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Summary: Thesynthesis and characterization of a nickel- 
(0) complex of 5,6,11,12,17,18- hexadehydro- 1,4,7,10,13, - 
16-hexamethoxytribenzo[a,eli]cyclododecene (2) is des- 
cribed. The crystal structure revealed the presence of 
intermolecular agostic C-H-- -Ni and intermolecular 
C-H- - -0 interactions. 

Cyclotriynes3 such as TBC (1) are extensively conju- 
gated, planar, anti-aromatic molecules. The cavity of TBC 
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is of sufficient size to form complexes with low-oxidation- 
state first-row transition metals Ni(0),4 Cu(I),5 and Co- 
(O).S With the larger Ag(1) cation a sandwich compound 
is formed.' The arrangement of the alkynes allows for the 
templating of three or four metal moieties to form 
aggregates8 and clusters.6 When it is partially reduced 
with alkali metals, Ni(TBC) increases its conductivity by 
4 orders of magnitude.gJ0 With lithium metal TBC 
undergoes a novel alkyne cyclization reacti0n.l' 

The unprecedented versatility of TBC as a ligand has 
encouraged us to make derivatives and related compounds. 
We are synthesizing a variety of new cyclotriynes, including 
derivatives of TBC substituted with electron-withdrawing 
or -releasing groups on the benzo rings and cyclotriynes 
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with heterocycles instead of benzo rings. For example, we 
have reported the synthesis of tribenzocyclotriynes sub- 
stituted with methoxy g r o u p ~ ' ~  and a cyclotriyne with 
thiophenes13 instead of benzo rings. Varying the sub- 
stituents on the cyclotriyne ring should affect the ability 
of the ligand to undergo the cyclization reaction, the 
reactivity of the ligand with transition metals, the reactivity 
of the metallocyclotriyne molecules formed with small 
molecules, and the conductivity of both the doped ligand 
and metallocyclotriynes. In this paper we wish to report 
the synthesis of a new metallocyclotriyne molecule, nickel- 
(0) 5,6,11,12,17,18-hexadehydro-1,4,7,10,13,16-hexa- 
methoxytribenzo[a,e,ilcyclododecene (3). The low-tem- 
perature X-ray crystal structure of 314 shows unusual 
intermolecular interactions which appear to govern the 
stacking of molecules in the solid state. 

Combining 212 with Ni(C0D)Z in benzene results in the 
formation of 3 in an 81 ?6 yield.16 The bonding geometry 
around the central nickel is virtually identical to that in 
Ni(TBC),4 with Ni-C(&yne) distances averaging 1.955- 
(3) A and the C(alkyne)-C(alkyne) distances averaging 
1.244(5) A (Figure 1). The nickel atom is essentially in 
the plane described by the six alkyne carbons (0.0105 A 
above the plane). The crystal structure of 3 shows that 
two methyls (C28 and C30) of the methoxy groups are 
significantly out of the least-squares plane of the molecule 
defined by Cl-C24. The methoxy carbon C(28) is 1.065 
A below and methoxy carbon C(30) is 0.691 A above the 
previously described plane. 

The packing diagram for 3 shows that 3 stacks in layers 
similar to graphite with an interplanar distance of 3.43 A. 
This is in contrast with the slipped-stacked herringbone 
pattern of Ni(TBC). Whereas Ni(TBC) shows no close 
contacts, the packing diagram of 3 shows the presence of 
intermolecular agostic C-H---Ni and intermolecular C-H- 
-0 interactions. These are shown in the portion of the 
packing diagram given in Figure 2. These interactions 
appear to be responsible for the differences between the 
packing of 3 and Ni(TBC). All hydrogen atoms were visible 
on an electron density map and were refined isotropically. 

Intermolecular interaction A (Figure 2) is an agostic 
interaction between the 16-electron, 3-coordinate nickel- 
(0) atom and hydrogen atom H25A on the methoxy carbon 

(12) Kinder, J. D.; Tessier, C. A,; Youngs, W. J. Synlett l993,2,149. 
(13) Solooki, D.; Kennedy, V. 0.; Tessier, C. A.; Youngs, W. J. Synlett 

1990,427. 
(14) X-ray crystallographic data for 3 Mo Ka radiation (A = 0.710 73 

A); triclinic; PI; T = 133 K; a - 8.927(2) A, b = 9.115(2) A, c = 15.149(3) 
A; a = 97.15(3)O, = 98.20(3)O, y = 107.69(3)O; V = 1143.8(4) As; 2 = 2. 
Refinement on 3173 unique reflections with pd 2 4.0u(pd) from 3.5 to 
50° in 28 converged to R = 3.85 % and R, = 4.34 % ; all unique data (4047) 
gave R = 5.67% and R, = 4.74%. All hydrogen atoms were located from 
difference-Fourier maps and refined ieotropically. 

(15) lHNMR(CDCl& 86.25,3.47. WNMR(CDCl& d 153.19,153.10, 
114.23, 113.79, 56.96. IR data (Nujol): v ( C 4 )  1968 (vw) cm-1. 

0276-733319312312-2406$04.00/0 0 1993 American Chemical Society 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

A
ug

us
t 2

8,
 2

00
9 

| h
ttp

://
pu

bs
.a

cs
.o

rg
 

 P
ub

lic
at

io
n 

D
at

e:
 J

ul
y 

1,
 1

99
3 

| d
oi

: 1
0.

10
21

/o
m

00
03

1a
00

3



Communications Organometallics, Vol. 12, No. 7, 1993 2407 

of a C-H---0 close contact. This interaction involves 
oxygen atom 06 of one molecule and hydrogen atom H25B 
on the methoxy carbon C25 of a second molecule, as shown 
by interaction B in Figure 2. The hydrogen-oxygen 
distance is 2.551(2) A, and the carbon-oxygen distance is 
3.447(4) A. The C-H---0 angle is 158.7(21°. There are a 
number of crystal structures that contain C-H---0 hy- 
drogen bonds.21 The existence of intermolecular C-H-- 
-X interactions (where X is 0, N, C1, or S) has been 
supported by quantum-mechanica122 and potential energy 
 calculation^,^^ s p e c t r o ~ c o p y , ~ ~  and crystallographic 
data.21b123126 I t  has been suggested that, owing to the 
frequency of C-H---0 interactions in known crystal 
structures, they play a significant role in determining 
packing  arrangement^.^^^^^ 

We have found that different substituents on the 
cyclotriyne ligands have a strong influence on the chemistry 
of the ligand. The reaction chemistry of small molecules, 
particularly CO, with nickel cyclotriynes is very dependent 
upon the substituents around the central ring.27 Work is 
under way to explore the reaction chemistry of 3, the 
conductivity of 3, and the synthesis of other complexes of 
2. 

Figure 1. Thermal ellipsoid diagram of 3 drawn at 50% 
probability. 

Figure 2. Agostic (A) and hydrogen-bonding (B) interactions 
for 3. 

C25. The Ni---H-C distance is 2.822(1) A, and the Ni-- 
-H-C angle is 163.5(2)O. The N i 4 2 5  distance is 3.750(4) 
A. Numerous examples of intramolecular M---H-C agostic 
bonding in transition-metal complexes have been report- 
ed.l6 The intramolecular M---H-C bond distances range 
from as close as 1.84 A for a manganeseI7 complex to 2.92 
A for a palladiumls complex. M-H-C intermolecular 
agostic interactions have been suggested as intermediates 
in chemical reactions.l6J9 The crystallographic charac- 
terizations of M-H-C close contracts between square- 
planar Pd(2) and Pt(2) metal centers and the a-C-H group 
of tetralkylammonium cations have been previously re- 
ported. 18*za 

Analysis of the packing diagram of 3 reveals the presence 
~~~~ ~~ ~ 
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