Amido Phosphine Complexes of Zinc
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The first examples of amido phosphine complexes of zinc have
been prepared. Addition of N-(2-diphenylphosphinophenyl)-2,6-
diisopropylaniline (H[NP]) to ZnMe, or ZnEt, in diethyl ether at
—35 °C generated the monomeric, three-coordinate [NP]ZnR (R
= Me, Et), while the metathesis reaction of ZnCl, with [NP]LI-
(THF), in diethyl ether at —35 °C produced homoleptic [NP],Zn.

demanding exampleN-(2-diphenylphosphinophenyl)-2,6-
diisopropylanilide ([NPY), and demonstrate its coordination
chemistry with zinc, which led to the isolation of rarely
encountered monomeric, three-coordinate zinc compléxés.
Low coordinate zinc complexes supported by sterically
demanding ligands have recently shown remarkably catalytic
activity for polymerization of lactide and copolymerization
of epoxides and carbon dioxid&:?° To the best of our

Amido phosphine ligands are versatile hybrid ligands that knowledge, these compounds are the first examples of amido

allow for the preparation of a wide range of transition metal,

main-group metal, and f-element complees.Recent

progress in this area has resulted in unusual chemical

transformations, particularly in dinitrogen chemistiyWwe

phosphine complexes of zinc, despite a number of amido
phosphine ligands available to date.

As summarized in Scheme 1, the synthesis of the ligand
precursor is straightforward. The synthetic strategy takes

were attracted to the development of new amido phosphineadvantage of the fact that aryl fluoride compounds are

ligands with the potentially robust and rigmphenylene

virtually inactive to the well-developed palladium-catalyzed

backboné. The bidentate ligands of this type are 2-(diphen- aryl amination reactiort$**but reactive to the nucleophilic
ylphosphino)aniline derivatives. We note that although Phosphanylatiod? These reactions proceed cleanly from

2-(diphenylphosphino)aniline and its N-alkyl derivatives

commercially available starting materials to generate the

(usually small or primary alkyls) have been popular ligands desired H[NP] in high overall yield on a scale of 15 g.

in the past three decad&s,the N-arylated compounds are

notably absent. These compounds can be regarded a$l0) Al-Juaid, S.S.;Buttrus, N. H.; Eaborn, C.; Hitchcock, P. B.; Roberts,

derivatives of phosphine-functionalized biaryl amide, whose

A.T.L.; Smith, J. D.; Sullivan, A. CJ. Chem. Soc., Chem. Commun.
1986 908-909.

electronic and steric properties are anticipated to be finely (11) Gruff, E. S.; Koch, S. AJ. Am. Chem. S0d.989 111, 8762-8763.

controllable by exchanging substituents at both donor atoms.(12)
In this contribution, we present a potentially general strategy
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for the Synthesis of these new |igands by g|v|ng a Sterica”y (13) Looney, A.; Han, R. Y.; Gorrell, I. B.; Cornebise, M.; Yoon, K.; Parkin,
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Scheme 1
ArNH,
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PPh, P Ar = 2,6-CgHgPry
Phe R = Me, Et
i tauane
THF heat Figure 1. Molecular structure of [NP]ZnEt. Selected bond distances (A)
Ar At Ph and angles (deg): N(3)Zn(1) 1.911(4), P(2yZn(1) 2.4450(14), Zn(L)
N Z0Ch. ELO ,Q lp C(31) 1.956(5), N(1yZn(1)—C(31) 140.55(19), N(1)Zn(1)—P(2) 85.04-
@ /L‘:I:E _ ZCh B0 q ;zﬁ;N (12), C(31)-Zn(1)—P(2) 134.22(16).
P pT Py . . .
Phe Pty AT ZnEt suitable for an X-ray diffraction study were grown from

a concentrated diethyl ether solution-a35 °C. As depicted

Compound H[NP] and its fluorine precursor were both in Figure 1, [NP]ZnEt exists as a monomeric, three-
characterized by multinuclear NMR spectroscopy and el- coordinate species with the zinc atom surrounded by one
emental analysis. The solid-state structure of H[NP] was ethyl group and the nitrogen and phosphorus donors of the
determined by X-ray crystallography (see Supporting Infor- amido phosphine ligand. The Zn@N(1), Zn(1)-P(2), and
mation). Zn(1)—C(31) distances are all unexceptional. The zinc atom

Addition of ZnR, (R = Me, Et) to an ethereal (diethyl s slightly displaced from the N-phenylene-P plane by 0.1392
ether or THF) solution of H[NP] at-35 °C led to the A The binding angle of the amido phosphine ligand is 85.04-
elimination of corresponding alkanes and the formation of (12)°. The sum of the bond angles about Zn(1) equals
[NP]ZnR as colorless crystals (Scheme 2). The formation 359.8F, indicating a trigonal planar geometry at zinc. The
of monomeric, coordinatively unsaturated [NP]ZnR is re- N—zZn—C, angle is ca. 6.33larger than P-Zn—C,, likely
markable, particularly fosmall alkyl derivatives, as these  as a reflection of significant steric repulsion imposed by the
reactions were conducted in strong coordinating solvents. 2 6-diisopropylphenyl group at the nitrogen donor, which is
Three-coordinate zinc complexes that are not associated withca. 0.534 A closer to Zn than is phosphorus. The diisopro-
coordinating solvents are extremely ré&t€ompounds [NP]-  pylphenyl ring is approximately perpendicular to the phe-
ZnMe and [NP]ZnEt are extremely sensitive to moist air, nylene backbone of the amido phosphine ligand. In contrast
affording exclusively H[NP] according to tH#éP{*H} NMR to that found in the solid-state structure of H[NP], the
spectroscopy. However, they are thermally stable at’0  phosphorus atom in [NP]ZnEt adopts a distorted tetrahedral
for >3 days under inert atmosphere (40 mM in toluene). As geometry where the two phenyl substituents are evenly
expected, the isopropylmethyl groups in both [NP]ZnMe and displaced with respect to the phenylene backbone. As a resullt,
[NP]ZnEt are diastereotopic as evidenced by and °C the ethyl group is oriented such that the interligand repulsion
NMR spectroscopy, implying restricted rotation about the in [NP]ZnEt is minimized as much as it can be.
N—Ar bond. The*'P{*H} NMR spectra of [NP]ZnMe and Addition of n-BuLi to H[NP] dissolved in THF at-35
[NP]ZnEt reveal a singlet resonance for the phosphorus donoreC followed by concentration of the reaction solution resulted
at —27.34 and—27.15 ppm, respectively, which is shifted in the crystallization of the solvated lithium amide, [NP]Li-
relatively upfield from that of H[NP] at-20.11 ppm. A (THF),, in 90% yield (Scheme 2). TH#d, 31P{*H}, and’Li-
similar upfield change in thé'P chemical shift is also {4} NMR spectra at room temperature are conclusive to
observed for (2,8Bu,CsH30)Zn(PCy) (—2.1 ppm}* and elucidate the chelating feature of the amido phosphine ligand.
[(u-CI)(ZnLCI)2][CIO4] (—3.2 ppm, L= N-(diphenylphos-  Again, the isopropylmethyl groups in [NP]Li(THE)are
phinopropyl)-1,4,7-triazacyclononadgas compared to the  diastereotopic but shifted relatively downfield in #t&NMR
corresponding free phosphines. The coordination of the spectroscopy as compared to that of HINP]. Pke{ *H}
phosphorus donor of [NP]to Zn is further supported by ~ NMR spectrum at room temperature reveals-4:1:1:1
the**C{*H} and DEPT*C NMR spectroscopy. For instance, ~quartet resonance centered&t1.99 ppm, consistent with
the G, atom in [NP]ZnEt appears as a doublet resonance atthe coordination of the phosphorus donor to the quadrupolar
1.82 ppm with?Jcp of 36 Hz. lithium-7 center [ = 3/, natural abundance 92.6%). The

Crystallographically characterized phosphine derivatives coupling constant!Je of 38 Hz in [NP]Li(THF), is
of group 12 metals are raté!*?*Single crystals of [NP]-  comparable to those found for the lithium phosphide deriva-
(24) Prust, J.; Stasch, A.; Zheng, W.; Roesky, H. W.; Alexopoulos, E.; tives such as [Li(tmed.aa]l'Z_CﬁH4(PPh)] (35 HZ)?(S and [LI-

Us’cn,'l.;'l'Bther, D’.; S.(’:hucha?c’it, Térganomﬁtalllicszb,Ol 20, ??825— ' (tmeda)}[1,2-GeH4(PSiMe);] (38 Hz)* The lithium metal
3828.

(25) Ellis, D.; Farrugia, L. J.; Hickman, d. T.; Lovatt, P. A.; Peacock, R. (26) Hitchcock, P. B.; Lappert, M. F.; Leung, W.-P.; Yin,P Chem. Soc.,
D. Chem. Commuril996 1817-1818. Dalton Trans.1995 3925-3932.
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and four doublet resonances for the isopropyl methine and
methyl groups, respectively, again indicating restricted
rotation about the NAr bonds. Like [NP]ZnR, [NP¥n is
thermally stable (at 100C) but extremely moisture-sensitive.

Attempts to spectroscopically observe the presumed [NP]-
ZnCl intermediate from the reaction of [NP]Li(THF)1
equiv) with ZnC} by periodically monitoring the reaction
aliquot were not successful. The formation of bis-ligand
complexes of zinc instead of mono-ligand derivatives is also
reported for systems employing salicylaldiminateis(3,5-
dimethylpyrazolyl)hydroborat& and iminophosphoran-
ate®?% ligands.

In view of the facile formation of [NREn by the
metathetical reaction and [NP]ZnR by the alkane elimination,
we attempted the reactions of [NP]ZnR with H[NP]. We
found that [NP]ZnR did not react with H[NP] at room

Figure 2. Molecular structure of [NBEn. Selected bond distances (A)

and angles (deg): Zn(EN(1) 1.971(5), Zn(1FN(2) 1.974(5), Zn(Ly temperature at all, even after a prolonged reaction time. When
P(2) 2.4387(19), Zn(HP(1) 2.4545(19), N(BZn(1)-N(2) 135.1(2), the reaction temperature was increased to OONP]Zn
N(1)-Zn(1)—-P(2) 113.39(15), N(2)Zn(1)—P(2) 83.15(15), N(1} Zn(1)— indi 1

P(1) 84.24(15), N(2yZn(1)—P(1) 118.21(16), P(2Zn(1)—P(1) 129.41- was produced cleanly as indicated by tHB{*H} NMR

). spectroscopy.

In summary, we have prepared a new amido phosphine
of [NP]Li(THF), appears as a doublet resonance at 1.37 ppmligand with significant steric demand that allows for the
in the 7Li{*H} NMR spectrum with the same coupling preparation of low coordinate zinc complexes. The isolation
constant as that observed in tH®{*H} NMR spectrum. of monomeric, coordinatively unsaturated [NP]ZnMe and

The metathesis reaction of [NP]Li(THF}1 or 2 equiv) [NP]ZnEt species that do not adopt strong coordinating
with ZnCl, suspended in diethyl ether &35 °C generated  solvents is particularly unusual. The homoleptic [b# is
the homoleptic [NPEZn. Pale-yellow crystals of [NRfn a four-coordinate species where the interligand repulsion is
were grown from a concentrated diethyl ether solution at significant as indicated by solution NMR spectroscopy and
—35 °C. An X-ray study of [NP}Zn revealed a distorted  X-ray crystallography. Chemistry involving the reactivity of
tetrahedral geometry for the zinc atom (Figure 2) with the these new molecules in stoichiometric and catalytic trans-
dihedral angle between the twon—P planes of 74.% formations will be the subjects of further reports.
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