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Thz Crystal and Molecular Structure of CsHSFeB902H11

Sir:
& compound designated-n—cyclopentgdienyl n-(l)-2,3-dicarbolly1
iron (III) was synthesized by Hawthorns and Pilling as descrided in

he adjacent cohxunic“tion.l We determined its crystal structure

(1) M. F. Eawthorne ard R+ L. Pilling, J. Am. Chem. Soc., 1

by X-*ay dlflraction and found a "sandwich" type molecular structure
as predzcted by Hawthorne. This work is the first X-ray cryst,llovrabhic |

confirmation of the structure of the 902 11 -2 ion, and it gives suoport

1or tﬂe structures euggested prev*ously for svveral other derivat;ves.2’3

B!

(2) M. F. Hauthorne, D, C. Ybung, and P, A. Wegrer, ibld., 87, 1818 (1965).

(3) M. F. Hawthorne, and T. D. Andrews, ibid., in press.

Cryctals of C5H5FeB9 2 ll were received f:om Hawthorne andﬂPiilingl

as tiny flat plates. They are monoclinic, space group 221/3, with
.unit cell dimensions a = 11.L70, b = 6.629,73 = 16.808 &, B = 99.860,
‘With four molegules in the’unit.cell tﬁe density is calculafed as

._1.33 g/ml. UWe weasured the intensities of 1639 indépendent refl;ctioné
by ths stationaryférystal technique using MQK& radiation (A = 0.71069 i)
’andvg séintillatio% detectof, The ?éﬁtefson function revealed ﬁhe E

iron atom locction; and a Fourler calculation'phased by the iron atom
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shgﬁed all of the boron and carbon atomé. Carbon and boroh atoms in
the carborane were distingﬁished by ihe behavior of their thermal .
perareiers when scatiering factors were interchenged in least-squares .
calculations. Tho assignment wos confirmsd by the bond distances
which resulted; which correspond to smaller btond radius for carbon |
tban for boron. After sdme refinerent by least squeres, 2 difference

. function showed evidence for 2ll the hydrozen atoms. In the final-

refinement, isotropic the rmal paramsters were used for hydrogen and .

3

cnisotropic paramzters for all other atoms. The function R =
il S]-];aqlff/;E:IF s! was reduced to O, O7L In Table I

inal cOordinates of the heavy atoms and the root
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mzen square amplitudes of thermal vibration. The standard deviatibns

2 theez coordinates correspond to about 0.001 & for Fec and 0.01 A

o

for ths other aloms. These estimates of precision maké no provision
fo* syote. tic errors. |

The Lnurn.l motion is large and aniso°roplc; In the'cyclopentaj
dienyl rinz the largest amplitudes are tangential to the ring, and
the atoms are very podrly.resblved'in Fqurier sections. This evidence
for torsional motion or internal rotation is very similar to that

. reported in ferrocene.h In the carborans part of the molecule. the

0

(k) J. D. Dunitz, L. E. Orgel, and A. Rich, Acta Cryst., .9, 373 (1956).

o

wmplitudes . are le%s, ths bond distafices are greater, and_the atomic

‘.fJ

resolution is very mach better. ' We have found no simple way of describino

the thermel anisotropy of this part of the molecule.
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TABLE I

ATOMIC COORDINATES AND RMS AMPLITUDES

Atom 3 Y 2z j u,. %
Fo 22l -.0331 2897 .23
CR)® . .07 -.033L . .0909 .35
o) ey Closs2 Lo .33
C(3R) - .2779  -.0361 ~.0780 .34
C(lr) . .2u33 ~-.2285 092 .3
o oc(sR) . .1278 -.2228 L1026 L3k
c2) .5 - 28T . .25

o3 L2008 . =283 - L2018 L2h

B .138L .O7L9 219k .25

B(5) ?: %02 .2337 .2580 .26

a; B(6) - .37 L0795 .2621 .27
s 3038 -.1630 l 3822 .30
B(8) - .1786 o a0l72 | 379 .27
B(9) .'_', .2127 : .2301 ..jv .3555 - ‘,' .26
B(10) 3607 .2328 .37 .8
'B(11) 189 "-,54,0112 L3609 .30
B2) .3 L0825 sk .28

®R indicates an atom in the cyclopentadienyl ring..
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TABLE I S
AVERAGE BOND DISTANCES

Atoms . Dictance, i
| Fe-3 (3)* . 2.09
 Fe-C (2) 2.0k
Fe-C (5)° . 2.07
BB (18) . L7 *
B-C (6) . 1.68
c-c 1) -~ . 1.58
c-c (5)® 136 Lo ;
B-H (9) - . 0.9
c-H(2) . 0.8
C-H (5)° 0.7

aNumbor of bonds in molecule.

N ‘bCyblopentadienyl disténces..

Avefage bond distancés aré iisted.inlfablélll, without.any éorrectioﬁ
:4for tﬁerﬁal motion. This correction ma& be as much #s O.QSAﬁ.for some
. of the bonds, butﬂ%e cannot estimate it with confidence. In each case
vthe correction will increase the bénd distance. Each distance in a
‘.grpup (except bonds to H) is within'0.03 8 of the averége valua.‘ Because
of the large an@ uncertain thermal corrections, we give no significance
" to the deviafiogs within each group.
) The skéletéi 6f the molecule‘is’shown in Figure 1. The atomé-of_the-
_ carborane part a%e at 11 of'the.lz corners of an icosahedron ghich is
"a§proximately fééular. Thétirén atom is at .the twelfth cornsr, but
somzwhat furthef{aﬁé . Within the experimsntal accuracy of about 0.2 A, -

" mash hdwacen atdm 18 on the line passing throurh its neighbor zand the
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opposite atom of the icoszhedron. The hydrozen atom positions on the
. 8 =3 v -~

cyclopentadlenyl ring are more poorly determined, but within the large
experimental uncertainty they are in the espected locations in the plane
of thz ring.

S

The iron atom is almost equidistaent from the carbon atoms In the

ring and the five neighbors in the icoszhedron. ‘The configurat;on is.
almostveéactly.eclipsed rather than staggered aslin'the ferrocene crystal.h
Yo tested the steggered structure in the Zeast-squares calcuiations,

but got significantly worse agreemenu. Because of the large twisting

motion, the conflguratlon in the crystal may have 1it ttle chemical

significance.

_(5) This. wo"k was done under the auspices of the U. S. Atomic Ersrgy Commission.

Allan Zalkln, David H Templetqﬁ, Ted E. Hopkins
" Lawrence R“dlatlon L“bo*atory and Dep rimant of Chemistry
L 'Unlvefsity of California

Eerkeley, Célifdrnia 94720
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This report was prepared aéxﬁn account of Government
sponsored work., Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-

‘mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the

Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent ‘that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






