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Phenyltris((tert-butylthio)methyl)borate: A Second Generation $~ Ligand That Enforces Tetrahedral
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In our continued development of a ligand class designed to
provide a face-capping,sSdonor set to metal ionswe report
the synthesis of TI[PhTt®4],2 1, and two representative metal
derivatives, [PhTtBYMCI, M = Co (2), Ni (3) as well as
preliminary reactivity studies d. This ligand was designed to
expand the coordination chemistry of the parent derivative, PhTt
which, due to the small alkyl substituents on sulfur, is dominated
by formation of 2:1 complexes, [PhTMl.’® The resulting
complexes display a limited range of reactivity given the lack of

accessible metal ion coordination sites. To elaborate the scope
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of reactivity of attendant complexes we have prepared secondrigyre 1. Representation of two repeat units bfn the crystal lattice

generation ligands possessing the larger substituents pipang,
tolyl and tert-butyl on sulfur. The aryl derivatives have proven
potent to this end in the preparation of Cu(l) complexes of reduced
nuclearity> Cu(l) reacts with the parent ligand, PhTto yield

a homoleptic tetramer, [(PhTt)Cy]containing terminal and
bridging (methylthio)methyl group$. Replacement of methyl
with phenyl as in PhTt~ precludes tetramer formation by
preventing formation of bridging thioethets.Consequently,
[(PhT#MCu-CHsCN] is monomeric in solution while forming an
infinite, one-dimensional, extended structure in the solid-state.
The present report demonstrates PHFt is sufficiently large

so as to prevent 2:1 complex formation with Co(ll) or Ni(ll).
The resulting four-coordinate complexes possess approxitaate
symmetry.

TI[PhTtBY], 1, was prepared from tha situ reaction of excess
LiCH,SBu with PhBC} in hexanes under nitrogen followed by
precipitation with TINQ from aqueous solution. Spectroscopic
and analytical dat& support the empirical formula fdrthat has
been confirmed by single-crystal X-ray diffraction analysls.
the solid statel forms a one-dimensional, extended structure,
Figure 1. Each thallium ion is coordinated to three sulfur donors
(TI-S,,, 3.107 A) and a phenyl ring in agf-mode that may be
described roughly as a three-legged piano stool coordination
environment. The FC distances range from 3.272(8) to 3.446-
(8) A. Two sulfur donors are provided by a single borate while
the third sulfur donor and the phenyl substituent arise from a
second borate. This coordination motif repeats in one dimension
through the crystal lattice. A similar solid-state structure occurs
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depicting the one-dimensional, extended structure. Selected bond distances
(A) and bond angles (deg): FI5(1), 3.081(4); T+S(2), 3.149(3);
TI(A) —S(3), 3.092(4); S(HTI—S(2), 78.06(9).

in [(PhTMCu-CH,CN].® Two sulfurs coordinate to a single Cu-
(1) ion while the third sulfur and the>-phenyl substituent on
boron coordinate to a neighboring Cu(I)1 displays 3-fold
equivalence of the thioether groups in its proton NMR spectrum
consistent with a monomeric species in solution.

Addition of 1 equiv ofl in methylene chloride to an acetone
solution of CoC}-6H,0 resulted in an immediate color change
to a blue-green solution with concomitant precipitation of TICI.
Recrystallization from methylene chloride atO produced® as
blue rods in 67% yield. The analogous Ni(ll) derivativ&,
prepared similarly, was isolated as red blocks in 76% yield.
Analytical and combustion ddtaare consistent with the indicated
formulas that have been corroborated by X-ray diffraction
analysis® Solution magnetic moment values of 4 for 2 and
2.5ug for 3 are in accord witt5 = 3/, andS = 1 ground states,
respectively’ The molecular structure & is depicted in Figure
2 (2 and3 are isomorphous) with selected metric parameters for
2 and3 contained in the figure caption. The molecular geometry
is distorted tetrahedral, with the borate ligand providing a 3-fold

(6) X-ray structure determinationst (MW = 601.87) is monoclinicP2,/
n,a=9.9542(2) Ab = 18.5590(1) Ac = 14.8306(3) A = 98.9957-
(7)°,V=2706.1(1) B, Z= 4, T=218(2) K,u(Mo Ko)) = 62.03 cnr?,
Deaic = 1.477 glcm, R(F) = 7.39% for 3604 observed independent
reflections (4= 20 < 56°). 2 (MW = 491.88) is monoclinicP2,/n, a
=9.6413(2) Ab = 21.0835(7) Ac = 14.8306(3) A3 = 98.478(23,
V=2558.7(1) R, Z=4,T = 213(2) K,u(Mo Ka) = 10.25 cnm?, Deac
=1.277 g/cm, R(F) = 4.77% for 2481 observed independent reflections
f < 26 < 56°). 3 (MW = 491.66) is monoclinicP2;/n, a = 9.597(8)

,b=20.984(7) Ac=12.779(2) A = 98.51(3), V = 2545(2) A,

Z=4,T=238(2) K,u(Mo Ko) = 11.18 cm%, Dege = 1.283 g/crf,

R(F) = 4.12% for 3698 observed independent reflectionss(20 <

56°). Empirical absorption corrections were applied fousing the

programDIFABS All non-hydrogen atoms (except one disordered atom,

C(8) in1) were refined anisotropically. Hydrogen atoms were treated as

idealized contributions2 and3 are isomorphouDIFABSis described

by N. Walker and D. Stuart idcta Crystallogr.1983 A39, 158-166.

Data for2: 'H NMR (CDCk): ¢ 17.5 (br), 10.9 (br), 7.9 (br), 6.1 (br).

UV —vis (CH,CL), Amax (€, M™* cm™1): 245 (4300), 298 (2800), 360

(sh, 1300), 664 (880), 695 (740), 932 (130). Anal. Calcd feiHg:

BCICoS: C, 51.3; H, 7.79. Found: C, 49.2; H, 7.82 Fair 'H NMR

(CDCly): 6 19.1 (br), 7.7 (br), 7.1 (br). UMvis (CHCl,), Amax (6, M1

cm™Y): 282 (4600), 298 (2900), 388 (3900), 425 (3300), 534 (280), 836

(220). Anal. Calcd for GH3sBCINiS;: C, 51.3; H, 7.79. Found: C,

49.7; H, 7.71.
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Figure 2. (A) Thermal ellipsoid plot of3 at 30% probability level with
hydrogen atoms not shown for clarity. Selected bond distances (A) an
bond angles (deg) fa2: Co—S(1), 2.321(1); Ce'S(2), 2.320(1); Coe
S(3), 2.326(1); CeCl, 2.189(1); S(1)Co-S(2), 99.09(5); S(2)Co-S(3),
100.53(5); S(1)Co-S(3), 98.35(5); CtCo—S(1), 120.35(6); Ct+Co—
S(2), 117.56(5); C+Co—S(3), 117.11(5); foB: Ni—S(1), 2.276(2); Ni-
S(2), 2.282(1); NiS(3), 2.279(1); Ni-Cl, 2.152(1); S(1}Ni—S(2),
94.04(4); S(2yNi—S(3), 95.80(4); S(TyNi—S(3), 94.75(6); CHNi—
S(1), 125.46(5); C+Ni—S(2), 120.17(5); CrNi—S(3), 119.57(5). (B)
Space-filling view along the 3-fold axis.

axis (containing the M-ClI vector) that is not crystallographically
imposed. The M-S distances are within the range of other four-
coordinate Co(ll) and Ni(ll) complexes containing thioether
donors® The pyramidalization at each sulfur requires that the three
tert-butyl substituents are canted in the same direction. The
proximity of thetert-butyl groups to the metal ion combined with
the requisite small €S—C (tert-butyl) bond angles (average
108) result in a tight pocket at the metal ion. The experimentally
determined cone angle for PHTY~ of 276 is larger than that

of PhTf"™ (264°) and comparable to that of T§'~ (268).° As
evidenced by the space-filling perspective contained in Figure 2,
formation of LLM complexes appears to be precluded. Further-
more, thetert-butyl substituents render these first transition series
metal ions sufficiently inaccessible so as to limit coordination
numbers to four. In contrast, the phenyl-substituted ligand,
B(CH,SGHs)4~, forms a six-coordinate complex with the second
transition series Mo iorfac-[B(CH»SCsHs)4]Mo(CO);~.1° While
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the phenyl groups are of adequate dimensions to prevent bischelate
formation, they can be arranged on a larger metal to accommodate
three additional ligands. Current experiments are designed to
establish the feasibility of higher coordination number complexes
derived from PhTt™ coordinated to first transition series ions,
e.g. [PhTENIL(X).

The cyclic voltammogram d? is characterized by an irrevers-
ible reduction at=-1511 mV (vs Fc/F¢€, CH,Cl,, 100 mV/s). The
reduction potential oB is —1302 mV (irreversible) in CkCl,.

For comparison, electrochemical reduction of square planar [Ph
Bt]Ni occurs atE® = — 1051 mV (quasi-reversibléy. Prelimi-

nary reactivity studies confirm th&is a useful synthon for the
preparation of a range of tetrahedral derivativBseacts cleanly
with NO yielding deep blue [PhTEINi(NO), 4.1* Also, 3 reacts
with CO reversibly to yield a species tentatively assigned as the
Ni(ll) dicarbonyl, [(>PhTtBYNi(CO),]CI, 511 Molecular
models are consistent with the requirement that one of the
thioether substituents need be displaced to permit coordination
of two additional ligands. Ni(ll) carbonyls are rare complé%es
that may provide precedent for NCO intermediates in CO
dehydrogenase/acetyl CoA synthase and for the CO-inhibited form
of [NiFe] H,ase. Alternatively3 provides entry into mono-valent
nickel derivatives. Sodium-amalgam reduction ®fin THF
results in formation of an air-sensitive, brown compound that gives
rise to a rhombic EPR signad, values, 2.40, 2.18, 2.12:1*We
formulate the compound as [PRT¥Ni(THF), 6. Current
experiments are exploring the scope of reactivity2aind 3 as

well as more completely characterizibgand 6.
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