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Bis[bis(trimethylsilyl)cyclopentadienyl] (chloro)uranium(III)
bis(trimethylsilylcyanide)

- By Allan Zalkin and Sharon M. Beshouri

Materials and Chemical Sciences Division, Lawrence Berkeley Laboratory,

1 Cyclotron Rd., Berkeley, CA 94720, USA

Abstract. [(Me3Si)2C5H3]2UC2-2[NCSiMe3]2, Mr- 890.83, monoclinic, P21/h, a

= 11.602(2), b = 36.947(5), c = 10.999(2) A, B = 99.31(2)°, V = 4652.7, Z =

3 A(CuKa) = 1.54180 A, s = 127.6 cm ¥, F(000) = 1788, T

2

4, D_=1.272 g cm”
- 296 K, R = 0.041 for 4138 F2> 20(F2) of 6929 total unique data. The

uranium atom is five coordinate with distances: U-éz 2.698(3); U-Cp 2.510,
2.520; U-N(cyanide) 2.592(11), 2.619(10); <UfC(cyclqpentadiene)> 2.789(22)

A.
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Experimental. The title compound, shown below,

302 | - | )
3SiCN « U « NCSiMe

CI'C5H3(SiMe
\
Me 3 _
CHy (Me,S1), o | N
was prepared by reaction of one equivalent of [<CSH3(SiMe3)2>2UC2]2 with
four equivalents of NCSiMe, in diethyl ether solution. .The product was
dissolved in hexane and dark green crystals were isolated after cooling at
-20°C. A green air-sensitive crystal, 0.10 x 0.25 x 0.31 mm, was sealed
inside a quartz capillary in an argon-filled drybox; X-ray diffraction
intensities (#-20 scans) were obtained using a modified Picker FACS-I
automatic diffractometer equipped with a graphite monochromator.. Cell
dimensions from 18 reflections 39°<24<72°; analytical absorption
correction, range 3;0F14.6; min,max. siné/Ax = 0.20,0.56 A'l (all 288 data .
with sind/A<0.2 given zero weight becéuse'of-large residuals due to an
inadequate absorption correction), h -13 to 13, k O to 41, £ -10 to 12;
three standard reflections, 4.3%, 2.9%, 2.02 variation in standards
intensities from average,vintehsities adjusted isotropically; 13527 data,

2

6929 unique [including 2503, F <20(F%)], R,_, = 0.050; structure solved by

int
Patterson and Fourier methods; refined on F, 301 parameters; anisotropic

thermal parameters on U, Cf£, Si, N and on 18 of the 30 carbon atoms;. -
parameters of hydrogen atoms included with estimated positional and

isotropic thermal parameters and were not refined; R = 0.078 (all daté), R = S
2520(F%) & sinf/x<0.2 data], wR = 0.048, S = 1.0; w = &4F2[s>(F) + .

(0.06F2)2]'1; max. A/o < 0.02; max. empirical isbtropic correction for | ' 1%

0.041 [F

extinction 9% of F; max.,min. of AF synthesis 1.5,-1.0 e A;3; atomic £ from
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International Tables for X-ray Crystallography (1974); local unpublished
programs and ORTEP (Johnson, 1965).
Atomic parameters are listed in Table 1,* and distances and angles are

listed in Table 2. Fig. 1 shows the molecule and the numbering scheme.

*Lists of structure factors, anisotropic thermal parameters, calculated
hydrogen positions, distances and angles, and least-sqﬁares planes have been
deposited with the British Library Document Supply Centre as Supplementary
Publication No. 00000 (20 pp). Copies may be obtained throﬁgh The Executive
Secretary International Union of Crystallography, 5 Abbey Square, Chester

CH1 2HU, England.

Related literature. The U(III) dimer, [<CH;(SiMe;),>,UCZ],, has been made

and characterized (Blake, Lappert, Taylor, Atwood,'Hunter & Zhang, 1986).

Helpful discussions with Professor R. A. Andersen are appreciated.

.This work was supported by the Director, Office of Energy Research, Office

of Basic Energy Sciences, Chemical Sciences Division of the US Department of

Energy under Contract No. DE-AC03-76SF- 00098.
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Cc2
Sil
Si2
§i3
Sis4
§i5
§5i6
N1
N2
Cl
c2
C3
c4
C5
Cé
c7
C8
C9
Cl0
Cl1
Cl2
Cl13

©C O O O O O O O O O O O O O o O O o o o o o o

X

.48183(3)
.4154(3)
.3471(3)
.2625(3)
.81667(27)
.5918(3)
.0850(4)
.7633(3)
.2985(9)
.6267(9)
.3008(9)
.3783(9)
.4764(10)
.4566(10)
.3439(10)
.6954(8)
.6978(9)
.6073(10)
.5537(10)
.6062(10)
.2173(12)
.6798(11)
L4795(14)

Table 1. Atomic parameters

Beq

O O O O O O O O O O O O O O o o o o o o o o

-0.

.1699(3)
.1033(&)
.0740(3)
.0899(3)
.1261(3)
.1354(3)
.1160(3)
.0876(3)
.0628(3)
.0765(4)

- 1/3 Xiz

y

.12269(1)
.18629(10)
.02559(9)
.17889(11)
.07811(11)
.13708(14)
.09335(13)
.23424(10)
.1051(4)

.1098(4)
.1004(4)
.1948(4)

0020(4)

o O O O O O o o o
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0.
0.
0.
0.

0

-0

0.

]
o

z
13262(3)
0225(4)
2582(4)
3217(4)

.2593(3)
0.2026(4)
.2196(5)

3583(4)

.0281(10)
L2447 (11)
.2558(11)
.2820(10)
.3607(10)
.3785(10)
.3131(11)
.0485(12)
.1328(10)
.0778(13)
.0392(12)
.0597(11)
.0999(13)
.2875(14)
.3021(17)

B*/Beq(Az)

o N w

—
c O O FH W

oo o0 o o o w [+ ) o o o o

=
(=]

.979(9)
.9(1)
.8(1)
.4(1)
.6(1)
3(D)
.0(2)
.2(1)
.6(4)
.5(4)
L4(3)
.0(3)
.3(3)
.8(3)
.6(3)
.6(3)
.8(3)
.9(4)
.9(4)
.6(4)
.3(4)
.0(4)
.0(5)
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Cls5

€16
c17
c18
c19
20
c21
22
c23
c24
c25

C26

Cc27

Cc28
Cc29

C30

o ©O O O O O O o o o o

'
o

O O O O o

.2417(17)
.2826(16)
.1574(15)
.1795(16)
.3632(17)
.9473(27)
.806(4)

.820(3)

.6716(15)
.6614(18)
.4395(17)
.0048(22)
.0264(20)
11542(22)
.8845(20)
.8130(22)
.6635(17)

o O O O O O O O O O O o O o o o o

.0136(5)
.0153(5)
.1849(5)
.1764(7)
.2171(4)
.0814(9)
.0310(14)
.1082(11)
.1130(5)
.1832(6)
.1438(6)
.0616(7)
.1384(7)
.0749(7)
.2406(7)
.2199(7)
.2720(5)
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0.

0.
0.
0.
0.
0.
0.
0.

3646(20)
0954 (15)
1804(18)
4547(16)
3490(20)
205(3)
318(5)
389(4)

.3137(17)
.1672:20)
.2800(20)
.1533(25)
.2597(23)
.3622(27)
.2755(22)
.5120(26)
.3288(19)

* Isotropically refined thermal parameters.

12.
11.
11.
13.
11.
17.
24,
21.
10.
12.

12

15.
14.
15.
14.
15.
12.

5(7)
1(6)
9(7)
7(8)
6(7)
8(8) *
5(15)*
1(11)=*
6(4)?
6(5)*

4 (5)*

2(7)*
1(6)*
8(7)*
3(6)*
6(7)*
0(5)*

“i]
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Table 3. Selected Distances (A) and Angles (°

)

8
79(29)
15(28)

J9(4)

4(4)

cpl - U 2.520 C4 -U 2.770(11)
Cp2 - U 2.510 cs - U 2.783(11)
cZ - U 2.698(3) : c6 -U 2.792(10)
Nl - U 2.618(11) | Cc7 -U  2.821(10)
N2 - U 2.592(12) - c8 -U - 2.769(10)
cL - U 2.771(11) . c9 -U 2.772(11)
c2 -1U 2.832(11) = . Cl10 - U 2.788(12) -
c3 - U 2.795(11)

C2 -U-cCpl 116.98 . cpl - U - Cp2  130.
CL - U - Cp2  112.52 . ¢cL -U -NL 76
N1 -U - Cpl = 94.87 ¢ -U -N2 75.
Nl - U - Cp2 97.52 Nl -U -N2 = 151
N2 - U - Cpl 96.08 U - Nl -Cll  174.
N2 - U - Cp2 94.88 U -N2 -Cl2  170.

h

Cpl and Cp2 represent the centers of cyclopentadienyl rings

respectively.

0(4)

Cl-C5 and C6-C10

rf g
N




Figure 1.

-8-

ORTEP drawing showing atomic numbering;

ellipsoids.

50% probability

v
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' SUPPLEMENTAL MATERIALS

Bis[bis(trimethylsilyl)cyclopentadienyl](chloro)uranium(III)
bis(trimethylsilylcyanide)

By Allan Zalkin and Sharon M. Beshouri

Materials and Chemical Sciences Division, Lawrence Berkeley Laboratory,

1 Cyclotron Rd;, Berkeley, CA 94720, USA

Abstract. [(Me3Si)2C5H3]2UC£~2[NCSiMe3]2, Mr- 890.83, monoclinic, P21/n,_a
= 11.602(2), b = 36.947(5), c = 10.999(2) A, B = 99.31(2)°, V = 4652.7, Z =
3 1

4, D = 1.272 g en’ , F(000) = 1788, T

, A(CuKa) = 1.54180 A, B = 127.6 cm”
- 296 K, R = 0.041 for 4138 F2> 20(F%) of 6929 total unique data. The
uranium atom is five coordinate with distances: U-CZ 2.698(3); U-Cp 2.510,

2.520; U-N(cyanide) 2.592(11), 2.619(10); <U-C(cyclopentadiene)> 2.789(22)

A. ‘
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Supplementary Table 1.

Atom
U
(¥4
Sil
Si2
Si3
Si4
Sis
Si6
N1
N2

[
o &

c2
c3
c4
cs
o]
c7
cs8
c9
€10
c11
C12
c13
Cl4
C15
C16
c17
c18

o e e e
N O W N

The temperature factor has the form: exp[-(B11

Bl1

.395(14)
.89(22)
.19(18)
.24(19)
.55(14)
.10(17)
.07(23)
.81(18)
.2(5)
.1(5)
.4(5)
.2(5)
.2(6)
.3(6)
.2(5)
.2(4)
.7(5)
.9(6)
.3(6)
.7(5)
.5(7)
.7(6)
.3(9)
.8(12)
.6(11)
.5(9)
.7(11)
.8(11)

B22 B33
5.451(15) 4.926(17)
8.66(18) 10.54(24)
6.78(16)  8.32(21)
8.65(20) 8.88(24)

10.14(¢22) 6.98(19)
14.6(3) 6.34(19)
10.26(26) 11.6(3)
6.64(16)  9.94(24)
12.5(8) 6.7(6)
8.3(6) 10.7(8)
9.0(7) 5.6(6)
6.2(5) 5.7(6)
6.6(5) 4.6(5)
7.6(6) 5.2(5)
7.9(6) 6.0(6)
7.5(6) 7.9(7)
6.3(5) " 5.5(5)
5.9(5) 8.1(8)
7.7(6) 6.5(7)
8.2(6) 6.0(6)
10.1(8) 6.6(7)
7.1(6) 10.3(9)
6.8(7) 12.3(10)
10.8(10) 14.1(13)
10.1(9) 9.0(9)
14.4(13)  11.9(12)
20.8(19) 9.3(10)
8.0(8) 14.4(14)

-10-

Anisotropic Thermal Parameters

0.
.95(17)
.07(15)
.46(17)
.87(14)
.68(20)
.07(20)
.94(14)
.2(5)
.5(5).
.1(5)
.1(4)
.5(4)
.5(5)
.4(5) -
L1(4)
.6(4)
.5(5)
.6(5)
-3(5)
.2(6)
.7(5)
L9(7)
L4(9)
.6(9)
.0(9)
.8(12)

B12
409(16)

3.4(8)

hza*2

B13 B23 y
0.252(9) -0.041(17)
3.25(18)  3.31(17) g
0.76(16)  0.13(15)
2.89(18)  0.39(17)
0.17(13)  1.27(17)
1.93(14) - 2.88(20)
-4.45(23)  1.20(23)
0.80(17) -1.55(16)
-0.3(4) 0.4(6)
3.1(5) -1.9(6)
0.7(4) 0.1(5)
0.9¢4)  0.7(4)
-0.2(4) 0.1(4)
0.1(4) -0.8(5)
1.9(5) -0.2(5)
0.7(4) -0.1(5)
1.0(4) 0.3(4)
1.9(5) -0.3(5)
0.2(5) -1.7(5)
0.6(4) 0.3(5)
-0.9(6) 0.1(6)
1.6(6) . -2.1(6)
2.9(8) 1.3(7)
3.2(10) 1.5(10)
-0.2(8) -0.5(8)
4.9(9) 2.0(10)
3.5(9) 0.0(11)
'3.3(10)  -0.1(8) \
*. % {/
+2B. hka b +...)/4]

12
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Supplemental Table 2. Estimated Hydrogen Atomic Coordinates

Atom X y z  B(A%) Atom x y z B(A%)
Hl 0.2244 0.1014 0.2029 10.0 H31 0.7464 0.1054 0.4212 15.
H2 0.5474 ° 0.0769 0.3966 10.0 H32 0.8290 0.1327 0.3622 15.
H3 0.5109 0.1428 0.4282 10.0 H33 0.8853 0.1011 0.4523 15.
H4 0.7467 0.1372 0.060 °-10.0 H34 0.6373 0.0889 -0.3312 15.
0.5862 0.0401 0.1153 10.0 H35 0.7541 0.1105 -0.2771 15.

H6 0.491 0.0647 - -0.0958 10.0 H36 0.6652 0.1269 -0.390 15.
H7 0.5104 0.0019 0.3895 15.0 H37 0.7442 0.180 -0.1333 . 15,
H8 0.5383 0.0050 0.252 15.0 H38 0.6220 0.1956 -0.1066 15.
H9 0.4599 -0.0277 0.2885 15.0 H39 0.6535 0.1975 -0.2428 15.
H10 0.171 0.028 0.3438 15.0 H40 - 0.3955 0.1565 -0.2239 15.
H11 0.2782 0.0185 0.4498 15.0 H41 0.4033 0.1204 -0.3025 15.
H12 0.2224 -0.0122 0.3555 15.0 H42 0.4393 0.1585 -0.3544 15.
H13 0.3372 0.0225 0.0407 15.0 H43 -0.0269 = . 0.0712 -0.0833 15.
H14 0.209 - 0.0286 0.0733 15.0 H44 0.0380 0.0389 -0.1417 15.
~ H15 0.2671 -0.0108 0.0867v 15.0 H45 -0.0752 - 0.0573 -0.2198 15.
Hlé 0.1022 0.1648 0.1707 15.0 H46 0.0852 0.1529 -0.2915 15.
H17 0.1992 0.1858 0.1097 15.0 H47 0.0059 0.150 -0.1856- 15.
H1i8 0.1151 0.2078 0.1852 15.0 H48 -0.0436 0.1363 -0.3221 15.
H19 0.2342 0.1727 0.5313 15.0 H49 0.1969 0.0524 -0.3382 15.
H20 0.1242 0.1562 0.442 15.0 H50 0.208 0.093 -0.3858 15.
H21 0.1365 0.199 0.4598 15.0 H51 0.0919 0.0702 -0.4313 15.
H22 0.4087 0.2187 0.2818 15.0 H52 0.8541 0.2449 0.1880 15.
H23 0.4160 0.2135 0.4272 15.0 H53 0.9327 0.2185  0.2829 15.
H24 0.3186 0.2395 0.3533 15.0 H54 0.9314  0.2611 0.3095 15.
H25 0.9565 0.1054 0.1728 15.0 H55 0.8619 0.1984 0.5109 15.
H26 0.9486 0.0633 0.1387 15.0 H56 0.7456 0.2143 0.5517 15.
H27 1.0120 0.076 0.2720 15.0 H57 0.8587 0.2394 0.5569 15.
H28 0.8098 0.0139 0.2496 15.0 H58 0.59%4 0.2671 0.367 15.
H29 0.7308 0.0280 0.3464 15.0 H59 0.6400 0.2750 0.240 15,
H30 0.8698 0.0264 0.3843 15.0 H60 0.7018 0.294 0.3644 15.

O O O © O O O C©C O O O O O O O O O O O OO & oo oo o o Oo o



Supplemental Table 3.

c2 - S§sil
C13 - Ssil
Cl4 - Sil
Cl5 - §il
c5 - Si2
Clé - Si2
Cl7 - Si2
c7 - Si3
Cl8 - 8§8i2
Cl9 - Si3
€20 - Si3
€21 - Si3

.83
.84
.87
.86
.87
.82
.88
.82
.82
.72
.87
.80

O = B e T = T = S S R S R =

Supplemental Table

c2 -sil-C13

C2 -Sil-Cl4
C2 -Sil-Cl15
C13-58il-Cl4
C13-81i1-C15
Cl14-5il1-C15
C5 -8i2-Cl6
C5 -S8i2-C17
C5 -5i2-C18
Cl6-512-C17
Cl6-Si2-C18
Cl17-5i2-C18
C7 -8i3-C19
C7 -8i3-C20
C7 -8i3-C21
C19-s5i3-C20
C19-5i3-C21
€20-5i3-C21
Cl10-5i4-C22

111.
105.
112.
107.
109.
110.

109
108

110.
108.
111.

107.
108
110.
113
107
109.
107.
108.

4(12)
2(16)
7(20)
5(17)
4(12)
7(20)
0(18)
8(11)
6(20)
(3

(5)

(4)

4,

4(6)
97
1(6)
8(8)
1(8)
5(9)
.5(7)
.9(8)
9(6)
2(8)
5(9)
7(10)

.6(11)

8(14)

.6(13)
.5(18)

0(17)
2(21)
0(7)

Additional

Additional

-12-

Distances (A)
Cl10 - Si4 1.852(13)
C22 - Ssi4 1.872(19)
C23 - Si4 1.898(22)
C24 - Si4 1.849(20)
Cll - si5 1.872(14)
€25 - S§i5 1.767(26)
C26 - S§i5 1.825(25)
C27 - Sis 1.994(29)
Cl2 - Ssié6 1.850(15)
C28 - Sieé6 1.809(25)
C29 - Si6 1.777(28)
C30 - sis 1.808(20)
Angles (°)
Cl10-Si4-C23 109.7(8)
Cl10-Si4-C24 114.4(8)
C22-Si4-C23  108.7(9)
C22-Si4-C24 107.5(9)
C23-Si4-C24 108.5(9)
Cl1-Si5-C25 107.1(10)
Cl1-Si5-C26 105.9(9)
Cl1-Si5-C27 102.2(9)
C25-815-C26 118.5(11)
C25-8i5-C27 113.9(12)
C26-515-C27 107.7(11)
Cl12-Si6-C28 106.5(9)
Cl2-Si6-C29 103.4(10)
C12-816-C30 104.7(7)
C28-Si6-C29 111.0(11)
C28-S16-C30 109.9(10)
C29-Si6-C30 120.0(11)
€2 -Cl -C5 113.0(9)
sil-c2 -c1 128.0(9)

Cll - N1
Cl2 - N2
c5 -cCl
c2 -c1
c3 - ¢c2
¢4 - C3
Cs - c4
c7 - C6
Cl0 - C6
c8 - c7
c9 - c8
€10 - ¢9

sil-c2 -c3
cl -c2 -C3
C2 -C3 -C4
€3 -C4 -CS
$12-C5 -Cl
$i2-C5 -C4
cl -C5 -C4
c7 -C6 -Cl0
$i3-C7 -C6
S13-C7 -C8
Cc6 -C7 -c8

. C7 -C8 -c9

c8 -C9 -C10
$14-C10-C6
$i4-C10-C9
Cé -Cl0-C9
$i5-C1l1-N1
Si6-C12-N2

L s I S N S S R S

.140(14)
.164(14)
.398(16)
.407(15)
440 (14)
.374(15)
.429(16)
.399(15)
.463(16)
.450(15)
.429(16)
.406(16)

127.1(8)
103.0(10)
110.5(10)
108.8(10)
127.2(9)
127.5(10)

104.7(10) -

110.9(10)
125.4(8)

127.1(8)

105.2(10)
109.4(10)
108.5(10)
124.0(10)
129.1(10)
106.0(11)
178.9(13)
179.0(13)

v

-

«-~
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 Supplementary Table 5. Least-Squares Planes
Plane No. 1

Equation of the Plane: 6.39785 x + 8.43074 y - 9.69054 z = 0.31232

Distance (A) to the Plane From the Atoms .

Forming the Plane Not Forming the Plane
c1 ©0.005(17) - U 2.520(6)
c2 -0.001(15) _ - SI1 -0.378(20)
" C3 -0.001(15) SI12 -0.242(21)
C4 0.003(16)
CS ~ -0.004(16)
Plane No. 2

Equation of the Plane: 5.06086 x - 0.34940 y + 26.64205 z = 12.99119
Distance (A) to the Plane From the Atoms

Forming the Plane Not Forming the Plane

c6 - © 0.002(16) U 2.510(6)

c7 -0.003(15) 813 -0.429(20)
c8 0.006(17) SI4 -0.270(22)
c9 -0.004(17)

C10 0.001(17)

Angle Between the Planes: -48.4(5)°
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Suplemental Figure 1. Additional ORTEP view of molecule
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