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PdMe2(tmeda) (2a) (tmeda = N,N,N’JV’-tetramethylethanediamine) has been prepared and characterized 
by means of NMR spectroscopy and X-ray crystallograph . Crystals of PdMe2(tmeda) are monoclinic, 
space group P2, /n ,  with unit-cell dimensions a = 8.518 (4) 1, b = 10.798 (4) A, c = 12.132 (5) A, /? = 99.02 
(4)O, and 2 = 4. Thermolysis of 2a in benzene affords a 3/1 mixture of methane and ethane in a total 
amount of 1.0-1.2 equiv/palladium. Deuterium crossover experiments show that the formation of methane 
is likely to be the result of an a-elimination process. The reactions of PdMe2(tmeda) with MeX [X = I, 
Br, and S03CF3 (OTf)], studied by means of low-temperature NMR spectroscopy, showed the formation 
of fuc-PdXMe3(tmeda) (4a,b) (1-40 “C for X = I; -20 “C for X = Br). When these solutions are warmed 
up (1-20 OC for 4a; 1 0  OC for 4b), ethane is eliminated with the formation of PdXMe(tmeda) (3a,b). 
PdMe2(tmeda) reacts with MeOTf in acetonitrile-d3 or acetone-d, at 1-40 OC to give the cationic complex 
[PdMe3(solvent)(tmeda)] [OTfl (4d). In the palladium(1V) complexes (4a,b,d), there is exchange between 
the equatorial and the axial methyl groups, whose rate depends on the coordination ability of the solvent 
and/or halide present; the exchange rate decreases in the order acetone > acetonitrile > I- > Br-. The 
ease of reductive elimination from these palladium(IV) complexes follows the same order. The tmeda ligand 
in PdMe2(tmeda) is very easily displaced by m o m  and diphosphines, 2,2’-bipyridyl, and even other chelating 
aliphatic di- and triamines. PdMe2(dmpe) (5) [dmpe = 1,2-bis(dimethylphosphino)ethane] was prepared, 
using this method, and studied by X-ray crystallogra hy. Crystals of PdMe2(dmpe) are monoclinc, space 
group C2/c, with unit-cell dimensions a = 9.442 (1) if, b = 14.968 (1) A, c = 10.354 (1) A, p = 115.62 (1)O, 
and 2 = 4. The palladim-mbon bond length in PdMe2(dmpe) (2.088 (4) A) is longer than in PdMe2(tmeda) 
(2.026 (3) and 2.029 (3) A) due to the larger trans influence of phosphorus. Thermal decomposition of 
PdMe2(dmpe) in solution gave, like PdMe2(tmeda), methane and ethane in a 3 1 ratio, and its reaction 

reactivity of PdMe2(tmeda) than PdMe2(dmpe) toward Me1 can be explained by the enhanced nucleophilic 
character of the palladium center in the former compound due to the presence of two amine sites which 
are exclusively a-donors. 

with Me1 proceeds only slowly at room temperature to give ethane and PdIMe( d mpe). The much higher 

Introduction 
Palladium tertiary phosphine complexes have found 

wide application as homogeneous catalysts in organic 
synthesis,’ and, accordingly, organopalladium tertiary 
phosphine complexes have been the subject of many 
mechanistic However, although P d M e & b p ~ ) ~  
(bpy = 2,2’-bipyridyl) and ortho-metalated palladium 
arylamine complexes are known: information about simple 
alkylpalladium(I1) complexes with aliphatic (di)amines is 
very scarce. Only one cycloalkyl(N,N,N’,N’-tetra- 
methy1ethanediamine)palladium complex, i.e. Pd(CH2)4- 
(tmeda) (tmeda = N,N,N’,”-tetramethylethanediamine), 
has been d e s ~ r i b e d , ~ ~  and PdMe2(tmeda) has been sug- 
gested as a reaction intermediate7b on the basis of NMR 
evidence. The paucity of compounds of this class is in 
keeping with the common vie@ that divalent palladium 
is a “soft” metal center and that the presence of good “soft” 
a-donor ligands, such as tertiary phosphines, is necessary 
for the stabilization of its organometallic complexes. 
Recently, we found that organometallic complexes of 
palladium with bidentate ligands having both a phosphorus 
and a nitrogen donor sites are readily accessible and that 
the six-membered Pd-N-C-C-C-P chelate ring in these 
species is very stable. This result encouraged us to attempt 
the preparation of new organopalladium complexes with 
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the diamine ligand tmeda. A preliminary account of some 
of our results has been published.1° 

(1) (a) Maitlis, P. M. The Organic Chemistry of Pallodium; Academic 
Press: New York, 1971; Vol. 2. (b) Kumada, M. Pure Appl. Chem. 1980, 
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Springer-Verlag: Berlin, 1980. (d) Negishi, EA. Acc. Chem. Res. 1982, 
15, 340. (e) Trost, B. M.; Verhoeven, T. R. In Comprehensive Organo- 
metallic Chemistry; Wilkinson, G., Stone, F. G. A., Abel, E. W., Eds.; 
Pergamon: New York, 1982; Vol. 8, p 799. (f) Chaloner, P. A. Handbook 
of Coordination Catalysis in Organic Chemistry; Butterworths, London, 
1986. (8) Negishi, E.-i.; Takahashi, T.; Akiyoshi, K. Catalysis of Organic 
Reactions, Chemical Industries Series; Rylander, P. N., Greenfield, H., 
Augustine, R. L., Eds.; Marcel Dekker Inc.: Basel, 1988; Vol. 39. 
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Schoenberg, A.; Heck, R. F. J.  Am. Chem. SOC. 1974, W, 7761. (c) Garrou, 
P. E.; Heck, R. F. J.  Am. Chem. SOC. 1976,98,4115. (d) Yamamoto, A.; 
Yamamoto, T.; Ozawa, F. Pure Appl. Chem. 1985,57,1799 and reference 
cited therein. (e) Sen, A.; Chen, J.-t.; Vetter, W. M.; Whittle, R. R. J .  
Am. Chem. SOC. 1987, 109, 148. 

(3) (a) Ito, T.; Tsuchiya, H.; Yamamoto, A. Bull. Chem. SOC. Jpn. 
1977,50,1319-1327. (b) Milstein, D.; Stille, J. K. J.  Am. Chem. SOC. 1979, 
101, 4992. (c) Gillie, A.; Stille, J. K. J.  Am. Chem. SOC. 1980, 102, 
4933-4941. (d) Ozawa, F.; Ito, T.; Yamamoto, A. J.  Am. Chem. SOC. 1980, 
102, 6457. (e) Ozawa, F.; Ita, T.; Nakamura, Y.; Yamamoto, A. Bull. 
Chem. SOC. Jpn. 1981,54,1868-1886. (f) Loar, M. K.; Stille, J. K. J.  Am. 
Chem. SOC. 1981,103,4174. (8) Moravskiy, A.; Stille, J. K. J .  Am. Chem. 
SOC. 1981,103,4182. (h) Ozawa, F.; Kurihara, M.; Fujimori, T.; Hidaka, 
T.; Toyoshima, T.; Yamamoto, A. Organometallics 1989, 8, 180. (i) 
Review: Brown, J.; Cooley, N. A. Chem. Rev. 1988,88, 1031. 

(4) (a) Tataumi, K.; Hoffmann, R.; Yamamoto, A.; Stille, J. K. Bull. 
Chem. SOC. Jpn. 1981, 54, 1857. (b) Low, J. J.; Goddard, W. A. I11 
Organometallics 1986,5,609. (c)  Low, J. J.; Goddard, W. A. I11 J.  Am. 
Chem. SOC. 1986,108,6115. (d) Koga, N.; Morokuma, K. J .  Am. Chem. 
SOC. 1986, 108, 6136. 
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Figure 1. Thermal motion ellipsoid plot of PdMe2(tmeda) (2a) 
at the 50% probability level, with the adopted atom numbering. 

We here report the preparation and characterization of 
dimethyl(N,N,N',N'-tetramethylethanediamine)palladi- 
um(I1) and describe details of its thermolysis both in the 
solid state and in solution. Furthermore, PdMe2(tmeda) 
undergoes (a) oxidative addition reactions leading to the 
first organopalladium(1V) complexes with aliphatic amine 
ligands and (b) ligand exchange reactions with mono- 
phosphines, bis(phosphines), bpy, and chelating aliphatic 
amine ligands that provide a very easy synthetic route to 
many kinds of dimethylpalladium complexes. The com- 
plex PdMez(dmpe) [dmpe = 1,2-bis(dimethyl- 
phosphino)ethane], the phosphorus analogue of PdMe2- 
(tmeda), has been prepared in the latter way. For com- 
parison with PdMe2(tmeda), PdMez(dmpe) has also been 
thermolyzed, reacted with MeI, and analyzed by X-ray 
crystallography. 

Results 
Synthesis and Properties of PdMe2(tmeda). 

PdMez(tmeda) (2a) was prepared by reacting 2 equiv of 
MeLi with PdClz(tmeda) (la) in diethyl ether a t  0 "C (eq 
1). 

Me2 Me2 

f N \  2 RLI, -20 - O O C ,  1 h f N \  / R  
11) 

'"N. Pd\ R 
ICH,) 

Me2 
C N / p d \ C ,  Me2 EtpO 

l a n = 2  
l b n = 3  

28 n - 2 ,  R - Me (85 %) 
2b n = 2 ,  R = CDJ (55 %) 
2c n = 3, R = Me (47 %) 
2d n = 3, R = CDz (17 %) 

(6) (a) Dehand, J.; Pfeffer, M. Coord. Chem. Reu. 1976,18,327. (b) 
Ryabov, A. D. Synthesis 1983,233. (c) Newkome, G. R.; Pucket, W. E.; 
Gupta, V. K.; Kiefer, G. E. Chem. Reu. 1986,86, 451. 

(7) Preparation of Pd(CH2),(tmeda): (a) Diversi, P.; Ingrosso, G.; 
Lucherini, A,; Murtas, S. J .  Chem. SOC., Dalton Trans. 1980, 1633. 
PdMe,(tmeda) aa intermediate: (b) Nakazawa, H.; Ozawa, F.; Yamamoto, 
A. Organometallics 1983,2,241-250. See also: (c) Diversi, P.; Ingrosso, 
G.; Lucherini, A.; Lumini, T.; Marchetti, F.; Adovasio, V.; Nardelli, M. 
J .  Chem. SOC., Dalton Trans. 1988, 133. (d) Diversi, P.; Ingrosso, G.; 
Lucherini, A,; Lumini, T.; Marchetti, F.; Adovasio, V.; Nardelli, M.; 
Merlino, S. J .  Chem. SOC., Dalton Trans. 1988,461. 
(8) (a) Maitlis, P. M. The Organic Chemistry of Palladium; Academic 

Press: New York, 1971; Vol. 1, p is. (b) Ibid., p 8. (c) Livingstone, S. 
In Comprehemive Inorganic Chemistry; Trotman-Dickenson, E. F., Exec. 
Ed.; Pergamon Preas: Oxford, 1973; p 1306. (d) Ghilardi, C. A.; Midolini, 
S.; Monetti, S. Orlandini, A. J .  Chem. SOC., Chem. Commun. 1986, 1771. 

(9) de Graaf, W.; Harder, S.; Boersma, J.; van Koten, G.; Kanters, J. 
A. J.  Organomet. Chem. 1988,358,545-562. 

(10) de Graaf, W.; Boersma, J.; Grove, D. M.; Spek, A. L.; van Koten, 
G. Red.  Trau. Chim. Pays-Bas 1988,107, 299-302. 

Figure 2. 
at the 50% 

Thermal motion ellipsoid plot of PdMe2(dmpe) (5) 
probability level, with the adopted atom numbering. 

Washing the reaction mixture with cold water and 
subsequent evaporation of the separated organic layer gave 
colorless crystals of pure 2a in good yield. Similarly, re- 
action of la with CD3Li afforded Pd(CD3)2(tmeda) (2b). 
Complexes 2a and 2b are thermally stable and can be 
stored for weeks in an inert atmosphere at room temper- 
ature without decomposition. They can even be handled 
in air, although they slowly turn yellow when exposed to 
the atmosphere for a few days. 

An X-ray crystal structure determinationlo of PdMe2- 
(tmeda) (2a) (Figure 1) established that it is mononuclear 
and square-planar coordinated with chelating tmeda and 
cis-positioned methyl roups. The Pd-Me distances of 

those in the phosphine complexes PdMe2- 
(Me2PCH2CH2PMe2) (2.088 (4) A; vide infra) and cis- 
PdMe2(PMePh2), (2.090 (3) A)." The Pd-N distances 
of 2.197 (2) and 2.200 (2) A are very long (normal range 
1.94-2.13 &.I2 The relatively short Pd-C and long Pd-N 
bond lengths are consistent with the trans influence of the 
ligands,13 which is small for amines and large for a-bonded 
carbon ligands. The five-membered Pd-N-C-C-N ring 
is puckered in the solid state due to the preference of the 
NCH2CH2N moiety for a staggered c~nformation.'~ The 
N-C-C-N torsion angle is 57.1 (3)", and the N(l)-Pd-N(2) 
angle is 82.73 (8)". However, the deviations from 60 and 
90" are small and the ring strain is probably minimal. 

Variable-temperature 'H NMR studies in acetone-d, 
indicate that PdMe2( tmeda) (2a) undergoes conformational 
changes in solution. At room temperature three sharp 
singlets are observed at  6 2.58 (NMe2), 2.40 (CH,), and 
-0.34 ppm (PdMe). Lowering the temperature first causes 
broadening of the CH2 signal (coalescence temperature T, 
= 223 K) and subsequent splitting into a broad AB-type 
pattern at  193 K (A6 = 0.76 ppm). The NMe2 signal also 
broadens slightly on cooling and appears as two singlets 
a t  183 K (T, = 193 K; A6 = 0.02 ppm). The activation 
energy for both the CH2 and NMez coalescence phenomena 
are in mutual agreement (AG* = 43.0 kJ/mol). This 
fluxional behavior corresponds to ring puckering move- 

2.026 (3) and 2.029 (3) x are relatively short compared to 

(11) Wisner, J. M.; Bartczak, T. J.; hers, J. A. Organometallics 1986, 
5. 2044-2050. 
- I  - - - -  

(12) Takenaka, A.; Sasada, Y.; Yamamoto, K.; Tsuji, J. Bull. Chem. 

(13) Steffen, W. L.; Palenik, G. J. Inorg. Chem. 1976, 15, 2432. 
(14) Amstutz, R.; Laube, T.; Schweizer, W. B.; Seebach, D.; Dunitz, 

SOC. Jpn. 1977,50,3177. 

J. D. Helu. Chim. Acta 1984, 67, 224. 
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ments that are fast on the NMR time scale a t  room tem- 
perature. 

'H NMR spectra of 2a in benzene-d, containing addi- 
tional tmeda showed independent signals of 2a and tmeda 
at  room temperature, and even at  80 "C there was no 
significant line broadening; Le., in solution there is no rapid 
exchange between free and coordinated ligand in 2a. 

In a similar way to the preparation of PdMez(tmeda) we 
have also prepared PdMez(tmpda) (2c) and Pd(CD3)z- 
(tmpda) (2d) [ tmpda = N,N,N',N'-tetramethyl-1,3- 
propanediamine] (eq l), both of which are thermally very 
unstable. These compounds decompose explosively in the 
solid state a t  40 "C and turn slowly black at  room tem- 
perature; in solution they decompose rapidly at  room 
temperature. The 'H NMR spectra of 2c and 2d measured 
at -20 "c in aCetOne-d, show only a small amount of free 
ligand impurity. Remarkably, the exchange of this free 
tmpda with PdMez(tmpda) (24 is fast on NMR time scale 
above 0 "C. This contrast in the behavior of 2a and 2c 
with free diamine ligand is discussed later. 

Thermal Decomposition of the Dimethylpalladium 
Complexes. The thermal stability of PdMez(tmeda) (2a) 
is remarkable [it can even be sublimed at  60 "C (0.01 
mmHg)]. The compound starts slowly turning black at 
about 70 "C but decomposes explosively only when heated 
to 125-130 "C. The gases formed during the solid-state 
thermal decomposition reactions were found to be a mix- 
ture of methane and ethane in a 311 ratio with varying 
small amounts of other Cz-hydrocarbons. [Detection of 
CzH4 is difficult because it has the same retention time as 
acetylene. Moreover, its molecular ion m/z = 28 also 
corresponds to that of N2 and/or ethane fragments. 
However, in the case of Pd(CD3)&meda) CzD4 was clearly 
identified by its molecular ion at  m/z = 32.1 

The formation of methane is unexpected since di- 
methylpalladium phosphine complexes give rise to the 
formation of ethane by a 1,l-reductive elimination pro- 

and this prompted us to study the thermal de- 
composition of 2a and 2b in greater detail (eq 2). The 
results are compiled in Table I. 
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CH, 2-4 
CZHG 1 0 7-1 2 eq i CzH4 0 1 (2) 

A 

benzene 1.0 eq ligand 
1 05 eq Pd 

E = N . n = 3  2 O o C . 5 h  

E = P, n = 2 90 ' C .  1 week 
E = N, n = 2. 80 ' C ,  5 h 

In all reactions, both in the solid state and in solution, 
a 311 mixture of methane and ethane was formed. 
Thermolysis in benzene solution gives about 1 mol of 
gases/mol of starting compound, the palladium precipi- 
tates as a metal mirror, and the amine ligand is released 
quantitatively. This product distribution and stoichiom- 
etry points toward an a-elimination process. Solid-state 
thermolyses are less well-defined and give about 1.5 mol 
of gases/mol of starting compound and less than 1 equiv 
of tmeda. 

This formation of methane implies that one PdMe group 
has abstracted an hydrogen atom from either the solvent, 
the amine ligand, or the other methyl group (a-elimina- 
tion). Experiments using deuterated materials were carried 
out in order to gain evidence concerning the operative 
mechanism(s). 

Solid-state thermolysis of Pd(CD,),(tmeda) (2b) gave 
methane, which was mainly CD4, and when PdMe&meda) 
(2a) was thermolyzed in C6D6 solution, the methane was 
mainly CHI. However, when 2b was thermolyzed in C6&, 
a 211 mixture of CD3H and CD4 was formed, together with 



2910 Organometallics, Vol. 8, No. 12, 1989 

c&, (Table I, entry 6). The incorporated hydrogen mainly 
comes from the solvent because reaction in C6D6 
under the same conditions gave a 3/1 mixture of CD4 and 
CD3H (Table I, entry 7). 

The decomposition reaction of PdMe2(tmpda) (2c) and 
Pd(CD3)z(tmpda) (2d) in solution has also been studied 
(Table I, entries 8,9). However, although the thermolysis 
temperature was 60 "C lower than for the tmeda complexes 
2a and 2b, a mixture of methane and ethane (ca. 2/1) was 
also formed. The ratio CD4/CD3H (2/1) obtained from 
deuterated compound 2d was higher than from 2b (1/2), 
but still the hydrogen incorporation from the solvent is 
significant. 

In order to check whether the diamine ligand was re- 
sponsible for the formation of methane in preference to 
ethane, the thermolysis of PdMez(dmpe) (5) (vide infra) 
was also studied. This compound is much more stable 
toward thermolysis, but after 1 week at 90 "C, 0.83 equiv 
of a mixture of methane and ethane (3/1) was obtained. 
These results indicate that all these dimethylpalladium 
complexes (2a-d and 5) decompose by a common mecha- 
nism that is not a simple reductive elimination. 

Reaction of PdMe2(tmeda) with Hydrochloric Acid 
and Hydrogen. The addition of a small excess of con- 
centrated hydrochloric acid to a solution of PdMe2(tmeda) 
in toluene resulted, as expected, in the evolution of 2 mol 
of methane/mol of starting material and formation of 
PdC12(tmeda) (la). 

Addition of hydrogen to a solution of PdMe2(tmeda) in 
benzene at room temperature resulted in the slow (16 h) 
formation of 2.0 equiv of methane, 1.0 equiv of palladium, 
and 1.0 equiv of tmeda. When deuterium was used instead 
of hydrogen, the methane was found to be pure CH3D (eq 
3). 

D, (1 atmj 1 0 TMEDA 

2 0  CH3D 
1 0 Pd 13) 

t: /Me CN/'.\, benzene, rT, 7 h 

~ e ,  
2 a  

Reaction of PdMez(tmeda) with Alkyl Halides. 
Addition of a small excess of methyl iodide to a solution 
of 2a in benzene at  room temperature resulted in the 
formation of yellow air-stable crystals of PdIMe(tmeda) 
(3a) and the liberation of 1 equiv of ethane (eq 4). Re- 

Me1 

de Graaf et al. 

Me2 
MeBr 

(MeCIj 

20 "C, benzene 

+ Me-Me ( 4 )  

Me, Me2 

2 a  3a X = I (90%) 
3b X = Br (90 %) 
3c X = CI (50 %) 

action with excess MeBr similarly gave PdBrMe(tmeda) 
(3b). The reaction of 2a with MeCl was very slow, and 
after 16 h there was only 50% conversion to PdClMe- 
(tmeda) (3c), which contained ca. 15% of 3b as a conse- 
quence of the contamination of commercial MeCl with 
MeBr. Alternatively, pure 3c was obtained in 95% yield 
by the fast reaction of 2a with a slight excess of acetyl 
~hloride.'~" 

Compounds 3a-c gave satisfactory elemental analyses 
(C, H, N). They dissolve very well in chloroform or di- 

~ ~ ~~ 

(15) (a) de Graaf, W.; Boersma, J.; van Koten, G. Submitted for 
publication. (b) de Graaf, W.; van Wegen J.; Boersma, J.; van Koten, G. 
R e d .  Trav. Chim. Pays-Bas 1989,108, 275. 

Table 11. 'H NMR Data of 
Organo(N~,N',N'-tetramethylethanediamine)palladium 

Complexes 

-CH,- PdMe NMe, no. soh 
2a C & 3  2.03 s 1.86 s 0.48 s 
3a CDCl, 2.62 s 2.63 s 2.45-2.80 m 0.45 s 
3b CDCll 2.65 s 2.59 s 2.48-2.80 m 0.50 s 
3c CDC13 2.67 s 2.57 s 2.45-2.80 m 0.48 s 
3d CDsCN 2.55 s 2.60 s 2.55-2.82 m 0.45 s 
4a" CDCI3' 2.25 br s 2.88 br s 2.2-2.6 m (eq), 1.61 br s; 

4ab acetone-dsc 2.39 br s 2.93 br s (eq), 1.61 br s; 

4bb acetone-dk 2.36 s 2.76 s 2.672.8 m (eq), 1.43; 

4cb BCetOne-ds' 2.5 br s 2.85 br s 1.33 br s 
4ab CD3CNc 2.31 br s 2.53 br s 2.7 br s (eq), 1.21 br s; 

4cb CD3CNc 2.30 br s 2.53 br s 2.69 br s (eq), 1.22 br s; 

4ab CD3CNd 2.4 br s 2.6 br s 2.8 br s 1.3 br s 
4cb CD3CNd 2.4 br s 2.7 br s 1.22 br s 

(ax), 1.29 br s 

(ax), 1.40 br s 

(ax), 1.14 s 

(ax), 1.09 br s 

(ax), 1.09 br s 

"Isolated and redissolved, situ formed. c-40 "C. d-20 OC. 

Table 111. lac NMR Data of 
Organo(N,N,N',N'-tetramethylethanediamine)palladium 

Comdexes 

no. solv NMez -CHz- PdMe 
2a C& 47.82 59.11 -8.43 
3a CDCIB 49.54 49.77 57.76 62.52 -9.78 
3b CDC13 48.64 50.67 57.98 63.23 -5.86 
3~ CDC13 47.76 50.72 57.63 63.20 -4.27 
3d CD3CN 48.26 51.15 57.91 64.52 -1.34 
4aQ CDC13b 46.88 54.27 58.73 (eq), 15.53; 

4ac acetone-dsb 47.02 54.83 59.59 (eq), 15.04; 

4bc acetone@ 47.03 51.41 59.44 (eq), 15.50; 

4ac CD3CNb 68.50 70.93 80.91 (eq), 37.36; 

4cc CD3CNb 68.61 71.01 81.12 (eq), 37.70; 

QIsolated and redissolved. b-40 "C. 'In situ formed. d-20 "C. 

(ax), 31.70 

(ax), 32.76 

(ax), 25.60 

(ax), 41.74 

(ax), 41.91 

chloromethane, and the lH NMR spectra (Table 11) in 
CDCl, show a PdMe signal a t  about 6 0.5 ppm and the 13C 
NMR spectra (Table 111) one at  6 -5 to -10 ppm. These 
complexes lack the C2 symmetry of PdMe2(tmeda), and 
two singlets are observed in their 13C NMR spectra both 
for the NMe2 and for the CH2 group. In their 'H NMR 
spectra the signals of the CH2CH2 group appear as an 
AA'BB' pattern, which is in most cases partly overlapped 
by the two singlet NMez signals. 

Organopalladium(1V) Complexes. In order to study 
whether the reaction of PdMez(tmeda) (2a) with methyl 
'halides involves PdIV intermediates, reaction of 2a with 
methyl iodide and methyl bromide was monitored at  low 
temperature in acetone-d, by means of 'H and 13C NMR 
spectroscopy (see Tables I1 and 111). 

Methyl iodide was found to react already with 2a at 
temperatures lower than -40 "C with the formation of 
fac-PdIMe3(tmeda) (4a) (eq 5). In the '3c NMFt spectrum 

2 a  4 a X - I  3 a X = I  
4 b  X = Br 3b X = Br 

of 4a in acetone-d, a t  -40 "C the two equatorial methyl 
carbon atoms on palladium give a signal a t  6 15.04 ppm 
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and the axial methyl group resonance occurs a t  6 32.76 
ppm. The NMe2 groups give rise to two signals because 
the methyl groups above and below the equatorial plane 
are not equivalent. There is only one signal observed for 
the CH2CH2 unit, and this indicates that 4a is the fac 
rather than the mer isomer. The 'H NMR spectrum at  
-40 "C in acetone-de is also in accord with this proposed 
structure. After about 10-15 min 4a usually crystallized 
from the solution. The colorless crystals can be isolated 
but are very unstable. They explode when brought to room 
temperature and decompose slowly even when stored at 
-30 "C within a few days into yellow PdIMe(tmeda) (3a). 
Decomposition in solution starts already at  -20 "C, and 
at  0 "C decomposition into ethane and 3a takes place in 
a few minutes. The isolated complex 4a, redissolved in 
CDC13 at -40 "C, has essentially the same 'H and 'W NMR 
spectra as the in situ prepared 4a in acetone-de. 

The reaction of 2a with methyl bromide to give fuc- 
PdBrMe3(tmeda) (4b) (eq 5) is completed after 15 min at  
0 "C and is thus much slower than the corresponding 
reaction with methyl iodide. Compound 4b did not 
crystallize from the solution like 4a, but evaporation of the 
solvent below 0 "C yielded 4b as a white solid. It is stable 
a t  room temperature for a short time (ca. 15 min) and 
explodes when brought to 40 "C. In solution as well in the 
solid state 4b decomposes cleanly at room temperature into 
PdBrMe(tmeda) (3b) and ethane. 

The regiospecificity of the oxidative addition and the 
configurational stability of 4a were also studied by reacting 
2a with CD31 and 2b with CH31. These reactions were 
carried out a t  -40 "C in acetone-de and monitored by 'H 
NMR spectroscopy. In both cases the ratio of the signals 
of the equatorial to axial PdMe groups in the palladium- 
(IV) adduct was 2/1, proving that methyl groups scram- 
bling has occurred. When the reaction of 2a with CD31 
was carried out at room temperature, the intensity of the 
PdMe signal of the product PdI(CH3/CD3)(tmeda) was 
diminished by a factor 2/3 and the ethane that was lib- 
erated had a mass spectrum consistent with a CH3- 
CH3/CH3CD3 ratio of 1/2. No CD3CD3 was detected. This 
latter result is clear evidence that the formation of ethane 
occurs in an intramolecular process. 

Reaction of 2a with Me1 in acetonitrile-de at -40 "C gives 
a complex in solution whose 'H and 13C NMR spectra are 
significantly different from those of 4a obtained in CDC13 
or acetoned, (Table 11). The differences in chemical shifts 
suggest that in acetonitrile cationic complexes of the type 
fac-[PdMe3(tmeda)(CD3CN)] [I] are formed. Further ev- 
idence for such cationic complexes was obtained from the 
reaction of 2a with methyl m a t e  (MeOTf = MeOS02CFJ 
in CD3CN at -40 "C. The 'H and 13C NMR spectra of this 
solution are almost the same as those obtained from the 
product of the reaction of 2a with Me1 in CD3CN and are 
thus consistent with formation of fac-[PdMe3(tmeda)- 
(CD3CN)I[OTfl ( 4 4  (eq 6). 

2 8  4 c  3 6  

The PdMe signals in the 'H NMR spectrum of 
[PdMe3(tmeda)(CD3CN)]+, obtained from the reaction of 
either Me1 or MeOTf with 2a, coalesce at  -20 "C, (corre- 
sponding to an activation energy (AG') of 53 kJ mol-'). 
Above -20 "C, 4c eliminates ethane with the formation of 
[PdMe(CD,CN)(tmeda)] [Om (3d), which can be isolated 
as a white solid. It is unstable in the solid state a t  room 
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Scheme I. Dimethylpalladium Complexes Derived from 2a 
by Ligand Exchange Reactions 

MePh2P, ,Me 
PhZ 

Ph, 6 7 6 

temperature but can be stored without change at  -30 "C 
for several weeks. Isolated [PdMe(MeCN)(tmeda)] [OTfl 
in CD3CN showed the presence of 1 equiv of acetonitrile 
by 'H NMR integration. 

When the reaction of 2a with MeOTf was carried out 
in acetone-d,, which is a weakly coordinating solvent, a 
cationic palladium(1V) species, most probably [PdMe3- 
(tmeda)(acetone-d,)][OTfI, was obtained. In the 'H NMR 
spectra of this species between -40 and -60 "C the PdMe 
groups were in fast exchange. Elimination of ethane oc- 
curred between -40 and -20 "C. The resulting palladi- 
um(I1) species, assumed to be [PdMe(tmeda)(acetone- 
d,)] [OTfl, decomposed at 20 "C with formation of metallic 
palladium. 

Synthetic Utility of Organopalladium N,N,N',N'- 
tetramethylet hanediamine Complexes. Dimethyl(N,- 
N,","-tetramethy1ethanediamine)palladium (2a) proved 
to be an excellent starting material for the synthesis of a 
large variety of known dimethylpalladium complexes (see 
Scheme I). Mono(ph0sphines) and bis(phosphines) and 
also bpy smoothly replace the tmeda ligand, when added 
in a stoichiometric ratio to a solution of 2a in benzene. 
Complexes 5-10 were identified by comparing the 'H 
NMR spectra with the literature data. 

Replacement of tmeda by ethanediamine was performed 
by dissolving 2a in ethanediamine followed by evaporation 
of the solution to dryness. The new complex, however, was 
insoluble in common organic solvents, like its platinum 
analogue,l' and was identified by elemental analysis (C, 
H, N). Similarly, dissolution of 2a in N,N,","',N"- 
pentamethyldiethylenetriamine (pmdeta) gave after re- 
moval of the excess of pmteda, the complex PdMe2- 
(pmdeta) (12) as a liquid that crystallized from cold pen- 
tane. Satisfactory elemental analysis (C, H, N) were ob- 
tained for this complex. At  20 "C and lower the 'H and 
13C NMR spectra of 12 in benzene-d, and acetone-d, show 
clearly that one amine site is not coordinated. In the 'H 
NMR spectra, the signals of the NMe2 groups coalesce at  
47 "C and those of the PdMe groups at  57 "C. The 
energies of activation were calculated, and these differed 
by only 0.5 kJ/mol [AG*(NMe2) = 77.5 kJ/mol and 
AGVPdMe) = 80.0 kJ/mol]. 

(16) (a) Byers, P. K.; Canty, A. J.; Skelton, B. W.; White, A. H. J. 
Chem. SOC., Chem. Commun. 1986,1722. (b) Byers, P. K.; Canty, A. J.; 
Skelton, B. W.; White, A. H. J.  Chem. SOC., Chem. Commun. 1987,1093. 
(c) Byers, P. K.; Canty, A. J. J. Chem. SOC., Chem. Common. 1988,939. 
(d) Byers, P. K.; Canty, A. J.; Crespo, M.; Puddephatt, R. J.; Scott, J. D. 
Organometallics 1988, 7, 1363-1367. 

(17) Appleton, T. G.; Hall, J. R.; Williams, M. A. J. Organomet. C h m .  
1986,303, 139-149. 
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Structure and Properties of PdMe2(dmpe). 
PdMe2(dmpe) (5) was obtained from PdMe2(tmeda) (vide 
supra) as colorless crystals. The monoclinic unit cell 
contains four discrete molecules with 2-fold axial sym- 
metry. The molecular structure resembles, as expected, 
that of PdMe2(tmeda). 

The palladium-carbon bond length of 2.087 (4) A is in 
close agreement with that in the only other reported di- 
methylpalladium bis(phosphine) complex,l’ cis-PdMe2- 
(PMePh2)2 (2.089 (3) and 2.090 (3) A) but is significantly 
longer than that in PdMe2(tmeda) (2.026 (3) and 2.029 (3) 
A); this is indicative of the larger trans influence of the 
diphosphine ligand. The palladium-phosphorus bond 
length is 2.274 (1) A, which is slightly shorter than those 
in ci~-PdMe~(PMePh,)~ (2.321 (1) and 2.326 (1) A). The 
dmpe ligand has the same type of puckering as the tmeda 
ligand in PdMe2(tmeda). The P-C-C-P torsion angle is 
48.91 (4)”, and the P-Pd-P angle is 85.33 (3)”. 

The ‘H and 13C NMR spectra of 5 show coupling with 
the two phosphorus nuclei. These coupling patterns are 
very clear in the 13C NMR spectrum. The PMe2 carbon 
atoms in 5 show a six-line pattern of the A part of an AXX’ 
spin system, but the CH2CH2 group appears as a decep- 
tively simple triplet and the PdMe carbon atoms as a 
double doublet. 

PdMe2(dmpe) (5) reacts, in contrast to PdMe2(tmeda), 
only slowly with Me1 to give PdIMe(dmpe) (13) in quan- 
titative yield. The reaction takes about 2 h, and 0.8 equiv 
of only ethane was detected. 

Discussion 
Palladium-Amine versus Palladium-Phosphine 

Coordination. Oxidative addition to palladium(O)* and 
reductive elimination from pal ladi~m(II)~l~ have been the 
subject of many studies, primarily because of their rele- 
vance to carbon-carbon bond formation processes. Such 
studies deal mainly with palladium complexes containing 
tertiary phosphine ligands. The two main differences 
between phosphines and amines are, first, that the lone 
pair on phosphorus is located in a larger and more diffuse 
sp3 orbital, which can overlap better with transition metals, 
and, second, that phosphorus has empty 3d orbitals of 
relatively low energy that can participate in back-donation 
from the transition metal. This metal to ligand back-do- 
nation is thought to be essential for the formation of 
palladium(0) complexes,8b,c though in palladium(I1) com- 
plexes it is not an essential component in metal-ligand 
bond formation.sb*c Indeed we found that the aliphatic 
amine site in P,N-bidentate ligands (cf. the ligand present 
in compound 9; Scheme I) does not coordinate to palla- 
dium(0) but coordinates quite well in organometallic 
complexes of pal ladi~m(II) ,~ and it was this finding that 
encouraged us to prepare organopalladium complexes with 
aliphatic diamines.’O 

Because all monophosphines and bis(phosphines) dis- 
place the tmeda moiety in these organopalladium(I1) 
N,N,”,”-tetramethylethanediamine complexes, we con- 
clude that the palladium-nitrogen coordination is, as ex- 
pected, thermodynamically weaker than palladium- 
phosphorus coordination. This relative weak coordination 
is most probably due to the bad overlap between the 
comparatively small sp3 hybrid orbital of the amine and 
the more diffuse sp2d orbital of palladium(I1). 

The Pd-N distances of 2.197 (2) and 2.200 (2) A in 
PdMe2(tmeda) and 2.220 (6) A in PdBrMe[o-(diphenyl- 
phosphino)-N,N-dimethylben~ylamine]~ are the longest 
Pd-N bond lengths reported so far. In both structures the 
methyl groups are trans to an amine function, and it is this 
that undoubtly causes the long Pd-N bonds due to the 
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large trans influence of carbon.13 Reversely, because the 
“hard” amine ligands have a relatively inefficient overlap 
with the sp2d hybrid orbital of palladium and hence a small 
trans influence, the palladium-carbon bonds in PdMe2- 
(tmeda) are shorter than those in PdMe2(dmpe) and 
PdMe2(PMePh2),. In spite of the presence of a trans 
organic ligand the Pd-N bond in PdBrMe[o-(diphenyl- 
phosphine)-N,N-dimethylbenzylamine) does not show 
dissociation or displacement on the NMR time scale? The 
same is true for PdMe2(tmeda) (2a) for which there is no 
evidence for rapid exchange between free and ligated 
tmeda. However, PdMe2(tmpda) (2c) does show rapid 
intermolecular exchange above 0 “C between free and 
bonded ligands (vide infra). In the tridentate amine 
complex PdMe2(pmdeta) (12) there is above 20 “C an 
intramolecular exchange of the NMe2 groups and also of 
the PdMe groups. Remarkably, the activation energies of 
these two exchange phenomena are almost the same and 
thus are likely to have a common basis. We have, however, 
insufficient evidence to ascertain whether this is a disso- 
ciative or an associative process. 

Thermal Decomposition of the Dimethylpalladium 
Complexes. The high thermal stability of the complex 
2a and its behavior on thermolysis are noteworthy. In 
particular the formation of mainly methane on thermolysis 
of 2a indicates that reductive elimination is not the main 
decomposition route. Formation of methane and ethane 
was also found for the phosphorus analogue of 2a, 
PdMe2(dmpe) (5). [Very recently the synthesis of 
NiMe2(tmeda) was reported.28 This compound is, like 
PdMe2(tmeda), thermally very stable (decomp 79 “C) and 
gives after thermolysis methane (1.04/Ni) and a minor 
amount of ethane (0.13/Ni).] This behavior contrasts with 
that of dimethylbis(ph0sphine)palladium complexes that 
have been shown to reductively eliminate ethane with prior 
dissociation of a ligand.&” Theoretical calculations have 
shown that reductive elimination may take place directly 
from a four-coordinate complex and the presence of weak 
a-donors trans to the leaving groups was thought to de- 
crease the barrier for this process. However, after disso- 
ciation of a ligand, reductive elimination can take place 
more favorably from a three-coordinate “T”-shaped in- 
termediate.4 

Traces of methane have been found in the experimental 
studies on reductive elimination from dimethylpalladium 
complexes, but only the thermolysis of PdMe2(PMePh2)2 
in the presence of a large excess of PMePh2 yielded mainly 
methane. Since the dissociative reductive elimination 
pathway was blocked this formation of methane was as- 
cribed to hydrogen activation from the ligand.& However, 
PdMe2(dppe) [dppe = 1,2-bis(diphenylphosphino)ethane] 
was reported to eliminate ethane only, despite the presence 
of the chelating dppe ligand.3c 

Although there are large differences in the decomposi- 
tion temperature between the dimethylpalladium com- 
plexes with dmpe (5), tmeda (2a,b), and tmpda (2c,d), the 
product distribution remains essentially the same. These 
differences in stability are in agreement with (a) the easier 
dissociation of the six-membered chelate ring of tmpda 
relative to that of the five-membered chelate ring of tmeda 
and (b) a higher stability of the dmpe chelate ring com- 
pared with that of tmeda, due to the stronger palladium- 
phosphorus bond. Hence, we believe that the thermal 
decomposition of 2a-d and 5 is preceded by dissociation 
of a ligand arm. This feature is in accord with the general 
observation that ligand dissociation, leaving an empty 
coordination site on the metal, precedes an a ,  P, or re- 
ductive elimination process.l8 There are then five possible 
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Scheme 11. Pathways for Thermal Decomposition of 
Dimethylpalladium Species 

I 

(b) lormalion of methane and ethane IS also possible from 
methyl radicals caused by homolylic band clearage 

pathways (Scheme 11): (a) direct reductive elimination of 
ethane, (b) Pd-Me homolytic bond cleavage, (c) solvent 
C-H activation and formation of methane, (d) a-elimina- 
tion, followed by reductive elimination of methane, and 
(e) a-elimination, followed by migration of the methyl 
group to give a hydrido ethyl species, which eliminates 
ethane. The latter route has been suggested for the re- 
ductive elimination from palladium(1V) (vide infra).lM 

The formation of methane on thermolysis of PdMez- 
(tmeda) implies that a methyl group on palladium removes 
a hydrogen from somewhere. Furthermore, the thermolysis 
reactions in solution leave the diamine ligand unchanged 
and the amount of gases formed is consistent with only one 
of the methyl groups ending up as methane. The various 
deuterium cross-over experiments (Table I, entries 2, 4, 
5,7,  and 8) show that the fourth hydrogen of the methane 
formed, generally originates for the major part from the 
other methyl group on palladium and for a minor part from 
the solvent. The most striking feature in the deuterium 
crossover reactions is the large difference in the ratio 
CH3D/CH4 and CD3H/CD4 in the formation of methane 
from PdMez(tmeda) in C6D6 and from Pd(CD3)z(tmeda) 
in C6H6 (Table I; entries 4-6). 

Let us examine the five possibilities for the dimethyl- 
palladium diamine complexes: the direct reductive elim- 
ination (a) can be the explanation for the formation of 
ethane but is not necessarily the only explanation. The 
occurrence of a homolytic Pd-Me bond cleavage (b) can 
explain the formation of both methane and ethane and 
cannot be excluded for any of the decomposition reactions. 
However, it is an unlikely process because it cannot explain 
the difference between the decomposition temperature of 
the tmpda and the tmeda complexes. 

We believe that the best description for thermolysis of 
these dimethylpalladium diamine complexes is a compe- 
tition between a solvent C-H activation (c) or a PdCH3 
activation (a-elimination) (d) on the empty coordination 
site after dissociation of an amine arm. The difference 
between the amount of CH,D from PdMez(tmeda) in c@6 
and CD3H from Pd(CD3)z(tmeda) in C6H6 can then be 
explained by an isotope effect in the C-D bond cleavage 
during an a-elimination. In the case of a deuterated di- 
methylpalladium compound a benzene C-H bond will be 
activated more readily and give rise to the formation of 
more CD3H. 

(l8)(a) Thorn, D. L. Organometallics 1986,5,1897-1903. (b) Bennett, 
M. A.; Crisp, G .  T. Organometallics 1986,5,1792-1800. (c) Bennett, M. 
A.; Crisp, G. T. Organometallics 1986,5,18M-1806. (d) Cam, N.; Dunne, 
B. J.; Orpen, A. G.;  Spencer, J. L. J.  Chem. Soc., Chem. Commun. 1988, 
926-928. 
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The alternative pathway to a direct reductive elimina- 
tion (a) that can explain the formation of ethane is an 
a-elimination step followed by a methyl group shift to the 
"carbene" moiety (e) .l& Elimination from the resulting 
ethyl hydrido species will give ethane, and &elimination 
may be responsible for the formation of traces of ethene. 

Reaction of PdMez(tmeda) with Electrophiles. 
Reductive elimination from palladium(I1) has been found 
to be accelerated by the addition of electrophiles.* This 
feature is ascribed to an oxidative addition to palladium- 
(II), forming a palladium(1V) intermediate, followed by a 
reductive elimination. However, only recently have ex- 
amples of relatively stable palladium(1V) compounds been 
found in which aromatic di- and triamine ligands are 
present.16 

During the preparation of this manuscript a paper ap- 
pearedla on the reactivity and mechanism in oxidative 
addition of Me1 to palladium(I1) and reductive elimination 
from palladium(1V) based on PdMez(bpy). The chemical 
reactivity of PdMez(tmeda) (2a) resembles PdMez(bpy) 
in many aspects. For instance, PdMez(tmeda) is also very 
reaction toward Me1 and forms already at  temperatures 
lower than -40 "C a palladium(1V) compound, PdIMe3- 
(tmeda). In this complex the broadening of the lH NMR 
signals of the PdMe groups and the scrambling with CD31 
is similar to that observed in PdIMe,(bpy). 

As has been shown for the platinum complex PtMez- 
(bpy)19 oxidative addition of Me1 at  low temperature in 
CD3CN as solvent follows a SN2 mechanism involving 
[PtMe,(CD,CN)(bpy)]+ as intermediate, which then re- 
organizes to PtIMe,(bpy). Reaction of PdMez(bpy) with 
Me1 affords an equilibrium mixture of [PdMe3- 
(CD,CN)(bpy)] [I] and PdIMe,(bpy). However, reaction 
of PdMez(tmeda) with either Me1 or MeOTf in acetonitrile 
a t  low temperature only produces cationic complexes 
[PdMe,(tmeda)(CH,CN)]+. The formation of such cat- 
ionic complexes is indicative of steric interference exerted 
by the axial NMe groups that prevents recoordination of 
the iodide ion to form the neutral complexes PdIMe3- 
(tmeda) (4a). Indeed a space-filling model of 4a shows that 
there is a large steric interference between the halogen and 
two of the four NMe groups. 

Reaction of PdMez(tmeda) with MeOTf in acetone-de 
gave immediately a very labile cationic complex, probably 
[PdMe3(acetone-d6) (tmeda)]+, in which the equatorial and 
axial methyl groups are exchanging even at  -60 "C. This 
ready scrambling at low temperature is in accord with the 
occurrence of a five-coordinate transition state;lM acetone 
as well as OTf  are very weak ligands for palladium. 

In CD3CN, which is a much better ligand, this scram- 
bling was less rapid and coalescence of the PdMe signals 
was found at -20 "C. Hence, the energy of activation (AG' 
= 53 kJ/mol) that was calculated for this process must be 
associated with the dissociation of an acetonitrile ligand. 

The 'H NMR spectrum of PdIMe3(tmeda) (4a), com- 
pared with that of PdBrMe3(tmeda) (4b), shows a signif- 
icant line broadening of all signals that increases with 
increasing temperature. The only significant differences 
in the I3C spectra of 4b and 4a are the shifts of the axial 
PdMe and one of the NMe signals; the A6 is 6.9 ppm for 
the axial PdMe groups, 2.4 ppm for one of the NMe peaks, 
and less than 0.5 ppm for the other signals. The large trans 
influence of the halogen on the 13C chemical shift of the 
axial PdMe group is noteworthy. These differences in the 
spectra of 4a and 4b must have their origin in the size of 
the axial halide. Furthermore, the fact that PdIMe,(bpy) 

(19) Crespo, M.; Puddephatt, R. J. Organometallics 1987, 6 ,  
2548-2550. 
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is more stable than PdBrMe&meda) (4b), which is more 
stable than PdIMe3(tmeda) (4a) also suggests that the 
steric interference of the halide ion when coordinated to 
palladium is the limiting factor in the stability of the 
trimethylpalladium(1V) diamine complexes. 

From the current study we conclude that the reductive 
elimination from the palladium(1V) complexes PdXMe3- 
(tmeda) (4a-c) (X = halide or solvent) is preceded by a 
ligand dissociation which occurs more easily in the order: 
X = acetone > acetonitrile > iodide > bromide. Accord- 
ingly, reductive elimination occurs most probably from a 
cationic, five-coordinate palladium(IV) species. This has 
also been proposed for the PdXMe3(bpy) system.16d It was 
suggested that an a-elimination, followed by methylene 
insertion (cf. Scheme 11, route e), could be an alternative 
route for the direct reductive elimination from palladi- 
um(IV). But this is very unlikely, since we found no traces 
of methane in the thermal decomposition of the tri- 
methylpalladium(IV)N,N,",N'-tetramethylethanediamine 
complexes. 

The much greater rate of reaction of Me1 with 
PdMe2(tmeda) (2a) than with PdMe2(dmpe) (5) (see also 
ref 2a-c) leads us to the conclusion that the presence of 
two purely a-donating amines and two covalent PdMe 
bonds render the palladium center more nucleophilic. This 
reasoning also explains the high reactivity of PdMe2(bpy) 
toward MeI. It remains an open question as to whether 
the diamine really stabilizes the Pd(IV) oxidation state or 
whether it makes palladium(I1) more reactive. 

Ligand-Exchange Reactions. The ligand exchange 
reactions using PdMe2(tmeda) (2a) provide a new and very 
convenient synthetic route to a large variety of new and 
known dimethylpalladium complexes. Such exchange 
reactions were already shown by Diversi et al. for Pd- 
(CH2CH2CH2CH2)(tmeda)." Recently a more general 
method for preparing organopalladium complexes by lig- 
and exchange of [PdMe2(pyridazine)], and [PdMe- 
(SMe2)(p-1)l2 was reported by Canty et a1.20 However, 
PdMe2(tmeda) has the advantage that it is stable a t  room 
temperature and is in our opinion much more versatile 
because it can be easily transformed to air-stable com- 
pounds of the type PdXR(tmeda) (see also ref 10, 15) 
which can obviously be converted by similar ligand ex- 
change reactions to a large variety of complexes of the 
general formula PdXRL,. 
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PdCl,(tmpda) (lb).  This compound was prepared by using 
a procedure similar to that used for la; yield 90%. Anal. Calcd 
for C7H18ClzNzPd: C, 27.34; H, 5.90; N, 9.11. Found: C, 27.29; 
H, 5.96; N, 9.24. 

PdMe,(tmeda) (2a). PdCl,(tmeda) (2.37 g, 8 mmol) was 
suspended in diethyl ether (30 mL). The stirred suspension was 
cooled to -30 "c and treated with an diethyl ether solution of 
salt-free MeLi (12 mL of a 1.44 M solution, 17 mmol). With 
continued stirring the mixture was allowed to warm slowly to 0 
"C and was kept for 1 h at that temperature. A grayish white 
suspension formed. Then, icecold water (10 mL) was slowly added 
with stirring until a clear diethyl ether layer and a black water 
layer had formed. The organic layer was separated, dried over 
Na@O4, and evaporated in vacuo to give colorless crystals of 2a: 
yields vgried between 1.20 and 1.70 g (60-85%); mp 125-130 OC 
dec expl. IR (KBr): 448, 477 cm-' [u(PdMe)]. Anal. Calcd for 
CJI,N2Pd C, 38.03; H, 8.78; N, 11.09. Found: C, 38.02; H, 8.59; 
N, 11.02. 'H NMR (200 MHz, CD3COCD3) 303 K, 6 -0.34 ( ~ , 3  
H, PdMe), 2.40 (s,6 H, NMe2), 2.57 (s, 2 H, CH,); 183 K,6 -0.36 
(s, PdMe), 2.20 (dd, J(H,H) = 10 Hz, C H H - 0 ,  2.33 (s, 
NMeMe), 2.34 (s, NMeMe), 2.96 (dd, J(H,H) = 10 Hz, CHH- 
CHH). 

Pd(CD3),(tmeda) (2b). This compound was prepared by using 
a procedure similar to that used for 2a: yield 53%; mp 125-130 
"C dec expl. 'H NMR (200 MHz, CD3COCD3): 6 2.41 (s, 6 H, 
NMe,), 2.57 (e, 2 H, CH2). 

PdMe2(tmpda) (2c). This compound was prepared by using 
a procedure similar to that used for 2a with the reaction tem- 
peratue kept at -20 "C. Washing with water was carried out very 
rapidly at 0 OC, and the mixture was then recooled to -20 "C. The 
clear diethyl ether solution was separated by decantation and 
evaporated in vacuo at -20 OC (in order to avoid decomposition) 
to afford 2c as a gray-white powder, yield 47%. 2c is very unstable 
and should be handled at temperatures lower than 0 "C; mp 40 
"C dec. expl. 'H NMR (200 MHz, CD3COCD3): 6 -0.29 (s,3 H, 
PdMe), 1.73 (m, 1 H, CH,), 2.30 (8 ,  6 H, NMe,), 2.51 (t, 2 H, 

Pd(CD3),(tmpda) (2d). The preparation of this compound 
was carried out by using a procedure similar to that used for 2c: 
yield 17%; mp 40 "C dec. expl. 'H NMR (200 MHz, CD3COCD3): 
6 1.73 (m, 1 H, CH,), 2.29 (e, 6 H, NMe,), 2.50 (t, 2 H, CH2N). 

Thermal Decomposition of Dimethylpalladium Complexes 
2a-d and 5. The thermolysis reactions were carried out in a 
homemade system. This comprised a single-necked thick-walled 
glass vessel of 50 or 100 mL capacity that could be accessed 
through a single high-vacuum Teflon stopcock with a right-angle 
side arm. Onto this side arm was blown a small (ca. 5 mL) glass 
gas sampling cell having two porta, one being a gas-tight septum 
and the second being a groundglass two-way tap that could be 
connected to either a N,-filled gas burette or a combined vacu- 
um/nitrogen line as required. For solid samples and solutions 
of 2a,b and 5 two slightly different procedures were followed. 

In order to study the thermal decomposition of solids the vessel 
was charged with preweighted sample (150-250 mg) and the 
volume of the reaction vessel (held in a water bath of fixed tem- 
perature (dz0.2 "C)) was determined by evacuation and refilling 
with nitrogen from the gas burette. After reevacuating the vessel 
( lo-, Torr) the Teflon stopcock was closed and the vessel heated 
with a open flame until the thermal decomposition reaction occurs; 
i.e., the solid explodes and turns black. The vessel was then 
replaced in the water bath and nitrogen from the gas burette 
readmitted to atmospheric pressure. 

For solutions the vessel was first charged with a preweighted 
solid sample (150-250 mg), the benzene solvent added (2-5 mL), 
and the vessel then evacuated until the benzene had boiled for 
a few seconds. The effective vessel volume was then found by 
placing the vessel in the water bath and admitting nitrogen from 
the gas burette; the vessel was occasionally swirled to ensure 
equilibrium between the solution and its vapor. For the ther- 
molysis reaction the vessel was reevacuated until the solution 
boiled for a few seconds and the Teflon stopcock then closed. 
After thermolysis (under the conditions specified in Table I) the 
vessel was replaced in the water bath and nitrogen was readmitted 
from the gas burrete with occasional swirling of the vessel. 

In both cases the difference between the vessel volume and the 
Nz gas refill volume was regarded as the total amount of gases 

CHZN). 

Experimental Section 
General Data. All operations were conducted in an atmo- 

sphere of dry nitrogen with the use of established Schlenk-type 
techniques. Benzene, diethyl ether, and pentane were freshly 
distilled from sodium benzophenone ketyl. 'H and 13C NMR 
spectra were recorded on a Bruker AC 200 spectrometer, and the 
data are compiled in Tables I1 and 111. IR spectra were recorded 
on a Perkin-Elmer 457 spectrometer. Elemental analyses were 
performed by the Institute of Applied Chemistry (TNO), Zeist, 
The Netherlands. 

Warning. Complexes 2a-d and 4a,b are potentially explosive. 
Due care should be taken with the use and handling of these 
materials, especially when amounta greater than 1 g are prepared. 

PdCl2(tmeda) ( la) .  PdCl, (1.76 g, 10 mmol) was dissolved 
in acetonitrile (50 mL) at  reflux. After the solution was cooled, 
to 20 OC, N,N,N',"-tetramethylethanediamine (2 mL, 15 "01) 
was added and the yellow precipitate of la that formed was filtered 
off, washed with diethyl ether, and dried in vacuo: yield 2.5 g 
(90%); mp 225-230 "C dec. Anal. Calcd for C6HI6C1,N2Pd C, 
24.55; H, 5.49; N, 9.54. Found: C, 24.60; H, 5.42; N, 9.59. 

(20) Byers, P. K.; Canty, A. J.; Skelton, B. W.; White, A. H. J. Orga- 
nomet. Chem. 1987,336, C55-C60. 



Syntheses of PdZ1Me2(tmeda) and Pdz1Me2(dmpe) 

formed. After the volume measurement, the groundglass tap was 
closed, and, after at least 30 min, gas samples were taken through 
the septum and analyzed by means of GLC (Poropack column) 
and/or mass spectroscopy (MS). 

In the case of the solid-state reactions, after sampling of the 
gases, benzene (3 mL) was added. The amounts of PdM%(tmeda) 
and tmeda in the solution were determined by 'H NMR inte- 
gration against Me3SiOSiMe3, which was added as internal 
standard. The vessel was then emptied of solvent, washed with 
acetone, dried in vacuo, and reweighed; the weight increase was 
taken to be the amount of palladium formed. The reaction 
conditions and results are compiled in Table I. 

Because the compounds PdMe2(tmpda) (2c) and Pd(CD3),- 
(tmpda) (2d) are very unstable, their solution thermolysis reactions 
were carried out in a similar way in a nitrogen atmosphere in the 
Schlenk tube in which they were isolated. 

Reaction of 2a with Hydrochloric Acid. A Schlenk tube 
was charged with PdMez(tmeda) (0.13 g, 0.51 mmol), and toluene 
(5 mL) .was added. The vessel was placed in a water bath of 20 
"C and connected to a gas burette. Concentrated hydrochloric 
acid (0.3 mL, 6 mmol) was then added to the magnetically stirred 
solution. During the next 5 min 24.3 mL of gas evolved (1.0 mmol), 
which was analyzed as methane by GLC. After the reaction the 
toluene was decanted from the yellow precipitate of PdCl,(tmeda) 
which was washed with acetone (10 mL) and dried in vacuo; yield 
0.14 g (90%). 

Reaction of 2a with Hydrogen. The reaction vessel for gas 
analyses was charged with PdMez(tmeda) (180 mg, 0.68 mmol) 
and benzene (5 mL) and then evacuated until the benzene had 
boiled for a few seconds. The vessel was then filled with hydrogen 
gas to atmospheric pressure. The solution slowly turned black. 
After 6 h, 9.0 mL of gas had evolved, and after 24 h a further 5.6 
mL of gas had been formed to give a total amount of 14.6 mL 
(0.61 mmol). Only methane and no ethane were detected by GLC. 
The remaining solution contained 0.70 mmol of tmeda ('H NMR) 
and a solid residue (70 mg) that corresponds to 0.66 mmol of 
palladium. The experiment was repeated with deuterium instead 
of hydrogen, and the methane formed was found by mass spec- 
trometry to be pure CH3D. 

PdIMe(tmeda) (3a). To PdMez(tmeda) (0.25 g; 0.99 mmol) 
dissolved in benzene (5 mL) was added Me1 (0.2 mL, slight excess). 
The mixture turned yellow immediately with gas evolution [in 
separate experiments this was found to be ethane (25 mL, 1.0 
mmol)], and yellow crystals soon precipitated. After 15 min the 
solution was decanted from these crystals of 3a which were dried 
in vacuo: yield 0.31 g (85%); mp 145-290 "C dec. Anal. Calcd 
for C7HlJN2Pd C, 23.06; H, 5.25; N, 7.68. Found C, 23.09; H, 
5.14; N, 7.45. 

PdBrMe(tmeda) (3b). PdMez(tmeda) (0.13 g, 0.51 mmol) was 
dissolved in benzene (5 mL), a slow stream of MeBr gas was 
introduced for ca. 1 min, and the solution quickly turned yellow. 
The yellow product 3b, which crystallized from solution during 
the next 0.5 h, was collected by decantation and dried in vacuo: 
yield 0.17 g (85%); mp 145-200 "C dec. IR (KBr): 460 cm-' 
[v(PdMe)]. Anal. Calcd for C7Hl&rN2Pd C, 26.48 H, 6.03; N, 
8.82. Found: C, 26.40; H, 6.10; N, 8.68. 

PdClMe(tmeda) (3c). PdMe,(tmeda) (0.13 g, 0.51 mmol) was 
dissolved in benzene (5 mL), and a slow stream of MeCl gas was 
introduced for ca. 1 min. After being left standing overnight, the 
solution afforded light yellow crystals, which were collected by 
decantation and dried in vacuo; yield 0.08 g (50%). The 'H and 
13C NMR spectra of 3c showed it to be contaminated with ca. 
10% of 3b (see text); mp 145-200 "C dec. Anal. Calcd for 
C7H19ClN2Pd: C, 30.79; H, 7.01; N, 10.26. Found: C, 30.54; H, 
6.99; N, 10.26. 

[PdMe(CH,CN)(tmeda)]OTf (3e). PdMez(tmeda) (0.13 g, 
0.50 mmol) was dissolved in acetonitrile (5 mL) and the solution 
stirred well while MeOTf (0.075 g, 0.48 mmol) was added. During 
the next 10 min 9.5 mL (0.40 mmol) of a gas evolved that was 
identified as ethane by GLC. The remaining colorless solution 
was evaporated to afford a gray oil. Pentane (5 mL) was added, 
and scratching for some minutes induced crystallization. The 
pentane was decanted and the gray-white solid dried in vacuo; 
yield 0.18 g (80%). The compound turns slowly black when kept 
a t  room temperature: mp 60-62 "C. 'H NMR (CD3CN, 200 
MHz): 6 0.45 (s, 3 H, PdMe), 1.97 (s, 3 H, CH3CN), 2.55 (8,  6 H, 
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NMe2), 2.60 (s, 6 H, "Me,), 2.68 (m, AA'BB', 4 H, CH3. 13C 
NMR (CD3CN, 50 MHz): 6 -1.34 (PdMe), 48.26, 51.15 (NMe,), 

Low-Temperature NMR Study of t h e  Reaction of 
PdMez(tmeda) (2a) with MeI, MeBr, and  MeOTf. A 5-mm 
0.d. NMR tube was charged with ca. 50 mg of 2a, and 0.3 mL of 
solvent was added to give a clear solution. The solution was cooled 
to -60 "C, one drop of Me1 or MeOTF was added (2-&fold exceas), 
and the contents of the tube were well mixed. MeBr was intro- 
duced as a gas above the solution. The tube was then placed in 
the precooled (-40 "C) probe of the NMR spectrometer. 

Warning! Compounds 4a and 4b are thermally very unstable 
and explode when brought to room temperature or higher. Only 
limited amounts (<0.25 g) of the dry compounds should be 
prepared and handled. 

PdIMe3(tmeda) (4a). Methyl iodide (0.2 mL, excess) was 
added to a cooled solution (-60 "C) of PdMez(tmeda) (0.18 g, 0.72 
mmol) in acetone (3 mL). After ca. 15 min white crystalline 4a 
slowly deposited. After 1 h the supernatant liquid was removed 
and the solid dried in vacuo at 0 "C: yield 0.23 g (80%); mp 15-20 
"C dec expl. 

PdBrMe3(tmeda) (4b). PdMe2(tmeda) (0.18 g, 0.70 mmol) 
was dissolved in acetone (5 mL) and cooled to 0 "C. A slow stream 
of MeBr gas was bubbled through the solution for about 10 s 
(temperature increased to 3 "C). The mixture was kept at 0 OC 
for 15 min and evaporated to dryness in vacuo at 50 "C to afford 
a white solid: yield 0.24 g (100%); mp 36-40 "C dec expl. 

Ligand-Exchange Reactions. PdMe2(PMezCH2CH~Mez) 
(5). To a solution of PdMez(tmeda) (0.80 g, 3.17 "01) in benzene 
(5 mL) was added MezPCHzCHzPMez (0.50 g, 3.30 mmol). 
Evaporation of the solvent yielded white crystals of 5 (0.93 g, 
100%). 

'H NMR (200 MHz, C6D6): 6 0.83 (m, 6 H, PdMe), 0.92 (d, 
2J(H,P) = 78 Hz, 12 H, PMe2). '3c NMR (50 MHz, C a d :  6 -2.00 
(dd, ,J(C,P) = 464 Hz, V(C,P) = 44 Hz, PdMe), 12.41 (m, 'J(C,P) 
+ 2J(C,P') = 68 Hz, PMe2), 28.37 (t, 'J(C,P) + ,J(C,P') = 176 Hz, 
( 3 3 2 ) .  

PdMez(Ph,PCH2CH2PPh2) (6). To a solution of PdMez- 
(tmeda) (0.13 g, 0.51 mmol) in benzene (3 mL) was added 
PhzPCHzCHzPPh, (0.20 g; 0.51 mmol). Trituration with pentane 
(10 mL) gave a white precipitate, which was isolated by decan- 
tation and washed with pentane. The precipitate was dried in 
vacuo: yield 0.22 g of white powder (82%); 'H NMR (80 MHz, 

= 5.3 Hz), 6.8-7.6 (m, PhP). 
cis-PdMe2(PMePh2), (7). To a solution of PdMez(tmeda) 

(0.13 g, 0.51 mmol) in benzene (3 mL) was added PMePh, (0.4 
g, 2 mmol) and pentane (15 mL). Cooling the mixture to -30 "C 
afforded pale pink crystals of 7. The supernatant solution was 
decanted off, and the crystals were washed with pentane and dried 
in vacuo; yield 0.27 g (90%). 

cis-PdMe2(PPh3), (8). A solution of PPh3 (0.55 g, 2.02 mmol) 
in benzene (5 mL) was added to a solution of PdMe,(tmeda) (0.25 
g, 0.98 mmol) in benzene (5 mL), and white crystals of 8 slowly 
precipitated. After 5 min pentane (10 mL) was added in order 
to optimize the yield. The supernatant solution was decanted 
off and the crystalline product washed with pentane and dried 
in vacuo; yield 0.62 g (90%). 'H NMR (200 MHz, CDC13): 6 0.20 
(dd, ,J(P,H) = 4 Hz, V(P',H) = 7 Hz), 7.2 (m, 30 H, arom). 

PdMez[o -(diphenylphosphino)-N,N-dimethylbenzyl- 
amine] (9). The preparation of this compound was carried out 
by using a procedure similar to that used for 7; yield 0.22 g of 

(d) (6 H, 3J(H,P) = 6.7 Hz and 8.7 Hz, respectively, PdMe), 2.23 
(s, 6 H, NMe,), 3.05 (br s, 2 H, CH,), 6.6-7.7 (m, 14 H, arom). 

PdMe2(bpy) (10). PdMez(tmeda) (0.25 g, 0.99 mmol) and 
bipyridine (0.16 g, 1.02 mmol) were dissolved in benzene (5 mL) 
to afford an orange solution from which orange crystals precip- 
itated within 15 min. The crystals of 10 were collected by filtration 
and dried in vacuo; yield 0.25 g (85%). 'H NMR (200 MHz, 
(CD,),CO): 6 0.24 (s, PdMe), 7.69 (ddd, V(4,5) = 8 Hz, 3J(5,6) 
= 5 Hz, 4J(3,5) = 1 Hz), 8.17 (td, %J(3,4) and 3J(4,5) = 8 Hz, 4J(4,6) 
= 2 Hz), 8.46 (dd, 3J(3,4) = 8 Hz, 4J(3,5) = 1 Hz), 8.78 (dd, ,J(5,6) 
= 5 Hz), 8.78 (dd, 4J(4,6) = 1 Hz). 

PdMe2(en) (11). PdMez(tmeda) (0.26 g, 1.03 mmol) was 
dissolved in ethanediamine (5 mL, excess) to give a colorless 

57.91, 64.52 (CH2). 

C a s )  6 0.90 (dd, 'J(P,H) = 3 Hz, 3J(P',H) = 7 Hz), 1.36 (d, 'J(P,H) 

white crystals (82%). 'H NMR (80 MHz, C&): 6 0.82 (d), 0.86 
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Table IV. Crystal Data and Details of the Structure 
Determinations 

2a 5 
(a) Crystal Data 

Ct3HzzNzPd CBHZZPZPd 
252.70 286.63 

formula 
mol wt 
cryst system 
space group 
a, A 
b, 8, 
c, A 
6, deg v, A3 

p(Mo Ka), cm-' 
cryst size (mm) 

temp, K 

radiatn 
omin, 4" deg 

scan type 
Aw, deg 
hor and vert 

dist cryst to 

ref reflctns 
data set 

total data 
total unique data 
obsd data 

(I > 2.5a(I)) 

aperture, mm 

detector, mm 

no. of refined 
parameters 

weighting scheme 
final R, wR, S 
( A / d ,  in 

final cycle 
min and max resd 

dens, e/A3 

monoclinic 
P2,/n (No. 14) 
8.518 (4) 
10.798 (4) 
12.132 (5) 
99.02 (4) 
1102.1 (8) 
4 
1.523 
520 
16.2 
0.18 x 0.18 x 0.18 

monoclinic 
C2/c (No. 15) 
9.442 (1) 
14.968 (1) 
10.354 (1) 
115.62 (1) 
1319.5 (2) 
4 
1.443 
584 
15.8 
0.68 X 0.33 X 0.30 

(b) Data Collection 
100 295 
1.7, 27.5 2.2, 35.0 
Mo Ka (Zr-filtered), Mo Ka (Zr-filtered), 

0.71073 0.71073 A 
w/20 4 2 8  
0.80 + 0.35 tan 0 
3.0, 3.0 4.0, 6.0 

173 173 

0.70 + 0.35 tan 0 

113,121 200,222,210 
h, -11, 11; k,  -14, 14; h, 0, 15; k, 0, 24; 

1, -15, 15 1, -16, 15 
8330 3127 
2518 2894 
2310 1698 

(c) Refinement 
167 61 

w = 1.0/02(F) w = 1.0/2(F) 
0.022, 0.022, 0.92 
0.1 0.1 

0.036, 0.034, 1.14 

-0.69, 0.94 -0.33, 0.61 

solution. This solution on evaporation to dryness in vacuo afforded 
pale beige solid 11, yield 0.22 g (100%). The product is insoluble 
in most common organic solvents; mp 128 "C dec expl. Anal. 
Calcd for C4H12N2Pd C, 24.72; H, 7.23; N, 14.63. Found C, 24.44; 
H, 7.18; N, 14.25. 

PdMe,(pmdeta) (12). PdMez(tmeda) (0.26 g; 1.03 mmol) was 
dissolved in NJV~,IV,lV"-pentamethyldiethylenetriatnine (1 mL, 
excess) to give a colorless solution. Volatiles were evaporated by 
bulb to bulb distillation a t  40 OC and 0.02 mmHg leaving a 
light-gray oil from which large colorless crystah slowly separated. 
The crystals were washed with cold pentane and dried in vacuo; 
yield 0.27 g (80%). Anal. Calcd for CllHmN3Pd: C, 42.65; H, 
9.44; N, 13.56. Found: C, 42.47; H, 9.50; N, 13.34. 'H NMR (200 
MHz, (CD3),CO): 6 -0.39 (3 H, 8, PdMe),-0.32 (3 H, 8 ,  PdMe), 
2.19 (6 H, s, NMez(noncoordinated)), 2.39 (3 H, s, NMe), 2.40 (3 
H, s, NMe), 2.49 (3 H, s, NMe), 2.1-2.55 (ca. 3 H, m, CH2), 2.67 
(2 H, dt, CH,); 2.7513.2413.43 (1 H, m, CH,). '3c NMR (50 MHz, 
(CD,),CO): b -9.291-8.15 (PdMe), 46.08 (br s, NMe,), 46.581 
47.18/49.87/56.18/57.43/58.49/60,11 (CHa. 

PdIMe(dmpe) (13). PdMez(dmpe) (0.38 g, 1.3 mmol) was 
dissolved in benzene (10 mL). Me1 (0.3 mL, 2.5 mmol) was added, 
and with gas evolution the solution slowly turned yellow. After 
2 h 23 mL (0.81 equiv) of pure ethane (GLC) was collected. The 
yellow solid that also formed was collected by decantation and 
dried in vacuo: yield 0.53 g (100%); mp 150-152 "C dec. Anal. 
Calcd: C, 21.10; H, 4.81; I, 31.84. Found: C, 20.83, H, 4.72; I, 
31.63. 'H NMR (200 MHz, CDC13): 6 0.61 (dd, 3J(H,P) = 8.0 
Hz, 3J(H,P') = 4.3 Hz, PdMe), 1.56 (dd, zJ(H,P) = 10.7 Hz, 
4J(H,P') = 0.8 Hz, PMe,), 1.58 (d, V(H,P) = 8.8 Hz, 6 H, P'Me,), 
1.58-2.04 (m, 4 H, CHzCH,). I3C NMR (50 MHz, CDC13): 6 -2.36 

Table V. Fractional Atomic Coordinates and Equivalent 
Isotropic Thermal Parameters with End's in Parentheses 

for PdMe2(tmeda) (2a) 
X Y 2 u,." A2 

0.06412 (2) 
0.2706 (2) 
0.0491 (2) 
0.2724 (3) 
0.4206 (3) 
0.2535 (3) 
0.2015 (3) 

-0.0872 (4) 
0.0370 (4) 

-0.1314 (3) 
0.0827 (3) 

0.19410 (1) 
0.0726 (2) 
0.0929 (2) 
0.0135 (3) 
0.1409 (3) 

-0.0266 (3) 
0.0233 (3) 
0.0079 (3) 
0.1718 (3) 
0.2987 (3) 
0.2820 (2) 

(I U, = 1/3~i~jUi,ai*aj*ai.ai. 

0.13629 (1) 
0.1329 (2) 
0.2914 (2) 
0.0240 (2) 
0.1628 (2) 
0.2146 (2) 
0.3168 (2) 
0.2749 (2) 
0.3881 (2) 
0.1437 (2) 

-0.0089 (2) 

0.0112 (1) 
0.0163 (5) 
0.0162 (6) 
0.0260 (8) 
0.0253 (8) 
0.0292 (8) 
0.0284 (8) 
0.036 (1) 
0.0333 (9) 
0.0233 (7) 
0.0214 (7) 

Table VI. Bond Distances (A) and Angles (deg) for the 
Non-Hydrogen Atoms of PdMe2(tmeda) (2a) 

Bond Distances 
Pd-N( 1) 2.200 (2) N(I)-C(3) 1.482 (3) 
Pd-N(2) 2.197 (2) N(2)-C(4) 1.490 (3) 
Pd-C(7) 2.026 (3) N(2)-C(5) 1.469 (4) 
Pd-C(8) 2.029 (3) N(2)-C(6) 1.466 (3) 
N(I)-C(l) 1.470 (3) C(3)-C(4) 1.482 (4) 
N(l)-C(2) 1.471 (3) 

N( 1)-Pd-N(2) 
N( 1)-Pd-C (7) 
N(l)-Pd-C(8) 
N(2)-Pd-C(7) 
N(2)-Pd-C (8) 
C (7)-Pd-C(8) 
Pd-N(l)-C(l) 
Pd-N( 1)-C(2) 
Pd-N(1)-C(3) 
C(l)-N(l)-C(2) 

Bond Angles 
82.73 (8) C(l)-N(l)-C(3) 

176.9 (1) C(2)-N(l)-C(3) 
95.24 (9) Pd-N(2)-C(4) 
94.6 (1) Pd-N(2)-C(5) 

177.80 (9) Pd-N(2)-C(6) 
87.4 (1) C(4)-N(2)-C(5) 

113.4 (2) C(4)-N(2)-C(6) 
111.3 (2) C(5)-N(2)-C(6) 
104.8 (1) N(I)-C(3)-C(4) 
108.0 (2) N(2)-C(4)-C(3) 

107.7 (2) 
111.7 (2) 
105.2 (1) 
110.2 (1) 
114.7 (2) 
110.9 (2) 
107.2 (2) 
108.6 (2) 
111.7 (3) 
112.1 (2) 

(d, ,J(C,P) = 116 Hz, PdMe); 13.26 (d, 'J(C,P) = 30 Hz, PMe& 
13.55 (d, 'J(C,P) = 20 Hz, P'Me2), 25.96 (dd, 'J(C,P) = 26 Hz, 

= 28 Hz), +42.34 (d, ,J(P,P') = 28 Hz). 
S t ruc ture  Determination and Refinement of PdMez- 

(tmeda) (2a). X-ray data were collected on an Enraf-Nonius 
CAD-4F diffractometer at 100 K for a block-shaped crystal that 
was mounted on top of a glass fiber. Unit cell parameters were 
determined from a least-squares treatment of the SET4 setting 
angles of 20 reflections in the range 12.0 < 0 < 14.0" and checked 
for the presence of higher lattice symmetry.21 Data were corrected 
for Lp but not for absorption and averaged (R, = 0.027). There 
was no decay during the 23 h of X-ray exposure time. Standard 
deviations as obtained by counting statistics were increased ac- 
cording t~ an analysis of the excess variance of the three reference 
reflections: u2(Z) = uzCs(Z) + (0.017Z)2.22 The space group was 
determined from the observed systematic extinctions: h01, h + 
1 = 2n + 1, and OkO, k = 2n + 1. The structure was solved by 
standard Patterson and Fourier techniques and refined on F by 
weighted full-matrix least squares. Hydrogen atoms were located 
from a difference Fourier map and their positions refined along 
with one common isotropic thermal parameter [ U = 0.043 (2) A']. 
Weights were introduced in the final refinement cycles; conver- 
gence was reached at R = 0.022. Final atomic coordinates and 
equivalent isotropic thermal parameters are listed in Table V; 
data on the geometry are given in Table VI. 

S t ruc ture  Determination and  Refinement of PdMe2- 
(dmpe) (5). A suitable colorless block shaped crystal was mounted 
under nitrogen in a Lindemann-glass capillary and transferred 
to an Enraf-Nonius CAD-4F diffractometer for data collection. 
Unit-cell parameters were determined from a least-squares 

'J(C,P') = 12 Hz, -CH,P), 30.91 (dd, 'J(C,P') = 32 Hz, 'J(C,P) 
= 23 Hz, -CH,P'). 31P (80 MHz, CDC13): 6 +25.65 (d, 'J(P,P') 

(21) Le Page, Y. J. Appl .  Crystallogr. 1982,15,255. 
(22) McCandlish, L. E.; Stout, G. H.; Andrews, L. C. Acta Crystallogr. 

1975, A31, 245. 
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Table VII. Fractional Atomic Coordinates and Equivalent 
Isotropic Thermal Parameters with Esd's in Parentheses 

for PdMe2(dmpe) (5) 
X Y z u,,. A2 

Pd 112 0.23072 (2) 114 0.0466 (1) 
P 0.34010 (9) 0.34242 (5) 0.25668 (9) 0.0520 (2) 
C(1) 0.4114 (5) 0.4466 (2) 0.2158 (5) 0.080 (2) 
C(2) 0.3443 (5) 0.1311 (2) 0.2478 (5) 0.088 (2) 
C(3) 0.3426 (5) 0.3642 (3) 0.4296 (4) 0.079 (2) 
C(4) 0.1320 (4) 0.3440 (3) 0.1398 (4) 0.094 (2) 

Table VIII. Bond Distances (A) and Angles (deg) for the 
Non-Hydrogen Atoms" of PdMe2(dmpe) (5) 

Bond Distances 
Pd-P 2.2737 (9) P-C(3) 1.810 (4) 
Pd-C(2) 2.087 (4) P-C(4) 1.808 (4) 

Bond Angles 
P-Pd-P' 85.33 (3) Pd-P-C(4) 122.2 (1) 
P-Pd-C(2) 93.0 (1) C(l)-P-C(S) 103.2 (2) 
P-Pd-C (2)' 177.2 (1) C(l)-P-C(4) 103.7 (2) 
C(2)-Pd-C(2)' 88.8 (2) C(3)-P-C(4) 101.9 (2) 
Pd-P-C (1) 107.8 (2) P-C(l)-C(l)' 109.7 (3) 

P-C(l) 1.819 (4) C(1)-C(1)' 1.509 (7) 

Pd-P-C(3) 116.0 (2) 

"The prime indicates the symmetry operation: 1 - x ,  y, 0.5 - 2. 

treatment of the SET4 setting angles of 23 reflections in the range 
14.0 < 8 < 17.7'. The unit-cell parameters were checked for the 
presence of higher lattice Data were corrected for 
Lp and for a linear decay of 5.6% during the 26 h of X-ray 
exposure time but not for absorption. Standard deviations as 
obtained by counting statistics were increased according to an 
analysis of the excess variance of the three reference reflections: 
&I) = a2,(I) + (0.0291)2.22 Space group C2/c was determined 
from the systematic extinctions: hkl, h + k = 2n + 1, and h01, 
1 = 2n + 1. The heavy atoms (Pd and P) were located with direct 
methods ( S H ~ X S s s ) ; 2 3  the remaining non-H atoms were located 
from subsequent difference Fourier maps. Refinement of F was 
carried out by full-matrix least-squares techniques. All non-hy- 

(23) Sheldrick, G. M. SHELXSBB, program for crystal structure deter- 
mination; University of Gottingen, Giittingen, Federal Republic of Ger- 
many, 1986. 
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drogen atoms were refined with anisotropic thermal parameters. 
H atoms were introduced on calculated positions [C-H = 0.98 
A] and included in the refinement riding on their carrier atoms. 
All H atoms were refined with one common isotropic thermal 
parameter [ U = 0.128 (5) A2]. Weights were introduced in the 
final refinement cycles; convergence was reached at R = 0.0364. 
Final atomic coordinates and equivalent isotropic thermal pa- 
rameters are listed in Table VII; data on the geometry are given 
in Table VIII. 

Crystal data and numerical details of both structure deter- 
minations are given in Table IV. Neutral atom scattering factors 
were taken from ref 24 and corrected for anomalous dispersion.% 
All calculations were performed with SHELX76% and the EU- 
CLID packagez7 (geometrical calculations and illustrations) on 
a MicroVAX-I1 computer. 
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