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The Disordered Structure of Dibenzouranocene, [C8H6(04H4)]2U
by Allan Zalkin, David H. Templeton, Robert Klutt:z

and Andrew Streitwieser Jr.

Materials and Molecular Research Division, Lawrence Berkeley Laberatery and
Department of Chemistry, University of California,

Berteley, California 94720 USA

Abstract. M = 544.46, monoclinic, P2,/c, a = 9.524(4) &, b = B.556(4) A,

g
113.52(4)°, V = 878.7 &°, 1 = 2, D = 2.065 g/cn”,

1]
i

c = 11.758(4) &, B

T

2946 K, MoKay, A 0.71073, p = B8 cmcl, F(0o00) = 512, R = 0.052 for 944
observed data. The benzo-[Blannulene ligand is planar and consists of a
benzene fing fusedvto an octagonal [Blannulene ring. The uranium atagm is
sandwiched by two of these ligands and is centered between the two
B-memberaed rings. The [Blannulene rings in the sandwich are about &° from
an eclipsed ccnfiguration.b The molecules pack in a disordered manner with

the uranium atom sometimes on one side of the center of symmetry and

sgmetimes on the oather.

Introduction. The structure of a number of derivatives of uranocene,
di-[8lannulene uranium(IV), have now been established {Zalkin %

Raymond, 1969; Avdeef, Raymond, Hodgson % Zalkin, 1972; Hodgson, Dempf &
Raymond, 1971; Hodgsaon % Raymand, 1973; Templeton, Templeton % Walker, 1976;
Zalkin, Templeton, Berryhill & Luke, 1979; Zalkin, Templeton, Luke %

Streitwieser, 1982). Some of the examples are not centrosymmetric, sonme



contain strained rings, but all show the uranium atom accurately centerad
between planar B8-membered rings. Bis-{(benzolB8lannulenejuranium(IVi, 1,
(Streitwieser, Kluttz, Smith % Luke, 1983), provides the further feature of
extensive delocalizatiﬁn to the benzene ring. In benzocyclooctatetraene
radical anion, for example, a substantial fraction of the odd electron spin
density is on the benzene ring (Dodd, 1973). 1In the corresponding dianion,
a substantial amount of charge is delocalized to the benzene ring (Paguette,
Ewing, Traynér & Gardik, 1977). Using HMO w-electron populations as a model
the electrostatic minimum is located 0.4 & away from the center of the
[B8lanpulene ring towards the benzene ring. Accordingly, for a wholly ionic
structure we would expgct the.uranium atom in { not to be located between
the centers of the B-membergd rings. For this compound, a structursa

. determination thus provides a unique contribution ta the nature of the

ring-metal bending in these organoactinide compounds.

Experimental. The preparation of | has been described (Streitwieser, Kluttz,
Smith % Luke, 1983). The low solubility makes the compound difficult tao
crystallize under normal conditions. An inverted U-tube equipped with a
single joint and with 100 mg of solid crude | in aone arm was filled with 1:2
benzene:hexane. This arm was maintained at 40°C and the other at 25°C for a
period of 2 mo without stirring. About 10 mg of crystalline product was
obtained from the cooler arm. The solid is an intense olive green but the
liquid phase was anly faintly tinted. Attempted crystallization at a faster
rate gave pooriy formed disordered crystals.

A dark opaque crystal, because aof its reactivity in the atmosphere, was

sealed in a quartz capillary. Crystal size 0.2 % 0.2 x 0.03 mm; Picker

automatic diffractometer, graphite monochromator; cell dimensions from 12
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manually centered reflections, 439 4 2¢ < 49°; 9-2¢ scan, 2°/min, 4° < Zg
43°, h -11 to 10, k 0 to 9, & -14 to 13, 28 scan width (1.B + 0,693 tang};
analytical absorption correction (Templeton % Templeton, 1973}, rangs
1.47-3.84; 3 reference reflections, every 250 scans, 3% decrease; 4648

a2

scans, 1727 unigque, 944 wifh F2 b ZG(FA), Rint = 0,052; structure solved by
Patterson and Fourier methods; refined on F; 1local unpublished programs.
The uranium atom position was deduced from a three-dimensional Patterson
tunction, and was found to be in the general position of the space group.
The short U-U vector of length 2.3 A& observed in the Pattersen function
indicated disorder problems. The electron density map, using phases derivaed
from the uranium positions, showed a collection of peaks in a plane about
2 & from uranium., The pattern of peaks in the electron density map
suggested a disorder of the type found in the structure of azulene
(Robertson, Shearer, Sim % Watson, 1962), a planar molecule consisting of a
5- and 7- membered ring fused to each other, in which successive azulene
molecules are subject to random reversals. A scaled paper model of the
C8H6(24H4) ligand was moved about the electron density map to obtain trial
positions for the carbon atoms. Figure ! shows the electron density map
through the plane of the ligand, with the final structure superimposed on
it. As the peaks are hot well resolved, restraints were imposed in the
least-squares refinement (Waser, 1963) as follows: C-C distance of banded
carbons 1.40 + 0.01 &, 2nd neighbors in the benzene ring, 2.43 + 0,06 &; 2nd
neighbors in the [Blannulene ring, 2.60 + 0.03 &; 3rd neighbors in the
benzene ring, 2.80 + 0.03 A; 3rd neighbors in the [Blannulene ring,
3.78 + 0,09 A; 4th neighbors in the [Blannulene ring, 3.646 + 0.03 A. Th;

planarity of the rings is restrained by imposing restraining distances to

2nd, 3rd and 4th neighbors within the ring. Only the uranium atom was
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assigned anisotropic thefmal parameters in the full-matrix least-squares
refinement. Atomic scattering factors of Doyle and Turner (1748) were used
and anomalous dispersiaon corrections were applied (Craomer % Liberman, 1970).
With 104 parameters, B4 distance restraints, and %944 data [F2 » ZG(FE)],
R = 0.052, Rw = 0.062, and § = 2.37. For all 1811 data, R = 0.107,
(A/d)max= 0.06. Atomic coordinates are given in Table 1 withAthe numbering
scheme indicated in Fig. 2.*

*Lists of structure factors, anisotropic thermal parameters, and
interatomic distances have been deposited with the British Library Lending
Division as Supplementary Publication No. (10 pp.). Copies may

be obtained through The Executive Secretary, International Unian of

Crystallography, 5 Abbey Square, Chester CH1 2HU, England. -

Discussion. The disorder precludes a quantitatively precise description of
the structure, however, the results are adequate to describe the overall
geometry. The uranium atom is sandwiched in the center aof two [8Jannulene
rings at an average distance of 1.91 A from their least-sguares planés, and
1s within 0.01 & of comparable distances found in uranocene (Zalkin %
Raymond, 1969; Avdeef, Raymond, Hodgson % Zalkin, 1972),
octamethyluranocene (Hodgson, Dempf % Raymond, 1971), octaphenyluranocene
(Templeton, Templeton % Walker, 1976), dicyclobutenouranocene (Zalkin,
Templeton, Berryhill & Luke, 1979), and dicyclopentenouranocene (Zalkin,
Templeton, Luke & Streitwieser, 1982). The 8-membered rings of the ligands

in the sandwich are about 6° from an eclipsed conformation, Fig. 3.
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The carbon atoms in each B-membered ring are within 0.03 A& of a comman
plane and the uranium atom is centered between these rings. Thus, the
present determination provides structural evidence (Baker, Halstead &‘
Raymond, 1976).for ring—ﬁetal ﬁavalency in uranocenes,

In some of the substituted uranocenes mentioned above thé substituents
were found to be bent in towards the metai by several degrees.  Because of
the disorder problem, the present structure determination is not
sufficiently precise to establisb this point with respect to the ben:zene
rings.' The benzene rings are cieéfly not bent in severely; we can only
state that they are within several degrees (“3°) of coplanarity with the

[8lannulene rings.

This work was supported by the Director, Office of Energy Research,
Office of Basic Energy Sciences, Chemical Sciences Division of the

Department of Energy under Contract Number DE-ACQ3-745F00098,
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Table 1. PFositional and Thermal Parameters in [CBHb(C4H4:]2U.

Atom % y z B(A

u L14113013) L004689(17) . 02844(8) 2,34
ci1) .1206(24) L032(3) .2440(24) 3.4(6)
C(2) .2788(28) .040(3) .2696(24) 2.106)
C(3) .36B82(29) L128(8) .2202(29) 2.7(8)
C(4) L 325(3 . 239(4) L 122(3) 3.2(7)
(3 . 18641(28) .310(4) 047 (3) 2.9(7)
Ci6) .0328(29) .298(4) 02303 3.8(8)
C(7N -.0612(27) L213(3) L0686 (264) 3.94(7)
c(8) -.223(3) . 242(3) -.006(4) 3.1(10)
C(9) -.332(4) .162{4) 0263 4.6(9)
C(i0) -.303(3) .051(4) JA27(3) 4,3(8)
Y -. 1461 (29) L037(4) . 185(3) 2.8(8)
g2y -.0207(24) L101(3) .1624(23) 2.7(5)
C(13) : .024(3) ‘ -.029(8) -.205(4) 10.4(16)
g4 .183(3) -.016(3) -.179(3) | 4.2(9)
C(13) CL3051429) -.097(3) -.0943(23) 2.4(6)
ct1s) ‘ L3270(28) -.209(3) L0012(23) 1.7(3)
can .2232(28) -.2B3(4) .042(3) 2.7
£(18) L0639(27) -.292(3) .0102(24) 2.3(6)
Ce1e -.0718(24) -.222(3) -.0B24(23) 2.7(3)
gz, -.214(3) -.269(3) -.082(4) 4,3(9)
ciz21) -.357(4) -.209(3) -.163(4) 4,7(9)
€(22) -.368(4) -.092(86) -.249(4) 6.3(12)
£(23) -.235(3) -.044(3) -.260(3) 4.2(10)
£(24) -.0888(26) -.1081(29) -.1773(22) 2.5(5)

* ¥
* B = L.L.a.a.a. -
eq ElEJ i Jal.aj
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Figure Captions
Electron density map through the plane of the ligand with the
backbane af the dis&rdered ligands superimposed.
ORTEP (Johnsun, 1965) view of molecule showiﬁq,the numbering
schema.

ORTEP view perpendicular to the planes of the Iigands.
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Supplementary Material

The Disordered Structure of Dibenzouranocene, [CeHb(C4H4)]2U

by Allan Zalkin, David H. Templetan, Robert Kluttz

and Andrew Streitwieser dJr.

Materials and Molecular Research Division, Lawrence Berkeley Laboratory and

Department of Chemistry, University of California,

Berkeley, California 94720 USA

Abstract. Mr= 546.46, monoclinic, P2 ./c, a = 9.524(4) A, b = B.3558(4)

1
113.52(4)°, v = 878.7 &>, 1 = 2, D = 2.065 g/ca”,

c = 11.758(&) &, B

T = 296 K, MoKa, A = 0.71073, g = 88 ca 1, F(000) = 512, R = 0.052 for

it
i

observed data. The benzo-[{Blannulene ligand is planar and consists of
benzene ring fused to an octagonal [Blannulene ring. The uranium atom

sandwiched by two of these ligands and is centered between the two

944

is

8-membered rings. The [Blannulene rings in the sandwich are about 6% from

an eclipsed configuration. The molecules pack in a disordered manner with

the uranium atom sometimes on one side of the center of symmetry and.

sametimes on the other.
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¥
Selected Interatomic Distances (A)

U-C(1) 2.63(3) U-C(13) 2.53(5)
U-C(2) 2.62(2) U-C(14) 2.63(4)
U-C (3 2.464(3) U-C 1S 2.67(3)
U-C(4) 2.58(3) U-C(16) 2.67(3)
U-c(s) 2.62(3) U-C17) 2.60(3)
U-C(6) 2.49(4) U-C(18) 2.65(3)
U-C(7) 2.80(3) U-C19 2.75(3)
U-C(12) 2.73(3) U-C(24) 2.72(2)
C(1)-C(2) 1.42(2) C(13)-C(14) 1.43(2)
C(2)-C(3) 1.43(2) £(14)-C(15) 1.38(2)
C(3)-C(4) 1,42(2) C(15)-C(14) 1,43(2)
C(4)-C(S) 1.40(2) C(16)-C(17) 1,42(2)
C(5)-C(8) 1.38(2) C(17)-C(18) 1.41(2)
C(6)-C(7) 1.40(2) C(18)-C(19) 1.45(2)
C(7)-C(12) 1.41(2) C(19)-C(24) 1,44(2)
C(7)-C(8) 1.46(2) C(19)-C(20) 1, 41(2)
C(8)-C(9) 1.41(2) C(20)-C(21) 1,41(2)
C(9)-C(10) 1.461(2) C(21)-C(22) 1.39(2)
C(10)-C(11)  1.38(2) C(22)-C(23) 1,39(2)
Ci11)-C(12)  1.43(2) | C(23)-C(24) 1.45(2)

# [-CL interatomic distances were restrained to values given in the text,

and the resulting standard deviations are not significant.
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~Selected Angles (%)

Ci2y-coly -C{2) 140(3) C2a3-C{13)-C(14) 146 (4)
C(1) -C(2) -C(3) 124(3) C(12y-C(14)-CU1D) 12903
C(2y- C(3)Y -C{4) 131 (3) Ci1)-C(15:-Cl1&) 134(3)
C(3)- C(4) -C(3) - 1335(3) C(13)-C(16)-CL17) 13242y
C(a)- C(3) -C(6) 138(3) Cuusm-can-ciis 13903
C(3) -C(6)y -C(7) 138(3) cCu7ny-ca18)y-c19 136(3)
Cte) -C(7y -CU12) 129(3) Ciig)-C{19)y-C{24) 1314(2)
£(7)y -C(12)-C(1) 134(2) C(19)-C(24)-C{L) 120(3)
cii2y-c(7y -C(8Y 118(3) C(24)-C(19)-C(20) 112(3)
C(7) -C(B) -C(9) 119(3) C(19)-C(20)-C(21) 123(3)
- C(BY ~C(?) -CU1d 128(3) C(20)-C(21)-C(22 121 (4)
L(9) -Ct1o)-C(1H 106(3) C(21)-C(22)-C(23) 118(3)
Cio)-C11)-C(12) 134(3) C22Y-C(23)-C{24) 120(3)

Cti1)y-C12)-C(7) 115(2) C(23)-C(24)-C(19) 124(2)

. .
Anisotropic Thermal Parameters* for U (&%)

By, = 3.07(4) B, = -0.15(3)
By, = 1.98(3) B, = 1.08(3)
B,, = 2.03(3) B., = -0.341(8)
I s

2 2
The anisotropic temperature factor has the form exp(-O.ZS(Bllh‘a*“ +

2812hka*b* + ..0) 3
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OBSERVED STRUCTURE FACTORS, STANDARD DEVIATIONS, AND DIFFERENCES (ALL X 340)
. BENZYL URANOCENE F(0,0,0) = 2707

FOB ANO FCA ARE THE OBSERVED ANO CALCULATED STRUCTURE FACTORS.
SG = ESTIMATED STANDARD DEVIATION OF FQ0Be DEL = /FQ0B/ = /FCA/a
¥ INDICATES ZERD WEIGHTEC DATA,

FOB SG DEL L FOB SG DEL L FOB8 SG DEL L FOB8 SG DEL

L FOB SG DEL L
HyKz 0, 0 25699 11 1& 6139 8 21 9 352 10 =16 7 232 9 15
2873 13 18 3 27 33 -20* 7 7515 8% 10 78 15 31* 8 118 24 <6*
< 482913 60 &4 49 8 24 8 5565 45% 11 236 8 <5 9 270 7 =23
6323 6 7 5 8211 5 HyKa 0, 9 12 0 50 <-5% 10 31 53 3%
. B 444 13 50 6 248 7 21 1285 7 <=3  HeKm 1, 2 11244 7 =5
* 40 86 43 12 7 43 68 2% 2 I8 46 B¥-13 62 21 28% 12 49 57 12*
12118 9 11 8 1212 50 42* 3195 6 =3 =12 90 i& 8  HeKz 1, &
HyKm 0y & 9 61 63 -22® & 45 43 5%=11 0 56 <5%=12 89 15 &
11077 20 =46 10 70 33 5% 5 1403 15 -7 =10 230 7 414 =11 62 22 39*
2419 9 8 14 81 26 36% 6 52 28 =16% =9 39 53 3IN*-10 222 9 5
3452 9 -1 12 140 12 18 7 61 31 16% -8 418 7 -0 -9 33 51 -12*
b 35 82 <22* HeKz 0y 5  HeKz 0Oy 10 =7 33 49 =9% =3 373 8 8
5486 8 10 41549 9 -3 Q0 272 8 15 <=6 599 9 =21 =7 48 77 13*
6 3825 7% 2126 6 21 1 53 46 =0% =5 110 6 14 <=6 410 7 <=6
7473 5 <7 34kl 7 -b 223% 8 =8 =b 677 10 =21 =5 81 14 2%
8 4529 640* & 65 44 9% 3 77 19 43% -3 86 11 62 <4 7838 13 19
9 87 4 S0 5306 6 25 4167 9 1& =2 178 6 =35 =3 199 & <=6
10 70 15 S6% 6 74 2€ Sk% HeKzx 1, 0 =1 213 5 =2 =2 607 10 ~17
11 96 13 14 7 140 14 43 -0 278 7 3¢ Q 579 S S9 -1 50 17 28%
12 056 =-12® 8 0 79 -68% =8 413 8 4 1 S8 23 29* 0 526 8 14
13174 10 10 9 0 78 -13* -6 726 11 14 2 326 S5 31 1 162 4 1
2. HeKm 8y 2 L8 50 86 15% =& 987 45 56 3 52 14 27* 2 183 & 2
7" 0 689 11 <17 14 120 15 36 =2 879 43 -6 & 305 9 65 I 155 5 =14
1425 7 42  HeyK= 3y 6 0 947 22 =214 5 0 45 =20* 4 115 7 S5
2164 13 =65 0 435 7 - 2312 5 8 6456 9 27 5 65 19 =14
3 20 46 -18% 4 7910 -6 4150 4 62 7 7845 6% 6 246 7 16
532 8 9 24k1 7 =5 6213 5 16 8 270 S =16 7 101 23 -25%
5 50 47 1* 3 46 24 12* B 374 7 =12 93 0 63 =6% 8 247 8 <~i4
6236 5 5 4366 6 =7 10 33 8 3 10 264 & <16 3 &5 57 <13*
7 838 15* 5 96 41 9 12 212 7 -4 11 54 59 u7* 10 250 40 2
8 9814 38 6202 9 11 HeKz 1, & 12 227 40 -5 11 45 5% 3*
9 48 32 12% 7 71 18 11%=13 74 18 42% HeKm 1y 3 HeKza 1y 5
10 118 14 19 8 42 64 16%=11 145 14 =8 =13 43 55 14%=12 48 59 21*
11 23 48 4* 9 53 35 -28%-10 21 b4 17%=12 37 47 10%-1i 109 46 S
12 145 8 1 10 45 58 -26% -9 343 6 14 ~11 153 S 15 =18 15 66 -27*
13 37 55 <7* HeK= 8y 7 <8 45 29 15%=10 29 48 <3* =3 266 8 45
HoyK= 8y 3 4 440 7 =L <7450 7 7 =9375 9 & -8 0 57 =30%
. 181112 48 2 51 53 43* -6 156 8 25 <=8 59 21 42% -7 253 9 =10
2 53 9 -0 3358 6 =2 -5865143 1 =7 470 8 -6 <=6 111 9 19
3 64k 40 28 4 60 32 -10% =8 134 7 =18 <=6 38 47 13* -5 368 6 =26
. & 9% B 29 5266 7 43 =3 342 7 =26 =5 871 14 12 =& 58 14 1%
S 415 7 28 6 97 14 7 =2299 8 =21 <=b 4h7 7 55 <=3 &78 8 <40
6 83 18 12% 7 96 29 2% -1 745 11 -23 =3 759 12 22 =2 38 23 2&*
7470 9 10 8 93 13 -16* @ 61 5 =1 =2 27 28 12% -4 366 6 1
8-57 30 -28* 9 67 24 &45% 4 374 7 10 -1 687 10 31 0 939 7 -5
9 65 31 20* HyK= 0y 8 216218 50 0 95 5 Q@ 1266 6 25
10 w7 49 3% 0 327 7 -13 3236 6 &7 149040 27 2 93 8 &
. 11 104 44 =12 f 30 42 9% & 47 43 35 2 6810 -2 3 91 9 36
12 46 53 -16* 2 283 6 <6 5178 5 5 I 454 S5 51 & 105 8 =10
HoKx 0y & 3 4550 31% 6 21 &4 =3% 4 175 S $2 5120 9 0
0 876 46 8 % 203 7 -3 7241 6 24 5169 9 =3 6 81 27 414
1164 & =20 5 7735 -6* 8 963 S5* 6 7 230 11 2t

55 J7 =20%



STRUCTURE FACTCRS CONTINUED FOR
BENZYL URANGCENE

L
8
9
10
11

-11
-10
-9
-3
-7
-6

WRENMTNSEWGN O

-9
-8
-7
-6
-5
-4
-3

FoB
80
245
25
203
Hy K=

g
163
g
294
g
3640
57
468
72
385
57
332
110
158
127
148
91
160
99

425

340
a9
230
117
59
133
73
a8
150
95
147
He K=
70
178
L2
274
37
296
105

SG
21
11
54
16
1
84
10
53
6
53
7
38
9
13
b
23
6
11
19
9
13
85
9
14
9
56
13
b
55
9
L5
7
56
7
37
7
23
7
20
7
10
33
8
17
20
10
27
13
i,
23
7
43
8
45
7
10
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DEL L FOB SG DEL L FO8
Q% -2 2389 6 <=9 <7 408
-3 =4 83 17 9% -5 38
-7% 0 249 ©6 9 =5 543
-13 1 99 11 5 =4 738
6 2 90 18 13* -3 347
-39% 3 99 {41 -5 =2 208
S L 73 47 54* =1 19¢
«32% S 84 21 =0* 0 47
12 b 102 12 8 4 265
=-30% 7 70 18 -$1* 2 15¢€
-3 8 155 10 12 3 570
-11% HeK= 14 9 4 30
5 =7 474 8 =24 5 4869
=16 =6 3JL 48 19* 6 46
= <5 216 & i 7 429
16% =4 35 44 -49* 8§ 49
27 =3 234 6 b 9 325
9 =2 24 66 -40* 10 33

3 =1 215 6 =f 131 222

b § @ 95 16 -1 ({2 ]
79 1 144 L€ 9 HeK=
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