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Abstract 

The U m nitrile complexes [U(cP)3(NCR) ] (cp ='q-CsHs; R= Me, "Pr, ipr  or tBu) have been prepared by treatment of 
[U(cP)3(THF) ] (THF, tetrahydrofuran)with the corresponding nitrile; the crystal structures of [U(cP)3(NC n Pr)] and [U(cP)3(NCipr)] 
have been determined. Reaction of [U(cP)3(THF)] with benzonitrile at room temperature or thermolysis of the adducts 
[U(cP)3(NCR)] (R = Me or npr) afforded an equimolar mixture of the U TM compounds [U(cP)3(CN) ] and [U(cP)3(R) ] (R ~ Me, npr 
or Ph). 

I. Introduction 

Alkyl and aryl nitriles frequently form adducts with 
transition metal complexes and their reactions, such as 
hydrolysis or reduction, are greatly accelerated in the 
coordination sphere of the metal centre [1]. However, 
there are a few examples of organometallic or inor- 
ganic compounds which have been obtained by elec- 
tron transfer from low valent metal species to a nitrile 
molecule. These are limited to the products of the 
reactions depicted by eqns. (1)-(3): 

[M(L)n ] + RCN > [M(L)2(R)(CN)]  (1) 

(L = tertiary phosphine; M = Ni, Pd or Pt; 

R = Me, Ph or C6H4F [2,3]) 

2[M](NCR) ~ [M]-N- -C(R) -C(R)=N-  [M] 

(2) 

([M] = Ti(cp)2C1 and R = CHEPh [4]; 

[M] = Ti(cP)2(o-MeC6n4) and 

R = Me, Ph or o-MeC6H 4 [5]) 

2[M](NCMe) , 

[M]=N-C(Me)=C(Me)-N=[M] (3) 

([M] = TaCI3(NCMe)2 or NbCI4(NCMe ) -  [6]) 

Correspondence to: M. Ephritikhine. 

The cyanoalkyl or cyanoaryl compounds of eqn. (1) 
have been prepared by oxidative addition of RCN to 
the [M°(L)2] moiety [2,3], whereas the imino or nitrene 
derivatives of eqns. (2) or (3) result from reductive 
coupling of two coordinated nitrile molecules [4-6]. 

Here we report the preparation and characteriza- 
tion of the compounds [U(cp)3(NCR)] (cp = r/-CsHs; 
R = Me, npr, ipr or tBu) and present the crystal struc- 
tures of the two butyronitrile derivatives. These adducts 
were transformed at higher temperature into a mixture 
of the U TM complexes [U(cp)a(R) ] and [U(cp)3(CN) ] 
and we describe the nature of these reactions. 

2. Results and discussion 

2.1. Synthesis o f  the complexes [U(cp)3(NCR)]  (R - Me, 
nPr, ipr or tBu) 

The trivalent uranium(III) complex [U(cP)a(THF)] 
(1) (THF, tetrahydrofuran) has already been used to 
prepare a series of Lewis base adducts [U(cP)a(L)]  [7a]; 
the organouranium(III) nitrile complexes [U(CsH4R) 3- 
(NCEt)] (R -= Me or SiMe 3) were obtained by treating 
the corresponding triscyclopentadienyluranium with 
propionitrile [7b]. The THF ligand of 1 was readily 
displaced by RCN in toluene, leading to the formation 
of the compounds [U(cp)a(NCR) ] (2a, R = Me; 2b, 
R -- npr; 2c, R = ipr; 2d, R = tBu); after filtration and 
evaporation of the solution, these compounds were 
isolated as red microcrystals in about 70% yield. A 
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slight excess of nitrile (about 5 equiv.) was necessary to 
shift the equilibrium depicted by eqn. (4); the nitrile 
ligand of 2 was also found to exchange easily with free 
RCN, but the formation of a 1:2 adduct [II(c 
(NCR),] was not observed. 

W(cp),(THF)I + RCN c [U(cp),(NCR)] + TI-IF 

(I) (2a, R=Me; 

2b, R =“Pr; 

2c, R =‘Pr; 

2d, R =‘Bu) 

(4) 

The compounds [U(C,H,Me),(NCR)I (R = Me or “Pr) 
were similarly prepared from [U(C,H,Me),(THF)I. 
The benzonitrile adduct [U(cp),(NCPh)] could not be 
observed because of its immediate oxidation into a 
mixture of the U’” complexes [U(cp),(Ph)l and 
[II(c (see below). 

The compounds 2a-2d have been characterized by 
elemental analyses and ‘H nuclear magnetic resonance 
(NMR) spectra (Table 1); the signals corresponding to 
the nitrile hydrogen atoms on the OL and B positions 
are at about - 45 and - 10 ppm respectively, as previ- 
ously observed for the derivatives [U(C,H,R),(NCEt)l 
(R = Me or SiMe,) [7b]. It has also been noted Pbl 
that the v(CN) IR absorption band of these triscy- 
clopentadienyluranium(II1) nitrile complexes is very 
weak and its frequency is not significantly different 
from that of the corresponding free nitrile. 

Fig. 1. ORTEP drawing of molecule 2b. Atoms labelled “i” are related 
to corresponding unlabelled atoms by a mirror plane. 

2.2. Crystal structures of [U(cp),(NC”Pr)j and 
[U(cp),(NC’Pr)l 

ORTEP drawings [8] of 2b and 2c are shown in Figs. 1 
and 2 respectively; selected bond lengths and angles 

TABLE 1. Analytical and ‘H NMR data 

Compound Analyses a NMR data b 

KUkp),(NCMe)l (28) 

[U(cp),(NC”Pr)l(2b) 

[Ukp)&NC’Pr)l(2c) 

KJ(cp),(NC’Bu)l(2d) 

[U(CsH,Me),(NCMe)l 

KJfC,H,Me),(NC”Pr)l 

C 

42.93 
(43.04) 
45.16 

(45.42) 

45.14 
(45.42) 
46.17 

(46.51) 

H 

3.85 
(3.80) 
4.23 

(4.38) 

4.16 
(4.38) 
4.44 

(4.65) 

N 

2.67 
(2.95) 
2.55 

(2.79) 

2.51 
(2.79) 
2.53 

(2.71) 

Cp ligand 

- 14.32 (15H) 

- 14.36 (15H) 

- 14.32 (15H) 

- 14.19 (15H) 

- 5.99 (6H) 
- 13.54 (9H) 
- 20.45 (6H) 
- 5.30 (6H) 

- 12.30 (9H) 
- 19.98 (6H) 

Nitrile ligand 

- 42.20 (3H, Me) 

- 44.48 (2H, a-CHJ 
- 9.36 (2H, p-CH,) 
- 7.49 (3H, Me) 

- 42.09 (lH, CH) 
- 10.78 (6H, Me) 
- 11.35 (9H, Me) 

- 47.32 (3H, Me) 

-49.17 (3H, (Y-CHJ 
- 9.50 (2H, P-CH,) 
- 7.71 (2H, Me) 

a Analytical data given as: found (required) in per cent. b At 30°C in toluene-ds; 6 relative to TMS. The signals are singlets with half-height 
widths between 10 and 30. Hz, except those of the methylcyclopentadienyl compounds which are broader (w~,~ = 70 Hz). 
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are listed in Table 2. The two molecules have a similar 
geometry which is classical for a [U(cp),(L)] complex. 
The three Cp groups and the nitrile ligand form a 
distorted tetrahedron around uranium. The average 
U-C distances are 2.81(9) A in 2b and 2.76(5) A in 2c; 
the metal-ring centroid distances range from 2.51(l) to 
2.58(2) A and the ring centroid-uranium-ring centroid 
angles vary from 1X7(4)0 to 120.2(4)“. The average 
ring centroid-metal-nitrogen atom angle is 97(4>0 in 
2b and 98(1>0 in 2c. The single uranium-nitrogen bond 
length is 2.61(l) A in 2b and 2.551(9) A in 2~; while 
there are no other I-I”’ nitrile complexes with which 
comparisons can be made, these values fall within the 
range of all previously determined U-N single-bond 
lengths 191. The four atoms U, N, C(1) and C(2) of 2b 

lie on a straight line located in the plane of symmetry 
of the complex; the n-butyl chain does not adopt the 
usual staggered conformation, the torsional angle 
C(l)-C(2)-C(3)-C(4) being - 55(3Y’, and this geome- 
try certainly results from the packing of the molecule. 
In 2c the U-N-C(l) angle is equal to 172.1(8)0 and is 
similar to that found in the lanthanide compounds 
[Ln(cp),(NCEt)] (168.3(4Y’ and 171.0(5)0 for Ln = La 
and Yb respectively [lOa]). It is note worthy that the 
space groups of 2b (&ma) and 2c (P-1) appear to be 
the same as for the lanthanide analogues: P-l for 
[Ln(cp),(NCEt)] (Ln = La, Pr or Yb) [lOa] and P-l or 
&ma for the two crystalline forms of [Sm(cp),(NCMe)l 
[lob]. 

The nitrile molecule is not much affected by coordi- 

TABLE 2. Selected bond lengths (& and bond angles P) 

[Ukp),(NC”Pr)l (2b) 

U environment 

U-N 2.61(l) u-C(11) 2.79(l) u-c021 2.780) 

u-C(13) 2.770) u-C(14) 2.783(9) u-cx15) 2.83(l) 

u-C(21) 2.90(2) U-(x22) 2.85(l) U-CX23) 2.79(l) 
U-l a 2.53(2) u-2 2.58(2) 
N-IJ-1 95.5(4) N-U-2 100.7(4) 
U-N-C(l) 178(l) l-U-1’ b 118.6(4) 1-u-2 118.4(4) 

Nitrile ligand 

N-C(l) 1.11(l) cw-c(2) 1.43(2) C(2HX3) 1.45(2) 
C(3bC(4) 1.46(3) 

N-W&C(2) 178(l) c(l)-C(2b-C(3) 115(l) C(2)-c(3)-C(4) 117(2) 

Cp ligand 

(C-0 1.38(3) (C-C-C) 108(3) 

[Ukp),(NC’l’r)l (2~) 

U environment 

U-N 
u-c011 
u-c021 
u-c031 
u-c041 
u-c051 
U-l = 
N-U-l 
1-u-2 
U-N-C(l) 

2.551(9) 
2.811(9) 
2.790) 
2.76(l) 
2.730) 
2.79(l) 

2.530) 
98X4) 

117.3(4) 

172.1(g) 

U-xX21) 
u-cx22) 
U-X(23) 
U-c(24) 
u-c(25) 
u-2 
N-U-2 
1-u-3 

2.77(l) 
2.76(l) 
2.73(l) 
2.73(l) 
2.78(l) 

2.510) 
97.8(3) 

116.7(4) 

Nitrile ligand 

N-C(l) 

C(2)-C(4) 
N-C(l)-C(2) 
CG-C(2)-C(4) 

Cp l&and 

1.11(l) C(l)-C(2) 1.49(2) 
1.41(l) 

179(l) C(l)-C(2)-C(3) 110.9(9) 
120(l) 

U-xX31) 
U-(X32) 
u-cx33) 

u-cx34) 
u-C(35) 
u-3 
N-U-3 
2-U-3 

C(2)-c(3) 1.460) 

C(l)-c(2)-C(4) 114(l) 

2.7938) 
2.810) 
2.75(l) 
2.76(l) 
2.760(9) 

2.520) 
97.9(4) 

120.2(4) 

(C-0 1.37(5) (C-C-C) 108(5) 

a 1, 2, 3 are the centroids of the cyclopentadienyl rings; b atom labelled “i” is related to corresponding unlabelled atom by a mirror plane. 
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Fig. 2. ORTEP drawing of molecule 2c. 

nation since the CkN distance is 1.110) A in both 
compounds (1.158(2) A in free nitrile [ll]). These geo- 
metrical parameters confirm that in the complexes 
2a-2d the RCN ligand is cf bonded to the U(cp), 
fragment. 

2.3. Oxidative addition of RCN to triscyclopentadienylu- 
ranium 

As we have already noted, the benzonitrile adduct 
[U(cp),(NCPh)] could not be observed. The reaction of 
[Ukp),(THF)] with 2 molar equiv. of PhCN was moni- 
tored by NMR spectroscopy. After 30 min at room 
temperature the spectrum exhibited resonances corre- 

sponding to the complex [U(cp),(Ph)l in addition to 
those assigned to free nitrile and free TI-IF, integration 
of the spectrum showed that the ratios I U(cp)&Ph) I / 
I THF I and I U(cp),(Ph) I / I PhCN I are equal to 0.5 and 
0.3 respectively. Moreover, green microcrystals were 
deposited at the bottom of the tube and their IR 
spectrum revealed a band at 2110 cm- ’ corresponding 
to the 4CN) vibration of [U(cpI,(CN)l; the insolubility 
of this cyano derivative was explained by its polymeric 
structure, ensured by bridging CN groups 1121. These 
results clearly indicate that 1 reacted with 0.5 equiv. of 
PhCN according to 

2[U(cp),(THF)] + PhCN - 

[WpMPh)] + [U(cp),(CN)] + 2 TI-IF (5) 

The adduct [U(cp),(NCPh)] is certainly an intermedi- 
ate in reaction (5) and so we examined the thermolysis 
of the nitrile compounds 2a-2d. After 3 days at 8O”C, 
solutions of the acetonitrile and butyronitrile deriva- 
tives 2a and 2b deposited green microcrystals of 
KJ(cp),(CN)l, h w ereas the NMR spectra showed the 
formation of the alkyl complexes [U(cp),(R)l (R = Me 
or “Pr) in about 50% yield and the presence of free 
nitrile (50% of the initially coordinated RCNI. A simi- 
lar transformation of [U(C,H,Me),(NCMe)l into [U- 
(C,H,Me),(Me)] and [U(C,H,Me),(CN)I was achieved 
after 3 days at room temperature. The green precipi- 
tate of [U(cp),(CN)] was also formed by heating the 
isobutyronitrile and pivalonitrile adducts 2c and 2d, but 
the corresponding alkyl complexes [U(cp),(‘Pr)l and 
[U(cp),(‘Bu)] were not observed; under such thermal 
conditions these decompose into unidentified products 

[131. 
The nitrile compounds [Ukp),(NCR)I are therefore 

oxidized according to 

2]U(cp),(NCR)1 - 

]U(cp),(R)] + ]U(cp),(CN)] + RCN (6) 

(R=Me, “Pr or Ph) 

I I 
CP,U - NGC-_C- N 

I 
cp,u-N=C-c- - 

2 3 

,*y 
II 

Cp,U~~__~ + 
I 

Cp&J-CN + -C’ 2 
I 

cp,u-c- 

JC- 

4 

Schema 1. Postulated mechanism for the oxidative addition of RCN to U(cp),. 
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The order of reactivity of RCN (PhCN > MeCN) is 
opposite to that invariably encountered for the oxida- 
tive addition of organic halides to transition metal 
complexes, and in particular for the reaction of RX 
with [U(cp),(THF)I, which gave a mixture of [U(cp),(R)l 
and [U(cp),(X)] (R = primary or secondary alkyl or Ph; 
X = halogen) [141. It seems likely that 3, which is a 
canonical form of the adduct 2 (Scheme 11, plays an 
important role in reaction (6). The metallic centre in 3 
is in the 4 + oxidation state as a result of electron 
transfer from the trivalent species U(cp), to the RCN 
ligand, and this electron transfer should be straightfor- 
ward in the case of the benzonitrile molecule, which is 
much more easily reduced than the alkyl nitriles [15]. 
This reduction of the nitrile ligand would also be made 
easier by increasing the electron density on the metal, 
and the electron-richer adduct [U(C,H,Me),(NCMe)] 
was found to be more reactive than [U(cp),(NCMe)]. 

On the other hand, Turco and coworkers have noted 
the distinct behaviour of nitriles and organic halides in 
their oxidative addition to Ni” complexes [3] as well as 
the different stabilities of the halogen0 and cyano 
derivatives [Ni(Ll,(XXR)] (X = Cl or CN) towards re- 
ductive elimination [16]. These differences have been 
accounted for by the peculiar bonding properties of the 
cyanide fragment, which would allow the formation of 
an easily accessible intermediate or transition state 
with a r-bonded CN group. Stable complexes with 
r-coordinated nitrile ligands have been reported and 
two of these, [Fe,(CO),(NC”Pr)] [17] and [{Ni(PPh,)- 
(NCPh&l [181, have been characterized crystallograph- 
ically. The involvement of such an intermediate or 
transition state 4 in reaction (6) could explain how the 
nitrile adduct [U(C~),(NCR)I is transformed into the 
cyano derivative [U(cp),(CN)l. After cleavage of the 
R-CN bond, the radical R’ should be trapped by 
U(cp),, as it is captured during the reaction of 1 with 
organic halides, which was shown to proceed by a 
halogen atom abstraction oxidative addition mecha- 
nism [14]. It is noteworthy that during the transforma- 
tion 2 + 4 the metal complex is formally oxidized by 
two units. Uranium compounds in the 5 + oxidation 
state, although not common, are well known; in partic- 
ular, the triscyclopentadienyluranium(V) imide com- 
plexes [U(cp),(NR)l have been isolated 1191 and the 
U” intermediates [U@p),(RXR’)I were postulated to 
account for the distribution of the products [U(cp),(R)] 
and [U(cp),(R’)l obtained by oxidation of [U(cp),(R)]- 
by a variety of alkyl halides R’X [20]. However, if 
these considerations are justified, the reaction of 
titanium(II1) nitrile compounds would follow a differ- 
ent route from that depicted by eqn. (61, since a Ti” 
species analogous to 4 is not attainable. In fact, the 
adducts [Til(NCR) afford the complexes [Ti]-N=C(R)- 

C(R)=N-[Ti] ([Ti] = Ti(cp),X) via coupling of the 
species [Ti]-N=C-R, and breaking of the R-CN bond 
was not observed [4,5,21*1. 

3. Experimental details 

3.1. General methods 
Microanalyses were carried out by the Analytical 

Laboratories at Engelskirchen (Germany). IR spectra 
were recorded in Nujol mulls on a Perkin-Elmer 782 
instrument and ‘H NMR spectra on a Bruker W 60 
@T) spectrometer. Deuterated solvents were dried over 
Na-K alloy. The chemical shifts are relative to tetra- 
methylsilane (6 = 0). ‘H NMR spectra and analytical 
data are given in Table 1. 

All experiments were carried out under argon (less 
than 5 ppm 0, and water) in Schlenk-type glassware 
on a high vacuum line or in a glove-box. Solvents were 
thoroughly dried and deoxygenated by standard meth- 
ods and were distilled immediately before use. The 
nitriles (Fluka or Prolabo) were distilled over P205. 
[U(cp)$I’HF)I [22l and [U(C,H,Me),(Cl)I 1231 were 
prepared by published methods; [U(C,H,Me),(THF)] 
[241 was synthesized in a manner similar to that of 1 by 
Na(Hg) reduction of [U(C,H,Me),(Cl)]. 

3.2. Synthesis of the nitrile compounds [U(CP),(NCR)] 
@a-2d) 

[U(cp),(NCMe)l (2a) 
A 50 ml round-bottomed flask was charged with 1 

(170 mg, 0.34 mm00 and toluene (20 ml) was con- 
densed into it under vacuum at -78°C. Acetonitrile 
(176 ~1, 3.4 mmol) was introduced via a gas-tight 
microsyringe into the solution at 20°C. The mixture 
was stirred for 10 min and after filtration the solvent 
was evaporated off, leaving a red powder of 2a (100 
mg, 63%). 

[U(cp),(NC”Pr)l (2b), [U(cp),(NC’Pr)l (24 and 
RJ(cP~,(Nc’Bu)I (2d) 

These complexes were prepared as described for 2a. 
Reaction of l(202 mg, 0.40 mmol) with “PrCN (174 ~1, 
2.0 mmol) gave 2b (141 mg, 70%); reaction of 1 (170 
mg, 0.34 mm00 with ‘PrCN (154 ~1, 1.70 mmol) gave 
2c (135 mg, 80%) and treatment of 1 (114 mg, 0.23 
mm011 with tBuCN (122 ~1, 1.42 mmol) afforded 2d (80 
mg, 69%). 

* Reference number with asterisk indicates a note in the list of 
references. 
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[ U(C, H,Me)3(NCMe)] and [U(C, H4 Me), (NC”Pr)I 
These compounds were prepared as described for 

2a, using [U(C,H,Me),(THF)] instead of 1. Yields 
about 70%. 

3.3. Reaction of [iJ(cp),(THF)] with benzonitrile 
An NMR tube was charged with 1 (10 mg) in 

toluene-d, (0.4 ml) and 2 molar equiv. of PhCN (4 ~1) 
was added at room temperature via a gas-tight syringe. 
The solution turned from brown to red and after 30 
min green microcrystals were deposited. The spectrum 
of the solution showed signals corresponding to 
KJkp),OWl El, f ree PhCN and free THF. Integration 
of the spectrum indicated that I Ukp),(Ph) I / I THF I = 
0.5 and I U(cp),(Ph) I / I PhCN I = 0.3. The IR spectrum 
of the green product showed a band at 2110 cm-‘. 

3.4. Themolysis of [U(cp), (NCR)] 
In these experiments the alkyl products [U(cp),(R)l 

were identified by their ‘H NMR spectra, which were 

identical to those of authentic samples and/or those 
described in the literature [13]. 

(a) An NMR tube was charged with 2a (10 mg) in 
toluene-d, (0.4 ml). After heating at 80°C for 1 day, 
green microcrystals of [II(c were formed on 
the walls of the tube and the spectrum exhibited sig- 
nals corresponding to an equimolar mixture of 
[U(cp),(Me)] and free MeCN. 

(b) Thermolysis of 2b was conducted as for 2a. After 
1 day at 80°C 80% of 2b had reacted and after 3 days 
the reaction was complete. Green microcrystals were 
deposited and the NMR spectrum of the red solution 
showed signals corresponding to an equimolar mixture 
of [U(cp),“Pr)] and “PrCN. Another experiment was 
done in the presence of hexamethylbenzene as internal 
standard; integration of the spectrum showed that 
[U(cp),“Pr)] was formed in about 50% yield. 

(cl An NMR tube was charged with 2c or 2d (10 mg) 
in toluene-d, (0.4 ml). After heating at 80°C for 4 days, 
the solution deposited a greenish powder and the spec- 

TABLE 3. Crystallographic data and experimental details for compounds 2b and 2c 

W(cp),(NC”Pr)l(2b) 

Crystal data 

[UkplsfNC i Prll(2c) 

Crystal dimensions (mm) 0.30 x 0.25 x 0.10 
Colour Red 
Crystal system Orthorhombic 
Space group Pnma 

a (A) 8.304(2) 

b t.% 10.239(2) 

c (A, 20.624(4) 

a (“1 90 

p (“1 90 

y (“1 90 

v (ii-‘, 1753(l) 
Z 4 
Dcalc 63 cm-‘) 1.903 
F(MO Ka) (cm-‘) 87.72 

0.30 x 0.25 x 0.10 
Red 
Triclinic 
P-l 

8.422(2) 

10.469(2) 

11.297(21 
63.07(2) 
88.9Of2) 
85.24(2) 

884.8(7) 
2 
1.886 
86.93 

Data collection 

B limits t? 

Scan type 
Scan width 
Range absc. trans. 
Range II 

k 
1 

Reflections collected total 
unique 
with I > 3u( I) 

Final values 
R(F)=~IF,I-IF,1/~lF,l 

R,(F) = [Cw I I F, I - I F, 1 I ‘/b( I F, \ )‘11” 
max. residual (e k31 

1, 20 1, 20 
w-28 o-8 
0.8 + 0.35 tan 0 0.8 + 0.35 tan 0 
0.568, 1.425 0.879, 1.176 
-8,0 -8, 8 
0, 20 0, 10 
0, 10 - 10,lO 
1187 1759 
1006 1637 
704 1422 

0.035 0.022 
0.046 0.028 

<l <l 
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Atom x Y z B (‘Q2, a 

0.10022(4) 2.92(2) U 0.2221(l) 

N 0.313(2) 

C(l) 0.348(3) 

C(2) 0.400(4) 

C(3) 0.286(5) 

C(4) 0.124(3) 

C(ll) 0.24Of3) 

C(l2) 0.292(3) 

c(13) 0.438(3) 

C(l4) 0.475(2) 

C(15) 0.356(2) 

C(21) - 0.077(4) 

C(22) -0.085(S) 

C(23) - 0.093(2) 

0.250 
0.250 

0.250 
0.250 

0.305(3) 

0.250 
0.5 19(2) 

0.461(2) 
0.407(2) 

0.428(2) 

0.498(2) 
0.250 

0.356(3) 
0.318(3) 

- 0.0207(9) 4.8(6) 

-0.073(l) 4.0(6) 
-0.139(l) 5.6(8) 
-0.185(2) 7(l) 
- 0.184(2) lo(l) 

0.121(l) 7.7(7) 

0.1798(9) 8.1(6) 

0.167(l) 6.7(6) 

0.103(l) 6.3(5) 

0.075(l) 5.7(5) 

0.028(2) 7(l) 
0.069(l) 8.0(7) 
0.134(l) 8.1(8) 

TABLE 4. Fractional atomic coordinates, equivalent or isotropic 

thermal parameters and their e.s.d.s for compound 2b 

trum exhibited a number of paramagnetic signals which 
were not assigned. 

3.5. Therrnolysis of [U’C, H, Me),(NCMe)] 
An NMR tube was charged with [U(C,H,Me), 

(NCMe)] (10 mg) in toluene-d, (0.5 ml). After 3 days at 
20°C green microcrystals were deposited and the spec- 
trum showed the formation of [U(C,H,Me),(Me)l. The 
latter was prepared by treating [U(C,H,Me),(CI)] (10 
mg) with LiMe (12.5 ~1 of a 1.6 M solution in Et,01 in 
diethyl ether (0.5 ml). After 2 h the solvent was evapo- 

TABLE 5. Fractional atomic coordinates, equivalent or isotropic 

thermal parameters and their e.s.d.s for compound 2c 

Atom x Y z B(A*)” 

U 0.17993(3) 

N 0.227(l) 

C(l) 0.262(l) 

C(2) 0.312(l) 

C(3) 0.434(l) 

C(4) 0.184(l) 

Cfll) -0.125(l) 

C(l2) -0.129(l) 

C(13) -0.121(l) 

C(l4) -0.112(l) 

C(15) -0.115(l) 

C(21) 0.336(l) 

C(22) 0.204(2) 

Cc231 0.204(2) 

C(24) 0.329(l) 

Cc251 0.435(l) 

C(31) 0.346(l) 

C(32) 0.225(l) 

C(33) 0.244(2) 

C(34) 0.385(l) 

C(35) 0.446(l) 

a Beq = $EiE,Bi,aiaj. 

0.32924(3) 

0.1964(g) 
0.147(l) 
0.081(l) 
0.161(l) 

0.037(l) 
0.293(l) 

0.433(l) 
0.438(l) 
0.306(2) 
0.215(l) 
0.511(l) 
0.585(l) 
0.6190) 
0.573(l) 
0.494(l) 
0.0669(9) 
0.0751(9) 
0.182(l) 
0.244(l) 
0.1668(9) 

0.29729(3) 

0.5482(7) 
0.6551(8) 
0.798(l) 

0.819(l) 

0.8860) 
0.407(l) 
0.3190) 
0.190(l) 
0.211(l) 
0.3420) 
0.364(l) 
0.310(l) 
0.187(l) 

0.1540) 
0.265(2) 

0.3482(9) 
0.270(l) 
0.1510) 
0.147(l) 
0.280(l) 

3.374(7) 

5.X2) 
5.7(3) 

7.X4) 
8.7(4) 

9.8(4) 
6.X3) 
8.8(4) 

11.3(5) 
11.2(5) 
8.5(4) 
9.5(4) 

10.4(4) 

9X4) 
8.6(3) 

14.5(5) 

6.Of3) 
8.0(3) 

10.7(4) 
11.6(3) 

7.2(3) 

rated off and replaced by TI-IF-d,. The spectrum of the 
red solution showed signals corresponding to the methyl 
compound. 6: (30°C): 7.10 and - 9.86 (s, 6H + 6H, 
CH), -5.08 (s, 9H, C,H,Me), -189.6 (s, 3H, U-Me). 

3.6. X-Ray crystal structure determinations 
Crystals of 2b and 2c were obtained by slow diffu- 

sion of pentane into a toluene solution of the complex. 
A selected single crystal was introduced into a thin- 
walled Lindemann glass tube in a glove-box. Data were 
collected at room temperature on an Enraf-Nonius 
diffractometer equipped with a graphite monochroma- 
tor (A = 0.71073 A>. The cell parameters were ob- 
tained by least-squares refinement of the setting angles 
of 25 reflections with 13 between 8” and 12”. Three 
standard reflections were measured after each hour: a 
decay was observed (12% in 15 h for 2b and 16% in 27 
h for 2c) and was corrected linearly. The data were 
corrected for Lorentz polarization effects and absorp- 
tion [26]. The structure was solved by the heavy atom 
method and refined by full-matrix least squares on F 
with anisotropic thermal parameters. H atoms of 2c 
and H atoms of the Cp ligands oi 2b, introduced at 
calculated positions (C-H = 0.95 A, B = 6 A2’>, were 
not refined but constrained to ride on their C atoms. In 
2b the U atom lies on the mirror plane as do the N, 
C(l), C(2) and C(4) atoms of the nitrile molecule; C(3) 
was introduced in refinements with an occupation fac- 
tor of 0.5. All calculations were performed on a Micro 
Vax II computer with the Enraf-Nonius MOLEN system 
[27]. Analytical scattering factors for neutral atoms [28] 
were corrected for both A f’ and Af” components of 
anomalous dispersion. Crystallographic data and exper- 
imental details are given in Table 3; final position and 
thermal parameters for 2b and 2c are listed in Tables 4 
and 5 respectively. 
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