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Recently, we have demonstrated that monomeric Zn(Il) phe- NCS,),Zn(PMe).1° In this communication, the structures of two
noxides which possess sterically encumbering substituents in thenovel zinc phenoxidephosphine complexes will be presented
2- and 6-positions of the phenolate ligands along with two ether along with their solution behavior.
donors, typified by (2,6-diert-butylphenoxideyzn'(THF),, are The monomeric zinc complexes (2,64@H-butylphenoxide)-
the most active catalysts known for the copolymerization of ZnL, where L= PMePh (1) and PCy (2), have been synthesized
cyclohexene oxide and carbon dioxide (ed 1$olution'H NMR by the addition of 2 equiv of 2,6-dert-butylphenol to Zn-

[N(SiMe3),], in a toluene solution under an argon atmosphere

0 followed by the addition of the appropriate phosphine ligand.
0. "2 Subsequently, the reaction mixture was stirrediftn atambient
+ €O —> U \fo( n M temperature, during which time the solution remained clear and
colorless. X-ray quality crystals dfwere obtained through slow

diffusion of hexane into a concentrated toluene solution of the

studies have revealed that the ether ligands are quite labile atcomplex over several daysaR0°C. On the other hand, crystals
ambient temperatur® being completely dissociated for some 0f 2 emerged directly from a concentrated toluene solution of
phenoxide derivatives. In a closely related investigation we have the reaction mixture maintained at20 °C overnight. Both
determined the thermodynamic binding parameters for the interac-Complexes were characterized by elemental analysis;'&nahd
tions of various oxygen and sulfur bases with cadmium pyra- ‘H NMR spectroscopies. Care must be taken to handle the
zolylborate derivatives which have been shown to be excellent Samples in the absence of moist air to avoid hydrolysis of the
models for the initiation step in the copolymerization of epoxides Phenoxide ligands and/or oxidation of the phosphitfes.
with CO,45 These studies have demonstrated that THF binds T he solid-state structures of complexesnd2 were determined
more strongly to the cadmium center than do the epoxides, PY X-ray crystallographic analyss.' A 50% thermal ellipsoid
propylene oxide and cyclohexene oxide. Qualitative observations drawing of complexl is provided in Figure 1, where the zinc
on the binding of these oxygen bases to the zinc (2;6-R center_dlsplays near trigonal planar geometry. Th_at is, the zinc
phenoxide) derivatives exhibit similar trend In an effort to atom lies only 0.009(2) A out of the plane defined by the
further probe the binding of various bases to the zinc metal center Phosphorus and two oxygen donor groups, and the phenoxide
in these metal phenoxide species, we have taken advantage ofigands are fairly symmetrically displaced about the-£hvector
the rich steric and electronic diversity of phosphine ligands to With the O(2)-Zn—P bond angle being only°7less than the
synthesize a group of novel zinc bis-phenoxide phosphine O(1)~Zn—P angle. The average Zi© bond distance of 1.854-
complexes. [4}] A found in 1 is slightly shorter tha_n that observ_ed in the

Phosphine derivatives of the group 12 metals (and of zinc in distorted tetrahedral complexes (2,4,6téiit butylphenoxideyn-

. (THF), (1.887[7] A and (2,6-ditert-butylphenoxideyZn(THF),
partlgular) are rare. Much O.f the_ work h_as cent_ereé_lé’rNMR (1.876[5] A)315 On the contrary, the O(HZn—0(2) bond angle
solutlo_n studies of phosphine interactions with zinc halides. of 111.7(2} is considerably more acute than the corresponding
McAuhffe_and _co-workers have reporteql th? structure of [Z_n- S—Zn—S angle of 138.2(2)determined in its thiolate analogue,
(PEB)I;], in which the geometry about zinc is tetrahedral with Zn(S-2,4,6tBusCeHo)o(PhPMe)® The Zn—P bond distance in
iodide in both terminal and bridging positiohsExamples of v
crystallographically characterized zinc chalcogenates are limited (10) zeng, D.; Hampden-Smith, M. J.; Alam, T. M.; Rheingold, A. L.

to the structures of Zn(S-2,4t8BusCsH,)(PhhPMe) and (Ef- Polyhedron1994 13, 2715.
(11) Anal. Found (calcd) fol: C, 72.85 (70.10); H, 8.14 (8.15)H NMR
(CeDg, 298 K): 6 6.8-7.2 (m, 13 H, P(GHs), OCeH3), 1.62 (s, 18 H,

(1) Darensbourg, D. J.; Holtcamp, M. Wlacromolecule4995 28, 7577. C(CH3)3), 1.25 (d,2Jp s = 6.8 Hz, 3 H, PEl3). 3'P NMR (GsDs, 298 K):

(2) Geerts, R. L.; Huffman, J. C.; Caulton, K. Gworg. Chem.1986 25, 0 —19.9 (s,PPhMe). 13C NMR (CsDg, 298 K): ¢ 35.9 (FCH3), 129.4~
1803. 132.9 (d, ”Hs), 31.9, 34.2, 165.6 (2,6-0H3)3C].CeH3)., Anal. Found

(3) Darensbourg, D. J.; Holtcamp, M. W.; Struck, G. E.; Zimmer, M. S; (calcd) for2: C, 73.10 (71.60); H, 9.90 (9.88% NMR (CgDs, 298 K):
Niezgoda, S. A.; Rainey, P.; Robertson, J. B.; Draper, J. D.; Reibenspies, 00.8-2 (m, 33 H, PGH11), 1.77 (s, 18 H, C(B3)3), 6.81 (t, 2H,p-CeHs),
J. H. To be submitted for publication. 7.35 (d, 4H,m-CeH3). 3P NMR (GsDe, 298 K): 6 7.97 (s,PCys). 1°C

(4) Darensbourg, D. J.; Holtcamp, M. W.; Khandelwal, B.; Klausmeyer, K. NMR (CeDs, 298 K): 0 27.6-32.0 (RCeH.y), 32.5, 165.2 (2,6-
K.; Reibenspies, J. HI. Am. Chem. S0d.995 117, 538. [(CH3)3C]2CeH3).

(5) Darensbourg, D. J.; Niezgoda, S. A.; Holtcamp, M. W.; Draper, J. D.; (12) Goel? has suggested that zinc complexes actually catalyze aerobic
Reibenspies, J. Hnorg. Chem.1997, 36, 2426. oxidation of phosphines.

(6) Nevertheless, the binding of these various oxygen donor bases is (13) Crystal data fol: CssH710.PZn,M,, = 860.46, monoclinicP2,/c, a =
dependent upon the nature of the substituents on the phenoxide ligands. 10.76(2) Ab=37.078(7) Ac = 12.866(3) Ao = 90°, B = 106.57(33,

(7) (a) Goel, R. G.; Henry, W. P.; Jha, N. Kiorg. Chem1982 21, 2551 y =90°, T=293(2) K,Z= 4,V =4921(2) &, 7789 reflections with
(b) Goel, R. G.; Ogini, W. Olnorg. Chem.1977, 16, 1968. I > 20(]) used,R = 0.0739,R, = 0.1856. B

(8) Bricklebank, N.; Godfrey, S. M.; McAuliffe, C. A.; Mackie, A. G.; (14) Crystal data for2: CgoHo10,PZn, My, = 940.67, triclinic,P1, a =
Pritchard, R. GJ. Chem. Soc., Chem. Commu9892 944. 10.984(2) Ab = 14.297(2) A,c = 18.800(2) A, = 71.978(93, =

(9) Bochmann, M.; Bwembya, G. C.; Grinter, R.; Powell, A. K.; Webb, K. 78.081(11), y = 85.012(11), T=293(2) K,Z =2,V = 2746.2(6) A,
J.; Hursthouse, M. B.; Abdul Malik, K. M.; Mazid, M. Anorg. Chem. 10 088 reflections with > 20(1), R = 0.0886,R, = 0.2087.
1994 33, 2290. (15) Niezgoda, S. A. Ph.D. Dissertation, Texas A&M University, 1997.
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Figure 1. 50% thermal ellipsoid drawing of complek with partial
atomic numbering scheme. Selected bond lengths and anglesO@
= 1.844(4) A, Zn-O(2) = 1.864(4) A, O(1)-Zn—P = 127.80(13),
O(2)—-Zn—P = 120.49(13).

Figure 2. 50% thermal ellipsoid drawing of compleXx with partial
atomic numbering scheme. Selected bond lengths and anglesO@n
= 1.869(4) A, Zn-O(2) = 1.875(4) A, O(1)-Zn—P = 129.50(14,
O(2)—-Zn—P = 126.89(14.

1 of 2.375(2) A is shorter than that observed (2.413(4) A) in the
analogous thiolate derivative.

Complex2 (Figure 2), which contains the sterically encumber-
ing PCy; ligand (cone angle= 170°),*¢ retains the trigonal planar
geometry about the zinc center as exhibited in complex
However, in this instance the deviation of zinc from the plane

Inorganic Chemistry, Vol. 37, No. 12, 1998853

basicities of tricyclohexylphosphine versus methyldiphenylphos-
phine!” Presumably, all of the above comparative structural
parameters in complexdsand2 can be readily explained by the
sizable difference in the steric requirements of the two phosphine
ligands (cone angle of PRYle = 136°).

Because the ether ligands in the Zn(O-2 &8/s).(ether)
derivatives have been shown Byt NMR to be quite labile and
to varying extents dissociated from the zinc center in non-
interacting solvent33it was of interest to examine the phosphine
derivatives prepared herein for ligand binding and reactivity in
solution. 3P NMR measurements carried out on complekes
and?2 in deuterated toluene solution over the temperature range
25 to —90 °C indicated the phosphine ligands to be bound to
zinc at ambient temperature. That is, #f@ resonances observed
to be shifted downfield and upfield, respectively, from that of
the free phosphines for compldx(—19.9 ppm) and compleR
(7.9 ppm) were found to be essentially temperature indepefftient.
Furthermore, upon addition of 1 equiv of the corresponding free
phosphine to toluene solutions dfor 2 at ambient temperature,
the 3P signals assigned to complexésand 2 were unshifted
and unbroadened. Consistent with this observation, the free
phosphine’s$'P resonance was unperturbed. Hence, there is no
further binding of these phosphines to the trigonal planar zinc
center, nor is there any rapid exchange of free and bound
phosphined? However, upon addition of 1 equiv of the small
(cone angle= 118), less basic phosphine ligand PMe complex
2, facile ligand substitution of PGyoccurs with concomitant
formation of the zinc-bound PMepecies{50.9 ppm%° Hence,
as may be anticipated, steric influences play a determining role
in phosphine ligand binding to these sterically hindered zinc
centers. Indeed with the addition of another 1 equiv of Pide
the solution above, a bis-phosphine complex appears to form at
low temperatures.

In conclusion, we have reported on the synthesis and charac-
terization of monomeric, bis-phenoxide complexes of zinc
containing phosphine ligands. It was further shown that the rates
of bound versus free phosphine exchange in these derivatives is
slow compared to the chemical shift difference between the two
31p resonances which range from 200 to 700 Hz. On the other
hand, on the time scale of minutes, the phosphine exchange
process occcurs readily, with the less sterically demanding
phosphine ligands being favored thermodynamically, e.g.,?Me
preferentially binds over PQy Future studies designed to
quantitatively define the binding of a variety of oxygen, sulfur,
and phosphorus donors to bis-phenoxide derivatives of both zinc
and cadmium are underway.
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defined by the donor atoms of the phosphine and phenoxide |~gg01857

ligands is greater, at 0.070(2) A. The average-Znbond length

of 1.872[4] A and the O(HZn—0(2) bond angle of 103.2 (2)

in 2 are slightly longer and more acute, respectively, than the
corresponding parameters hh The Zn-P bond distance at
2.433(2) A islongerin 2 than the analogous distancelin This
observation is counterintuitive when one considers the relative

(16) Tolman, C.Chem. Re. 1977, 77, 313.

(17) Drago, R. SOrganometallics1995 14, 3408.

(18) The®'P resonances for the free ligands appear2f.7 and 10.0 ppm
in deuterated toluene for Pite and PCy, respectively.

(19) On the basis of the chemical shift differences in Hz between the bound
and free phosphine ligands, the exchange rates for the two phosphorus
sites must be considerably slower than 700 and 200as298 K for
complexesl and2, respectively.

(20) The®'P resonance for free PN deuterated toluene was observed at
—62.3 ppm.



