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Abstract: Reaction of (RPGH4PR:)Ni(C2H,) with COT gives the mononuclear complexesPRH4PRy)Ni(772-
CgHsg) (R=1Pr1a,'Bu 1b). The COT ligand inLa,bis planar with alternating €C and G=C bonds, corresponding
to a formal semiaromatic [Elg]~ ligand. Reactions ofa with (PLPGH4PPR)Ni(172,72-CeH1o) and of 1b with
stoichiometric amounts df('BuP GH4PBu,)Ni} »(u-CeHg) or lithium afford the dinuclear complexé§PrPGH4P-
PR)NIi} o -7%(1,2,5,6)9%(3,4,7,8)-GHg} (2a) and { (‘BuPGH4PBU)Ni} o(u-17213-CgHg) (2b; two isomers). The
COT ligand in2ais tub-shaped and olefinic, wherea<2in (as inla,b) it is planar and semiaromatic. The products
are characterized by IR, solution and solid-state NMR spectroscopy, and by X-ray structure analysis.

Introduction

In the gas-phadand in the crystdlneutral 8e cyclooctatetra-
ene (COT, GHg) displays a tub-shape conformation with
alternating &C (1.33 A) and G-C (1.47 A) bonds D
symmetry). Ring inversion is likely to proceed through a planar
transition state structure with the-<@ bond length alternation
maintained D4,); the energy of activation is estimated to be
about 14 kcal molt.3 It has been proposed on the basis of
vibronic modeling of the EPR spectrdrand ab initio calcula-
tions> that the 9e radical anion [COT]in its ground-state is
also of D4, symmetry with a significant but reduced<C bond
length alternation of about 1.36 A €€C) and 1.44 A (G-C)
(1.359, 1.435 & 1.375, 1.446 A). It has been further suggested

exo coordinated COT ligand, (CO)F€{ 4(1—4)-CgHg} ,°
[Ag{7%(1,2,5,6)-GHg} INO3'9 andaromatic planarCOT ligands
(e.g. KJ[CgHg],™* U(58-CgHg),1?d), apparently only one complex
containing asemiaromatic planarCOT ligand, dark red
CpTa(n-CsH7)(172-CgHg),13 has been described. We now wish
to report the preparation, spectroscopic, and structural charac-
terization of a series of mono- and dinuclear complexes
(RoPGH4PR)NI(572-CgHg) (R = IPr 1a, 'Bu 1b) and{ (R:PGHa-
PRy)Ni} 2(u-CgHg) (R = 'Pr 2a, Bu 2b).** In 1a,b and2b the
COT ligand is also semiaromatic, wherea<mit is olefinic.

Results
We have recently described a series ofgfe)Ni(0)[> and

that puckering and bond length alternation of the neutral COT [(dbpe)Ni(0)}6-1” complexes with alkene, alkyne, and benzene

is reduced by substituent electronic effects, an electron donorligands. These complex fragments combine an exceedingly
(methylene anion) being more effective than an electron acceptorbulky chelating phosphine ligand with the smallest central atom
(methylene cation). Spanning either the COT single or double of the group 10 series Ni, Pd, Pt, resulting in a considerable
bonds by fused-ring substitutions is also expected to promote steric effect at the metal. Unusual coordination properties of

the ring flattening. A fully planar geometry and full equilibra-
tion of the G-C distances (1.41 A) is attained for the 10e
dianion [COTE (Dgy). It thus appears that with an increasing
charge the COT ring gradually changes its properties from
olefinic via semiaromatic ([COT)) to fully aromatic ((COT}).
By semiaromatic we mean here a planar ring with significant
bond localization.

While there are numerous metal complexes wotbfinic
nonplanarCOT ligands [e.g. CpMn(CQ{2-CgHs) (tub-shaped

T Abbreviations: COT, cyclooctatetraenépjple, PL,PGH4P P, bis(di-
isopropylphosphino)ethanetbpe, Bu,PGH4PBU,, bis(ditert-butylphos-
phino)ethane; NQS, nonquaternary supression.
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CgH12) (CeH1p= 1,5-hexadiene, §;, = 1,5-cyclooctadiene)f Table 1. Solution'H, **C NMR Data (COT Ligand) an&P NMR
the nickel atom of [(tbpe)Ni(0)] has only been observed in a Data ofla,band2b (Serglaromatlc COT)2a (Olefinic COT), and
TP-3 coordination geometry [e.g., 16etfde)Ni¢2-CsH1o), of Reference Compounfts

(dthE)Ni(?]z-CgH]_z)].:l‘6 1J(CH)
(PraPCoH4PPry)Ni(%-CgHg) (1a) and (BuPCoH4PBUL)- On dc Hz]  or

Ni(5?-CgHg) (1b). The solid yellow complexes {fghe)Nif;, ;- coT 5.72 132.7 154.5

CsH10) and (dope)Ni(GH.) slowly dissolve in neat COT (20 12 4.62 103.4 149.7 817

°C) to afford dark red solutions. After addition of diethyl ether 1b i(EOH) 12 Jl(gé:)sz-l 1488 93.0

the color changes to brown, and-a¥8 °C fine, almost black J(PH) 16 J(P(i) 29 ’ '

needles ofla (mp 168°C) or bulky, bluish purple needles of  2p 4.3 90.9 1470 79.1

1b (mp 218°C) separate in about 80% yield (eq 1). The crystals Li,COT 5.73 87.5 144.7

show a characteristic blue-purple metallic sheen. In the mass K:COT* 5.68 89.9 1434

spectra the molecular iondd m/e 424, 38%;1b: m/e 480, {(RN=CHCH=NR)Ni}»- 3.81 98.2 159

14%) are observed, which fragment by cleavage of the COT  (u-n*n*-COTf 3

ligand to afford the basis ions [fbe)Nif" and [(dbpe)Nil*. 2a 4.47 90.3 1545 655

In the IR spectrum (KBr)la exhibits a visiblé® =C—H JPH)34 JPC)30
stretching band at 2999 crh and two stretching bands for 2—80 °C. " Couplings J(PH) andJ(PC) are not observedR =
uncoordinated &C bonds at 1591(s) and 1533(vs) chwhile CeH3-2,6-Pr. d Solvent THFes, temperature 27C or as indicated.
a stretching band at 1485(w) cfris assigned to the coordinated ~C°UPIing constants in Hz.
C=C bond. Forlb the =C—H stretching band appears at a .
somewhat lower wavenumber (2996 thhand the correspond- irructure oflb have not be?n observed down+d00°C. The
ing C=C vibrations are at higher wavenumbers [1602(s), ~ . NMR spectra (2#/100°C) of 1a,b exhibit sharp singlets,
1553(vs), 1490(w, shoulder) cifj than for 1a. This pattern which are fgrla (0p 81.7) at dlst_lnctly Igwer field than for the
of absorption bands in the ring-stretching region, which was corresponding ethene complexple)Ni(GH,) (dp 72.4) but
also observed for Gia(n-CaH-)(72-CsHs) [1595(s), 1515(vs), for 1b (dp 93.0) at the same field as forlghe)Ni(GH,) (dp
1470(w)]22 is characteristic of the planap2-CgHg ligand, 92.7).
whereas the absorption band patterns of uncoordinated COT The temperature dependéht and'3C NMR spectra can be
[3004(vs), 1635(s), 1609(m) cri® and of K,COT [2994(m), explained by an exchange of the coordinated and uncoordinated
1431(w), 880(s), 684(vs) cti]?° are quite different! Com- COT C=C bonds. Starting from an 16€P-3 ground-state
plexesla,bare quite soluble in THF, even at low-temperature, structure (RPGH4PR)Ni{#?(1,2)-GHs}, coordination of a
but less so in pentane or diethyl ether (ZX). The red brown  C=C bondadjacentto the already coordinated one gives rise
solutions are stable for several weeks. According to NMR no to an 18€T-4 intermediate (or transition state) RGH4PRy)-
fast exchange of coordinated and added COT occurs. Ni(7%(1—4)-CgHg)]. Dissociation of the first coordinated=€C

bond leads to recovery of 18é>-3 1a,b. This is equivalent to

52 Ro a rotation of the;?-COT ligand by 90 (Figure 1a). Repetition
E \NI_” cor_ Ii \Ni_o ) of these steps results in an equilibration of &C bonds. The
/ exceedingly facile &C bond exchange (fdraeven more facile
22 Sz than for1b) is due to an energetically easily accessiftel—
1a: Rod 4)-CgHg coordination mode (low-energy process), for which a
12'_ :f t';’u dynamic structure is characteristf.

In addition, it is likely that at ambient temperature the
Solution NMR Spectra of 1a,b. The solutiontH (400 MHz) coordinated COT €&C bond inTP-3 1a,balso exchanges with

and3C (75.5 MHz) NMR spectra ofa,bare well resolved at ~ thetransannularuncoordinated €C bond via (equally 18%-4)

27 °C, at which temperature the COT ligands gives rise to intermediates  [(BPGHJPR)Ni{7(1,2,5,6)-GHg}]  (high-
narrow triplets due to spinspin couplings with the phosphorus ~ €nergy process) (Figure 1b). These intermediates correspond
atoms (Table 1). The COT ligariH and 13C resonances are  to the cyclooctadiene complexesppe)N{7%(1,2,5,6)-GH12}

at higher field than for uncoordinated COT, tHE chemical  (isolated) and [(#pe)N{#%(1,2,5,6)-GH12}] (intermediate); the
shift (la. dc 103.4;1b: dc 106.5) being intermediate between latter has been postulated for the=C bond exchange process
that of uncoordinated COT (132.7) and ob®OT (89.9). in (d'bpe)Ni@y?-CgHi2).18

Correspondingly, the COT ligand coupling constahi¢CH) Complexes displaying?>-COT ligands are rare. For the 18e
(laz 149.7 Hz; 1b: 148.8 Hz) are smaller than in the 6 complexes CpMn(CQJn?-CgHg)® (dec 75°C) and [CpFe-
uncoordinated COT (;54.5 Hz) but not as small as B@@'_I' (COY(57?-CgHg)|PFs?® (not isolated; dec C°C) the #%-COT
(143.4 Hz). The ambient temperature NMR spectra obviously coordination is static up to the decomposition temperatures of
represent the time average of a dynamic structure sinfe & the complexes. However, the statenfémhat %COT coor-
CeHs coordination mode has been determined Tarb in the dination is generally static is obviously incorrect. Nonisolated
crystal (seg belovy). A+80°C the COTH and!3C resonances complexes cited as (dppf)PECsHs) and (dppfPth>-CsHs)

of la are just slightly broadene(_i, _V\_/hereas thoselbfare . [dppf = 1,1-bis(diphenylphosphino)ferrocene] have not been
markedly so; nevertheless the limiting spectra of the static characterized in deta. The related complex (gpe)Pt(0)g%

(18) Further=C—H bands are likely to be obscured by bands of the

phosphine ligand. (22) Cotton, F. A. IrDynamic Nuclear Magnetic Resonance Spectroscopy
(19) (a) Lippincott, E. R.; Lord, R. C.; McDonald, R. $. Am. Chem. Jackman, L. M., Cotton, F. A., Eds.; Academic Press: New York, 1975; p

Soc.1951, 73, 3370. (b) Perec, MSpectrochim. ActaPart A 1991, 47, 377.

799. (23) Cutler, A.; Ehntholt, D.; Giering, W. P.; Lennon, P.; Raghu, S.;
(20) Fritz, H. P.; Keller, HChem. Ber1962 95, 158. Rosan, A.; Rosenblum, M.; Tancrede, J.; WellsJDAm. Chem. Sod976

(21) Unfortunately, no IR data has been reported for the olefinic 98, 3495.
(nonplanar) COT ligand in CpMn(C@)?-CgHs).8 (24) Lawless, M. S.; Marynick, D. S. Am. Chem. So&991 113 7513.
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Figure 1. Suggested mechanisms for the exchange of coordinated and  a) J
uncoordinated COT €C bonds inla,b: (a) low-energy process via
aT-4-Ni(0)-7*(1—4)-CgHsg intermediate (or transition state) and (b) high- T T e —
energy process via a-4-Ni(0)#%(1,2,5,6)-GHs intermediate (or =d(*%C) 100 70 40 10
transition state). Figure 2. (a) *C CP-MAS NMR spectrum ofla SSBt1: first

spinning side-band to lower) or higher () frequency. (b) Isotropic
CgHs), recently synthesized by our group, is also fluxional, even part of 2D COSY*'P CP-MAS NMR spectrum ofa Signals 1 and 3
as a solid at—100 °C (CP-MAS NMR). In solution this as well as signals 2 and 4 belong to two individugpe ligands
complex is in equilibrium with the isomer ifgpe)Pt(Il)- (corresponding to two independent moleculeslafpresent in the

{n*(1) 7*(4)-CegHg} .28 asymmetric unit).

Solid-State CP-MAS NMR Spectra of 1a,b. In addition .
. X . 24.0). In the’’P NMR spectrum twé'P signals §p 94.8, 94.0)
to the solution NMR spectra we have studied the solid-state are observed, for which the couplid§PP)= 43 + 5 Hz has

13C and3'P CP-MAS NMR spectra (24C) of complexeda,b. :
- - ; .’ been determined by-resolved 2D3'P NMR spectroscopy.
For the cppe derivativela (Figure 2a,b) the spectra display Thus, for bothla,bthe COT ligands are fluxional in the solid-

two sets of signals due to the presence of two independent state and most likely the exchange of coordinated and uncoor-

symmetrical molecules in the asymmetric unit. The COT dinated G=C bonds proceeds as depicted in Figure la, since
ligands give rise to two very shafiC signals ¢c 101.3 and this involves the least motion of the COT ligand.

100.9) with a shift similar to that for the solutiodd 103.4). .
: . . ; Molecular Structures of 1a,b. The structures ofla,b in
The equivalence of the eigh#C nuclei of each COT ligand . )
h ; . . the crystal have been determined by single-crystal X-ray
results from the fluxionality, which has been confirmed by a . . S
NQSC NMR experiment. The independerppe ligands give structure analysis. In both complexes the Ni atom is trigonal-
P ’ P g g planar coordinated by two phosphorus atoms of the respective

rise to eight EMe; signals (centered at: 26.5) and 16 P@le, L .
signals (centered abc 20.2), whereas the four signals ex- fﬁ:lgtlon_? r?ﬁ(ge and tpe ligand and only one-€C bond of

pected for PCIHl overlap. For thel'P nuclei four signals are - : : . .
observed, corresponding to two unresolved AB spin systems. The (dppe)Ni complexia (Figure 3) crystallizes with two

(0p 86.6, 84.0 and)p 85.4, 83.3). For these, relatively small |nd.eper?dent. moIecngQ( point symmetry) in the asymmetric
coupling,sJ(PP)= 251 5 ,and 284 5 Hz res’pectively were unit, which differ only in the arrangement at the isopropyl groups

h " d to a lesser extent in the Bridge. The geometries of the
determined by d-resolved 2D°'P NMR spectrum, while (due and o . ) iy -
to the similar magnitude of the couplings) the assignment was remaining atoms (Ni,P1,P2,CL8) in the two molecules are

; ) the same within experimental error (rms deviation 0.05 A). In
?;?;Liggg)]e basis of a 2D COSP CP-MAS NMR spectrum both cases the COT ring is planat@.1 A) and coordinated by

. . L only one C=C bond to the Ni atom, with the ring plane bent
For the sterically more demandinébde derivativelb?’ the only slightly away from the metal plane [Ni,C1,C2/(EC8)

*C COT signal abc 104.8 (s_olution NMR:(SC. 106.5) is ratr_\er 93°]. Since the two independent molecules have perforce
broad. Although thg dynamics of the COT.I|gand are obviously jitarent environments, packing effects are an unlikely cause
slower than forla, it has not been possible to observe the ¢, ha planarity of both the COT rings.

limiting spectra of the static structure down to 85 K. Tligpe In spite of the planarity of the rings, the-@ bond distances

ligand gives rise to four @Me; signals fc 37.5, 37.2, 35.9,  j the uncoordinated part of the ring alternateGneanl.36(4),
35.4), three (of the expected four) RI&; signals pc 32.9 (two C—Crmean 1.43(2) A], while the CEC2 bond [mean 1.407(4)
signals isochronous), 32.1, 31.3], and two B&lgnals fc 25.6, Al is lengthened by coordination to the metal. The bond length
(25) Brown, J. M.; Cooley, N. AOrganometallicsL99Q 9, 353. Brown of the coordinated bond is similar to that of complexes
J. M.; Peez-Torrente, J. J.; Alcock, N. W.; Clase, H.Qrganometallics containing a nonplanargBg ligand. The bond length alternation
19?516)14}14, 207k. 3. D on. Univerdifsseldort. 1994 in the uncoordinated part of the COT ligand is somewhat less
aac .-J. Dissertation, Univerditatsseldor . i
' J ' than for uncoordinated nonplanar COT=C 1.33, C-C 1.47
(27) The solid-statéH MAS NMR spectrum oflb, although poorly . . . '
resolved, displays for the COT ligand a broad singletaB.89 (solution Al and agrees well with the alternation predicted for the_ planar
NMR: dy 4.50). monoanion COT [C=C 1.36, C-C 1.44 A] (see Introduction).
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Figure 3. Molecular structure of compleka (molecule 1). Selected
bond distances (A) and angles (deg) (average of two independent
molecules): Nit-P1 2.166(2), Ni+-P2 2.157(2), Ni+C1 2.024(6),
Ni1—C2 1.992(3), C+C2 1.407(8), C2C3 1.436(9), C3-C4 1.382(9),
C4—C5 1.411(9), C5C6 1.336(9), C6-C7 1.408(9), C+C8 1.357(9),
C8-C1 1.442(8), G-C—C (mean) 135(2), PiNi—P2 91.3(2), P1,P2,Ni/
C1,C2,Ni 13, (C+C8)/C1,C2,Ni 93.

The midpoint of the C+C2 bond is coplanar with Ni, P1, and
P2 +0.06 A), giving the metal P-3 coordination geometry,
and the coordinated double bond is only slightly twisted out of
the plane (13, thus enabling good backbonding from the
metal?®

In the (dbpe)Ni complexib (Figure 4) the COT ring is also

planar. The largest deviation from a least-squares plane through

all carbon atoms is=0.03 A and thus even less than ftaand
close to the corresponding value in the aromatic dianion €OT
(£0.005 A)11b Here again &C bond lengths are found to be
alternating [&=Cmean1.36(2), G-Cmean1.43(1) A]. The coor-
dinated double bond of the COT is elongated to 1.407(4) A
and is similar to that ifla. Inspection of the packing of the
molecules in the unit cell reveals that the planarity of the COT
ligand is not induced by packing forces since the shortest
intermolecular distances are betweert-butyl groups located

on the phosphorus ligands (3.43 A), whereas intermolecular
contacts involving atoms of the COT group are larger than 3.64
A. The bending of the COT ring plane from the metal [(€1
C8)/C1,C8,Ni 98] is somewhat larger than fdm, but the twist

of the coordinated €C bond out of the Ni coordination plane
(P1,P2,Ni/C1,C8,Ni 19 is smaller.

As compared witlia,b, the angle between the plane through
the Ta atom and the coordinated=C bond and the plane of
the COT ring €0.02 A) in CpTa(n-CsH;)(#2%CgHg)!? is
distinctly larger (118). The G=C bond coordinated to Ta is
unexpectedly long [1.45(2) A] and the-@ bond alternation
in the uncoordinated part of the ring is less regular, though this
may be due to the relatively poor refinement of the structure
(R=9.9%).

{(iPrZPCZH4PiPr2)Ni}2{/‘"]4(11215!6)’74(3141718)'QH8} (2&)
and {([BUZPC2H4PtBU2)Ni}2([[-7]2:1]2-C8H8) (2b) Mono-
nuclearlareacts with the equimolar amount ofgde)Nig;2,,7%-
CesHig) in diethyl ether solution upon gentle heating (20)
with displacement of the 1,5-hexadiene ligand to afford large
orangecubes of the dinuclear derivatia-Et,O in 60% yield
(eq 2a). The crystals disintegrate at ambient temperature to a
yellow orange powder due to the loss of the solvent molecule.
Similarly, complex1b reacts (20°C) with a half-equiv of
{ (dbpe)N} o(u-CsHg) 17 [but not with (dbpe)Ni(GH4)] to yield
red brown violet microcrystals of2b in 75% yield (eq 2b).

Bach et al.

tBUQ
ib + = %@ (a) - CgMio
tBu,
(b)
-1/2 CgHg
21b + 2L u(;)” 2a: R=lpr
2b: R=1tBu

@

Complex 2b can also be prepared by stirring an ethereal
suspension ofb and lithium powder for 30 min at 20C (44%;

eq 2c¢)?° Further reaction oRb and also the reaction dfa
with lithium give rise to a mixture of unidentified products.
When COT is added to the orange solution (THgy-of
dinuclear 2a, the color immediately turns dark red, and
mononucleada is formed quantitatively (NMR). In contrast,
dinuclear2b has to be dissolved in neat COT to allow for a
complete formation of mononucleab (in about 1 h). Thus,
the mono- and dinuclear complexes are subjected to the
equilibrium

2la,b=12a,b+ COT

which in the presence of COT lies completely on the side of
la,b. The slow formation ofLb is presumably due to kinetic
reasons. As will be shown below from the solid-st&e and

31P NMR spectra, complegb forms two isomers. These are
designatedC,-2b and C;-2b on the basis of their presumed
symmetry. While C,-2b preferentially crystallizes at low-
temperature (70%), the solid completely converts iGte2b
upon warming to 40C (eq 3). The conversion is reversible
upon dissolution.

ﬂeuz
BusPal (

130\

tBu,
B
tBUZO
lBl]z
'BUQ
\,)

C,2b

'BUQP;’ !
t
8 Bu,

C,-2b

Complexea,bare only slightly soluble in diethyl ether (20
°C) but can be recrystallized from this solvent. THF appears
to be the best solvent for all the complexes, but the solubilities
of dinuclear2a,b are nevertheless distinctly lower than those
of mononucleafla,b. Complexea(mp 161°C) and Ci-)2b
(mp 225°C) are thermally very stable. In the mass spectra the

(28) Rtsch, N.; Hoffmann, RInorg. Chem.1974 13, 2656.

(29) The method of partial reductive removal of COT from Ni(0) to form
a dinuclear complex with a bridging COT ligand has previously been used
for the synthesis of (PhyC4)Ni}2(u-CgHg). Frohlich, C.; Hoberg, H.J.
Organomet. Cheml981, 204, 131.
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Figure 4. Molecular structure of complekb. Selected bond distances
(A): Ni—P1 2.207(1), NP2 2.208(1), N-C1 2.023(2), Ni-C8
2.037(2), C+-C8 1.407(4), C+C2 1.444(4), C2C3 1.364(5), C3
C4 1.421(6), C4C5 1.328(6), C5C6 1.427(6), C6-C7 1.362(5), C+
C8 1.439(4). Selected angles (deg):--C—-C (mean) 135(1), PANi—
P2 92.5(2), P1,P2,Ni/C1,C8,Ni 10, (EC8)/C1,C8,Ni 98.

molecular ions are observedd m/e744, 3%;2b: 856, 1%).
These expel the [{dpe)Ni] or [(dbpe)Ni] moiety to give the
molecular ions ofla and1b, respectively. In the IR spectrum

of 2aandC;-2b no bands are observed between 1600 and 1500

cm 130 Ci-2b exhibits its highest frequency COT ring-
stretching mode as atrong band at 1476 cmt, while 2a
displays it only as aveakabsorptiod®312at 1465 cm! (forming

a small shoulder of a phosphine ligand band). Further prominen

bands of the.-COT ligands of2a (1332, 1100, 643 cnt) and
Ci-2b (1425, 1286, 705 crt) differ significantly, suggesting
different binding modes of the complexes.

Solution and Solid-State NMR Spectra of 2a. In the
solutionH and*3C NMR spectra (27C) of 2a, the COT ligand

J. Am. Chem. Soc., Vol. 119, No. 16, 19977
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Figure 5. 3C CP-MAS TOSS NMR spectrum @a (trace a). The
PCHMe; region of the'3C NMR spectrunmwithout side-band suppres-

tsion (trace c, lower line) is compared with the simulated spectrum (trace

c, upper line), calculated from 16 Lorentzian lines (trace b). Isotropic
part of J-resolved 20*'P CP-MAS NMR spectrum d?a (trace d). For
two AB spin systems (resulting from two independeippe ligands)
different coupling constantj(PP) are found.

PCHMe, groups 11 (of expected 16) resonances are resolved.

gives rise to single sharp resonances which display resolvedThe PCHVe, region of the spectrum has been simulated by the
couplings to the phosphorus nuclei (some line broadening with Bruker GLINFIT program and by using 16 Lorentz lines of

depletion of the couplings is observed-s80°C). As compared
with 1a,b, the COT ligand complexation shiffsare increased
still further [-Ady = 1.3 ppm,—Adc = 42 ppm], but the
coupling constantJ(CH) has reerted to that of free COTL54.5
Hz). The magnitude oftJ(CH) agrees well with that of
complexes in which the four €C bonds of anolefinic
(nonplanar) COT ligand are chelating tWe4 Ni(0) centers, as
is also the case fdi(RN=CHCH=NR)Ni} x(u-7%5*-COT) (R
= CgH3-2,6Pr,)33 (Table 1). Thus, all &C bonds in2a are
coordinated, and the structure is static (see Figure 6).
The!3C and®P CP-MAS NMR spectra (24C) of 2a (Figure
5) agree well with the solution NMR spectra with the qualifica-
tion that they indicate lower symmetnZ{; cf. X-ray, D,).%*
Thus, the COT ligand displays six clo$&C resonancesog

nearly equal intensity and line width, an excellent agreement
(7% TMS error) with the observed spectrum was achieved
(Figure 5b,c). The PCHresonances (four expected & ~
21) are apparently overlapped by the P@¢d signals. ThélP
nuclei of both dpe ligands give rise to two AB spin systems
(6p 67.0, 65.3 and 63.0, 62.0), which display the couplid(@@P)
= 36 £ 5 and 28+ 5 Hz, respectively, as determined by
J-resolved 2D°P NMR (Figure 5d).

Crystal Structure of 2a-Et,O. The molecular structure of
2a, which crystallizes as a 1:1 cocrystal with,8t is depicted
in Figure 6. The complex displays a central tub-shap#ns-
7*(1,2,5,6)4%(3,4,7,8)-COT ligand coordinated by tw®-4
[(d'ppe)Ni(0)] groups. This type of COT coordination is not
uncommon [e.g., (AgNE)(u-COT),% (CpCol(u-COT) b and

92.3, 91.3, 90.7, 89.2 (triple degenerate), 87.9, 87.0] centered{Cpanw_COT)nb,sq. Complex 2a exhibits noncrystallo-

at oc 89.6 (solution NMR: dc 90.3) (Figure 5a). For the
PCHMe, groups of the ghpe ligands, several signals overlap
(0c =~ 25) and have not been further interpreted but for the

(30) Weak absorptions at 1595 and 1556 ¢émay possibly be attributed
to Cz-Zb.

(31) (a) Fritz, H. P.; Keller, HZ. Naturforsch., B: Anorg. Chem., Org.
Chem.1961 16, 348. (b) Paulus, E.; Hoppe, W.; Huber, Raturwissen-
schaftenl967, 54, 67.

(32) Jolly, P. W.; Mynott, RAdv. Organomet. Cheml981, 19, 257.

(33) Bonrath, W.; Pschke, K.-R.; Michaelis, SAngew. Chem199Q
102 295;Angew. Chem., Int. Ed. Endl99Q 29, 298.

graphic D, symmetry with three approximate 2-fold axes,

(34) It is a frequently encountered phenomenon that in the solid state
CP-MAS NMR spectra of complexes of this kind the apparent symmetry
of the static parts of the complexes @, disregarding possible ligand
dynamics and disregarding a higher idealized symmetry of the complexes
as determined by solution NMR or X-ray structure analysis. The reduction
of symmetry toC; is thought to be caused by subtle differences in the
environment of the nuclei which are concealed by other methods but become
discernible by solid state NMR. See also: Wu, G.; Wasylishen, R. E.
Inorg. Chem.1996 35, 3113 and references cited therein.

(35) Mak, T. C. W.J. Organomet. Cherml983 246, 331.
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C37, Concomitant with an increasedC NMR shielding of the
C3s cs9 COT ligand in the dinuclear complex@sa,bas compared with
the mononuclear complexela,b, the 3P NMR signals are
shifted also to high-field. In fact, fob this is by 13.9 ppm
and for2aby 16.2 ppm (Table 1). Apparently, in the dinuclear
complexes2a,b the total charge transfer to the COT ligand is
larger, but the contribution of each [{RGH4PR;)Ni(0)]
fragment is smaller, and more electron density remains at the
phosphorus atoms as compared with the situation in mono-
nuclearla,b.3®

The exceedingly low (mean) coupling constal{CH) as well
as the intense color suggests the presence of a semiaromatic
planar COT ligand. Futher information on the coordination
mode of the COT ligand is obtained from the solid-st&@
and 3P CP-MAS NMR spectra. According to these, freshly
isolated2b comprises an approximate 70:30 mixture of two
isomers, designated here @s2b and Ci-2b. For isomerCy,-
2b (Figure 7a) two broad signals (presumably unresolved pairs)
of the 13C atoms of two uncoordinated=€C bonds §c 122.0,
119.8) and one (presumably 4-fold degenerate) signal of the
Figure 6. Molecular structure of complea-Et,O. Selected bond  3C atoms of two coordinated=€C bonds §c 55.8) are observed
distances (A): Ni1:-Ni2 3.878(1), Nit-P1 2.173(1), Ni+P2 2.173(1), (mean: o6c 88.4). The ¢bpe ligands give rise to three broad
Ni2—P3 2.172(1), Ni2-P4 2.170(1), Nit-Cl 2.124(3), Ni+-C2 PCMe; signals Pc 35.9, 35.2 (degenerate), 34.9], three broad
2.110(3), Nit-C5 2.117(3), Nit-C6 2.108(3), Ni2-C3 2.114(3), Ni2- PCMe; signals Pc 32.7, 31.5 (degenerate), 31.1] (four signals
C4 2.124(3), Ni2-C7 2.112(3), Ni2-C8 2.116(3), C+C2 1.383(5),  gach are expected for onpe ligand), and an unresolved signal
C2-C31.485(6), C3C4 1.386(5), C4C5 1.504(5), C5C61.395(5), 31 p, oy, and BCH, (O 24.6)3 The 3P spectrum (Figure

C6_C.7 1'49-7(5)’ €7 C8 1.390(5), -C%m 1.504(5). Selected angles 7b) displays two overlapping AB spin systemsjafr5.7, 73.7
(deg): PE-Ni1—P2 91.00(4), P3Ni2—P4 90.84(4), P1,P2,Ni1,Ni2/ P '
P3,P4,Ni2,Nil 79, EC—C (mean) 119.3(3). for which similar couplingsJ(PP)= 110 + 5 Hz have been

determined from thel-resolved 2D spectrum. Accordingly,
running along the Ni-Ni vector and through the midpoints of ~ 1S0MerCz-2biis proposed to consist of twbP-3 [(d'bpe)Ni(0)]

the bonds C+C8, C4-C5 and C2-C3, C7-C8. Owing to a moieties coordinated antifacially tajacentC=C bonds of the
distortion of the’ molecule from idéalizeﬂ)zld symmetry semiaromatic COT ring. The structure is static in the solid,

; i ; i.e., neither a rotation of the COT ring nor a rotation of the
presumably as a result of inherent asymmetry of thpalligand, € Neith atll _
the coordination geometry around the Ni atoms is not exactly [(q‘bpe)N](O)] moleties at?out. the=@x; bondl axis occurs. The
tetrahedral, and the mean plane through P1,P2,Ni1,Ni2 makes?inding situation inC-2b is similar to that in{ (dope)Nj o(u-
an angle of 79to that through P3,P4,Ni2,Nil. €C distances ~ Cee) [J(PP) = 105 &+ 5 Hz], whlgse structure has been
within the bridging COT ring reflect the individual characters determlned by X-ray crys_tall_ograp Z/._The relatively Iarge_
of the bonds. Thus, the=€C bond distances of the coordinated COUpI'T? J(PP) seems to indicate a high charge at the Ni(0)
double bonds C+C2, C3-C4, C5-C6, and C#C8 [mean,  Center:’ _ _
1.389(5) A] are significantly shorter than the adjoining-C Ci-2b is best studied after tempering the crude product at 40

single bonds [mean, 1.498(9) A] but longer than those of the °C, Wr_lereupon it is the iny ispmer present (eq 3). .For the
free ligand. COT ligand ofCi-2b a pair of signals for two uncoordinated

Solution and Solid-State NMR Spectra of 2b. In the (0c 122.9, 121.7) and wo coordinated=C bonds gc 55.5,

. . . 54.4) are observed (meanic 88.6) (Figure 7c). The'tpe
1 1
solution®H and™C NMR spectra 02b (27°C) the COT ligand 2 ¢ vive rise to two broad@Mes signals fc 36.5, 34.6),
gives rise to sharp singlets. At80 °C these resonances are

S an unresolved signal for (two types of chemically different)
broad. The NMR spectra indicate that the structur@lofis .
dynamic in solution, and an exchange of coordinated and PQVle; groups c 32.2), and a broad signal for Pekbc 23.8).

. L i .
uncoordinated COT €C bonds takes place by a mechanism Accord|_ng to the*C NQS spectrum, the C.OT ligand is
o : g . . nonfluxional. In the solid-staté'P spectrum (Figure 7d) one
similar to that depicted fota,bin Figure 1287 The COT ligand . ; .
mean complexation shifts (the time average for coordinated andbroad signal ge 77.0, presumably unresolved AB spin sys-
mp 9 . tems$is observed. Although the spectra are not fully resolved,
uncoordinated &C bonds) are of the same magnitude as for . - . .
- - they are consistent with a higher point symmetry than that of
23, but the mean coupling constatif{CH) is reduced to 147 . . X
. . C>-2b and are attributed to a complex in which twidP-3
Hz as compared with the value fda,b, and in contrast t@a h : o ; o
(Table 1). A comparison of the low-temperature spectregh [(d'bpe)Ni(0)] moieties are coordinated antifacially trans-
’ P pera pe annularC=C bonds of the semiaromatic COT ring, as has been
and 2b suggests that the structural dynamics of dinuc@ar . ;
found by X-ray structure analysis (see Figure 8).
are markedly slower than those of the mononuclear complexes.

Hence, it appears the exchange process in solution is slowest Crystal Structure of G-2b. The single crystal X-ray
for 2b ,(Iar %2t activation energ )pand fastest fx (lowest diffraction analysis ofCi-2b (Figure 8) shows a transannular
b {larg 9y coordination of the COT ring by twdP-3 [(d'bpe)Ni(0)] groups.

activation energy).

The molecule crystallizes about an exact center of symmetry

(36) Brenner, K. S.; Fischer, E. O.; Fritz, H. P.; Kreiter, C.Ghem. located at. the middle of the gCring; the molecular point
Ber. 1963 96, 2632. Bieri, J. H.; Egolf, T.; von Philipsborn, W.; Piantini, symmetry is thus C
U.; Prewo, R.; Ruppli, U.; Salzer, AOrganometallics1986 5, 2413. The G ring in C-2b is planar (rms deviation 0.01 A), as

(37) The G=C bond exchange i8b according to Figure 1a proceeds as .
a concerted motion of the nickel atoms at opposite faces of the COT ligand. observed foda,bbut in strong contrast t8a, where the central

An exchange mechanism according to Figure 1b is precluded as long as (38) The reverse effect is observed for the corresponding benzene
the Ni atoms are coordinated to transannulaGbonds. complexes17




Novel Ni(0-COT Complexes
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Figure 7. 3C TOSS CP-MAS (traces a, c) aftP CP-MAS NMR
spectra (traces b, d; only isotropic part) 2. Freshly prepare@b
consists of a mixture of two isomers, designatedCa®b and Ci-2b

(traces a, b). After tempering the sample several hours 4C40@nly
one isomer Ci-2b) is detected by solid-state NMR (traces c, d).
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Figure 8. Molecular structure o€i-2b. Selected interatomic distances
(A) and angles (deg): NiP1 2.190(1), Ni-P2 2.183(1), Ni-C1
2.023(4), Ni-C2 2.020(4), C+C2 1.411(6), C+C4* 1.447(6), C2-
C3 1.430(6), C3C4 1.355(6), G-C—C(mean) 135(1), PANi—P2
93.47(4), P1,P2,Ni/C1,C2,Ni 13, (€124, C1*-C4*)/C1,C2,Ni 106.

(1a,b) and dinuclear Za,b) complexes of Ni(0) containing
simultaneously phosphines and COT.

For mononucleata,b ann?-coordinated semiaromatic COT
ligand has been established by X-ray structure analysis, as
observed previously only for Gpan-CsH7)(172-CgHsg).1® The
complexes are very intensively colored (Ni: dark violet; Ta:
dark red). In the IR spectrum the COT ligands give rise to
three prominent &C stretching bands in the region of 1600
1470 cn1?, the central band at 1535 20 cnT?! being the most

COT ligand has a tub conformation. The bond distances within intense. The coordination of thg-COT ligand of the 16e Ni(0)

the G ring are significantly different from one another,
indicating substantial localization of the=€C bonds. The

complexes is dynamic even in the solid, and the low-temperature
solution and ambient temperature solid-state NMR data represent

shortest distance is between C3 and C4 [1.355(6) A], consistentmean values for the coordinated und uncoordinated=CH-

with an uncoordinated<€C bond. The C+C2 bond [1.411(6)

Al is markedly longer because of its coordination to the Ni atom,
while the interlinking bonds at G2C3 [1.430(6) A] and C4
C1* [1.447(6) A] are still longer.

The coordinated €C bonds are slightly twisted out of the
Ni coordination plane (P1,P2,Ni/C1,C2,Ni 931a, 13°; 1b,
10°), whereby C1, C2, Ni, and P1 are coplan&0(01 A), and
P2 lies 0.5 A out of this plane. The coordination of two Ni
moieties to the COT ring instead of onga(b) results in an
increased angle between the plane of theifg and a plane

defined by one Ni atom and the two C atoms of the coordinated

C=C double bond. I2b this angle is 106 whereas inlb
(same ¢bpe ligand) the equivalent angle is®98Concomitant
with this change the distance of the coordinatedbond in
2b (C1—C2 [1.411(6) A)) is slightly longer than fatb (C1—

C8 [1.407(4) A]), although the difference is hardly significant

moieties. Theaveraged'H and'3C NMR COT ligand com-
plexation shift&? are —Ady ~ 1.1-1.2 ppm and-Adc ~ 28
ppm, while theaveragedcoupling constantJ(CH) is reduced
(from that of uncoordinated COT by about 5.5 Hz)~#d49
Hz (Table 1). From a comparison with the NMR data of
uncoordinated COT and the solid-state NMR dat&2bf the
IH and3C NMR resonances of theoordinated G=C bond of
1a,bin thestatic structurecan be expected to be at rather high
field (o4 < 2.0, ¢ < 70), and the corresponding coupling
constant is expected to be extremely smd(GH) <« 147 Hz]3°

It appears that strong backbonding from the metal center to
the COT ligand is a prerequisite for achieving the semiaromatic
1n?-COT coordination. In the case of the Ta complex this
criterion is satisfied by the2dTa(lll) configuration, while at
the same time the 18e shell precludes a higher COT hapticity
than two. For nickel, various 18€-4 d'° Ni(0) complexes

(1o). We presume that the changes in the angle and the bondL>Ni(COT) containing a chelatinglefinic #%(1,2,5,6)-COT

distance reflect an increased p characte?) (sfthe coordinated
C atoms in going fronib to 2b.

Discussion

The present study provides a systematic characterization of

Ni(0) complexes with the COT ligand in the semiaromatic as
well as olefinic forms. The binding modes of the COT ligands
give important information about the properties of the mono-

ligand are known. Examples are (MRLNi{7%(1,2,5,6)-COF
(preliminary X-ray analysis¥? (Me,PGH,PMe)Ni{7%1,2,5,6)-
COT},% and (RN=CHCH=NR)Ni{7(1,2,5,6)-COF (R =
CsH3z-2,64Pr)3341 T-4 d'® Ni(0) is relatively weakly back-

(39) Cf.: (dppe)Ni(GHa4): on 1.82,0¢c 33.4,1)(CH) = 152 Hz1416

(40) Paschke, K.-R.; Goddard, R.; Kger, C. Unpublished.

(41) In theT-4 Ni(0) complexes ENi{7%(1,2,5,6)-COTF the uncoordi-
nated G=C bonds of the COT ligand give rise to a strong IR absorption
band near 1620 cm.
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bonding, and in the presence of the 1,4-diazabutadiene ligandmetal centers. This coordination mode is, however, only
the chelating COT coordination mode is maintained in spite of adopted if ar-4 coordination geometry can be taken on by the
the bulk of the ligand. The situation turns out to be different Ni(0) center!3 which is indeed the case for [fibe)Ni(0)] and
for phosphine ligands, which are stronger electron donors thanmost other [l2Ni(0)] fragments, but not for [(@pe)Ni(0)]. The
1,4-diazabutadienes. Here, increasing the bulk of the substit-olefinic u-7%1,2,5,6)y%(3,4,7,8)-COT coordination mode #a
uents R in the sequence Me 'Pr < ‘Bu destabilizes th@-4 can thus be considered to be the rule for dinuclegi(0)-
geometry in favor of theTP-3 geometry. In complexes COT complexes. The semiaromatic COT-coordination modes
(R:PGH4PR)NI(COT) for R = 'Pr a change of the COT  in the isomers ofb represent an exception, imposed by the
coordination mode from chelating 18-COT is thereby induced.  strict TP-3 configuration requirement of the'ighe)Ni(0) moiety.
The emergingl'P-3 d'° Ni(0) center exhibits a much improved Finally, we would like to mention a possible connection of
backbonding and causes th&COT ligand to adopt &emi- the results to the nickel-catalyzed cyclotetramerization reaction
aromaticrather than an olefinic character, as evidenced by the of ethyne to afford COT. For the mechanism of this reaction
planarity of the ring. Thus, ila,b the combination of steric  Reppe has envisaged an intermediate in whicltdsChain is
and electronic effects accounts for the semiaromg€OT coordinated by both ends to a central nickel aténfccording
coordination at a coordinatively unsaturated 16e Ni(0) center. to current perception of the mechanisms of homogeneously
When a second [fdpe)Ni(0)] fragment is coordinated to the ~ catalyzed reactions this intermediate is likely to undergeQC
semiaromatic COT ligand ifib to give dinuclea@b, the color ~ bond formation with ring-closure to produce a Ni-COT complex
of the (solid) complex lightens slightly to red brown violet. The S the subsequent intermediate on the reaction profile (eq 4).
initially obtained product consists of two isomers which Possibly, the mononuclear complexds,b and dinuclear
according to the presumed antifacially adjacent or transannular (Ci-)2b represent model complexes of such an intermediate.
coordination of the [(tpe)Ni(0)] fragments to the COT ring

are designate@,-2b andCi-2b; the structure of the latter isomer H E_E' E=2

has been determined by X-ray analysis. In the IR spectrum of _/c/’ \\?H ] HT/ \TH
Ci-2b one strong band at 1476 cin(instead of the three€€C N ow o NL L, @
bands ofla,b) is observed. The structure @b is dynamic in H \\ﬁ_ﬁ// \H—H/

solution due to an exchange of coordinated and uncoordinated
C=C bonds, but it is static in the solid-state. While the ) )
(averaged) solutiodH and3C resonances of the COT ligand EXperimental Section

are shifted further to high field{Ady = 1.4 ppm,—Adc = All reactions and manipulations were performed using Schlenk-type
42 ppm) as compared witth, the (averaged) coupling constant techniques under an inert atmosphere of argon. Solvents were dried
LJ(CH) is still further reduced (147 Hz). Thus, there is a steady by destillation from NaAl(GHs)a. (dppe)Ni(GH.), (dppe)Ni?2n>

shift of the 13C COT resonance to higher field and a steady CeHzo),"® (d'bpe)Ni(GHa),*® and{ (d'bpe)Ni 2(u-CeHe)***were prepared
declinein 1J(CH) in going from COT tola,bto 2b to Lio/K- as reported. COT was a gif_t from BASF AG. __I\/Iic_roanalyses were
COT (Table 1). We conclude from these properties that the performed by the Mikroanalytisches Labor Kolbe; Ieim, Germany.

L : ‘ot . . I1H NMR spectra § relative to internal TMS) were measured at 200,
character of the COT ring i#b (Figure 8) is stillsemiaromatic, 300, and 400 MHzC NMR specira d relative to internal TMS) at

with a possible tendency toward the aromatic. The binding 50.3, 75.5, and 100.6 MHz, afP NMR spectrad relative to external
mode of theu-n*,?-COT ligand and its semiaromatic character gso, aqueous §#PQy) at 81, 121.5, and 162 MHz on Bruker AM-200,
is driven by theTP-3 geometry of the [(type)Ni(0)] fragments.  \wM-300, and AMX-400 instruments. Solvent for solution NMR was
The central COT ligand in dinucleda is tub-shaped, as THF-ds. El mass spectra were recorded at 70 eV on a Finnigan MAT
revealed by crystal structure analysis, and two pairs of trans- 95 and IR spectra on a Nicolet 7199 FT-IR instrument. Solid-state
annular G=C bonds chelate the antifacially coordinat®et "*C and*'P CP-MAS NMR spectra were recorded on a Bruker MSL-
[(d'ppe)Ni(0)] fragments. Thus, the character of the COT ligand 300 Spectrometer; experimental conditions were as desctibed.
in 2ais decidedlyolefinic, which is also indicated by the light . " reParation of (PrPCaHaPPraNi(y™CeHs) (1a). COT (2 mL)

is added to solid (ppe)Ni(GH4) (349 mg, 1.00 mmol) or (dpe)Ni-
orange color of the complex and presence of only a weak IR (72.7%-CeHiq) (403 mg, 1.00 mmol) at 26C. Upon stirring the complex

C=C stretch absorption band below 1470¢rall C=C bonds dissolves to afford a dark red solution which changes color to brown
are coordinated). In the NMR spectra tH¢ and 3C com- when diethyl ether (10 mL) is added. Upon cooling-t@8 °C fine
plexation shifts of the COT ligand are as large asZby but violet needles precipitate; yield 340 mg (80%); mp P& MS (105
the coupling constarit)(CH) coincides with that of uncoordi-  °C) m/e424 (M*, 38), 320 [(dbpe)Ni]*, 100). IR (KBr) 2999 +C—
nated COT, consistent with B4 Ni(0) alkene complef? H), 1591, 1533 (€=C uncoordinated), 1485 (C coordinated), 667,

. . - : 652 cntl. H NMR (400 MHz, 27°C) (for CgHs see Table 1) 2.25
The difference in the binding of the COT ligand #a as (m, 4H, PCHMe), 1.61 (“d", 4H, PCH), 1.16, 1.12 (each 12H,

compared withla,b and in particular Gi-)2b begs the ques-  jiastereotopic Ch). 33C NMR (100.6 MHz, 27°C) (for CaHs see Table
tion: Why does the semiaromatic COT ligandLiarevert upon 1) 6 27.4 (4C, PCHMg), 21.7 (2C, PCH), 19.9 (t, J(PC) = 3 Hz),
coordination of the second [fgbe)Ni(0)] fragment to an olefinic 19.1 (“s”, each 4C, diastereotopic Me}:P NMR (81 MHz, 27°C)
binding mode in dinucleaRa? To answer this question it iS  see Table 1.13C CP-MAS NMR (75.5 MHz, 2£C): ¢ 101.3, 100.9
necessary to bear in mind that for dinucleaNI(0)-COT (each 8C, COT), 28.8, 28.0, 27.1, 26.8, 26.4, 25.6, 25.1, 24.4 (each

complexes (&, e.g., 2PR, RoPGH4PR, RN=CHCH=NR) the (43) Back-donation is weaker T Ni(0) than inTP-3 Ni(0) complexed®
tub-shapeg-n (112:516)17 (3,4,7,8)-COT COOI’dIn.atI.OFI mode is _ For (dppe)Ni(0) complexes already a moderately strong electron accepting
generally the energetically most favorable. This is because itsligand (e.g., ethene) will favor theP-3 geometry. Thel-4 geometry is

tub conformation is almost undistorted as compared with adopted only when the substrate is weakly or moderately electron accepting

. _ - and when it is structurally supported by a chelating binding mode of the
uncoordinated COT, andll C=C bonds are coordinated t0 ¢ sstrate (e.g., 1,5-hexadiene, 1,5-cyclooctadiene). (&cRie, K.-R.;

Mynott, R.Z. Naturforsch., B: Anorg. Chem., Org. Cheh984 39, 1565.

(42) Compare thé3C NMR parameters (THEg) of -CH=CH- of the (44) Reppe, W.; Schlichting, O.; Klager, K.; Toepel,Justus Liebigs
following compounds (cod= cyclooctadiene). Coddc 129.4,1)(CH) = Ann. Chem1948 560, 1.
152.5 Hz; Ni(cod): oc 90.4,1J(CH) = 160 Hz; (RN=CHCH=NR)Ni- (45) Sheldrick G. M.SHELXS-86Acta Crystallogr. A199Q 46, 467.
(cod) (R= CgH3-2,6-iPp):33 dc 89.3,1J(CH) = 155 Hz; (dppe)Ni(cod): (46) Sheldrick G. M.SHELXL-93, Program for Crystal Structure

oc 79.5,1)(CH) = 153 Hz. RefinementUniversita Gottingen, 1993.



Novel Ni(0-COT Complexes

1C, RCMey), 23.3 (1C), 22.6 (1C), 22.2 (2C), 21.8 (2C), 21.1 (1C),
20.7 (1C), 20.0 (1C), 19.7 (1C), 19.0 (1C), 18.4 (2C), 17.9 (1C), 17.6
(1C) (PQViey); PCH; (4C) is obscured. The signals correspond to two
independent molecules’’P CP-MAS NMR (121.5 MHz, 24C) see
text. Anal. Calcd for GHaoNiP, (425.2): C, 62.15; H, 9.48; Ni, 13.80;
P, 14.57. Found: C, 61.30; H, 9.31; Ni, 14.23; P, 15.11.
Preparation of (‘Bu,PC,H4P'Bu2)Ni(?-CgHs) (1b). The synthesis
is carried out as fota by reacting (tbpe)Ni(GH4) (405 mg, 1.00 mmol)
with COT (2 mL, excess). The reaction is distinctly slower (30 min.).
After addition of diethyl ether (40 mL) and cooling the solution to
—78°C large bluish purple needles crystallize which are separated from
the mother liquor, washed twice with cold pentane, and dried under
vacuum (20°C); yield 375 mg (78%); mp 218C. MS (130°C) m/e
480 (M", 14), 376 ([(dbpe)Ni]", 100). IR (KBr) 2996 £C—H), 1602,
1553 (G=C uncoord.), 1490 (€C coord.), 670, 651 cnt. *H NMR
(400 MHz, 27°C) (for CgHg see Table 1) 1.80 (m, 4H, PCH), 1.32
(m, 36H, CH); at —100°C (300 MHz) all signals are broadened and
have lost the fine resolutiont3C NMR (100.6 MHz, 27C) (for CgHg
see Table 1) 36.2 (4C, ECHjy), 31.0 (12C, CH), 24.1 (2C, PCh);
at —100 °C (75.5 MHz) the signal of the ¢Els ligand @ 104.9) is
broad. 3P NMR (81 MHz, 27°C) see Table 1.13C CP-MAS NMR
(75.5 MHz, 24°C) and®!P CP-MAS NMR (121.5 MHz, 24C) see
text. Anal. Calcd for GeHagNiP, (481.3): C, 64.88; H, 10.05; Ni,
12.19; P, 12.87. Found: C, 64.79; H, 10.10; Ni, 12.11; P, 12.96.
Preparation of {(Pr.PCoH4PPry)Ni}{u-n%(1,2,5,6)9%3,4,7,8)-
CsHg} (2a). A dark brown suspension dfa (850 mg, 2.00 mmol) in
diethyl ether (20 mL) is combined with a yellow ethereal solution (20
mL) of (PLPGH4PPL)NIi(7?n5?-CsHig) (806 mg, 2.00 mmol). The
mixture is heated to 40C for 20 min and stirred at 2¢C for 1 day.
Thereby the color changes to dark red. Upon cooling30 °C orange
cubes of2a-Et,O form, which are separated from the mother liquor,
washed twice with pentane, and dried under vacuus3&°C. Drying
at ambient temperature results in loss of the ether molecule to afford
2aas a yellow orange-powder; yield 900 mg (60%); mp 161 MS
(150°C) m/e 744 (M™, 3), 424 @a*, 15), 320 ([(dppe)Nil", 47). IR
3003, 1465, 1332, 1100, 781/71, 643, 592 ¢m'H NMR (400 MHz,
27 °C) (for CgHg see Table 1) 2.08 (m, 8H, PCHMg, 1.39 (“d”,
8H, PCH), 1.09, 1.06 (each 24H, diastereotopic4£LH3C NMR (100.6
MHz, 27 °C) (for CgHg see Table 1) 26.1 (“t", 8C, PCHMg), 21.6
(“t", 4C, PCH,), 19.7 (“t", J(PC) = 3 Hz), 18.6 (“s”, each 8C,
diastereotopic Me).3P NMR (162 MHz, 27°C) see Table 1.13C
CP-MAS NMR (75.5 MHz, 24°C) and3P CP-MAS NMR (121.5
MHz, 24°C) see text. Anal. Calcd fordgH7NioP, (746.2): C, 57.94;
H, 9.72; Ni, 15.73; P, 16.60. Found: C, 57.76; H, 9.75; Ni, 15.85; P,
16.56.
Preparation of { (‘Bu,PC;H4PBu,)Ni} 2(u-5%n>CgHsg) (2b). Method
(a). A solution of 1b (481 mg, 1.00 mmol) in diethyl ether (60 mL)
is added to solid (d'bpe)N#} 2(u-CsHs) (416 mg, 0.50 mmol). The
mixture is stirred at 20°C (2 h) whereupon red brown violet
microcrystals precipitate from a dark red solution. After completing
the crystallization at-78 °C the complex is separated by filtration,
washed with pentane, and dried under vacuum; yield 645 mg (75%).
Method (b). A suspension oflb (481 mg, 1.00 mmol) and lithium
(15 mg, excess) in diethyl ether (30 mL) is stirred at’@0until all 1b
is dissolved (30 min). After separation of the excess of lithium by
filtration the solution is cooled te-78 °C to afford the microcrystalline
precipitate which is isolated as described (a); yield 190 mg (44%); mp
225°C. MS (200°C) m/e856 (Mt, 1), 480 (Lbt, 2), 376 ([(dbpe)Ni]",
25), 261 (Bu,PGH4PBu]*, 100). IR 2983 £C—H), 1476 (G=C
coord), 1425, 1286, 705, 660, 643 ¢ *H NMR (400 MHz, 27°C)
(for CgHg see Table 1) 1.62 (m, 8H, PCH), 1.27 (m, 72H, CH). 13C
NMR (100.6 MHz, 27°C) (for GgHg see Table 1) 35.4 (8C, ECH),
31.1 (24C, CH)), 23.9 (4C, PCH). 3P NMR (162 MHz, 27°C) see
Table 1. 3C CP-MAS NMR (75.5 MHz, 24°C) and3!P CP-MAS
NMR (121.5 MHz, 24°C) see text. Anal. Calcd for £HggNizPs
(858.5): C, 61.56; H, 10.33; Ni, 13.67; P, 14.43. Found: C, 61.50;
H, 10.51; Ni, 13.55; P, 14.49.
Crystal Structure Determination of la. A crystal (black plate)
of dimensions 0.0 0.08 x 0.36 mm was used for X-ray crystal-
lography. Preliminary examination and data collection were performed
at 20°C with Cu Ka radiation ¢ = 1.54178 A) on an Enraf-Nonius
CAD4 diffractometer equipped with a graphite-incident beam mono-
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chromator. Crystal data: ;@H40NiP,, M, = 425.2 g mot?, monoclinic,
space groupP2y/c, a = 14.291(1)b = 15.634(1),c = 20.880(1) A8

= 94.24(1), V = 4652.4(3) R, Z = 8, Dcaica = 1.21 g cn73, F(000)

= 1840,u(Cu Ka) = 25.0 cnt?, y-scan absorption correctiofyf:
0.883,tmax 1.000). A total of 9479 reflections, 7511 unique with
2.00(l), were obtained by using—26 scan technique with a scan rate
of 1-5° min~! (in w). The structure was solved by SHELXS*86
and refined by SHELXL-9% (refinement ofF?) to a finalR; = 0.046,
WR = 0.134 (observed reflections).

Crystal Structure Determination of 1b. A crystal (black plate)
of dimensions 0.18< 0.39 x 0.46 mm was used for X-ray crystal-
lography. Preliminary examination and data collection were performed
at 20°C with Cu Ko radiation ¢ = 1.54178 A) on an Enraf-Nonius
CAD4 diffractometer as fota. Crystal data: @HagNiP,, M, = 481.3
g mol3, triclinic, space groufl, a = 9.128(1),b = 11.016(1),c =
15.482(1) Ao = 71.38(1) 8 = 77.02(1),y = 66.18(17, V = 1341.3(1)
A3, Z = 2, Deaiea = 1.19 g cmi3, F(000) = 524, u(Cu Ka) = 22.2
cm%, analytical absorption correctionimf: 0.683,tmax 0.887). A
total of 5706 reflections, 5504 unique, 5133 observed With2.00(1),
were obtained by using—26 scan technique with a scan rate of3°
min~ (in ). The structure was solved by SHELXS4B&nd refined
by SHELXL-93¢ (refinement of?) to a finalR, = 0.048, wR= 0.126
(observed reflections).

Crystal Structure Determination of 2a-Et;O. A crystal (orange
prism) of dimensions 0.3% 0.49 x 0.24 mm was used for X-ray
crystallography. Preliminary examination and data collection were
performed at-100 °C with Mo Ko radiation ¢ = 0.71073 A) on a
Siemens SMART CCD diffractometer equipped with a graphite-incident
beam monochromator (10 s/frame,step 0.3; Onax 34.3). Crystal
data: GoHs2Ni2OPs;, M; = 820.4 g mot?, monoclinic, space group
P2)/n, a = 16.3504(4),b = 11.1760(2),c = 25.4026(6) A,p =
104.890(19, V = 4486.0(2) R, Z = 4, Deaca = 1.22 g cn13, F(000)
= 1784, u(Mo Ka) = 10.1 cnt?, analytical absorption correction
(tmin: 0.663,tmax 0.797). 51 902 measured, 16 826 unique reflections
(Ray 0.12), 10 905 observed B 20(1)]. The structure was solved by
heavy-atom methods using SHELXSB@nd refined by SHELXL-
93 (refinement orF?) to a finalR; = 0.070,wR = 0.202 (observed
reflections).

Crystal Structure Determination of Ci-2b. A crystal (red plate)
of dimensions 0.14x 0.28 x 0.35 mm was used for X-ray crystal-
lography. Preliminary examination and data collection were performed
at 20°C with Mo Ka radiation ¢ = 0.71069 A) on an Enraf-Nonius
CAD4 diffractometer equipped with a graphite-incident beam mono-
chromator. Crystal data: &Hss Ni2Ps, M; = 858.4 g mot?, triclinic,
space groufPl, a = 8.164(1),b = 11.106(1),c = 14.377(1) Ao =
102.37(1),8 = 96.92(1),y = 107.27(1}, V= 1191.8(2) B, z =1,
Deaicd = 1.20 g cn3, F(000) = 468, 4 = 9.52 cnt?, no absorption
correction. A total of 4736 measured reflections, 4460 uniqug (R
0.02), 3194 observed with> 2.00(l), were obtained using an—26
scan technique with a scan rate of® min~* (in w). The structure
was solved by SHELXS-86 and refined using SHELXL-98 (re-
finement of F?) to a final R, 0.046, wR = 0.128 (observed
reflections).
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