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A series of tris-ene trigonal-planar nickel(0), palladium(0), and platinum(0) complexg&:¥|G>-
C10H15N2M62) (M = Ni—Pt (23—43)) and M(7]2,7]2,7]2-C10H15N2(C3H5)2) (M = Ni—Pt (2b—4b)) have
been prepared using the open-chain aminoalkééb-dimethyl-4,9-diazadodecatfians-6,11-triene
(1,4-bis(allylmethylaminojrans-2-butene 1a) andN,N'-diallyl-4,9-diazadodeca-ttans-6,11-triene (1,4-
bis(diallylamino)trans-2-butene 1b). The ligands comprise a central diamitnans-2-butene moiety with
terminalN-allyl groups, so that the€€C groups are positioned in a repetitive 1,6-sequence. This confers
useful properties on the metal complexes. The molecular structizk lods been determined by X-ray
crystallography.

Introduction 6,11-trieneS? containing three &C bonds in a repetitive 1,6-
sequence. This finding was left unconsidered until we launched

(t,t,t-cdt) (t,t,t-cdt= transtranstrans-1,5,9-cyclododecatriene) a sys_tematic_ exploration of the coordination prop_erties (_)f simple
and tetrahedral Ni(cogfcod = cis,cis-1,5-cyclooctadiene) as acyclic 1,6-d|en_es, such as the parent 1,6-heptadiene, diallyl ether
the first homoleptic transition metal(@plkene complexes.  (dae), diallylamines, and others at Ni(0), Pd(0), and Pt(0), afford-
These thermally quite stable complexes were termed “nakeding dinuclear trigonal-planar complexes M{(®),6-dieney (M
nickel"!P because of the ready displacement of the alkene ligands= Ni. Pd, Pt) with both metal atoms coordinated by a chelating
during the course of stoichiometric and catalytic reactions. A and a bridging 1,6-diene ligaré¢ The palladium compounds
series of trigonal-planar derivatives such as the isomeric Ni- are of substantial interest, since they currently represent the best
(c,c,c-cdt) (c,c,c-cdE ciscis,cis-1,5,9-cyclododecatriend)ris- sources of “naked palladium”. A major insight arising from these
(trans-cyclooctene)nickel(G8 tris(bicyclo[2.2.1]heptene)nickel-  studies was that a chelating M(@),6-diene coordination is
(0)32 and the parent tris(ethene)nickeRalso soon became  Much more stable than a chelating M{@),5-diene coordination
available. In addition, the palladium(0) and platinum(0) homo- and that di- or polyenes with a (repetitive) 1,6-diene sequence
logues M(cod), M(C2H4)s, and M(GH1o)3 (M = Pd, Pt) have strongly favor the formation of trigonal-planar M(0) complexes
been reported by other group®hile the platinum complexes (M = Ni, Pd, Pt) for conformational reasofs.
have a similar stability to the nickel compounds and Pt(god) Recently, (the late) Moreno-Mas, Roglans, and co-workers
represents a useful source for platium(0), the palladium deriva- have shown thalN-SO,Ar-substituted 1,6,11-triazacyclopenta-
tives are less stable and not suited for preparative purposesdeca-alltrans-3,8,13-trienes, comprising a 3-fold 1,6-diene
The Pd and Pt complexes M(t,t,t-cdt) and M(c,c,c-cdt) are not sequence in the cycle, form extraordinarily stable Pd(0)
known to date. A common aspect of cod and t,t,t/c,c,c-cdt is complexesA, which decompose only above 280 This result,
that the G=C bonds are in 1,5-sequence. which is in sharp contrast to the so far inaccessible (t,t,t/c,c,c-
In 1978 it was observed that the cycloolefins in Ni(t,t,t-cdt) cdt)Pd with a 1,5-diene sequence, can be rationalized in terms
and Ni(cod) are displaced by acyclic 4,9-diazadodecaahs of the macrocyclic effect.Although the three &C bonds in

In 1960 Wilke reported the synthesis of trigonal-planar Ni-

(1) (a) Wilke, G.Angew. Chem196Q 72, 581. (b) Wilke, G.Angew. A assume a propeller-like arrangement, the spectroscopic
Chem. 1963 75, 10; Angew. Chem. Int. Ed. Engll963 2, 105. (c) symmetry of the complexes &, because of the conformations
Bogdanovi¢ B.; Kroner, M.; Wilke, G.Liebigs. Ann. Cheml966 699, 1. [V i

(2) (a) Jonas, K. Dissertation, Univergidochum, 1968. (b) Jonas, K.; of the six-membered chelate rings.

Heimbach, P.; Wilke, GAngew. Chem1968 80, 1033; Angew. Chem.,

Int. Ed. Engl 1968 7, 949. (c) Hoffmann, E. G.; Jolly, P. W.; Isters, A.; Ce G
Mynott, R.; Wilke, G.Z. Naturforsch. BL976 31, 1712. (d) Jolly, P. W.; b hd
Mynott, R.Adv. Organomet. Cheni981, 19, 257. (e) Chernyshova, E. S.; e N\ [
Goddard, R.; Peschke, K.-R.Organometallics2007, 26, 4872. 6 ) i \/"""sliio

(3) (a) Wilke, G.; Yamamoto, A.; Kiger, K.; Tsay, Y.-H. Unpublished chair 2 % 7) 6 |
results. Cited in refs 3c,d. (b) Fischer, K.; Jonas, K.; Wilke,ABgew. \/ d\ ;13 —Si Ni_  11,..Si~
Chem.1973 85, 620; Angew. Chem. Int. Ed. Engl973 12, 565. (c) X 7 / \/ //

Fischer, K.; Jonas, K.; Mishach, P.; Stabba, R.; Wilke ABgew. Chem. 3wt 1
1973 85, 1002;Angew. Chem., Int. Ed. Engl973 12, 943. (d) Fischer, A B

“N
K.; Jonas, K.; Mollbach, A.; Wilke, GZ. Naturforsch. B1984 39, 1011. 1§°2A,
(4) (a) Mtler, J.; Gwser, P Angew. Chenil967, 79, 380;Angew. Chem.,
Int. Ed. Engl.1967, 6, 364. (b) Atkins, R. M.; Mackenzie, R.; Timms, P.
L.; Turney, T. W.J. Chem. Soc., Chem. Comm975 764. (c) Green, We now report on volatile and not so stable complexes of the

M.; Howard, J. A. K.; Spencer, J. L.; Stone, F. G.Chem. Soc., Chem.  ¢closely related open-chaiN-Me and N-allyl-substituted
Communl1975 449. Green, M.; Howard, J. A. K.; Spencer, J. L.; Stone, y P y

F. G. A. J. Chem. Soc., Dalton Tran4977 271. Stone, F. G. AACC. 4,9-diazadodecattans6,11-trienedab with Ni(0), Pd(0), and
Chem. Resl1981, 14, 318. Pt(0)5ad
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Results and Discussion lab (eq 2b). Beside#\ with a cyclic ligand, complexeg—4
. . . . are also related to Ni(Qyans-CH{ Si(Me)OSi(Mek(C2H3)} 2]
N,N-Dimethyl-4,9-diazadodecatlians6,11-triene (1,4-bis- ; c vinyle ) e
(allylmethylamino)trans 2-butene: newla) andN,N-diallyl- (B), having an acyclic vinylsiloxane-basedrans-6,11-triene

. . o i .
4.9-diazadodecattans6, 11-triene (1,4-bis(diallylamindjans ligand and formed in only 5% yield by metal-vapor synthésis.

Zoutenl knowni) were prepred n  procedure repored 1 Y 06 76 TS desehe ey 1 0 vsue,
first by Morey? Heating 1,4-dichlordrans-2-butene with an ’ 9 y » P : ’

. . S the Pt complexes being less soluble. Consistent with the nobler
excess of allylmethylamine or diallylamine in benzene results

in nucleophilic substitution of chloride and generation of the character of Pd and Pt, the Ni complexare exceedingly air

tertiary ammonium salt, which becomes deprotonated by the ;ensmve, whereas the Pd and Pt homologliasd4 are stable

excess secondary amine. After removal of the ammonium saltnar for at 'e‘f"S‘ a couple of days both asa solid and in soluthn.
: o . . When the solid Ni complexes are heated in the DSC (differential
simple vacuum distillation affords the tertiary aminoalkebab

in yields of =50% in pure form £98%). The two ligands scanning calorimetry), they show broad melting ranges between

comprise a centraranssubstituted &C bond and two 1a) 50 and. .90 C (23 and”30 and. 60°C (Zb.)’ attributed to
) . - unspecified phase transitions prior to melting. In contraat,
or four (1b) terminalN-allyl groups, with all contiguous €C o o o
. . mp 100°C), 3b (mp 73 °C), 4a (mp 112°C), and4b (mp
bonds in a 1,6-sequence (eq 1). Thus, the essential skeleton o 7°C) display sharp melting points without additional note
the cyclicA is retained, with the distinction thag,b are acyclic play P gp

T i . ' worthy features (DSC). Thus, for all three metals the melting
and that they contain inconspicuous substituents at nitrogen. points of theN-Me complexes2a—4a are about 30C higher
R\N/\y\/N/R

than those of théN-CsHs derivatives2b—4b, and the former
appear thermally somewhat more stalfle, dec>160°C; 3a,
NN __AHNRICHs ™) >140°C, 4a, >200°C) than the latterdb, dec>160°C; 3b,
-2[H;N(R)C3HsICI N y >130°C; 4b, >150°C). At the same time thH-Me complexes
2a—4asublime under vacuum at a lower temperatu&@ °C)
R =Me (1a), CgHs (1b) than theN-CsHs derivatives2b—4b (=75 °C).
In the El mass spectra @and4athe molecular ion repre-

sents the base ion, and the molecular ion is also prominent for
the other complexes (3%5%). In the RA and IR spectra the

In the IR spectra ofla,b v(C=C) of thetrans-disubstituted
C=C bonds is silent, but in the Raman spectra it represents a

prominent bland at 1675 cm The bending vibratiod(HC=) bands of the free ligand at 1675 and 1643 érave vanished

at 978 cm* (IR) also appears characteristic for t@ns for 2a and4a and various new RA bands appear in the range
disubstituted €&C bond inlab. The terminal &C bongls gV 1520-1465 cnt! (2a), which are attributed to the coordinated
rise to strong IR and RA band{C=C) at 1643 cm™. The C=C bonds. The Pd complex&sdisplay a strong IR band at

NMR data ofla,b_ are quoted in '_I'able 1. 1517 cnv? for the coordinated terminal=€C bonds. Further-
When suspensions of yellow Ni(cedpale yellow Pe(dae)- more, complexe& show a sharp and strong RA absorption at

dae?® and colorless Pt(cogff in diethyl ether are treated with 35 <1 (no Raman spectra have been recordedfand4).
1 equiv oflab at ambient temperature, the starting complexes TheH and13C NMR spectra o2—4 (Table 1; thé*C NMR
dissolve, and upon cooling the colorless crystallinel separate. spectrum oBbis depicted in ref 2d, Figer4 ) are in agreement

S0 far Unsuited for single.crystal suueture determinatibns, " C2 SYmmety of the complexes, with 1@ axis passing
9 Y '’ through the metal atom and the midpoint of thens

Vn\gr;?;e?;;gzge$_ﬂfsrecgcttl?f:§$!3gz d?r?él\t/gtg(;ezzabo:cbu?:qeuan ti_dlsut_)stltuted &C bond. The d|subst|tutedf€C _bond and one
tatively, and th.e yields given in the Experimental Part refer to terminal allyl group at each N atom, standing in & 1,6-seque_nce
the car'efully crystallized products to each other, chele}te.the M(0), so .that the two chelat<_a rings

' each assume a chair-like conformation. Because of their axial
or equatorial orientations, the geminal N@H protons at

b i ) . o
®) positions 3 and 5 are inequivalent, and we assume that it is the

(cod)PdClI, + 1a,b + Liycot —\
R\:,l

6= o R - p
Ni(cod), /\/\/ (7) (a) Cerezo, S; CorseJ.; Lpez-Romero, J.-M.; Moreno-Mas, M.;
Pdy(dac) + 1ab 20°C | @ Parella, T.; Pleixats, R.; Roglans, Aetrahedron199§ 54, 14885. (b)
2 3 " () M. Cerezo, S.; Coite J.; Lago, E.; Molins, E.; Moreno-Mas, M.; Parella,
Pt(cod), \/ ) T.; Pleixats, R.; Torréjo, J.; Vallribera, A.Eur. J. Inorg. Chem2001,
1

1999. (c) Moreno-Maas, M.; Pleixats, R.; Roglans, A.; Sebasti&. M.;
M=Ni, R=Me 2a,CsHs 2b Vallribera,_A. Arkivoc. 2004 (iv), 109. (d) Moreno-Maas, M.; Pleixats,
M=Pd R=Me 3a. C.H. 3b R.; Sebastia, R. M.; Vallribera, A.; Roglans, Al. Organomet. Chen2004
i 1S 689, 3669. (e) Pla-Quintana, A.; Torrent, A.; Dachs, A.; Roglans, A.;
M=Pt R=Me 4a,CsHs 4b Pleixats, R.; Moreno-Maas, M.; Parella, T.; Benet-Buchholz, Organo-
metallics2006 25, 5612.
i i ; - (8) (a) Cabbiness, D. K.; Margerum, D. \W..Am. Chem. S0d969 91,
Comple.xes3.a1b are mSSt easily obtained by. reaction of (cod) 6540. (b) Hinz, F. P.; Margerum, D. W. Am. Chem. S0d.974 96, 4993.
PdCb with Licot (cot= cyclooctatetraene) in the presence of (c) Hinz, F. P.. Margerum, D. Winorg. Chem 1974 13, 2941. (d) Izatt,
R. M.; Bradshaw, J. S.; Nielsen, S. A.; Lamb, J. D.; ChristensenChelm.
(5) (@) Blum, K. Dissertation, Universitd8ochum, 1978. (b) Proft, B. Rev. 1985 85, 271. (e) Hancock, R. D.; Martell, A. EEomments Inorg.
Dissertation, UniversitaDusseldorf, 1993. (c) Krause, J. Dissertation, Chem.1988 6, 237. (f) Haack, K.-J.; Goddard, R.; Bchke, K.-R.J. Am.
Universitd Dusseldorf, 1993. (d) Chernyshova, E. S. Dissertation, Univer- Chem. Soc1997 119, 7992.

sitat Diisseldorf, 2007. (9) (a) Morey, G. H. U.S. Patent 2 440 724, May 4, 19¢8em. Abstr.

(6) (a) Proft, B.; Peschke, K.-R.; Lutz, F.; Kiger, C.Chem. Ber1991 1948 42, 5466h. (b) Butler, G. B.; Goette, R. I. Am. Chem. Sod.954
124, 2667. (b) Krause, J.; Haack, K.-J.; Cestaric, G.; Goddard, Rschke, 76, 2418.
K.-R.J. Chem. Soc., Chem. Comm@898 1291. (c) Krause, J.; Cestaric, (10) Besides from diethyl ether, dendritic crystals were also obtained
G.; Haack, K.-J.; Seevogel, K.; Storm, W.;iBchke, K.-RJ. Am. Chem. from pentane, while powdery products separated from toluene and thf. The
Soc.1999 121, 9807. (d) See also: Hitchcock, P. B.; Lappert, M. F.; sublimates were likewise not suited for a structure determination.
Warhurst, N. J. WAngew. Chem1991, 103, 439; Angew. Chem. Int. Ed. (11) Cloke, F. G. N.; Hitchcock, P. B.; Lappert, M. F.; MacBeath, C.;

Engl. 1991, 30, 438. Mepsted, G. OJ. Chem. Soc., Chem. Commud®95 87.
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Table 1. H and 3C NMR Data of M(#5?5?%3?-C10H16NoMes) (M = Ni—Pt (2a—4a)), M(#?%n?n?>C1oH16N2(C3Hs),) (M = Ni—Pt
(2b—4b)), and the Free Ligands 1a,B®

M s 2 Me 1'\ 4 4 2 =
e\N/\s//’\/N/ \2/\N/\6/T\/N/\/
3 3
M M
zz\/ N /j 2&/ I }
1 1

M=Ni2a,Pd3a,Ptda

M=Ni2b,Pd3b, Pt4b

o(H) 6(C)

1 2 3 5 6  Me 1 AdCl) 2  ANC2) 3 5 6  ANCB) Me
la 514,509 583 295 2.95 560 214 117.1 136.4 60.7 59.6 131.1
1b  5.09,503 583 3.01 3.01 5.58 116.8 135.4 56.0 547 130.1
28 3.07,279 367 3.60,090 358093 349 223 539632 755 -609 611 601 720 -59.1 44.6
2b°  3.09,2.78 368 3.70,1.03 3.70,1.03 3.45 53.7-63.1 745 —60.9 583 574 709 -59.2
3a  3.44,3.04 414 353,122 354,125 398 232 547624 825 -539 600 593 788 —523 453
3¢ 342,302 412 363,131 362135 3.95 54.6-62.2 822 -532 577 570 785 —516
4a 318,257 360 351,092 358101 352 231 401770 666 -69.8 593 587 677 —634 455
4° 317,255 356 3.61,1.02 3.63,1.10 3.50 395-773 657 —69.7 567 560 669 —63.2

aTemperature 25C. Solvent CRCl,. ®Solvent THFds. € 9(H) 5.15, 5.10 (D, 5.95 (2), 3.04 (3); 8(C) 117.0 (1), 136.6 (2), 60.4 (3). 9 5(H) 5.17, 5.11

(1), 5.93 (2), 3.11 (3); 6(C) 117.1 (1), 136.6 (2), 60.9 (3). ©4(H) 5.17, 5.11 (1), 5.95 (2), 3.11 (3); 6(C) 117.2 (1), 136.5 (2), 60.8 (3).

axial protons that are shifted to higher field by about 2 ppm

Table 2. Crystal Data for 2b

and the equatorial protons that are shifted to lower field by up
to 0.75 ppm. The magnitude of the underlying anisotropic effect
of the metal center appears to be independent of the respective
metal Ni, Pd, or Pt. The conformational aspects are similar to
those discussed for M(B),6-diene complexes. Possible
exchange of the coordinated and uncoordinated allyl groups in
2b and3b is slow on the NMR time scale.

Of particular interest is a comparison of tH€ NMR coor-
dination chemical shiftad(C)?2d of the three different types of
olefinic carbon atoms witiA6(C) of the ethene ligands in the
homoleptic Ni(GH.)3 (—65.5), Pd(GH4)s (—59.7), and Pt(gHa)s
(—74.8)2which may be considered as benchmarks for optimal
orbital overlap. For all complexeés-4 Ad(C) is smallest (refer-
ring to the absolute numbers) for C6 of the centrat@bond,
and it increases on going to the outer olefinic carbon atoms C2
and C1 in this series (Table 1). There is generally a good agree-
ment between tha andb complexes for a given metal. For the
Ni complexe2 Ad(C6) falls only a little short of its benchmark
(e.g., for2a, —59.1 vs—65.5, corresponding te-10%), and it
comes even closer to it for C2 and C1, so that the coordination
of the various &C bonds appears quite uniform and close to
what may be thought of as the optimal situation in NK)s.

For the Pd complexe8 and the Pt complexe4 the Ad(C)
shortfall for C6 from the benchmarks is more pronouncgd (
—13%, and4, —15%). At the same time there is a stronger
increase ofAd(C) for the vinyl carbon atoms C2 and C1, so
that for both3 and 4 A6(C1) even exceeds the benchmark
values. In agreement herewith, for the Pt compledethe
coupling J(PtC1) = 154 Hz is stronger thad(PtC2)~ 120

Hz, while J(PtC6) is poorly developed. We conclude from these
data that the 4,9-diazadodeca-1,6,11-trienes are the best fitting
ligands forTP-3 Ni(0) and less so for the larger Pd(0) and Pt-
(0) and that for the latter metals the orbital overlap is least for
the central C6 and best for the terminal vinyl carbon atoms C1.

Single crystals ob were obtained from diethyl ether, and

empirical formula
color
fw (g mol™?)
temp (K)
wavelength (A)
cryst syst
space group
unit cell dimens
a(h)
b (A)
c(A)
o (deg)
/3 (deg)
v (deg)
V (A3)
z
VIZ (A3)
calcd density (Mgm~3)
abs coeff (mm?)
F(000)
cryst size (mrf)
6 range for data collecn (deg)
index ranges

no. of rflns collected
no. of indep rfins
no. of rfins withl > 24(1)
completeness (%)
abs corr
max./min. transmn
full-matrix least-squares
no. of data/restraints/params
goodness of fit o2
final Rindices ( > 20(l))
R1
WR2
Rindices (all data)
R1
WR2
largest diff peak/hole (e %)

GeH2eN2Ni
colorless
305.10
100

0.71073

monoclinic
P2:/n (No. 14)

13.2497(3)
4.75470(1)
25.7761(5)
90.0
104.6360(1)
90.0
1571.16(6)
4
392.8
1.290
1.224
656
0.18x 0.08 x 0.02
3.483.17
—20=<h=<20
—7<k=7
—-39<1<39
38 040
6000R; = 0.0462)
5027
99.89 & 33.17°)
Gaussian
0.98/0.83
FZ
6000/0/172
1.037

0.0290
0.0708

0.0388
0.0755
0.398(-0.502

42.1

coordinated by three<€C bonds of a 4,9-diazadodeca-1,6,11-

the molecular structure has been determined by X-ray crystal- triene skeleton, leaving the other twballyl groups uncoordi-
lography (Table 2) and is shown in Figure 1. A schematic nated. The conformation of the ligand is such that the twe Ni
diagram of the structure is depicted in Figure 2. The compound 1,6-diene chelate rings each assume chair-like geometry, and

crystallizes in the monoclinic space gro®2,/n in parallel

due to thetrans-disubstitution of the central<€C bond shared

stacks of molecule® Within the stacks the coordination planes by the two chelates, the two halves of the complex are related
of the Ni atoms are tilted toward the direction of the stacks by by C, symmetry. Within the two chelates the midpoint D2 of
32°, with a distance between the coordination planes of 4.02 A the central &C bond and the midpoints of the termina=C

and a Ni-*Ni separation of 4.755 A. The Ni atoms are groups, D1 or D3, subtend angles of 118ahd 118.9 at the
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C16

C1

Cc10

Figure 1. Molecular structure of Nif?,72,7?-CioH16N2(C3Hs),) (2b)
(atomic displacement ellipsoids shown at the 50% probability level).
Selected bond distances (A): €C2=1.393(2), C5-C6= 1.395-

(2), C9-C10 = 1.389(2), C12-C13 = 1.318(2), C15C16 =
1.318(2), Nit-C1 = 2.015(1), Nix-C2 = 2.044(1), Nit-C5 =
2.036(1), Nit-C6 = 2.036(1), Nit-C9 = 2.050(1), Nit-C10=
2.017(1).

Figure 2. Schematic diagram @b, viewed along th€&; axis of the
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and this can be expected to be even more so for cyclic 1,6,11-
triene ligands, making them unsuitable for such purposes.

In contrast, currently the best sources for “naked palladium”
Pdx(1,6-diene) (1,6-diene= 1,6-heptadiene and diallyl ether)
are both thermally only modestly stable, wheréasvith the
1,6,11-cyclotriene is extraordinarily stable, so that there still
appears to be a need for a Pd{@)kene compleX of easy
accessibility, sufficient thermal stability, and still high reactivity
as a correspondent to the Wilke complexes. We suggest that
this gap can be filled by the acyclic 1,6,11-triene derivati¥es
In view of the high thermal stability and simultaneously high
volatility, complexe2—4 appear as viable compounds for metal
transport, purification, and vapor deposition techniques.

Experimental Part

All manipulations were carried out under argon with Schlenk-
type glassware. Solvents were dried prior to use by distillation from
NaAlEt,. Ni(cod),¢ (cod)PdC4,16 Pdh(CeH100)s* CeH 100 ,5¢ and Pt-
(cod)*were prepared as published. Microanalyses were performed
by the local Mikroanalytisches Labor Kolbe. EI mass spectra were
recorded at 70 eV and refer &8Ni, °%Pd, and'®*Pt. 'H NMR
spectra were measured at 300 MHz &#d NMR spectra at 75.5

molecule (perpendicular to the plane of the paper), showing the rela-MHz (both relative to TMS) on Bruker AMX-300 and DPX-300

tionship of the two six-membered heterocyclic rings to one another.

Ni atom, while an only slightly larger DANi—D3 angle of
122.7 is observed in the “open” part of the molecule. The three
C=C bonds lie exactly in th&P-3 Ni(0) coordination plane
(deviation of C atoms from the mean pla#e).02 A), consistent
with optimum back-bonding from the Ni atom. The chair-like
geometry of the Ni1,6-diene chelaté ensures little confor-

mational strain, so the chelate effect has maximum efficacy.

The three coordinated=€C bonds are of about the same length

(1.393 A, mean) and, expectedly, longer than the two uncoor-

dinated G=C bonds (1.318 A). For the centra=& bond (C5,
C6) the Ni-C bond lengths are at 2.036 A (mean), while for
the coordinated terminal<€C bonds the Ni-C bond lengths
to the inner C atoms (C2, C9) at 2.047 A are slightly longer

and those to the outer C atoms (C1, C10) at 2.016 A are shortes

of all, indicating bonding preference of the Ni atom to the
terminal C atoms.

instruments. The NMR data of all products are listed in Table 1.

N,N’-Dimethyl-4,9-diazadodeca-1rans-6,11-triene (1a). A
solution of 1,4-dichlorarans-2-butene (12.5 g, 100 mmol) and an
excess of allylmethylamine (40 g, 562 mmol) in 100 mL of benzene
turned orange when refluxed for 17 h. Upon cooling, the corre-
sponding ammonium chloride deposited and was removed by
filtration. Vacuum distillation of the organic phase gave a colorless
liquid: yield 9.71 g (50%); bp 4446 °C at 0.001 mmHgd =
0.8332 g mLcL. CioHaoN, (194.3). The aminoalkene was finally
dried by distillation from LiAlH,.

N,N'-Diallyl-4,9-diazadodeca-1trans-6,11-triene (1b)? Syn-
thesis was analogous to thatIH by refluxing a benzene solution
of 1,4-dichlorotrans-2-butene (12.5 g, 100 mmol) and diallylamine
(55 g, 566 mmol): yield 17.2 g (70%); bp 8C at 0.001 mmHg.
CieH26N> (246.4).

Ni(7?,121n?-C10H16N2Me,) (2a). A suspension of Ni(cod)(550
mg, 2.00 mmol) in 20 mL of diethyl ether was stirred with (388

tmg, 2.00 mmol) at ambient temperature. The resulting light yellow

solution was filtered to remove some insoluble impurities. Cooling
the solution to—25 °C afforded colorless microneedles, which were

Thus, it has emerged from this and other studies that acyclic freed from the mother liquor, washed with cold ether, and dried

and cyclic diene and triene ligands with (repetitive) 1,6-diene
sequences are more suitable for coordinationR8 M(0) (M

= Ni, Pd, Pt) than similar ligands with a 1,5-diene sequence. It
must be conceded that the Wilke reagents Ni(g¢adg Ni(t,t,t-
cdt) are the Ni(0) complexes of first choice for stoichiometric

and catalytic reactions because of their ready accessibility,

thermal stability, and at the same time high reactivity (“naked
nickel”), and similarly Pt(cogd)for Pt(0). For Ni(0) and Pt(0)
the acyclic 1,6,11-triene ligands impart exceedingly high stability
and consequently low reactivity to the complex@saqd 4),

(12) In 1976 the structure of a second crystal modification of compound

2b was determined in these laboratori®2{a (No. 14),a = 14.6784(3)

A, b=9.1641(3) A,c = 11.9046(6) A8 = 82.230(4), V = 1586.64(1)

A3 R1=0.061, wR2= 0.083). The molecules pack differently (no longer
parallel stacks, Ni+Ni 5.235 A) and adopt a slightly different conformation
of the terminal allyl groups. This polymorph was obtained under apparently
similar conditions, but could not be reproduced now. For disappearing
polymorphs, see: Dunitz, J. D.; Bernstein Atc. Chem. Resl995 28,

193.

(13) For structures of £Ni(1,6-diene) complexes, see: (a) Proft, B.;
Parschke, K.-R.; Lutz, F.; Kiger, C.Chem. Ber.1991 124, 2667. (b)
Rosenthal, U.; Pulst, S.; Kempe, R:;rBchke, K.-R.; Goddard, R.; Proft,

B. Tetrahedron199§ 54, 1277.

under vacuum: yield 360 mg (71%). EI-MS (70): m/e (%) 252
(IM]+, 100). GoH2oNoNi (253.0).

Ni(72,12,m7?-C10H16N2(C3Hs)2) (2b). A suspension of Ni(cod)
(2.75 g, 10.0 mmol) in 30 mL of diethyl ether was stirred wit
(2.46 g, 10.0 mmol) at ambient temperature. The resulting light
yellow solution was filtered to remove some insoluble impurities.
Cooling the solution to-78 °C afforded colorless crystals, which

(14) In Pd(dba) (dba= dibenzylideneacetoné&j2—¢ which is frequently
used as a source for Pd(0), complete displacement of all three dba ligands
occurs only reluctantly*c (a) Takahashi, Y.; Ito, T.; Sakai, S.; Ishii, ¥.
Chem. Soc., Chem. Commu®7Q 1065. (b) Mazza, M. C.; Pierpont, C.

G. Inorg. Chem.1973 12, 2955. (c) Ukai, T.; Kawazura, H.; Ishii, Y.;
Bonnet, J. J.; Ibers, J. Al. Organomet. Chenml974 65, 253.

(15) The assignment of the resonances is exemplifie@#orThe low-
field 16-line multiplet aty(H) 4.14 is attributed to H2 of the terminitallyl
groups; in the 2D COSY NMR spectrum this signal shows cross-peaks with
Hla,b ¢(H) 3.44 and 3.04, each representing a doublet (d) that is further
split by a 1.1 Hz geminal coupling) and H3adx) 3.53 (br d,J(HH) =
13.4 Hz) and 1.22 (dd)(HH) = 13.4 and 10.6 Hz)). A further low-field
higher-order multiplet ad(H) 3.98 is attributed to H6 of the internal GH
CH group; this signal shows cross-peaks with H5a1§ 3.54 (d,J(HH)
= 13.4 Hz) and 1.25 (multiplet)). Allocation of th&C resonances is
supported by'3C,'H-correlated spectroscopy.

(16) Chatt, J.; Vallarino, L. M.; Venanzi, L. M. Chem. Sod 957, 3413.
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were washed with cold pentane and dried under vacuum: yield  Pt(5%1%1?-Ci0H16N2Me,) (4a). To a suspension of Pt(cad$11

2.47 g (81%). EI-MS (6C°C): m/e (%) 304 ([M]*, 100). Anal. mg, 1.00 mmol) in 20 mL of pentane was addexi(194 mg, 1.00
Calcd for GgH26N2Ni (305.1): C, 62.99; H, 8.59; N, 9.18; Ni, mmol) at ambient temperature. The mixture was stirred for about
19.24. Found: C, 62.78; H, 9.16; Ni, 19.12. 1 h, whereupon all Pt(cogldissolved and some product already

Pd(2n27%-CigH16N2Me;) (3a). Route a.To a suspension of  precipitated. The latter was dissolved again by addition of about 2
Pdy(CeH100)3°CeH100 (303 mg, 0.50 mmol) in 10 mL of diethyl mL of diethyl ether. Cooling the solution te-25 °C afforded
ether was addeda (97 mg, 0.50 mmol) at-30 °C. When the colorless dendrimeric crystals, which were separated from the
mixture was warmed to ambient temperature a light yellow solution mother liquor, washed with cold pentane, and dried under
was obtained, from which colorless dendrimeric needles separatedvacuum: yield 195 mg (50%). EI-MS (6@): m/e (%) 389 ([M]",

below —25 °C: yield 117 mg (78%). 100). Anal. Calcd for GH.,N,Pt (389.4): C, 37.01; H, 5.69; N,
Route b. A suspension of (cod)Pdg£(286 mg, 1.00 mmol) in 7.19; Pt, 50.10. Found: C, 37.14; H, 5.43; Pt, 50.14.
5 mL of diethyl ether was combined wifta (194 mg, 1.00 mmol) Pt(12,n7%n?>C10H16N2(C3Hs),) (4b). Synthesis was as feta by

and 3.8 mL of a 0.27 M diethyl ether solution oftot (1.00 mmol) reacting a solution of Pt(cogl}411 mg, 1.00 mmol) in 5 mL of
at—78°C. The stirred mixture was warmed to ambient temperature, THF with 1b (246 mg, 1.00 mmol) at 20C to afford colorless
and the precipitated LiCl was removed by filtration. Cooling the needles: yield 210 mg (48%). EI-MS (108): m/e (%) 441 ([M]*,
solution to—25 °C afforded colorless dendrimeric needles, which 39). Anal. Calcd for GHaeNoPt (441.5): C, 43.53; H, 5.94; N,
were washed with cold ether and dried under vacuum: yield 237 6.35; Pt, 44.19. Found: C, 43.83; H, 6.03; Pt, 44.19.

mg (79%). EI-MS (65°C): m/e (%) 300 ([M]", 65). Anal. Calcd

for Ci2HaoNoPd (300.7): C, 47.93; H, 7.37; N, 9.31; Pd, 35.39.  Acknowledgment. We thank Dr. Richard Mynott for the

Found: C, 48.06; H, 7.35; Pd, 35.22. NMR spectra oR and Dr. Klaus Seevogel for the Raman spectra.
Pd(#2,n%1%-C1oH16N2(C3Hs)2) (3b). Synthesis was as fda,
route b, but reacting (cod)PddBS7 mg, 3.00 mmol) andlb (739 Supporting Information Available: CIF containing X-ray

mg, 3.00 mmol) in 10 mL of diethyl ether with 11.4 mL 0f 2 0.28  ¢ystallographic data fab. This material is available free of charge
M diethyl ether solution of Licot (3.00 mmol); colorless needles: ;i3 the Internet at http://pubs.acs.org.

yield 980 mg (89%). EI-MS (753C): m/e (%) 352 ([M]", 57).
Anal. Calcd for GeH26NoPd (352.8): C, 54.47; H, 7.43; N, 7.94;
Pd, 30.16. Found: C, 54.95; H, 7.65; Pd, 28.85. OM700390K



