2968(13) -1051(i) 3734(S) 34 

H(1) 
H(2) 
H(3) 
H(A) 
H(5) 
H(6) 
H(i) 
H(8) 
H(9 1) 
H(9 2) 
H(10 1) 
H(10 2) 
H(11 1) 
!J(ll a, 
H(12 I) 
H(12 2) 

10’r = 

23319) 

-r-l4(10) 

472(i) 
175(i) 

-206(13) 
-206(B) 

8X6) 
-l~l(S) 

23i(13) 
l(9) 

250(12) 
50(12’ 

430(13) 
550(9) 
375(10) 
550(9) 

1OJ” = 
-20(B) 
116(S) 

--71(B) 
-212(9) 

-80(B) 
121(i) 
207(6) 
128(12) 
3H(S) 
302(12) 
381(B) 
215(14) 
386(15) 
230(11) 

35(1-I) 
39110) 

lOJ_ = 

937(11) 

771(S) 
665(S) 
639(S) 
598(B) 
560(6) 
689(B) 
871(10) 
937(12) 

1019(15) 

1085(16) 

1130(S) 

SSS(15) 

il40(13) 

ll-l5(12) 

lOli(8) 

0 Fwures LII ~xeatheses are the estnnaled standard devlahons Coordmate hated vnthouL a standard der?a 
tlon LS symmetry requxred b Atoms numbered to a=ee \k~lh Figures 1 and 2 = lsotroplc thermal pUam- 
ete~ for non bvdrogen atoms are calcuLled from the timenuonless p,,‘s employed durmg rehm?menL as 
6 = d( V2det&,)1 “3 and are grven without standard dewahons. 

- The Lrble of sLIuctLue factors w.U be deponled as a NAPS Document Order from ASI’/Y 4PS c/o 
hhcrofiche Pubhcsttoos 410 Park Atenue South hew rork pu Y 10016 
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matnx least-squares structure refmement program, 2 highly modlfled version of 
Busmg, Martm and Levy’s orlgtnai ORFLS, ORFFE, 2 function and error pro 
gram by Busmg, Martm and Levy, ORTEP, thermal elllpsold plottmg program 
by Johnson, and PUB, 2 modrficatlon of Snyder’s structure factor table pro- 
gram, LIST. 

Atomic coordinates and equwalent lsotropwz thermal parameters for all 

non hydrogen atoms, denved from the final cycle of empincally-weighted full 
mstnx least squares refinement, are @ven In Table 1 The atomic coordinates 
and lsotroplc thermal parameters gwen in Table 1 for hydrogen atoms repre- 
sent values obtamed from the last refinement cycle In which these parameters 
were vaned F&y refmed anlsotroplc thermal parameters for non-hydrogen 
atoms are gven In Table 2 Bond lengths and angles are sven with theu estl- 
mated standard de\latlons m Tables 3 and 4, respectively The equations of 
least-squares mean planes which partlaily charactenze Important subgroupings 
of atoms m the molecule speclfled by the coordmates of Table 1 are given m 
Table 5 along with selected atomic displacements loom these planes 

The perspective ORTEP drawmg of Fig 1 shows 2 side view of the 
Fe(C0)3(C,2H16) molecule and Illustrates the numbermg scheme used for the 
non hydrogen atoms which are represented by elllpsolds having shape, orlenta- 
tlon, and relative size consistent with the thermal parameters lrsted m Table 2 

_,S->’ 
Cl -‘3 

C8 

Cl0 
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ANISOTROPIC THERhlAL PARAMETERS FOR NON HYDROGEN 4TOVS IN CRYST4LLINE 

FHCO)~CIZHI~” 

Fe 
O(l) 
O(2) 
O(3) 
C(l) 
C(8) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
CXIO) 
Cfll) 
C(12) 
C(13) 
C(14) 
C(15) 

183(2) 
-135(25) 
-l55(28) 
-142(25) 
38*(28) 
213(15) 
210(16) 
377(27) 
205(23) 
2i1(26) 
“27(16) 
296(23) 
612t5.l) 
-193(-13) 
-l49(-11) 
51-l(43) 
239(18) 
313(1-l) 
279(21) 

45(l) 
59(5) 

152(13) 
76(5) 
i2(7) 
56( 6) 
65(5) 
41(-l) 
9-f(9) 
85(g) 
52(5) 

113(10) 
151(17) 
142(15) 
135(14) 
113(19) 
67(6) 
63(S) 
5W5) 

88(l) 
1-#6(9) 
202(13) 
141(S) 
86(i) 
7X6) 
98(8) 

119flO) 
l-l9(14) 
lOI(9) 
89(7) 

109(10) 
146t1-1) 
129(13) 
l.l3(1-1) 
85(S) 
79(i) 

139(10) 
99(9) 

-l(l) 
-71(9) 

48( 15) 
57(12) 

5(12) 
-l-l(i) 

29(7) 
-1 l(9) 
-78(11) 

?O(ll) 
l-l(7) 

-2(13) 
155(27) 
66(23) 
33(1-l 1 
77(18) 

S(8) 
39(10) 
28(S) 

6(l) 
40(12) 

-138(16) 
iJ(12) 
55(11) 
9(8) 

56(g) 
100(1-1) 
1fsl-1) 

5(19) 
17(8) 
52(12) 

-97(23) 
63(19) 

-91(30) 
-13(15) 

l?(9) 
-34(18) 

lO(11) 

-B(l) 
-l(5) 

-3MlO) 
-9(5) 
lO(6) 
lO(5) 
J(5) 

-11(6) 
--26(8) 
-=x1(7) 
-6(s) 

-13(S) 
-7% 14) 
--I (12) 

-12(13) 
7(S) 

-l(5) 
-11(6) 
-10(5) 

This numbenng scheme 1s m accord with that used for nomenclature Each 
hydrogen atom carnes the same numerical subscnpt as the carbon atom to 
whwh IL IS covalently bonded, a second numerical subscnpt (with values of 1 
or 2) IS used to drsttngulsh between hydrogen atoms bonded to the same car- 
bon atom Front and srde views of the termmal cyclohexane ring are shown 
m the perspective ORTEP drawmgs of Fig 2 



376 

Dtscusslon 

The overall structure of the molecule E that which would have been ey- 
pected from the known structures of the analogs [2,3] wdh 4- and 5-mem- 
bered rmgs fused to the central cyclobutane rmg The coordmatlon polyhedron 
can be described m terms of ldeallzed CJ, square pyramldal geometry with two 
carbonyl carbon atoms [C(14) and C(15)] and the mldpomts of the two 
“outer” bonds of the butadrene portion of the cyclohevadlene nng [C(3)- 
C(4) and C(5)-C(S)] descnbmg the “squze” base and the thud carbonyl 
group [C(13)-0(1)] lymg on the ldeahzed fourfold DAIS However, the dls 
slmknty of the bgands which compnse the base necessitates slgnlflcant depar- 
tures from ldeallzed C,, symmetry The coordlnatlon polyhedron (and to a 
large extent, the entue molecule) approvunates rather closely its maulmum 
possible symmetry of C, m with Fe, C(13), 0( 1) and the mldpomts of the 
C(14) C(15) and butadlene polyhedral edges descnblng a coplanar (to within 
0 02 A) array which corncldes with the pseudo muror plane The bond lengths 
and angles gven m Tables 3 and 4 reflect tl~s approvunate symmetry 

The structural parameters of the Fe(CO), g,roup are quite slm11a.r to those 
reported for this moiety II-I related compounds [2,3] Averaged values of 
1.785(8,10,15) A*. 1 148( 11,10,14) A, and 177( 1,2,2)” for the Fe-C(car 
bonyl) and C-O bond lengths, and the Fe-C-O bond angles, respectively, are 
typical Theapwal carbonyl [C( 13)-0( l)] hes over the”open”slde of thecls buta 
dlene moiety and the other two carbonyls lie over the “outer” butadiene C-C 
bonds 

TABLE 3 

BOND LENGTHS FOR NON HYDROGEN ATOMS Ih CRYSTALLIVE F~(CO)J(CI:HI#’ 

TbVpeb LenI& (A) TYPpeb Lenerh (4) 

Fe-W?) 2 986U) CH(13) 1 79X9) 

Fe-G(3) 2 157(9) Fe-CX1-I) 1 770(9) 
Fe-G(4) 2 071(10) Fe-C(l5) l-791(7) 

--C(6) 2025(11) 
l-e(6) 2 155(10) C(13)-0(1) 1 131(10) 

Fe-C(?) 2 951(7) C(1~)--0(2) 1 162(13) 
C(15)_0(3) 1147(11) 

C(1 l-C(2) 1 568(10) 
C(1 )-c(8) 1 531(15) C(5I-CX6) 1 -%-lO(17) 

C(1)-c(12) 1515(21) C(6)--c(7) lSll(15) 

C(2l-C(3) 1 -196(11) c(7-03) 1563(1”) 

C(2)--c(7) 1 53-1(10) C(8I-cx9) 1 533(17) 

C(3)--c(-f) 1420(13) C(9I-cx10) 1 513(19) 

C(4)--c(5) 1393(17) C(lOI-C(ll) 1 5-l4(18) 
c(11I-C(12) 1 500(21) 
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TAaLE 4 

IhTR 4MOLECULAR BOND ANGLES (DEG) FOR NON HYDROGEN ATOhlS IN CR\ STALLINE 

F~(CO)#ZI~HI~)= 

TYpeb Angle Typeb 

C(3l-Fe-C(4) 39 2(4) C(l3)_Fe-C(14) 
C(4)-Fe-CX5) 39 i(5) C(l4)_Fe-C(15) 
C(5I--Fe--c(6) 40 l(4) C(15B-F&(13) 

C(l3)_FH(3) 90 9(4) C( I .I )- Fe-C(3) 
C( 13I-Fe-CX6) 95 6(-l) C(l5)_F4(6) 

C(l3)-Fe-C(a) 129 5(-l) C(l4)_Fe-C(4) 
C(l3tiFe-C(5) 133 2(-l) C(l5)-FH(5) 

FH(l3)_0(1) 180 (3) C(l*I-Fe-C(S) 
Fe-C(I-1)_0(2) 178 (1) Cfl5tiFe-C(4) 
Fe-C(15)_0(3) 175 (1) 

C(l-lI-Fe-G(6) 
C(15)-Fe-CX3) 

rlngles ~tfhln c~cloherodrene rtng 01 atom sprcrf~fd 

C(2) 112 5(6) C(7) 
C(3) 119 S(6) C(6) 
C(4) 113 9(7) C(5) 

4rrglrs lurlhtn c\clobulane r,,np aI olom spLcrired 

C(l) 89 5(6) C(8) 
C(2) 89 3(6) C(i) 

Angles wtthrn c\clohcrane nng at olom specrfred 

C(l) 118 d(9) C(8) 
C(l2) 113 9(9) C(9) 
C(ll) 111 3(13) C(lO) 

Inkr r,ng onglrs 
CXl l-‘X2)--c(3) 117 O(6) C(6)_C(7)--c(8) 
C(2)--c(l)--c(l2) 120 -l(8) C(‘I)--c(8)--c(9) 

AJw= 

101 O(4) 
93 -l(4) 
99 l(4) 

163 -l(S) 
163 ‘i(5) 

126 5(4) 
123 -7(-l) 

94 9(-l) 
94 -l(4) 

90 i-(-l) 
96 1(-l) 

111 6(6) 
119 7(11) 
119 X10) 

89 6(6) 
89 6(6) 

116 6(9) 
11-l 3(13) 
109 6(10) 

119 3(S) 
110 5(10) 

a The figure L” parenlheses foUouv~g each mdlvldual anngle IS lhe esllmared standard deblatron b A1om.s 
numbered LO agree wlrh Fig 1 and 2 and Tables 1 and 2 

The C-C bond lengths rn the coordmated cyclohexadiene nng follow the 
pattern established for these rings m other molecules [ 2,3] The average value 
of 1 533(16,17,35) A for the C-C bond lengths in the two saturated rmgs 1s in 
good agreement with the generally accepted single bond value An average 
length of 1 11 A was determmed for the sixteen crystallogmph~cally mdepen- 
dent C-H bonds which mdlvidually ranged from 0 88 to 1 35 A and had esd’s 
of=OlA 

One important structural difference does evlst however between molecules 
of V and its analogues [2,3] Whereas In compounds II and III, the two fused, 
saturated nngs were conformatIonally compatible mth each one m its own 
preferred conformation, that is not the case in compound V In II, both four- 
membered rungs have essentially planar configurations In compound III, the 
5-membered rmg adopts an envelope configuratIon which allows It to conform 
to the essential plananty of the 4-membered nng 

The preferred conformations of the mdnndual saturated 4- and 6-mem- 
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TABLE 5 

MEAN PLANES FOR SELECTED GROUPINGS OF ATOMS AND ATOWIC DISPLACEMENTS 

THEREFROM Ih CRYSTALLINE FI?(CO),(C,~H,,) 

Equoc,onr of Ifeon PlnnvsQ 

L 0!!07i -L 0007Y--0978z=-601 

Ii 4J575 \ - Oi82 Y-02402=-3 19 

IlL 06iOX + 0299Y-06792=-526 

FC 

C(l) 

C(2) 

C(3) 

C(J) 

C(5) 

C(6) 

C(Y) 

C(6) 
C(9) 
C(10) 
all) 

C(12) 

C(l3) 

al-%) 

a151 

-1 66 
2 40 
0 86 

-ooob 
o oob 

-o oob 
o oob 
0 i’8 
2 34 

2 88 

4 04 

3 65 

3 39 

-2 12 

-2 68 

-2 78 

-1 68 
-G07b 

oo7b 
-101 

-2 36 

-!I_53 

-1 38 

-ooTb 
OOib 
1 4-l 
2 16 

.-a “4 _- 

0 88 

-o 01 

-2 50 

-2 30 

-2 63 
-o Ilb 
-1 53 
-1 85 
-100 

-0 60 

-1 05 

-1 18 

o lib 

-o o5b 

0 38 

-o 33 

o o6b 

-3 91 

-2 7i 

-3 55 

a Y I and Z are ortiogon.4 coordlnalrs measured I” 4 along a b and c* respecllrely of Lhe crysrallo 

grapbw cootinale sysfem angles (dee) belaeen the normals Lo pws of plans are I-II 83 6 l-111 

36 4 and II-111 62 9 b Dlsplxemenl~ are those of tie atoms used in delerrmnlng Lhe least squiues 

mean plarle 

bered rings of V are however mutually mcompatlble The central I-nng will 
tend to be locked mto an essentially planar conformatlon as a result of being 
fused to the cyclohexadlene ring, whose conformatIon ~5 ngdlfied by Its bmd- 
mg to the Fe(CO), umt Although a cyclohevane nng usually prefers a char 
conf@uatlon tn which no three contiguous C-C bonds are coplanar, fusion of 
such a nng to the planar 4 nng wll tend to Impose a planar arrangement for 
the five C-C bonds mvolvmg the two carbon atoms [C(l) and C(S)] shared by 
the rings 

Tti mcompatlblllty E resolved by a compromise m the conformatlon of 
each nng The cyclobutane rmg IS slgruflcantly non-planar, bemg folded by 
15” along its diagonal An ertenswe comparison of cyclobutane nng confor - 
matlons [lo] sho\\s that this ?s a compromise between the two extremes com- 
monly observed for the resultmg dihedral angle, namely ca 0” (planar) or ca 
26” 

The cyclohexane rrng adopts a twist-charr conformation, as can be seen m 
Fig 2 This IS a conformatlon mtermedlate between a chau and a tbvlst In a 
chav conformation four carbon atoms [C(l),C(S),C(lO), and C(ll) m this 
case] would be coplanar Lvlth the others [C(9) and C(12)] on opposite sides of 
the plane In a twist conformation four consecutive carbon atoms [ C( 12), 
C(l),C(8), and C(9) m this case] would be coplanar, wth the other two on 
opposite sides of this plane In both cases the symmetry 1s C1, filth the twofold 
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a..~ blsectmg the C(l)-C(S) and C(lO)-C(ll) bonds, so that there 1s a con- 
tmuum of symmetry-preservmg IntermedIate conformatlons The conforma- 
tlon observed here IS mldway between the twist, which would allow a planar 
cyclobutane rmg and the chau which would requue extreme nonplanarlty of 
the cyclobutane npg 

On the basisls of ths result It would be mterestmg to see the ring conforma- 
tions m blcyclo[4 2 Olcyclooctane Here the -I membered rmg would be free 
to adopt a considerably more puckered conformatlon, and we would venture 
to predict that It wouid In fact do so, thus permlttmg the 6-membered ring to 
approach more closely its preferred charr confrguratlon 
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