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C(8) 0.2198 (7) 0.1688 (3) -0.1442 (3) 4.8 (2) 
C(9) 0.3593 (7) 0.1893 (3) -0.2012 (3) 5.1 (2) 
C(I 1) 0.636 (2) 0.2291 (4) 0.0402 (6) 16.4 (8) 
C(12) 0.622 (3) 0.2978 (6) 0.0390 (8) 21 (1) 
C(13) 0.552 (4) 0.3362 (8) -0.034 (1) 24 (2) 
C(14) 0.433 (6) 0.379 (2) -0.032 (2) 42 (4) 
C(21) 0.769 (2) 0.0368 (5) 0.2507 (5) 14.5 (7) 
C(22) 0.936 (3) 0.0321 (7) 0.307 (1) 22 (1) 
C(23) 1.023 (3) -0.043 (2) 0.330 (2) 29 (2) 
C(24) 1.171 (7) -0.031 (2) 0.358 (3) 25 (2) 
C(24') 0.897 (7) -0.049 (3) 0.369 (3) 23 (2) 

Table 2. Selected geometric parameters (,&, °) 
Ni--N 2.103 (4) Ni--S(i) 2.498 (2) 
Ni--S(2) 2.491 (3) P--S(1) 1.973 (3) 
P--S(2) !.981 (2) P---O(I) 1.581 (4) 
P---O(2) 1.587 (4) N---C(I) 1.371 (5) 
N---C(3) 1.315 (5) O(I)---C(I 1) 1.40 (1) 
O(2)---C(21 ) 1.43 ( 1 ) 

N--Ni--N' 180.00 S( 1 )--Ni--S(2) 81.53 (8) 
N--Ni--S(1) 89.9 (1) N--Ni--S(2) 89.5 (1) 
S(1)---P--S(2) 111.0 (1) O(1)--P----O(2) 94.9 (2) 

Symmetry code: (i) 1 - x, - y ,  -z .  

Data collection was performed using CAD-4 Software (Enra f -  
Nonius,  1989). The w-scan width was (0.45 + 0.35tan0) ° 
and the scan speed was 1-5.46 ° min -1. The structure was 
solved by direct methods and difference syntheses,  and refined 
with anisotropic displacement  parameters  for all non-H atoms 
except  C24, which was found to be disordered. Calculations 
were performed on a VAX3100 computer  using the TEXSAN 
(Molecular  Structure Corporation, 1985) program package. 
Molecular  graphics were prepared using ORTEPII (Johnson, 
1976). 
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Abstract 
The structures of three cobalt complexes, [1,4-bis(1- 
propynyl ) - 2,3 - dimethyl - 1,3 - butadiene - 1,4- diyl ] ( r/5 - 
cyclopentadienyl)(triphenylphosphine)cobalt, [Co(C5H5)- 
(C12H12)(C18H15P)], (r/5-cyclopentadienyl)[2,4-dipheny 1- 
1,3-bis(phenylethynyl)- 1,3-butadiene- 1,4-diyl] (triphenyl- 
phosphine)cobalt, [Co(C5Hs)(C32H20)(C18H15P)], and 
{7/4-1,3-bis(trimethylsilyl)-2,4-bis [4'-(trimethylsilyl- 
ethynyl ) biphenyl -4- yl ] cyclobutadiene } ( 7/5 - cyclopenta- 
dienyl)cobalt, [Co(C5H5)(C~H52Si4)], have been de- 
termined by single-crystal X-ray diffraction. 

This work was supported by a grant for a Major 
Project from the State Science and Technology Com- 
mission, and the National Science Foundation of China, 
as well as the State Key Laboratory of Tribology of 
Tsinghua University. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, least-squares-planes data and complete geometry 
have been deposited with the IUCr (Reference: CR1171). Copies may 
be obtained through The Managing Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CHI 2HU, England. 
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Comment 
Dialkynylcobaltacyclopentadiene complexes were ob- 
tained from the reaction of (C5H5)Co(PPh3)2 with con- 
jugated diacetylenes. In order to identify geometric 
isomers, X-ray structure analyses have been carried out. 
The syntheses and electrochemical properties of the 
complexes have been published elsewhere (Shimura et 
al., 1995). 

CpCo(PPh3)2 

~ .  , R3 R2 R 3 ~ . .  R2 

2RaC---CR b + 

R4- - -<co~R1 pph 3"  R4 ~ ICo "R1 - pph 3 
\ I 

CP / PPh3 Cp 

(I) (III) 
(II) 
(IV) 

(I) R1 = R4 = C-C-Me, R 2 = R 3 = Me 

(II) R1 = R3 = C-=C-Ph, R2 = R4 = Ph 

(III) R1 = R3 = SiMe3, R2 = R4 = CsH4-C6H4-C-C-SiMe3 

(IV) R I = R  e = R  3 = R  4=C6F 5 (GastingeretaL, 1976) 

Complex (I), [ 1,4-bis(1-propynyl)-2,3-dimethyl- 
1,3-butadiene- 1,4-diyl] (r/5-cyclopentadienyl) (triphenyl - 
phosphine)cobalt, has chemical mirror symmetry 
through the Co--P axis and the midpoint of C2--C3. 
The two --C---==C--Me groups are bonded to C 1 and C4 
of the metallacycle. 
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S ~  c41 

C47 
(c) 

Fig. 1. ORTEP drawings (Johnson, 1965) of the molecular structures 
of (a) compound (I), (b) compound (II) and (c) compound (liD, 
with displacement ellipsoids scaled to the 10% probability level. 

Ph 

Me Me P t r ~ ~ C ~ - - p h  
Me--C~C.----~ ,/,~-~C~------C--M e 

~,~'PPh 3 ~°"~pph 3 

(I) (II) 

In (II), (7/5 - cyclopentadienyl ) [ 2 ,4 -  diphenyl - 1,3 - 
bis(phenylethynyl)-  1,3-butadiene- 1,4-diyl]  (triphenyl- 
phosphine)cobalt, the two ~ - - P h  groups are 
bonded to C1 and C3 of the metallacycle. The two 
phenyl groups attached directly to the metallacycle form 
dihedral angles with the metallacyclic plane of 84.7 (3) 
(around the C2---C13 bond) and 58.1 (3) ° (around 
the C4----C27 bond). In the related complex, [Co- 
(C5Hs){Ca(C6Fs)4}(CI8H15P)], (IV), the pentafluoro- 
phenyl groups and the metallacyclic plane are nearly 
perpendicular to each other (Gastinger, Rausch, Sullivan 
& Palenik, 1976). This may be the result of intramolec- 
ular steric repulsions between the phenyl groups. 

~ C ~.C ~SlMe3 

Me3s:IC ~ - ' C ~  ~ 

(III) 

Complex (III), {7"] 4 -1 ,3 -b i s ( t r ime thy l s i l y l ) -2 ,4 -b i s [4 ' -  
(trimethylsilylethynyl)biphenyl-4-yl]cyclobutadiene} (r/5 - 
cyclopentadienyl)cobalt, has chemical mirror symmetry 
through atoms Co, C1 and C3. The Co atom is 
sandwiched between the cyclobutadiene and cyclopenta- 
diene rings, which are nearly parallel to each other 
having a dihedral angle of 1.1 (3) °. The dihedral angles 
between the cyclobutadiene ring and phenyl rings A 
(C13-C18) and C (C33-C38) attached to it are 37.3 (3) 
and 41.6 (3) ° , respectively. The dihedral angles of the 
biphenyl moieties A - B  (C 19-C24) and C-D (C39-C44) 
are 39.8 (3) and 23.7 (3) ° , respectively. As nearly all the 
C - - C  bond distances of the cyclobutadiene unit are the 
same, delocalization of the double bonds is indicated. 

Experimental 

Crystals of (I) and (II) were grown from a benzene-hexane 
mixture. Compound (III) was recrystallized from an aceto- 
nitrile-benzene mixture. 

Compound (I) 
Crystal data 

[Co(CsHs)(CI2Hi2)- Mo Ka radiation 
(C18HIsP)] A = 0.71073 ,~, 
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Mr = 542.55 
Monocl in ic  
P2n/n 
a = 17.411 (2 ) /~  
b = 15.756 (2)/~, 
c = 10.593 (1)/~, 
/3 = 107.19 (1) ° 
V = 2776.1 (6) ,~3 
Z = 4  
Dx = 1.30 Mg m -3 

Cell parameters  f rom 24 
reflections 

0 = 10-15  ° 
# = 0.69 m m -  
T = 300 K 
Prism 
0.60 x 0.30 x 0.30 m m  
Dark brown 

C24 
C25 
C26 
C27 
C28 
C29 
C30 
C31 
C32 
C33 
C34 
C35 

0.3053 (1) -0 .0428 (2) 0.1683 (2) 2.5 
0.3343 (2) -0 .0314 (2) 0.3042 (2) 3.1 
0.4097 (2) -0 .0610 (2) 0.3752 (3) 3.8 
0.4571 (2) -0 .1007 (2) 0.3104 (3) 4.4 
0.4301 (2) -0.1108 (2) 0.1754 (3) 4.8 
0.3542 (2) -0.0818 (2) 0.1043 (3) 4.0 
0.1488 (1) -0.0257 (2) 0.1930 (2) 2.7 
0.1604 (2) -0 .1042 (2) 0.2593 (2) 3.1 
0.1184 (2) -0.1245 (2) 0.3473 (2) 3.6 
0.0635 (2) -0.0677 (2) 0.3700 (3) 4.1 
0.0502 (2) 0.0092 (2) 0.3046 (3) 4.0 
0.0933 (2) 0.0302 (2) 0.2166 (2) 3.3 

Data collection 
Rigaku AFC-5  four-circle 

d i f f rac tometer  
0/20 scans 
Absorp t ion  correct ion:  

by integrat ion f rom crystal 
shape 
Tmi, = 0.789, Tmax = 
0.849 

6711 measured  reflections 
6376 independen t  reflections 

Refinement 

Ref inement  on F 
R = 0.036 
wR = 0.041 
S = 1.56 
4337 reflections 
333 parameters  
H-a tom parameters  not 

refined 

4337 observed  reflections 
[lEo[ > 3o-(IFol)l 

Rint = 0.013 
0max = 27.5 ° 
h = - 2 2  ~ 22 
k = 0 - - +  20 
l = 0 ---* 13 
5 standard reflections 

moni to red  every 100 
reflections 

intensity decay:  1.8% 

w = 1/[~Z(lFol) 
+ (0.0151Fol) 2] 

( m / o ' ) m a x  = 0 . 2 0  
mpmax = 0.35 e ,~-3 
mpmin = - 0 . 3 4  e ,~-3 
Ext inct ion correction: none  
Atomic  scattering factors 

f rom International Tables 
for X-ray Crystallography 
( 1974, Vol. IV) 

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (m2) f o r  (I) 

Beq = (87r2/3)~i~jUija * a 7 ai.aj. 

x y z Beq 
Co 0.20858 (2) 0.13422 (2) 0.02105 (3) 2.5 
P 0.20701 (4) 0.00186 (4) 0.07930 (6) 2.4 
CI 0.3155 (2) 0.1219 (2) -0 .0029 (2) 3.0 
C2 0.3776 (2) 0.1386 (2) 0.1073 (3) 3.2 
C3 0.3531 (2) 0.1603 (2) 0.2218 (3) 3.0 
C4 0.2722 (2) 0.1605 (2) 0.2020 (2) 2.7 
C5 0.3268 (2) 0.0972 (2) -0 .1257 (3) 3.5 
C6 0.3312 (2) 0.0740 (2) -0 .2298 (3) 4.4 
C7 0.3332 (2) 0.0378 (3) -0 .3569 (3) 6.7 
C8 0.4651 (2) 0.1324(2) 0.1129(3) 5.1 
C9 0.4143 (2) 0.1773 (2) 0.3539 (3) 4.1 
C10 0.2372 (2) 0.1775 (2) 0.3046 (2) 3.3 
C11 0.2070 (2) 0.1886 (2) 0.3897 (3) 4.6 
C12 0.1706 (3) 0.1978 (3) 0.4980 (4) 7.3 
C 13 0.0847 (2) 0.1440 (2) -0 .0769 (3) 3.8 
C14 0.1089 (2) 0.2109 (2) 0.0147 (3) 3.9 
C15 0.1683 (2) 0.2580 (2) -0.0218 (3) 4.2 
C16 0.1796 (2) 0.2201 (2) -0.1358 (3) 4.0 
C17 0.1285 (2) 0.1496 (2) -0 .1699 (2) 3.8 
C18 0.1672 (2) -0 .0722 (2) -0 .0596 (2) 2.7 
C19 0.1918 (2) -0 .0637 (2) -0.1721 (3) 4.0 
C20 0.1666 (2) -0.1191 (2) -0.2773 (3) 4.6 
C21 0.1157 (2) -0.1845 (2) -0 .2729 (3) 4.6 
C22 0.0878 (2) -0 .1920 (2) -0.1648 (3) 5.2 
C23 0.1133 (2) -0 .1368 (2) -0 .0584 (3) 4.0 

T a b l e  2. Selected geometric parameters (,~, o ) f o r  (I) 

Co---P 2.177 (1) Co---C13 2.104 (2) 
Co---C 1 1.962 (3) Co---C 14 2.100 (3) 
Co---C4 1.954 (2) Co--4215 2.077 (3) 
C1---C2 1.362 (3) Co--C16 2.086 (3) 
C2--C3 1.442 (4) Co---C17 2.104 (2) 
C3--C4 1.361 (4) 

P---Co----C1 92.0 (I) C1--C2---C3 114.1 (2) 
P---Co--C4 88.6 (1) C2---C3--C4 ! 14.9 (2) 
CI---Co---C4 82.1 (1) Co----C4---C3 114.3 (2) 
Co- -C 1----C2 114.5 (2) 

Compound (II) 
Crystal data 

[Co(CsHs)(C32H20)- 
(CIsHIsP)]  

Mr = 790.78 
Monocl in ic  
P2n/c 
a = 15.310 (2) 
b = 22.997 (3) ,~, 
c = 11.928 (1) ,~, 
/3 = 103.35 (1) ° 
V = 4086.2 (8) ,~3 
Z = 4  
Dx = 1.29 Mg m -3 

Data collection 
Rigaku AFC-5  four-circle 

d i f f rac tometer  
0/20 scans 
Absorp t ion  correct ion:  

by integrat ion f rom crystal 
shape 
Tmin = 0 . 8 5 1 ,  Tmax = 
0.889 

7762 measured  reflections 
7316 independent  reflections 

Mo  Kc~ radiat ion 
)~ = 0.71073 ,~, 
Cell parameters  f rom 33 

reflections 
0 = 10 -15  ° 
# = 0.49 m m - 1  
T = 297 K 
Prism 
0.50 x 0.25 x 0.20 m m  
Deep  red 

3548 observed  reflections 
[IFol > 3o'(IFol)] 

Rint = 0.018 
0max = 25 ° 
h = - 1 6  ~ 16 
k = 0 ---~ 21 
l = 0 ---* 14 
5 standard reflections 

moni to red  every 100 
reflections 

intensity decay:  2.0% 

Refinement 

Ref inement  on F 
R = 0.065 
wR = 0.059 
S = 1.82 
3548 reflections 
513 parameters  
H-a tom parameters  not  

refined 

w = 1/[crZ(lFo[) 
+ (0.015[FoD 2] 

(A/, ,)max = 0.2O 
Apmax = 0.85 e A -3 
Apmin = - 0 . 9 3  e / ~ - 3  
Ext inct ion correction: none  
Atomic  scattering factors 

f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 
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Table 3. Fractional atomic coordinates and equivalent 
isotropic displacement parameters ( /~2)for  (II) 

Compound ( I I I )  

Crystal data 

[C0(C5 H5)(C44 H52Si4)] Beq = (87r2/3)Ei~jUi)a~aj*ai.aj. 
Mr = 8 1 7 . 2 7  

x y z Beq Monoclinic 
Co 0.16056 (5) 0.07592 (4) 0.49433 (7) 3.7 
P 0.2821 (1) 0.13022 (9) 0.5413 (2) 4.6 P 2 1 / c  
CI 0.1444(4) 0.0712(4) 0.6530(5) 4.3 a = 1 6 . 4 5 9  (4)  ,~, 
C2 0.1810 (4) 0.0227 (3) 0.7104 (5) 4.2 b = 2 8 . 6 6 8  (4)  ,~, 
C3 0.2216 (4) --0.0170 (3) 0.6428 (5) 4.2 
C4 0.2201 (4) 0.0018 (3) 0.5331 (5) 3.7 C = 1 0 . 2 6 9  (3)  /~ 
C5 0.0914 (4) 0.1113 (3) 0.6991 (5) 4.5 /3 = 1 0 0 . 5 4  (2)  ° 
C6 0.0432 (5) 0.1439 (4) 0.7334 (6) 5.8 V = 4 7 6 4  ( 2 ) / ~ 3  
C7 --0.0148 (5) 0.1832 (5) 0.7766 (6) 6.3 g = 4 
C8 -0.0438 (6) 0.2357 (5) 0.7208 (8) 7.6 
C9 -0.0997 (6) 0.2724 (4) 0.765 (1) 9.5 Dx = 1.14 M g  m - 3  
ClO -0.1285 (8) 0.2548 (7) 0.861 (1) 11.3 
C l l  -0 .1024 (9) 0.2053 (7) 0.915 (1) 10.5 Data collection 
c12 -0.0439 (5) 0.1664 (5) 0.8740 (8) 8.8 
C13 0.1786 (4) 0.0098 (4) 0.8340 (6) 5.5 R i g a k u  A F C - 5  f o u r - c i r c l e  
c14 0.2430 (7) 0.0203 (4) 0.9200 (7) 1 0 . 1  diffractometer 
C15 0.2404 (9) 0.0056 (4) 1.0318 (8) 10.8 0 / 2 0  SCanS 
C16 0.1731 (7) -0 .0180 (5) 1.0585 (6) 9.0 A b s o r p t i o n  c o r r e c t i o n :  
c17 0.1090 (7) -0.031 (I) 0.973 (1) 30 
c18 0.1123 (7) -0.017 (I) 0.8583 (9) 30 by integration from crystal 
C19 0.2619 (4) -0.0693 (4) 0.6948 (6) 4.5 s h a p e  
C20 0.2930(5) -0 .1112(3)  0.7490(6) 4.7 Train = 0 . 7 8 0 ,  Tmax = 
C21 0.3259 (5) -0 .1602 (3) 0.8213 (6) 4.9 0 .951  
C22 0.3025 (5) -0.1663 (4) 0.9276 (7) 6.2 
C23 0.3328 (6) -0 .2134 (4) 0.9963 (7) 7.0 11 541 measured reflections 
C24 0.3845 (7) -0 .2554 (4) 0.9624 (8) 7.7 10 9 3 8  i n d e p e n d e n t  
c25 0.4092 (6) -0.2501 (4) 0.8589 (8) 7.2 r e f l e c t i o n s  
c26 0.3786 (6) -0.2035 (4) 0.7875 (6) 5.8 
c27 0.2511 (4) -0.0373 (3) 0.4507 (5) 3.8 Refinement 
c28 0.2153 (5) -0 .0924 (4) 0.4276 (7) 5.9 
c29 0.2424 (5) -0.1287 (4) 0.3498 (8) 6.7 R e f i n e m e n t  o n  F 
c30 0.3071 (6) -0.1105 (4) 0.2935 (7) 6.3 R = 0 . 0 6 0  
c31 0.3430 (5) -0 .0569 (4) 0.3155 (7) 6.2 
c32 0.3145 (5) -0 .0199 (3) 0.3918 (6) 5.4 wR = 0 . 0 8 3  
c33 0.0667 (4) 0.0341 (3) 0.3637 (6) 4.8 S = 2 . 6 4  
c34 0.1174 (4) 0.0732 (4) 0.3122 (5) 4.7 5 5 6 8  r e f l e c t i o n s  
c35 o. 1 042 (4) o. 1301 (4) 0.3531 (6) 4.7 4 8 6  p a r a m e t e r s  
c36 0.0447 (4) 0.1258 (4) 0.4270 (6) 4.8 
c37 0.0220 (4) 0.0672 (4) 0.4340 (5) 4.4 H - a t o m  p a r a m e t e r s  no t  
c38 0.3599 (4) o. 1248 (3) 0.4451 (6) 4.3 r e f i n e d  
c39 0.3275 (4) 0.1325 (3) 0.3276 (6) 5.4 
c40 0.3826 (5) 0.1235 (4) 0.2511 (6) 6.0 
c41 0.4717 (5) 0.1075 (4) 0.2932 (7) 5.8 
c42 0.5050 (4) o. 1023 (3) 0.4088 (6) 5.8 
c43 0.4500 (4) o. 1115 (3) 0.4854 (6) 5.2 
c44 0.2511 (4) 0.2068 (3) 0.5366 (6) 4.9 
c45 0.1895 (5) 0.2267 (4) 0.5967 (7) 6.5 
c46 0.1610 (6) 0.2844 (5) 0.5897 (8) 7.3 
c47 o. 1903 (6) 0.3230 (4) 0.5187 (8) 8.1 
c48 0.2524 (6) 0.3049 (4) 0.4592 (8) 8.2 
c49 0.2828 (5) 0.2477 (4) 0.4684 (8) 7.0 x y 

Co -0.51652 (4) 0.16041 (2) c50 0.3584 (4) o. 1216 (5) 0.6838 (6) 6.2 
si i  -0.54941 (9) 0.09019 (5) c51 0.3927 (5) 0.0668 (5) 0.7175 (7) 7.3 
si2 -1.0695 (1) -0.08178 (8) c52 0.4540 (6) 0.0591 (6) 0.8239 (9) 9.9 
si3 - 0.3584 (1) o. 12200 (6) c53 0.4816 (8) 0.I 11 (1) 0.889 (1) 14.6 
si4 0.1575 (1) 0.31713 (8) c54 0.4474 (8) 0.1613 (9) 0.858 (1) 15.8 
c1 -0.4960 (3) 0.1019 (2) c55 0.3862 (5) 0.1685 (5) 0.7524 (8) 9.7 
c2  -0.5077 (3) 0.0934 (2) 
c3  -0.4308 (3) 0.1179 (2) 
c a  -0.4193 (3) 0.1263 (2) 

Table 4. Selected geometric parameters (,~, °)for (II) c5 -0.6045 (5) 0.2011 (2) 
C6 - 0.6311 (4) 0.1892 (2) 

Co---P 2.204 (2) Co--C33 2.094 (6) C7 -0.5731 (4) 0.2066 (2) 
Co--C1 1.967 (6) Co--4234 2.121 (6) C8 -0.5106 (4) 0.2290 (2) 
Co---C4 1.938 (6) Co---C35 2.112 (7) C9 -0.5301 (5) 0.2265 (2) 
C1---C2 1.36 (1) Co---C36 2.109 (7) C10 -0.6622 (4) 0.0813 (2) 
C2---<23 1.45 (1) Co--C37 2.086 (6) C l l  -0 .5314 (4) 0.1391 (2) 
C3---C4 1.373 (9) C12 -0.5065 (4) 0.0364 (2) 
P - - C o - - C I  94.2 (2) C1---C2--C3 114.6 (6) C13 -0.5702 (3) 0.0676 (2) 
P---Co---C4 96.6 (2) C2--C3---C4 114.6 (6) C14 -0.6065 (3) 0.0268 (2) 
CI- - -Co--C4 83.0 (3) Co--424--423 114.1 (5) C15 -0.6676 (3) 0.0044 (2) 
Co----C 1----422 113.6 (5) C16 -0.6924 (3) 0.0218 (2) 

M o  K a  r a d i a t i o n  

A = 0 . 7 1 0 7 3  ~, 

Ce l l  p a r a m e t e r s  f r o m  24  

r e f l e c t i o n s  

0 = 1 0 - 1 5  ° 

# = 0 . 4 9  m m - l  

T = 3 0 0  K 

P l a t e  

0 . 6 0  × 0 . 5 0  × 0 . 1 0  m m  

Y e l l o w  

5 5 6 8  o b s e r v e d  r e f l e c t i o n s  

[IFol > 3o-(IFol)] 
Rint = 0 . 0 3 3  

0max = 27.5 ° 
h = -21  ---' 21 
k = 0 ---, 37 

1 = 0 ---~ 13 

5 s t a n d a r d  r e f l e c t i o n s  

m o n i t o r e d  e v e r y  100  

r e f l e c t i o n s  

i n t e n s i t y  d e c a y :  1 . 2 %  

w = 1/[o'2(Ifol) 
+ (0.015lfol)2l 

( A / o ' ) m a x  = 0 . 1 5  
-Apmax = 0 .55  e , ~ - 3  

Apmin = -0 .43  e A -3 
Extinction correction: none 
Atomic scattering factors 

f r o m  International Tables 
for X-ray Crystallography 
( 1 9 7 4 ,  Vol .  I V )  

Table 5. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2) for (III) 

Beq = (87r2/3)~i~jUija~ aj" ai.a).  

z Beq 
0.00968 (6) 3.0 
0.2587 (1) 3.3 

-0.9543 (2) 7.7 
-0.1581 (2) 3.8 

0.9834 (2) 6.4 
0.1172 (4) 2.6 

-0.0258 (4) 2.7 
-0.0376 (4) 2.9 

0.1054 (4) 2.6 
0.0727 (7) 5.6 

-0.0609 (7) 5.3 
-0.1334 (6) 5.0 
-0.0456 (6) 5.1 

0.0807 (7) 5.7 
0.1960 (6) 5.1 
0.3807 (5) 4.7 
0.3469 (5) 4.5 

-0.1222 (4) 2.8 
-0.0888 (5) 3.3 
-0.1796 (5) 3.6 
-0.3070 (5) 3.2 
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C!7 -0.6538 (3) 0.0617 (2) -0.3416 (5) 3.6 
C18 -0.5941 (3) 0.0844 (2) -0.2508 (5) 3.6 
C19 -0.7577 (3) -0.0009 (2) -0.4079 (5) 3.5 
C20 -0.8288 (4) -0.0190 (2) -0.3758 (6) 5.6 
C21 -0.8912 (4) -0.0378 (3) -0.4734 (7) 6.5 
C22 -0.8819 (4) -0.0378 (2) -0.6047 (6) 5.0 
C23 -0.8100 (4) -0.0210 (2) -0.6356 (6) 5.0 
C24 -0.7485 (4) -0.0024 (2) -0.5382 (5) 4.6 
C25 -0.9455 (4) -0.0559 (3) -0.7104 (7) 6.2 
C26 -0.9948 (4) -0.0691 (2) -0.8038 (7) 6.7 
C27 -1.0126 (8) -0.0910 (6) -1.088 (1) 19.3 
C28 -1.130 (1) -0.1325 (5) -0.936 (1) 26.4 
C29 - 1.1349 (5) -0.0319 (4) -0.999 (1) 10.8 
C30 -0.3836 (4) 0.0757 (2) -0.2861 (6) 6.3 
C31 -0.2516 (4) 0.1119 (3) -0.0672 (7) 7.3 
C32 -0.3634 (5) 0.1797 (3) -0.2434 (8) 7.7 
C33 -0.3521 (3) 0.1462 (2) 0.2043 (4) 3.0 
C34 -0.3124 (3) 0.1872 (2) 0.1808 (5) 3.8 
C35 -0.2502 (3) 0.2064 (2) 0.2756 (5) 4.0 
C36 -0.2258 (3) 0.1848 (2) 0.3977 (5) 3.4 
C37 -0.2635 (3) 0.1431 (2) 0.4203 (5) 4.2 
C38 -0.3257 (3) 0.1242 (2) 0.3245 (5) 3.6 
C39 -0.1616 (3) 0.2065 (2) 0.5016 (5) 3.8 
C40 -0.1465 (4) 0.2536 (2) 0.5018 (6) 5.2 
C41 -0.0877 (4) 0.2746 (2) 0.5969 (7) 5.9 
C42 -0.0417 (4) 0.2478 (3) 0.6965 (6) 5.4 
C43 -0.0568 (4) 0.2015 (3) 0.6976 (7) 7.0 
C44 -0.1160 (4) 0.1797 (2) 0.6014 (6) 6.3 
C45 0.0206 (4) 0.2701 (2) 0.7952 (6) 5.6 
C46 0.0735 (4) 0.2876 (3) 0.8732 (6) 6.3 
C47 0.1206 (6) 0.3756 (4) 1.024 (1) 12.4 
C48 0.1894 (6) 0.2812 (4) 1.1303 (8) 11.1 
C49 0.2447 (6) 0.3223 (4) 0.896 (1) 12.0 

Table 6. Selected geometric parameters (A,, °) for (III) 
Co---C 1 2.002 (4) Co--C8 2.052 (6) 
Co---C2 1.967 (5) Co----C9 2.057 (7) 
Co---C3 1.990 (5) Ci---C2 1.466 (6) 
Co--C4 1.976 (4) C1---C4 1.468 (7) 
Co---C5 2.054 (8) C2--C3 1.473 (7) 
Co--C6 2.065 (6) C3---C4 i.466 (6) 
Co----C7 2.068 (6) 

C2--C1---C4 87.4 (4) C2--C3--C4 87.2 (4) 
Ci--422---C3 92.5 (4) C1--C4--C3 92.8 (4) 

All three structures were solved using the Patterson function 
with SHELXS86 so f tware  (She ld r i ck ,  1985).  All the H atoms 
were  ca lcu la ted .  In (II), Beq values for the C atoms in 
one of  the phenyl groups are abnormally large, suggesting 
rotational disorder. In (III),  Beq values for the terminal tri- 

me thy l s i l y l  C atoms (10.8-26.4,~,  2) are abnormally large,  

again suggesting disorder. Refinements were carried out using 
CRYSTAN-GM so f t w a r e  ( M A C  Sc ience ,  1992) on  a S U N  

S P A R C 2  works ta t ion .  Molecular graphics were obtained using 
ORTEP ( Johnson ,  1965).  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: CRIl l l ) .  Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 
The title compound, trans-(3-tert-butyl-1-phenylureido)- 
(2,4,6-trimethylphenyl)bis(trimethylphosphine)nickel(II), 
[Ni(C9H11)(C11H15N20)(C3H9P)2], has been synthe- 
sized and its crystal structure determined as part of our 
continuing investigation into the reactivity and stabil- 
ity of the late-transition-metal amide complexes. The 
Ni atom has square-planar coordination geometry; two 
trans sites are occupied by PMe3 ligands. The geometry 
around the amide N atom is planar due to the interac- 
tion of its lone pair with the carbonyl 7r system. A rel- 
atively long N i - - N  bond, 1.978 (6 )~ ,  is interpreted as 
arising from a lack of significant 7r interaction between 
the amide N atom and the Ni metal centre. 

Comment  
Recently, the chemistry of late-transition-metal amide 
complexes (Groups 8-10) has been studied extensively 
(Bryndza & Tam, 1988; Roundhill, 1992; Boncella 
& Villanueva, 1994). This interest in transition-metal 
amide complexes arises from their potential to facilitate 
C - - N  bond formation between amine derivatives and 
unsaturated organic compounds. This chemistry has 
been slow to develop, mainly because the inability of 
the electronically saturated metal centre to accommodate 
~- donation from the lone-pair electrons of the amide N 
atom results in a weak metal-nitrogen bond (Lappert, 
Power, Sanger & Srivsastrava, 1980). With newer 
methods for the synthesis of metal amide complexes, 
the chemistry of these compounds can be explored. 
We report the structure of the product, (I), of the 
reaction between a late-transition-metal amide complex 
and/BUNCO. The structure reveals that the/BUNCO has 
inserted into the N - - H  bond. 
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