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Silver(l) ethylene adducts [PhB(3-(CF3)Pz)3]Ag(C,H,) and [MeB- ducts because of its weakacceptor and very poor-donor
(3-(CF3)Pz)3]Ag(C,H,) have been synthesized using the corre- nature?® Light sensitivity of silver adducts, the oxidizing
sponding lithium salts, AgOTf, and ethylene. X-ray data show that nature of silver, and the easy displacement of the coordinated
[PhB(3-(CF3)Pz)3]Ag(C,Hs) has a planar three-coordinate silver ethylene by other weakly donating species (including com-
center whereas [MeB(3-(CF3)Pz)s]Ag(C.H.) features a tetrahedral mon solvents) present fE”thef synthetic F;hanerﬂ@égr_ﬂ

silver site. The ethylene-free {[PhB(3-(CFz)P2)sJAg}, adopts a We have been exploring the use of tris(pyrazolyl)borate

(scorpionatée} supporting ligands in the isolation of thermal-
ly stable silver ethylene adducts. The synthesis of molecules
like [HB(3,5-(CF;).Pz)%]Ag(C,H,4) suggests that they are in-
Silver(l) complexes of ethylene are of significant funda- deed promising ligands for this purpd8én this paper, we de-
mental and practical interest. For example, silver plays an Scribe the successful use of tiio-H-freetris(pyrazolyl)bor-
important role in the ethylene epoxidation and olefin sepa- ate ligands in this field (Figure 1). In addition, we also show
ration2-9 In addition, there are numerous spectroscopic inves- the effect of having a Bphenyl group on the structure and
tigations and computational studies of silver(l) ethylene ad- Properties of tris(pyrazolyl)boratosilver(l) ethylene adducts.
ducts!®-2° Yet, isolable silver(l) ethylene complexes are  The B—phenyl-substituted [PhB(3-(GfPz|Li was syn-

rare!®-22 Silver(l) in general forms very labile ethylene ad- thesized from [PhBE]Li and free pyrazole 3-(C§PzH. It
reacts with silver(l) triflate under an ethylene atmosphere to
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Figure 1. Silver ethylene complexes [PhB(3-(§Pz)x]Ag(CoH4) and
[MeB(3-(CRs)Pz):]Ag(C2Ha).

Figure 2. Molecular structure of [PhB(3-GPzx]Ag(C2Ha4). Selected
bond lengths (A) and angles (deg): AG19 2.262(4), Ag-C20 2.267(4),
Ag—N2 2.273(3), Ag-N4 2.248(3), C19-C20 1.296(7), Ag-C13 2.868,
Ag-+-B 3.157; N4-Ag—N2 84.23(9), N4&Ag—C19 122.88(15), N2Ag—
C20 120.31(16), C19Ag—C20 33.25(18).

of having a Ag atom in a Bphenylated tris(pyrazolyl)borate
system. This is because a relatively large Ag atom would
force the tripod resulting from® coordination to open up,
causing adverse contacts between thepBenyl group and
one of the pyrazolyl groups (in particular, ortho-& of
B—phenyl and the €H at the pyrazolyl ring 5 position).
Bidentate coordination as seen in Figure 1 would alleviate
this problem. The €&C bond distance of the coordinated
ethylene [1.296(7) A] in [PhB(3-(GIPz)kAg(C:H.) is
essentially the same as that of the free ethylene (1.323 A).
The average AgN [2.261(3) A] bond distance in the three-
coordinate [PhB(3-(CHPz)x]Ag(C-H,) is significantly shorter

than the corresponding distances observed for the four-

coordinate analogues (also see bel&g}However, the Ag-
C(ethylene) distance is not significantly different from that
observed in [MeB(3-(CHPz)s]Ag(C2Hy).

The silver(l) ethylene complex [MeB(3-(GPz)]Ag-
(C.H4) was synthesized from [MeB(3-(GfPz)]Li and sil-
ver(l) triflate in order to study the effect of having a methyl
group on the B atom of the tris(pyrazolyl)borate ligand. In con-
trast to the B-phenyl analogue, the tris(pyrazolyl)borate li-
gand in [MeB(3-(Ck)Pz)]Ag(C.H,4) coordinates to the Ag
ion in the typical tripodal fashion (Figure 3) with an average

(27) Van Nes, G. J. H.; Vos, Mcta Crystallogr., Sect. B979 35, 2593~
2601.
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Figure 3. Molecular structure of [MeB(3-(CGifPz)x]Ag(C2H4). Selected
bond lengths (A) and angles (deg): AG14 2.2853(18), AgC15 2.2791-
(19), Ag—N2 2.2676(12), Ag-N4 2.3192(13), Ag-N6 2.4492(14), C14
C15 1.340(4), Ag-B 3.390; N2-Ag—N4 82.89(4), N2-Ag—N6 82.61(5),
N4—Ag—N6 80.69(4), C14Ag—C15 34.15(9).

Ag—N distance of [2.3453(13) A]. The corresponding dis-
tance of 2.358(4) A in [HB(3,5-(GJ-Pz)%]Ag(C,H,) is not
significantly different, although it has a much more weakly
donating ligand® The ethylene moiety of [MeB(3-(Gl~
Pz)%]Ag(C,H,) resides slightly off center from the A¢B
axis and on the side that has the longer-Ag bond. The
C=C bond distance of the silver(l)-bound ethylene [1.340-
(4) A] is essentially the same as that for the free molecule.
The'H NMR signal of coordinated ethylene of [MeB(3-
(CR)Pz)]Ag(C2H,) in CDCl; appears abd 5.47 ppm, which
is a marginaldownfield shift compared to that of free
ethylene ¢ 5.40 ppm)® A similar trend is observed for
silver(l) ethylene complexes @f-coordinated tris(pyrazolyl)-
borates such a$5.56 ppm for [HB(3,5-(CE).Pz)]Ag(C2H.)
and o 5.48 ppm for [MeB(3-(GFs)Pz)x]Ag(C2Ha). In con-
trast, the'H NMR signal of coordinated ethylene of [PhB-
(3-(CR)Pz)]Ag(CzH,) in CDCl; appears av 4.72 ppm,
which is anupfield shift compared to that of free ethylene.
In general, theupfield shift of ethylene proton signals in
diamagnetic molecules is explained on the basis of metal-
to-ligandzr back-bonding® However, silver(l) is a very poor
m-back-bond donor. It is also coordinated to a weakly donat-
ing tris(pyrazolyl)borate ligand. Furthermore, the ethylene
C=C bond and Ag-C bond distances in these silver ethylene
complexes vary only within a narrow range. Thus, tpéeld
shift of coordinated ethylene protons in [PhB(3-(Hz)]-
Ag(C;H,) could not be a sign of significant increase in silver
— ethylene back-bonding. Rather, it is probably a result of
other factors like shielding caused by the ring-current effect
of the B—phenyl ring facing the silver ethylene unit.
Alternatively, one could also argue that the lower coordina-
tion number (i.e., 3 vs 4) may have an effect. Three-
coordinate silver(l) adducts [HQCF;)C(3,5-(Ck)CsHs)N} 5]
Ag(CoH4),2? [{ (Ph)CH(MesCH)NH} ,Ag(CoH,)][BF 4],*° and
[Ag(C2H,)3][Al { OC(CRy)3} 4]* are available for comparisons.
The first two that have ethylene units flanked by aryl groups
show relativelyupfield-shifted ethylene proton® 3.78 ppm
in CsDgando 4.21 ppm in CRCly, respectively). [Ag(GH4)3)-

(28) Dias, H. V. R.; Goh, T. K. H. HPolyhedron2004 23, 273-282.
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1473 and references cited therein.
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[AI{OC(CHR)3} 4], which does not have aryl groups, shows
the ethylene proton signal &t5.77 ppm in CRCI,. There
are, however, key differences between these molecules,
including the supporting ligand and the solvent used for
NMR studies. Thus, further supporting evidence is required
before coming to a firm conclusion on the reasons behind
the chemical shift differencé&C NMR signals corresponding

to the bound ethylene of [PhB(3-(gPz)x]Ag(C.H4) and
[MeB(3-(CFR;)Pz)]Ag(CoH,) appear at 101.7 and 104.0
ppm, respectively, as broad signals. For comparisort e
NMR resonance of the free ethylene has been observéd at
123.5 ppm.

[PhB(3-(CR)Pz)]Ag(C.H4) and [MeB(3-(Ck)Pzk]Ag-
(C,Hy) are colorless solids. In contrast to [HB(3,5-(EF
Pzk]Ag(C2H4)?° and [MeB(3-(GFs)Pz)p]Ag(C,oHy), %! these
samples lose ethylene even in the solid form. The ethylene
in these molecules is also labile in solution. The addition of
excess ethylene to CDgXolutions of these adducts at room
temperature led to the coalescenceldf and 1°C NMR
signals of the coordinated ethylene with the free ethylene.
The signal reappeared upon purging of the solution with
dinitrogen to remove the excess free ethylene.

Hexane or CHCI, solutions of [PhB(3-(CEPz)]Ag-
(C.Hy4) and [MeB(3-(Ck)Pz)]Ag(C,H,) lose bound ethylene
if purged with dinitrogen foran extended period of timar
more easily if concentrated under vacuum, forming sparingly
soluble solids, which are probably aggregated forms (e.g.,
dimers, polymers) of the silver tris(pyrazolyl)borates. The cor-
responding ethylene complexes can be reformed by bubbling
ethylene into these mixtures. We were able to obtain a polym-
eric silver tris(pyrazolyl)borate via an independent route. For

example, the tre_at_ment of [PhB(3-(§)Pz}]Li and silver(l) Figure 4. Top: Repeating unit of[PhB(3-(CR)Pz)]Ag}» and the contact
triflate under a dinitrogen atmosphere led {8hB(3-(Ck)- points with the neighbors [Ag(A), N6(A), C18(A)]. Selected bond lengths
PZ)s]Ag}n- The X-ray-quality crystals C{f[PhB(3-(CE)PZ)3]- (A) and angles (deg): AgN2 2.377(18), Ag-N4 2.314(8), Ag-N6A

. , . 2.304(10), Ag-C18A 2.430(20); N2Ag—N4 85.6(5), N2-Ag—N6A
Ag}n were obtained from the GiEl; solution layered with 1771 o(5) 'NaAg—N6A 121.4(3), N2-Ag—C18A 122.9(8), N4Ag—

hexane under dinitrogen at ambient temperat{jjfiehB(3- C18A 127.7(7), N6A-Ag—C18A 90.6(5). Middle: Top view of the[PhB-
(CRs)Pz)}]Ag} . has a very interesting chain structure (Figure S'CB)P;)%]AQI}" h?\:iXBIH atFomS are gmitte‘j for ;'?t”ty- /Zf%m color %0‘18,3
_ . . . , gray; Ag, sliver; N, blue; -, green; b, orange. bottom: slde view snowing

4). [PhB(B'(_CE)PZk] SerV?S a§ a bndgmg I'gand b.etween the helical nature. Only selected atoms have been included.
two silver sites. The Ag ion is positioned in a distorted _ _
tetrahedral environment coordinated to one tris(pyrazolyl)- (Pyrazolyl)borate ligand. This work shows that a boron
borate in a bidentate fashion with A¢\ bond distances of substituent can cause structural variations, as is seen with
2.377(18) and 2.314(8) A and also to a pyrazolyl groupfAg  the three-coordinate [PhB(3-(gPz)]Ag(C.H4) and four-
N of 2.304(10) A] and a phenyl C [AgC of 2.43(2) A] of ~ coordinate [MeB(3-(C5PzE]Ag(C2Ha). The ethylene-free
a neighboring tris(pyrazolyl)borate ligand. Top and side {[PhB(3-(CR)Pz}]Ag}, features a supramolecular helical
views of the polymer show that it has a hexagonal helical structure and a new coordination mode for a tris(pyrazolyl)-
structure3! All of the phenyl groups of [PhB(3-(CR)Pz)]- borate ligand. Preliminary studies show that these silver
Ag} point inward, forming a hydrophobic core and a wheel- €thylene complexes are good catalysts ferkCand C-X
Shaped channel (the shortest -Ag\g Separation between activation via carbene |nse|"t|0n. We are presen.tly explprlng
opposite silver sites is about 14 A, and the estimated porethe effect of a boron substituent on the Catalyth aCthlty.
diameter based on a space-filling model is about 3.1 A). Acknowledgment. This work has been supported by the
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