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Summary: We present syntheses and structures of Cu(l) com-copper atom, with little or nor back-bonding from the metal
plexes with bis(trimethylsilyl)acetylene (BTMSA) that demon- ion.23 Compared with the isoelectronic Ni(0) complexes, the
strate the role of the ancillary ligands in the copper coordination Cu(l) ion is considered to be a poar back-bonding metél.
sphere. The bonding interaction between the Cu(l) ion and the The stretching frequencies of alkynes coordinated to Cu(l) ions
coordinated alkyne is influenced by the ancillary ligand. The show only small shifts compared with the free molecule. For

ligands in this study are the bidentate liganti&nd 2, which ~ example, the stretching frequency for a side-bound acetylene
form monomeric, trigonal planar Cu(l) complexes with olefins - mojlecule was observed at 1795 chversus 1974 cri for free
and alkynes. In these complexes, the ancillary ligaradg from acetylene in [Cu(2 2dipyridylamine)(acetylene)]CIE#b This

a hard g-diketonel to a softerj-diketimine2. Earlier studies

of Cu(l)—acetylene complexes t&a shown the Cu(l) ion to be

a poor r back-bonding ion, but the results here demonstrate
that the degree of back-bonding is strongly influenced by the
ancillary ligands. Although ligand$ and 2 provide very similar

geometries about the Cu(l) ion, the interaction with the :
coordinated BTMSA is considerably different. The degree of ligands such as hexafluoroacetylacetoRét¢ The spectroscopic

back-bonding for the complex with tifediketimine ligand is properties of these complexes tabulated in Table 1 are consistent

indicated by the spectroscopic properties of the coordinated With @ weakr back-bonding interaction. However, Strauss has
triple bond. shown that the extent of back-bonding to Cu(tcarbonyl

o o complexes is determined by the basicity of the ancillary ligand.
We present in this communication the syntheses and structuregpcreased electron density on the Cu(l) ion from ancillary ligands
of Cu(l) complexes with bis(trimethylsilyl)acetylene (BTMSA)  |eads to greaterr back-bonding, as shown by changes in the
that demonstrate the role of the ancillary ligands in determining spectroscopic and structural parameters. The complexes reported
the bonding interaction of the Cu(l) ion with the coordinated pere demonstrate a similar phenomenon with BTMSA: the
alkyne. The bidentat§-diketone ligandl and 3-diketimine 2 ancillary ligand greatly influences the bonding interactions with
were studied. Both ligands form monomeric, trigonal planar the unsaturated molecules. Our conclusions on the bonding
complexes with olefins and alkynéghe need for new materials  interactions are based on the differences observed in spectro-
and processes to facilitate future applications of microelectronics scopic features, such as stretching frequencies!8RANMR
has created a challenging opportunity for the design of new Cu- gata for the coordinated alkyne carbon atoms as well-a§-€
() complexes. In this regard, we have developed chemical sjpond angles of the coordinated BTMSA molecule. There are
precursors specifically for deposition of copper metal based on some significant differences in the bonding interactions of Cu-
this family of ligandst In the complexes reported here, the (1) ion and the unsaturated molecule in the complex v@th
cpordinated atoms from the ligands vary from oxygen to reported here compared with those previously repdifed.
nitrogen, from two hard donor atoms to two softer ones. Although there is an extensive literature of Cu(l) complexes
with B-diketonates and aryl-substitutgdiketimines’! Cu(l)

W W complexes witt2 have only recently been reportétigandsl
N HN
0 © 4( } (3) () Thompson, J. S.; Whitney, J. Forg. Chem.1984 23, 2813.
2

shift of =179 cnTlis indicative of weakr bonding® This weak
7z back-bonding interaction is also observed with olefin and
carbonyl complexe$?

Cu(l) complexes with BTMSA have been prepared with only
a small group of ancillary ligands: halides and oxygen-donating

(b) Thompson, J. S.; Whitney, J.J-Am. Chem. S04 983 105 5488. (c)
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22, 4426. (d) Doppelt, P.; Baum, T. H. Organomet. Chenl996 517,

. . . . . 53. (e) Chen, T.-Y.; Vaissermann, J.; Ruiz, E.; Senateur, J. P.; Doppelt, P.
Many studies in the literature have establishgebonding Chem. Mater2001, 13, 3993. (f) Schmidt, G.; Behrens, U. Organomet.

for Cu(l) complexes with alkyne%® Typically trigonal planar Chem 1996 509, 49. (g) Chi, K.-M.; Shin, H. K.; Hampden-Smith, M. J.;

: A ; . Kodas, T. T.; Duesler, E. Nnorg. Chem.1991, 30, 4293. (h) Reger, D.
Cu(l) complexes with a side-bound acetylene are obtained; L.: Huff, M. F. Organometallicsi992 11, 69,

dimeric structures withy>bonding of the acetylene to two Cu- (4) (a) Ittel, S. D.; Ibers, J. Adv. Organomet. Chermi976 14, 33. (b)
(I) ions are also common with persistence of the trigonal planar Mingos, D. M. P. InComprehensie Organometallic ChemistryVilkinson,

iR ing i G., Stone, F. G. A, Abel, E. W., Eds.; Pergamon Press: New York, 1982;
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Table 1. Spectroscopic Data and Bond Angles for
CuL(BTMSA) Complexes

stretching
frequency 13C NMR Si—C—C bond
compound (cm™) (ppm) angles (deg) ref
free BTMSA 2107 113.8  179.2(8) 13
CuCl(BTMSA), 1949 1152 164.2(3); 2
166.3(3)
Cu(hfac)(BTMSA) 1941 113.2  171(3); 157(3) 3d
(Cu(BTMSA))(oxalate) 1935 1142 170.5(2), 3c
163.2(2)
Cu(02)(BTMSA),3 1926 1146  170.0(6), this
168.8(6) work
(1918}
Cu(N2)(BTMSA),4 1854 125.0  151.2(2), this
150.1(3) work
(18623

aTheoretical values.
Figure 1. Structure of Cu(O2)(BTMSA)3. Distances: Cu(L)

and2 differ in basicity. These range from values typical of many O(1), 1.931(4); Cu(3y0O(2), 1.920(4);); Cu(£yC(1), 1.974(7); Cu-
Cu(l) ligands to extremely basic. We estimate that tKg qf 2 (1)—C(2), 1.969(6); C(1yC(2), 1.225(8). Angles: O(2)Cu(1)—
is >16, whereas th@-diketonate has aky of approximately ~ O(2), 96.75(18); O(1yCu(1)-C(1), 111.4(2); O(2) Cu(1)-C(2),
118 115.7(2); C(2-Cu(1)-C(1), 36.2(2).

Copper complexe8 and4 are synthesized in a straightfor-
ward manner. The ligands are prepared by literature mefidds.
The complex Cu(O2)(BTMSAR, with theS-diketonate ligand,
is prepared from CuCE whereas the complex Cu(N2)-
(BTMSA), 4, is prepared with tetrakis(acetonitrile)copper(l)
trifluoromethanesulfonate salt to obtain a significantly better
yield of desired product; disproportionation of the Cu(l) complex
is observed when starting with Cu€|Both compounds and
4 are low-melting, colorless solids at room temperature. The
f-diketiminate complex is sensitive to both oxygen and water,
whereas thef-diketonate complex tolerates low levels of
moisture.

The overall structures & and4 are shown in Figures 1 and
2, respectively. Both complexes have similarities such as a
trigonal planar geometry about the Cu(l) cation. The Cu(l) bond

(8) Martell, A. E.; Smith, R. M.Critical Stability ConstantsPlenum
Press: New York, 1974; Vol. 3.
(9) Wenzel, T. J.; Williams, E. J.; Haltiwanger, R. C.; Sievers, R. E.

Polyhedron1985 4, 369. Figure 2. Structure of Cu(N2)(BTMSA)4. Distances: Cu(b

(10) McGeachin, S. GCan. J. Chem1968 46, 1903. . . .
(11) All manipulations were performed in a drybox under nitrogen N(1), 1.949(2); Cu(1yN(2), 1.937(2); Cu(1)C(1), 1.973(3); Cu-

atmosphere. Cuprous chloride (1.5 g, 15.153 mmol) was mixed with (1)—C(2) 1.975(3); C(1)}C(2), 1.243(4). Angles: N(2)Cu(1)-
BTMSA (2.582 g, 15.153 mmol) in ether (30 mL), and the resultant mixture N(1), 97.04(10); N(1)}Cu(1)-C(1), 113.49(12); N(2}Cu(1)-
was stirred at room temperature for 0.5 h. At the same time 2,2,7- C(2), 112.43(12); C(8Cu(1)-C(2), 36.70(13).
trimethyloctane-3,5-dione (H(tod), 2.792 g, 15.153 mmol) was mixed with . . .

NaH (60%, 0.606 g, 15.153 mmol) in ether (30 mL), and the mixture was dlsyances t(_) nitrogen, OXygené and acetyle_mc carbon atoms are
also stirred at room temperature for 0.5 h. The latter mixture was added to typical of this type of comple%3The Cu-C distances (1.969

the former mixture, and the reaction mixture was stirred at room temperature 1.974 A) are similar to Cu(l) complexes with BTMSA and

overnight. The solvent was stripped under reduced pressure. The resultan ; . ; ;
residue was treated with hexane (40 mL) and filtered. The filtrate was tacetylenes n generéﬁ The C-C bonding distance for the

concentrated under reduced pressure to afford 6.02 g of crude product (95%)co0rdinated BTMSA molecule of 1.225(8) A Bis typical of

as a white solid. This solid was recrystallized in hexane 86 °C to give oxygen-donating ligands and halides. This value is slightly

gg OCfIF’)“fg gfzglzm ‘ﬁ'_";‘ f;rggg'%%?o'”gaf);‘fggc(- 1*;;*'_'}‘)'\"59(;(2(2 Mgzz’ longer than the free molecule value of 1.208(3)3Ahe value
oClo): . S, , L. . m, , L. S, , U, ~ 0. . . s

Hz, 6H), 0.31 (s, 18H)C NMR (75 MHz, CDCl): 6 199.4, 193.9, 114.6, for_4 at 1.243(4) A is significantly longer than the values

94.9, 51.8, 41.4, 28.9, 27.0, 23:40.01. Anal. Calcd for GHsCuQ:Siy: typically observed. This longer bond suggests greatback-

C, 54.70; H, 8.94. Found: C, 54.80; H, 8.76. donation from Cu(l) ion to the coordinated BTMSA molecule

(12) In the drybox, a 100 mL round-bottom flask was charged with [Cu- : ; :
(CHsCN)4]SOsCFs (1.0 g, 2.6 mmol), bistrimethylsilylacetylene (1.5 g, 8.8 pompared W't,h, most Other ligand systems, owing to the
mmol), and diethyl ether (20 mL). In a separate 100 mL round-bottom flask, increased basicity of the ligand. However-C bond distance
1.5 M tert-butyllithium (1.7 mL, 2.6 mmol) was added to a solution of  is in most cases not a very helpful way to determine the bonding
N,N'-diisobutyl-2,4-pentanediketimine (0.550 g, 2.6 mmol). After 0.5 h, the jnteraction in alkyne complexéé.
solutions were combined. The combined solution changed from a cloudy he bendi fth i bond le of th di d
white suspension to a dark brown solution after the uptake of all solids. The bending o t_ e €C-Si bond angle o the coor '_nate
After 2 h, the solution was concentrated to a pasty solid, extracted with BTMSA molecule is another indication of the delocalization
pentane (3x 15 mL), filtered, and concentrated to give a brown solid (0.680
g, 59% yield). A single crystal suitable for X-ray analysis was grown from (13) Bruckmann, J.; Kruger, QActa Crystallogr.1997, C53 1845.

a pentane solution at32 °C.*H NMR ¢ (500 MHz, GDg): 0.26 (s, 18H), (14) (a) Rosenthal, U.; Burlakov, V. V.; Arndt, P.; Baumann, W.;
0.99 (d, 16H,J = 6.77 Hz), 1.83 (m, 2H) 1.94 (s, 6H), 3.46 (d, 48= Spannenberg, AOrganometallic003 22, 884. (b) Rosenthal, U.; Nauck,
6.93 Hz), 4.57 (s, 1HCNMR 6 (125 MHz, GDg): 162.25, 125.29, 96.17, C.; Arndt, P.; Pulst, S.; Baumann, W.; Burlakov, V. V.; Gorls, H.
62.12, 32.07, 20.99, 19.89,0.92. Organomet Chem 1994 484, 81.
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of electron density from the Cu(l) ion to the coordinated ligand. Cu(l) in 4 approach more closely the values found for a Ni(0)
Table 1 lists values foB and4 as well as examples from the  complex with BTMSA. The DewarChatt-Duncanson model
literature. The S+tC—C bond angles fort are significantly can be used to describe the bonding interaction between metal
distorted (30) from the 180 linear geometry of the free and BTMSA, based on the spectroscopic and structural fea-
molecule. The analogous complexes with Hfac andstukke- tures!” The C-C bond distance of the coordinated alkyne in
tonate do not show this degree of bending of the trimethylsilyl Ni(P(CsHs)s)(BTMSA) is 1.256(2) Al® The C-C—Si bond
substituents, although the angles are significantly smaller thanangle is 143. The C-C stretching frequency of the coordinated
that of the free molecule in all cases. The planarity of the copper BTMSA at 1737 cm?, a shift of =370 cnt?, approaches a
coordination sphere and the trimethylsilyl groups suggests anvalue expected for a €€C double bond. These properties
alignment of ther orbitals of the alkyne with the d orbitals on  suggest delocalization of electron density onto the BTMSA
the Si atom. molecule from the electron-rich Ni(@Xriphenylphosphine
The acetylene €C stretching frequencies of these complexes moiety. The spectroscopic parameters4approach those of
show the differences between these two ligands. Value8 for the isoelectronic Ni(0) complexes more closely than any other
and4 as well as examples from the literature are shown in Table Cu(l) complex with BTMSA reported to date; the liga@ds
1. Depending on the ancillary ligands in the copper coordination basic enough to cause delocalization of electron density from
sphere, a range of stretching frequencies is observed. IR datahe Cu(l) ion onto the coordinated BTMSA molecule.

reveal a significant lowering of acetylene stretch4pwhereas In summary, the BTMSA complexes prepared with ligands
the complex3 has a stretching frequency more typical of Cu(l) 1 and2 demonstrate the role of ancillary ligand on the interaction
complexes, which show a lowering of the-C of ca.—150 between Cu(l) ion and coordinated alkyne. The Cu(l) ion has

cm-1124However, the considerably more bagidiketiminate been shown to be a poar back-bonding ion, but the results
ligand shows a significantly larger shift in stretching frequency, here show that the degree of back-bonding is strongly influenced
indicative of greater donation of electron density to acetylene py the ancillary ligands in alkyne complexes. Although ligands
from the Cu(I)-N2 group. The observed stretching frequency 1 and2 provide very similar geometries about the Cu(l) ion,
at 1854 cm is the lowest stretching frequency reported for an the interaction with the coordinated BTMSA changes on going
n?-BTMSA-Cu(l) complex, having a shift of 253 cn1? relative from aS-diketonate to th¢-diketiminate ligand because of the
to free BTMSA. The observed values f8and4 are consistent  greater basicity of th@-diketiminate ligand. The degree aof
with values calculated using density functional theory (OFT)  back-bonding is indicated by the decrease of thed=Si bond

at the BP86/DZVP level of theoly(see Table 1). The molecular  angle of the coordinated BTMSA molecule, the decreased
structures were first optimized at this level of theory and then stretching frequency of the coordinated triple bond, and the
used in the subsequent analytic vibrational frequency computa-downfield shift of the3C NMR resonance. The role of ancillary
tions. The theoretical values are in good agreement with the ligands in determining the bonding interaction of alkynes with

experimental data. T_he vibrationa@l analysis is within 8 &iof other transition metals is well establish€drhe work shows a
the recorded stretching frequencies. similar trend for Cu(l>>BTMSA complexes.

The 13C NMR data are consistent with the observed change
in bonding for the coordinated BTMSA. Thé&C NMR Supporting Information Available: Details of experimental

resonance of the coordinated alkynedns shifted 11 ppm procedures, computations, X-ray crystal structure cif files, and ref
downfield relative to3. The coordinated alkyne of compound 15. This material is available free of charge via the Internet at
4 has a chemical shift of 125.6 ppm. This value is more typical http://pubs.acs.org.

of a sp-hybridized carbon and indicates a greater degree of OMO60162P

double-bond character, consistent with the infrared and X-ray

data.

The perturbations of the BTMSA molecule coordinated to a 55élzéglosemhal’ U-s Sehulz, W.; Goerls, B. Anorg. Allg. Chem1987
(18) Jolly, P. W. InComprehensie Organometallic Chemistrywilkin-
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A. D. Phys. Re. A 1988 38, 3098. “P86” is the Perdew 86 gradient-  Spencer, J. L.; Stone, F. G. A. Chem. Soc., Dalton Tran$98Q 2170.
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