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Monomeric thiosalicylaldiminate complexes of rhodium(l) and iridium(l) were prepared by ligand
transfer from the homoleptic zinc(ll) species. In the presence of strongly donating ligands, the iridium
complexes undergo insertion of the metal into the imine carthyarogen bond. Thiophenoxyketimines
were prepared by nontemplated reactioroghercaptoacetophenone with anilines and were complexed
with rhodium(l), iridium(l), nickel(Il), and platinum(ll). X-ray crystallographic studies showed that while
the thiosalicylaldiminate complexes display planar ligand conformations, those of the thiophenoxyketimi-
nates are strongly distorted. Results of a computational study predicted that all synthetically accessible
thiophenoxyketiminates will display distorted geometries.

Introduction

Transition metal complexes bearing salicylaldiminate ligands
have been employed successfully in a wide variety of catalytic

systems. Research regarding this ligand class has been greatly

facilitated by their ease of synthesis: A large range of structures
can be accessed, often requiring only one synthetic step from
the many commercially available salicylaldehydes and amines
(eq 1). Jacobsen et al. have developed a highly efficient olefin
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Figure 1. a. Jacobsen epoxidation catalyst (salen-type ligand) b.
Olefin polymerization catalyst (bidentate salicylaldiminate ligand).

)

molecule reactivity has been explorfedowever, ligand lability
of the bidentate salicylaldiminates has limited their utility as
supporting ligandsg.

In place of the phenolate functionality of salicylaldiminates,

epoxidation system employing a tetradentate (salen-type) deriva-thiosalicylaldiminates possess a thiophenolate moiety which

tive (Figure 1a) Titanium and zirconium complexes of biden-
tate salicylaldiminates have proven to be extremely active
catalysts in the production of polyolefidsGrubbs and others
have further extended the utility of these ligands with respect
to olefin polymerization, developing neutral, functional-group-
tolerant nickel catalysts (Figure 1bY.hese late transition metal
catalysts, however, tend to undergo deactivating ligand redis-
tribution reactions unless very sterically demanding salicyl-
aldiminates are usetExamples of heavier platinum-group metal
complexes are present in the literatBrend some small-
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might be expected to form a relatively inert bond with soft,
polarizable metals. Homoleptic, first-row transition and main-
group element complexes are known for iron through copper
and the zinc triad, and incorporate bidentate, tridentate, and
tetradentate ligand variaritén addition, a few palladium species
have been preparédd/Vhile these complexes have been known
for some time, their behavior as supporting ligands during metal-
centered transformations is largely unexplofedd major
obstacle to their investigation has been the instabllity free
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Figure 2. ORTEP diagram o# at 50% probability (H atoms
omitted for clarity). Selected bond lengths (A) and angles (deg):
Ir1—S1, 2.275(1); IrtN1, 2.081(3); Irt-C20, 2.141(4); Ir+C21,
2.149(4); Ir}:-C24, 2.148(4); Ir+C25, 2.138(5); S¥C1, 1.730-
(4); N1-C7, 1.304(5); C6C7, 1.436(5); S*Ir1—N1, 92.74(8);
N1-C7-C6—C5, 173.7(4).

dium with sodium 2-formylbenzenethiolate resulted in a product
mixture that appeared By NMR to contain the desired iridium

thiosalicylaldimines: condensation of 2-mercaptobenzaldehyde thiolate. However, this species decomposed dvie atambient

with amines frequently results in the formation of dithiocin
derivatives (Scheme 1&).This limitation can be overcome

temperature in solution, precluding its use as a synthon for
further elaboration. Since the templated syntheses of the desired

using a templated synthetic approach wherein a preformedligands were already proven effective when starting from the
metat-aldehyde complex is treated with the appropriate amine Stable homoleptic zinc(1l) aldehyde complexXéd, was postu-
(Scheme 1b3¥3 However, the approach is limited to cases where lated that reaction of thiosalicylaldiminate zinc species with
the metat-aldehyde complex precursor is stable, which we have platinum-group chlorides might provide an alternate synthetic
found excludes the second- and third-row platinum group metals route, much as dialkylzinc reagents alkylate platinum group
in low oxidation states. Reported herein are rational synthetic chlorides (Scheme 2). Indeed, the bis(thiosalicylaldiminate)zinc
routes to heteroleptic thiosalicylaldiminate and thiophenoxy- complexes cleanly exchange both ligands with rhodium(l) and
ketimine complexes of rhodium, iridium, nickel, and platinum. iridium(l) chlorides, generating zinc chloride as an easily
The first two sections describe the synthesis and reactivity of removable byproduct. Two ligands of differing steric demand
new thiosalicylaldiminate complexes and highlight some issues were synthesized by the above templated route, one from 2,6-

of ligand stability. Sections 3 through 5 concern the preparation diisopropylaniline (prepared as'iZn (1)) and one from
of more robust thiophenoxyketimines, their complexation with p-anisidine (prepared as?Zn (2)).!® Both 1 and 2 undergo
transition metal synthons, and some ligand substitution chemistry reaction with [M(cod)Cl} to form L*M(cod) (M = Rh (3), Ir

of the resulting complexes. Following that is a crystallographic/ (4)) and L?’M(cod) (M = Rh (5), Ir (6)'9) in isolated yields
computational study that correlates ligand steric factors with ranging from 27% to 96%. All are stable, slightly air-sensitive

their coordination behavior. Finally, a modified aryl thiophen-
oxyketimine is presented which displays a striking flexibility
in its metal-coordination chemistry.

Results and Discussion

1. Preparation and Structural Properties of Thiosalicyl-
aldiminate Complexes.Early in our investigations it became

evident that established synthetic routes are not amenable tog
the preparation of late transition metal thiosalicylaldiminate
complexes. Treatment of dichlorobis(1,5-cyclooctadiene)diiri-

(10) (a) Fallon, G. D.; Nichals, P. J.; West, B. .Chem. Soc. Dalton
Trans.1986 2271-2276; (b) Marini, P. J.; Murray, K. S.; West, B. Q.
Chem. Soc. Dalton Trand983 143-151; (c) Marini, P. J.; Murray, K.
S.; West, B. OJ. Chem. Soc., Chem. Commudn81, 726-728.
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587-594.

(13) (a) Frydendahl, H.; Toftlund, H.; Becher, J.; Dutton, J. C.; Murray,
K. S.; Taylor, L. F.; Anderson, O. P.; Tiekink, E. R. lhorg. Chem1995
34, 4467-4476; (b) Other methods available, see Garnovskii, A. D.;
Nivorozhkin, A. L.; Minkin, V. I. Coord Chem Rev. 1993 126, 1-69.

solids which decompose in solution upon extended exposure
to ambient atmosphere. The solids can be stored indefinitely
under inert atmosphere and at ambient temperature. NMR
spectra of each show only a single species present in solution
that displaysCs symmetry. The solid-state structures 4f5
and 6 were determined by X-ray diffraction analysis and are
shown in Figures 2417

The monomeric nature of complex4sb, and6 is somewhat
urprising, given the tendency of sterically unencumbered aryl
sulfides to bridge two metal centers through the sulfur atém.
This structural feature is particularly noteworthy given the

(14) Olekhnovich, L. P.; Kurbatov, V. P.; Osipov, O. A.; Minkina, L.
S.; Minkin, V. I. J. Gen. Chem. USSE96§ 38, 2512.

(15) An iron complex of B has previously been prepared; see ref. 10b.

(16) Ir(cod}Cl was used as the iridium source in our reported synthetic
procedure, giving identical results.

(17) Due to the number of structures present in this report, comments
will be made only on structural features pertinent to this study. CIF-format
files for all structures can be found in the Supporting Information.

(18) Duff, S. E.; Barclay, J. E.; Davies, S. C.; Hitchcock, P. B.; Evans,
D. J.Eur. J. Inorg. Chem2005 4527-4532.
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ligands. Surprisingly, no free cod is observed. Instead, reso-
nances exist that correspond to symmetrically bound cod (eq
2). These cod resonances are quite broad, suggesting fluxional

4,6 7,8

behavior at ambient temperature. The products arising #om
and 6 were therefore assigned the formula8r(cod)(PMe).
Figure 3. ORTEP diagram ob at 50% probability (H atoms (7) and LZIr(cod)(PMe): (8), rgspectively. Ffroton-decouplé%ﬂ’
omitted for clarity). Selected bond lengths (A) and angles (deg): NMR spectra show only a single phosphine resonance for each
Rh1-S1, 2.2755(6); RRN1, 2.098(2); Rh+C15, 2.160(2); Rht species. The structural motif that is most consistent with these

C16, 2.175; Rh1C19, 2.147(2); RhtC20, 2.165(2); S1C1, data is a square pyramidal geometry with two phosphine ligands
1.727(2); N-C7, 1.311(3); C2C7, 1.436(3); STRh1-N1, and cod occupying the basal positions and the thiolate sulfur
92.68(5); N:-C7—C2—C3, 178.8(2). occupying the apical position. Thus the thiosalicylaldiminate

ligand is probably bound in a monodentate fashion.
Phosphine comple® decomposed to a complex mixture of
unidentified compounds over a period of about 1 day in benzene
solution or upon attempted isolation. While was equally
unstable, its decomposition products wédréegenerated) and
the new phosphine-containing compouhdHeating a mixture
of 4 and9 for 30 min in the presence of added trimethylphos-
phine resulted in the clean conversion of the remairding 9.
Heating a mixture o#t and three equivalents of the phosphine
also cleanly generated. Compound9 exhibits an'H NMR
signal consisting of an apparent doublet of triplets centered at
—10.75 ppm J = 156 Hz, 18.2 Hz) that we attributed to a metal
hydride species. The absence of a signal for an imine proton
suggested that site as the source of the hydride. Proton and
proton-decouplec®’P NMR spectra are consistent with the
presence of three nonequivalent phosphine ligands. These data

Figure 4. ORTEP diagram o6 at 50% probability (H atoms

; : . support the assignment 6fas the iridium(lll) species (:H)-
omitted for clarity). Selected bond lengths (A) and angles (deg): . Joh -
Ir1—S1, 2.268(2); It N1, 2.077(7); Irt-C15, 2.146(9): Ir-C16, Ir(PMes)sH where LI-H is the product of oxidative addition of

2.133(9); Irt=C19, 2.141(9); Ir+C20, 2.162(9); S:C1, 1.734-  the imine C-H bond of L' to the iridium(l) center of
(9); N1-C7, 1.32(1); C2-C7, 1.45(1); StIr1—N1, 93.5(2); N1- intermediate7 (eq 3). It is likely that8 also undergoes this
C7-C2-C3, 177.8(10).

PMej3
absence of any sterically demanding substituents ®rThe Qs\l A +3PM93A.M93P\IL,~S @)
ligand backbone in each structure is essentially planar, with the =N N[ 1h MesP” F|| \):’l
metal lying close to this approximate plane. In the casé,of Ar _
the greatest deviation from the least-squares plane defined by 4 (Ar = 2,6-PryPh)
the iridium center and the atoms making up the chelate ring is
0.033(9) A. Compound displays a slight bending of the iridium  transformation, but the presumed iridium(l1l) product apparently
center out of the plane defined by the chelate ring, a distortion reacts further to generate the complex mixture observed.
common among complexes containingconjugated chelating Structural elucidation o by X-ray diffraction analysis
ligands such ag-diketiminates'® The thiophenoxy-imine €C confirmed the assignment made on the basis of spectroscopic
bond lengths o#, 5, and6 are 1.436(5), 1.436(3), and 1.448- data. The structure depicted in Figure 5 possesses a distorted
(10) A, respectively. These are contracted relative to those of aoctahedral geometry, with the atoms of the first coordination
carbon-carbon single bond and thus are consistent with the sphere bent toward the site occupied by the hydride ligand (not
conclusion that Land L2 behave as rigidz-conjugated ligands. located). The P%Ir1—P2 and P*Ir1—P3 bond angles of

2. Reaction of Iridium Complexes with Trimethylphos- 96.69(5) and 100.35(5)respectively, illustrate this distortion.
phine. Attempts to exchange the coordinated cod ligandd on  The LI-H chelate backbone is approximately coplanar with the
or 6 with trimethylphosphine did not yield the expected bis- plane defined by Ir1, S1, and C7. The orientation ofXharyl
phosphine complexes. Treatment 4for 6 with excess tri-  ring explains the presence of two sets of isopropyl resonances
methylphosphine at room temperature resulted in the immediatein the 'H NMR spectra ofd. One isopropyl group is oriented
formation of yellow solutions havinH NMR spectra consistent  near the phosphine ligand containing P1, rendering its two
with the coordination of two geometrically equivalent phosphine methyl groups diastereotopic. The other is situated relatively
— — far from the sterically nondemanding hydride ligand. This
D_f}\?géggn’\é";ggrm’j;%g)&%‘fﬁyb‘# mgmz%‘gy ,il gﬁ/ﬁgﬁrggz\ggg‘”c' effectively results in a local mirror symmetry and thus its methy!
22, 2669-2681; (b) Basuli, F.. Bailey, B. C.; Tomaszewski, J.; Huffman, ~Substituents are spectroscopically equivalent. Rotation around
J. C.; Mindiola, D. J.J. Am Chem Soc 2003 125 6052-6053. the N—=Ar bond is apparently slow on the NMR time scale.

“Ar
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Figure 6. ORTEP diagram ofl0 at 50% probability level.
Calculated H atoms omitted for clarity. Selected bond lengths (A)
and angles (deg): SAC1, 1.739(2); N+-H1, 1.04(3); N+C7,
1.308(3); C1-C2, 1.418(3); C2C3, 1.360(3); C3-C4, 1.398(3);

Figure 5. ORTEP diagram oD at 50% probability (H atoms _ . . .
omitted for clarity). Hydride not located. Selected bond lengths (A) (1315;:(53)13312%:(30255167(}(g)()?s(i)cf—%c%ellzg g‘(lg) CC;GE:%Z

and angles (deg): 1r2S1, 2.380(1); Irt-P1, 2.351(2); Ir+-P2, . . oo
5. 285(L); Ir1£P??,)2.337(2); Irl—C(7,)2.097(5); Sng,)1.736(5); C7=C8, 0.2(3); CFN1-CO-C14, 49.5(3).
SI-Irl-P1, 90.07(5); S#Ir1—P2, 171.68(5); STIr1—P3,87.84- 5 514 c1-C6 bond lengths are 1.418(3), 1.407(3), and 1.444-
(5); S1-Ir1—C7, 84.2(1); P%Irl1—P2, 96.69(5); PxIr1—P3, R ivelv. Th bond | th iderabl ¢
100.35(5); PLIr1—C7, 94.1(1). (3) A, respectively. These bond lengths are considerably greater
than those of a completely delocalized phenyl ring, which in
Scheme 3 this structure average 1.388 A for the N1-bound aryl ring. The
Ar Ar C2—-C3 and C4-C5 bond lengths are significantly contracted
SH N SH N (1.360(3) and 1.371(3) A, respectively) and the—ll bond
length of 1.739(2) A is somewhat short, lending support for
contribution of the thioketone resonance form. The iminium
Thiophenoxy- Thiophenoxy- thiolate backbone is essentially planar, with a greatest deviation
aldimine ketimine of 0.012(2) A (C7) from the least-squares plane defined by S1,
C1, C6, C7, and N1. The N1-bound aryl group is rotated by

3. Preparation of Thiophenoxyketimines. The observed  49.5(3¥ with respect to this plane and thus is out of conjugation
proclivity toward imine C-H bond insertion of the thiosalicyl-  with the rest of ther-electron system.
aldiminates prompted us to explore derivatives of this ligand 4. Synthesis of Thiophenoxyketimine ComplexeJhe alkali
architecture which might be less prone to unwanted reactivity metal salts of B (generated in situ froni0) reacted with a
with the metal center. The most obvious derivatization is variety of metal halides to form the corresponding thiophenox-
replacement of the aldimine hydrogen with a methyl group, yketimine complexes. Complexes of formula®vi(cod) (M =
affording the simplest ketimine (Scheme 3). To our knowledge Rh (12), Ir (13)) and BM(PPh)X (M = Ni, X =Br,n=1
only a few previous examples of this ligand class exist, all being (14); M = Pt, X=Cl, n= 1 (15), 2 (16)) were prepared from
of the tetradentate type prepared by templated routes discussegivi(cod)Cl], and (PRP):MX, respectively. The iridium system
previously2® We found that the ketimines derived from sterically yielded multiple products when the reaction was scaled past 50
unhindered anilines can be prepared directly and in good yield mg of 10. However, when Ir(codCl was used in place of [Ir-
if the reaction mixtures are kept at ambient temperature. (cod)CIL the reaction proceeded to high yield (by NMR) on a
Compounds BH (10, Ar = p-C¢HsMe) and L“H (11, Ar = 200 mg scale although separation dir{cod) (13) from the
p-CsH4OMe) are bright red, crystalline solids that are stable in - small percentage of byproducts drastically reduced the isolated
the solid state and in solution provided they are stored under yield. The known compound Ir(cogl}! exists as a mixture of
inert atmosphere. Like the free thiosalicylaldimines that have [Ir(cod)Cl], and free cod in THF solution, hence the increase
been successfully isolatédthey display extremely downfield-  in selectivity must be due in some way to the presence of the
shifted thiol resonances in théid NMR spectra (17.3 and 18.2  additional free cod. Stabilization of a reactive intermediate
ppm, respectively) which are substantially outside of the typical during the ligand substitution process is a possible explanation
diamagnetic region. for this observation.

X-ray diffraction studies on a sample 0 revealed that the In the case where M= Ni, one phosphine ligand was cleanly
thiol proton is associated with the imine nitrogen, and the displaced by B to produce ENi(PPhy)Br (14) quantitatively.
structure is better classified as intermediate between a thiolateHowever, incomplete phosphine displacement was observed
zwitterion and a thioketone (Figure 6). This configuration had with the platinum analogue, resulting in an equilibrium mixture
previously been proposed for the free thiosalicylaldimines based of L3Pt(PPR)CI (15) and L3Pt(PPh).Cl (16). In the case o6,
on spectroscopic datdIminium hydrogen H1 was located and |3 is presumably bound only through the thiophenylate sulfur.
its positional coordinates refined, while the other hydrogen The proposed structure is analogous to that bearing a similar
atoms were placed in calculated positions. The-C2, C5- ligand which was crystallographically determined (see below).
Reasonably purel6 was isolated by concentrating a THF

(20) (a) Karsten, P.; Strahle, Acta Crystallogr. Sect. C: Cryst. Struct. ; ; i
Commun1999 C55 488.-489: (b) Coombes, R. C.: Gostes, J. P.: Fenton, solution of the crude mixture in the presence of excess

D. E. Inorg. Chim. Actal983 77, L173-L174. triphenylphosphine (analytically pure samples could not be
(21) Corrigan, M. F.; West, B. Qdust. J. Cheml976 29, 1413-1427. obtained; NMR spectra are available as Supporting Information)

!
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Scheme 4

— Me
Me 16 Precipitation 15

PPhg Pentane
Conc. added
THF to THF

Amorphous Crystalline
16 only 15 only

(Scheme 4). While heating resolvategigenerated only a small

amount of15, slow crystallization from the crude mixture (b : -
y (by omitted for clarity. Selected bond lengths (&) and angles (deg):

pentane vapor diffusion) yielded crys_tallirEB only. This_ . Pt1-S1, 2.391(1); P:N1, 2.198(4); Pt:C16, 2.060(5); Ptt
observation suggests that crystal packing forces are sufficient~;- % (’)71'(5). Pt1C18. 2.052° SEC1. 1 754(5’). C2C7. 1.490-

to offset the energy increase in formidg. Surprisingly, pure (7). 51-pt1—N1, 89.6(1): S+ Ptl—C16, 95.1(2); S:Pt1-C17,

15was also prepared by repeatedly washing sbiavith Et,0. 174.5(2); SEPt1-C18, 89.4(2); N+ Pt1-C18, 178.4(2); C3
The use of platinum starting materials containing more easily c2—C7-C8, 32.5(7).

displaced ligands resulted only in intractable mixtures: no
desired product was observed when (Ph{EXSL or (MeS),-
PtCh, were treated with BNa. In order to verify that classical organometallic complexes
When 4 was emp|0yed in p|ace 0f3L_a_ mixture of mono- bearing thiophenoxyketimine Iigands can exist, aIkyI substituents
and bis-phosphine complexes was again isolated. However,were then investigated. Attempted alkylationsldfwith MeLi,
when (PRP),PtChL was treated with #Na at —78 °C under MeMgBr, or MexZn all resulted in decomposition to intractable
extremely dilute conditions (2.5 mM),*Pt(PPR)CI (17) and material. This route seems to be generally avoided with respect
triphenylphosphine were the principal observed products. This to the salicylaldiminate complexes, suggesting a lack of compat-
observation implies that7 is the kinetically favored product ibility with the ligand’s imine fragment. Due to the compara-
of this reaction, while EPt(PPR),Cl (18) and 17 are of tively facile synthesis of alkylplatinum starting materials, these
comparable thermodynamic stability. This is puzzling if one were chosen for subsequent study. The reaction ofRh
assumes the reaction proceeds via salt metathesis followed byPtMeCl with L3Na yielded multiple uncharacterized species.
displacement of the phosphine by the imine functionalitybf L While heating (PsP).PtMe in the presence df0 or 11 resulted
The heterogeneous nature of the reaction mixture has so faronly in the decomposition of the ligand, (nbd)PtM@bd =
precluded kinetic study, and thus a satisfactory explanation for norbornadiene) reacted withl at ambient temperature in
this reactivity has been elusive. Interestingly, the most effective acetonitrile (eq 4), spontaneously precipitating a modest yield
method for isolation of pure7 was the simple addition of

Figure 7. ORTEP diagram o019 at 50% probability level. H atoms

diethyl ether over an amorphous sample of the crude product. Me Me

Over the course of several hours all amorphous material was Me@\\s, p{=Me

converted to crystalline product, leaving in solution the tri- (nbd)PtMe, + 11— Ar”N\p';,s NS e @
phenylphosphine liberated during the reaction. The lattice energy Mﬁ/lel "Me \@

gained apparently drives the transformation from amorphism 19

to crystallinity through the small equilibrium concentration of

dissolved product. of an impure material formulated agRtMe; (19) on the basis

Compoundsl2—15 and 17 are stable, crystalline materials  of 14 NMR spectra (available as Supporting Information).

that were unchanged after exposure to air for weeks in the solid pyyrification of this material has proven problematic, and thus
state. In solution, no decomposition was observed over severakne complex is not fully characterized.

months in the absence of oxygen. No ligand disproportionation
was observed when nickel complé® was heated at 75C in
benzene for 24 h; thus it appears that thiophenoxyketimines do
afford substitutionally inert ligands. With this in mind we wished
to prepare hydrocarbyl nickel complexes that might be reactive
toward olefins. However, treatment of @PypNiPhCl with alkali
metal salts of B resulted only in intractable tars. There is
evidence in the literature that aryl substituents on group 1

A few high-quality crystals ofil9 formed when the reaction
mixture was allowed to stand, and this material was subjected
to X-ray crystallographic analysis. Compl&®is a centrosym-
metric dimer wherein each sulfur atom bridges both platinum
centers and each imine nitrogen binds to one of the two platinum
centers (Figure 7). Interestingl§9 is a structural analogue of
o the known salicylaldiminate complex formulated as [(salnr)-
metals can reductively couple with aryl sulfid@&he coupling P tMesl2?> The geometry about the platinum(V) center is only
product was not observed in the product mixture, although this Slightly distorted from the idealized octahedron. The-Pt
decomposition pathway cannot be ruled out, as this particular separgnon is 3.68 A. Unlike the th|psaI|cyIaId|m|nate' complexes
diaryl sulfide might react further with the highly reactive described above, the chelating ligand backbone is nonplanar

zerovalent nickel species generated by the coupling reaction.With & twist about the C2C7 bond of 32.5(7) The C2-C7

bond length is 1.490(7) A which is significantly longer than
(22) (@) Mann, G.; Baranano, D.; Hartwig, J. F.; Rheingold, A. L.; Guzei, the analogous bond length of 1.456(3) A in the free ligaad

I. A. J. Am. Chem. S0d.998 120, 9205-9219; (b) Osakada, K.; Maeda,

M.; Nakamura, Y.; Yamamoto, T.; Yamamoto, A. Chem. Soc. Chem.

Commun1986 442-443. (23) Hall, J. R.; Swile, G. AAust. J. Chem1975 28, 1507-1511.
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Scheme 5
S Me E\\/Q
_N/M\| RT. \©\ MO
Ve +2 P(p-tol)s h IN S"  P(p-tol)s
Me + P(p-tol
12 (M = Rh) (P03 51 (M = Rh)
13 (M=1r) 22 (M=1r)
s.__P(p-tol; A
/Rh\
—N P(p-tol)3
Me
20
Me

Thus the imine moiety and the thiophenylate ring are extensively
deconjugated. The platinum-bound methyl group containing C17
is situated over the nitrogen-bound aryl ring. The close proximity
of these two substituents apparently prevents rotation about the
N1—-C9 bond, which explains the observation that all of the

aryl proton resonances (for each asymmetric unit) intdie ~ Figure 8. ORTEP diagram o2 at 50% probability. One of two
NMR spectrum ofl9 are nonequivalent. molecules in the asymmetric unit displayed. H atoms omitted for

5. Reactivity of a Triarylphosphine with Thiophenox- clarity, Selected bond lengths (A) and angles (deg): R,

L . 2.314(2); RhtN1, 2.145(5); RhtC16, 2.183(7); RhtC17,
yketimine Complexes 12, 13Rhodium complexi2 reacted 2.163(6); Rh1-C20, 2.125(7); RhC21, 2.128(6); SEC1, 1.744-

cleanly with two equivalents B{tol)s to form L3Rh(P-tol)s)» (6); N1-C7, 1.307(8); C2C7, 1.477(9); StRh1-N1, 88.2(1):
(20) over 8 h (Scheme 5). Monitoring the reactionty NMR C3-C2-C7—C8, 35.0(7).

(CgDg) revealed that nd.2 was left in solution after 1 h. In
addition to 20 and free cod, a third species was present in
solution that gave rise to olefinic cod resonances at 5.09 and
3.45 ppm, one of which was significantly shifted relative to
that of 12 (4.64 and 3.45 ppm). Proton-decoupié® NMR
spectra of the mixture show resonances correspondiritf),to
free Pp-tol)s, and a doubletde_grn = 153.9 Hz) consistent with
a monophosphine rhodium complex. These data are consistent
with an intermediate wherein one phosphine is bound to rhodium
with retention of the cod ligand. The downfield cod resonance
is significantly upfield-shifted relative to free cod (5.58 ppm),
indicating that both olefinic moieties are still bound to rhodium.
Thus the intermediate is assigned &Rh(cod)Pp-tol)s (21)
where L is bound only through the thiolate sulfur.

Complex22, the iridium analogue 021, was observed after
1 hin GDg and was the only species present in solution (other
than 1 equiv of free R¢tol)s). Olefinic resonances in thkH
NMR spectra occur at 5.07 and 3.89 ppm (compared with 4.54
and 3.05 ppm fol3). Phosphorus NMR spectra display only
two resonances in a one-to-one ratio, one corresponding to free
P(p-tol); and the other occurring at 22.10 ppm. No final product
analogous t@20 was observed after allowing the reaction to _. . -
proceed for 48 h. While this species appeared stable in solutionzgﬁ{:dgforocﬁgg gggﬁgj %f(l;rl]; tlesn(gﬁs r{)'&gagﬂgyé%lgtso?;zg).
at ambient temperature, heating or attempted isolation yieldedBrl—Nil, 2.362(15; Nit-S1, 2.149(2): NitP1, 2.184(2); Nit '

intractable material. o o N1, 1.911(5); S+ C1, 1.759(7); N+ C7, 1.284(8); C6-.C7, 1.473-
The hemilabile nature oflindicates that this ligand behaves (9); Bri—Ni1—P1, 89.50(6); Br:-Ni1—N1, 93.8(2); S+Ni1—P1,

more like a thiophenylate ligand with a tethered imine fragment 90.77(7); S£Ni1—N1, 89.9(2); C5-C6—C7—C8, 27.3(9).
than a rigid, conjugated ligand such ag-aiketiminate. The
instability of the ligand toward alkylating agents supports this

subjected to X-ray crystallographic analysis, confirming the

conclusion, as the alkylation gf-diketiminate-bearing com- structural assignments mad.e by spectroscopic means. All are
plexes is a well-known transformatidhTherefore we wished ~ Sduare planar complexes with unremarkable bond lengths and

to investigate structural aspects of these complexes that may*"9/€s T‘_r%ulnd the metal centers. The nlﬁkel-clontal?lng Species
impart the observed reactivity. 14 is slightly distorted toward a tetrahedral conformation.

6. Crystallographic/Computational Analysis of Ligand Representative structures are depicted in Figure&08(see

Conformation. Several species bearing chelatingar L* were Schemes 4 anql _5 for line drawings). .
P d The most striking feature revealed by X-ray crystallographic

(24) Budzelaar, P. H. M.; van Oort, A. B.; Orpen, A. Bur. J. Inorg. investigation is the lack of ligand planarity observed for the
Chem.1998 1485-1494. ketimine complexes. Whereas the solid-state structures of the
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Figure 12. ORTEP diagram of RIr(cod) where R= F. Optimized
structure at B3LYP/LACVP** level of theory.

Figure 10. ORTEP diagram ofl5 at 50% probability. H atoms
omitted for clarity. Selected bond lengths (A) and angles (deg):
Pt1—ClI1, 2.333(2); Pt+S1, 2.283(2); Pt2P1, 2.220(2); PtEN1,
2.101(5); S¥-C1, 1.779(7); N+C7, 1.293(8); C6C7, 1.473(9);
Cl1—Pt1-P1, 95.42(6); CI+ Pt1—N1, 89.4(1); S+ Pt1-P1, 88.25-
(6); S1—Pt1—N1, 87.0(1); C5C6—C7—-C8, 37.3(9).

¢ w3
0 SRR VAN
N=~] R A

Ar
a

. . . = . .b Figure 13. ORTEP diagram of Rir(cod) where R= NO,.
Figure 11. a. Side view of EM(cod) definingg, the cant between  optimized structure at B3LYP/LACVP** level of theory.
aryl ring and metal coordination plane. b. Top view defining

the torsion (twisting) angle between aryl ring and imine moiety. agree very well with experimeft.Because the most obvious
difference between the aldimines and ketimines is the increased

symmetry with the metal and chelating ligand backbone defining Strierggrﬁeg“ﬁ“‘lo‘?;;‘re 3']';{: e '?:ef;?ﬁ;";ﬂgstifeen‘:
the mirror plane, the ketimine analogues possess an extremel)};ize AIBII calgulationsywere gerformed ;f[ tﬁe hvbrid B3LYP/
nonplanar ligand conformation. In these structures the thiolate ; P y

P : - . LACVP** level of theory in the gas phase. As a starting point,
th(f rr,]nyétrgll%:]sdsgt%ﬂg g? ?giiﬁ?igﬁgﬁg&g;h:pﬁzﬁ(iggalmng the structures of the crystallographically determined aldimine

Figure 11a). The carbercarbon bond connecting the thiophe- and ketimine complexes were optimized and were found to agree

nylate moiety with the imine fragment is twisted, bringing the well with the experimentally observed structures.

imine sz-bond out of conjugation with the thiophenylate % Ne>|<t, the structuret§ (.)f tgeﬂrhodlulm 'andtr:r@u'm a;]ld(ljmlne
0°, Figure 11b). The apparent lack afelectron conjugation complexes were reoptimized atter replacing Ihe imine hydrogen

may account for the reactivity trends discussed above. This atom with several different substituents of intermediate steric

geometry is observed in the solid-state structures of some nickelSﬁanea:rlﬂé-;gijrl:}bstfgziﬂi ft?:?ji?el\g ;r%f_:?gémtg' tﬁgcfagre?nyl'
thiosalicylaldiminate complexes; however, there appears to be P Y

no trend in substitution pattern that would explain why some E’:():k‘gg#éd Tbh?a grlte_;t_ec; dnsotrrm;I rtgs t(gle é)cl)zne r:);éhs_hgand
are planar and some twist&2°> Thus it appears that in those and NO aire shO\F/)vln ilrf Ei urlés u12 andn(ls )revl ectiv; The
reported systems the lack of planarity is due primarily to . . 9 L P Y-
crystallographic packing forces. geometries are discussed in more detail be_Iow, but one can see
We wished to investigate, by computational methods, the that n the case where R NO,, the plane deflqed by the atoms
source of the large differences in ligand conformation when of Ris approxmately perpend_lcular to .the ligand backbo_ng.
seemingly minor structural modifications are introduced. This Because the ligands in question contain an unsaturated (imine)

knowledge could then be used to ascertain whether a ketiminefr"j1Qjment that can exist in conjugation with the thiophenylate

could be synthesized that would have the planar, conjugated”'e.Iectron system, one wou_ld expect that ther_e shou_ld _be
conformation of the aldimines without the unwanted reactivity resistance to breaking this conjugation. Therefore, little deviation

of the aldimine G-H bond. While energies predicted by DET from planarity should be observed until the steric situation
. ) - becomes sufficiently problematic that ligand twisting is then
are often inaccurate compared to more sophisticated (and COStly)favorable After thisyp%intn-electron con?ugation is Igst and

initio meth Icul metries hav n shown . . ;
ab initio methods, calculated geometries have been sho tothe ligand is free to adopt the most favorable conformation based

(25) () Bouwman, E.; Henderson, R. K.; Powell, A. K.; Reedijk, J.; Solely on sterics. That is, while the ligand twist anglFigure
Smeets, W. J. J.; Spek, A. L.; Veldman, N.; WocadloJSChem. Soc.
Dalton Trans.1998 3495-3499; (b) Christensen, A.; Jensen, H. S.; McKee, (26) Guner, V.; Khuong, K. S.; Leach, A. G.; Lee, P. S.; Bartberger, M.
V.; McKenzie, C. J.; Munch, MInorg. Chem 1997, 36, 6080-6085. D.; Houk, K. N.J. Phys. Chem. 2003 107, 11445-11459.

aldimine complexes4, 5, and 6 display approximateCs
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Table 1. Computed and Experimental Ligand Torsion
Angle? in LRM(cod). Entries from Crystallographically

Determined Structures Bear Compound Numbers in

Boldface

entry Ar R M y (deg)
1 p-CeHaMe H Ir 06 \ s 50 °C L/\/\_,/\JL
2(5) p-CsHsOMe H Rh 1.2 J
3 p-CeHaMe H Rh 1.3
4(6) p-CeHsOMe H Ir 2.1
5 p-CeHaMe F |rh 3.7 fL 0°C
6 p-CsHaMe F R 5.2 fL k "
7(4) p-2,6{Pr,Ph H Ir 6.2 Y A
8 p-CeHaMe NO;, Ir 7.1 ; . . . . .
9 p-CeH4Me NO; Rh 19.4 - 4.0 3.5 . 3.0 2.5 2.0
10 p-CsHaMe Ph Ir 26.3 Figure 14. Selected region of thtH NMR spectrum (ppm) o12
11 p-CsHsMe Me Ir 30.7 in CD,Cl,, showing broadened cod resonances afG0OLigand
12(13 p-CsHsMe Me Ir 33(1) methyl resonances truncated.
13 p-CeHsMe Me Rh 33.8
14 p-CeHaMe Ph Rh 34.6
15(12 p-CsHaMe Me Rh 35.0(7) Scheme 6

aB3LYP/LACVP**, b See Figure 11b for definition of. SLi

0 SH O
11) is a function of the steric extent of R, it is not a linear H . Me\N CFs 24n O O CFa
relationship but a step function. Me° pentane
Table 1 summarizes the results of the computational study, CF, Me CFs
23 24

Me
which agree reasonably well with the predictions stated above.
Only a slight perturbation in geometry was observed where R

h . K L Me
= F (entries 5, 6). An increase jnaccompanies replacement /©/
of R with NO,, especially in the case of M Rh (entry 9) SH N p-toluidine
wherey is approximately two-thirds of the value for the methyl ' CFs g-e5nzwé<ne/ 4 AMS
ketimine complexes. In the cases where=RPh (entries 10, O O
14), they parameters reach values comparable to those of the
methyl ketimine complexes, and thus the proposed barrier to Me 25 CF3

ligand twisting has been surpassed. Therefore, this study predicts
that thes-electron extent (normal to the plane containing the tures investigated computationally, no synthetically feasible
atoms) of a nitro group is the size limit for any substituent R, ketimine was predicted to bind in a planar conformation. We
and anything larger will cause the ligand to adopt a nonplanar, wondered if a highly electron-deficient arene might possess a
twisted conformation. It should be noted that this size limit sufficiently contractedr-electron cloud that it could be used in
depends somewhat on the metal size, as a contraction of theplace of a nitro group, yielding a planar-binding ligand. Thus,
N—S distance could make room for a larger R. However, further an aryl ketimine containing a 3,5-bis(trifluoromethyl)phenyl
studies indicated that only in the extreme case where M moiety was synthesized. The aryl ketone precursor was prepared
(the free ligand) does this effect result in a planar methyl in a manner analogous to that used for 2-mercaptobenzaldehyde
ketimine. It follows that there is unlikely to be a synthetically (Scheme 6). Thiocresol was deprotonated wathutyllithium
accessible thiophenoxyketimine that would exhibit a planar and treated with Weinreb amid@3. The resulting ketone24)
conformation upon complexation with a transition metal. was converted to ketimine ligandPH (25) in good yield by
Given that the methyl ketimine complexes prefer a twisted treatment withp-toluidine in benzene at ambient temperature.
ligand conformation, they should either ha@¢ symmetry in This ligand exhibited reactivity toward metal-complex precursors
solution or undergo a ring flip with some activation barrier. similar to that of the methyl ketimine analogs discussed above.
Computations ori2 indicate that this barrier should be small, Thus, L5Ni(PPh).Br (26), L5Pt(PPR),Cl (27), and [L°Rh(cod)}
with a planar configuration approximately 5 kcal/mol (not ZPE- (28) were prepared by treatment of the appropriate metal com-
corrected) higher in energy than that of the twisted conformation. plex with L5K which was generated in situ fro®5 (Scheme
At ambient temperature or abové NMR spectra ofl2 and 7).
13 exhibit somewhat broad, featureless cod resonances (Figure The solid-state structure @6 depicted in Figure 15 shows
14). These resonances sharpened upon cooling, resolving intaa twisted ligand conformation similar to those of the methyl
complex multiplets that may result from overlapping of non- ketimine complexes. This datum is inconclusive with respect
equivalent peaks (which would be the case f@;ssymmetric to the conformational study (see above), as even the nickel
complex). The peak broadening is decidedly small, but is not aldimine complexes display a variability in ligand conformation.
surprising given the minor change in electronic environment The more informative structures would be the platinum and
that the cod protons would experience during the ring inversion rhodium complexes. However, unlike the platinum systems
process. This broadening was not observed in spectra of thecontaining L2 or L4, crystallization of the crude product did not
analogous (planar) aldimine complexes, a result which supportsyield L°Pt(PPR)CI. Instead, both phosphine ligands were
the conclusion that it is due to a facile ring inversion. Despite retained as shown in Figure 16.
efforts to model this process by DFT, no planar transition state  X-ray structural investigation a8 revealed that it is &5-
was located using several methods. It is unclear whether this issymmetric dimer in the solid state, with the thiolate sulfur atoms
due to an extremely shallow potential energy surface or the bridging the rhodium centers (Figure 17). The imine function-
presence of a multistep pathway for ring inversion. alities are both uncoordinated. In solutid@8 is apparently in
7. Preparation and Structures of 3,5-Bis(trifluoromethyl)- fast exchange with its monomer and displays highly temperature-
phenyl Ketimine Complexes.Of the various ligand architec- dependent NMR resonances (spectra available in Supporting
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Table 2. Crystallographic Data for Compounds 4-6, 9, 10, 12-15, 19, and 26-28

compd no. 4 5 6 9 10
space group P2:/n P1 P1 P1 P2:212,
a A 14.4457(9) 8.9880(6) 8.9758(7) 9.4131(7) 7.5851(5)
b, A 11.3894(7) 10.3914(7) 10.4233(8) 11.4413(9) 11.2611(7)
c A 15.7491(9) 11.1130(7) 11.0658(9) 15.924(1) 14.9642(9)
o, deg 90 94.331(1) 93.684(1) 94.483(1) 90
p, deg 112.433(1) 103.799(1) 104.019(1) 89.982(1) 90
y, deg 90 105.673(1) 106.112(1) 113.337(1) 90
v, A3 2395.1(3) 959.6(1) 955.3(1) 1568.9(2) 1278.2(1)
z 4 2 2 2 4
Pcaled,d CNT3 1.655 1.569 1.887 1.517 1.254
u(Mo Ka)), mm2 5.691 1.007 7.127 4.503 0.229
no. rflns measd 12110 5260 4892 8900 7021
no. indep rfins 3446 3160 2643 4336 1444
Rint 0.024 0.016 0.038 0.025 0.014
R, WRA2 (all) 0.0285, 0.0280 0.0261, 0.0311 0.0378, 0.0337 0.0323, 0.0433
R1, WR; (0bsd) 0.0215, 0.0263 0.0233, 0.0305 0.0383, 0.0485 0.0291, 0.0324 0.0310, 0.0431
compd no. 12 13 14 15 19
space group P2i/c P2i/c Pbcn R/n P2i/c
a, 18.801(1) 18.850(2) 22.475(2) 12.0768(8) 8.2563(6)
b, A 19.655(1) 19.622(2) 14.050(1) 14.864(1) 21.618(2)
c, A 10.9890(6) 11.0043(9) 17.948(2) 17.228(1) 9.9255(7)
o, deg 90 90 90 90 90
p, deg 106.274(1) 106.214(1) 90 110.004(1) 96.223(1)
y, deg 90 90 90 90 90
Vv, A3 3898.1(4) 3908.4(5) 5667(1) 2906.0(3) 1761.2(2)
z 8 8 8 4 4
Pcaled,d CNT3 1.538 1.838 1.503 1.676 1.873
w(Mo Ka), mm1 0.988 6.964 2.253 5.051 8.055
no. rfins measd 17237 16864 25445 13161 8876
no. indep rflns 5274 4300 2868 3517 2538
Rint 0.036 0.053 0.077 0.047 0.023
Ri, WR; (all) 0.0655, 0.0980 0.0689, 0.0470 0.1213, 0.0955 0.0585, 0.0533 0.0324, 0.0330
Ri, WR; (obsd) 0.0524, 0.0853 0.0353, 0.0384 0.0510, 0.0500 0.0334, 0.0375 0.0229, 0.0298
compd no. 26 27 28

space group P2,/c P(-1) C2lc

a, 13.5569(9) 13.492(1) 26.474(1)

b, A 14.7725(9) 14.743(1) 9.4643(5)

c A 22.151(2) 15.712(1) 26.832(1)

o, deg 90 109.336(2) 90

f, deg 91.618(1) 102.825(1) 118.924(1)

y, deg 90 109.274(2) 90

V, A3 4434.4(5) 2583.9(4) 5884.2(5)

Z 4 2 4

Pealea g CNT3 1.454 1.552 1.579

u(Mo Ka), mmr2 1.486 2.920 0.713

no. rfins measd 22642 15022 15000

no. indep rflns 5358 6612 4220

Rint 0.039 0.036 0.020

Ry, WRs (all) 0.0652, 0.0537
Ry, WR (obsd) 0.0396, 0.0476

3Ry = Z||Fo| — |Fe|l/Z|Fol; WR = [Z{W(Fo? — FA)Z/EZW(Fe?)ZM2. P | > 3.000(1).

0.0574, 0.0465
0.0376, 0.0417

0.0375, 0.0427
0.0309, 0.0416

Information). All 'TH NMR resonances are broad, and only a Conclusion
single broad peak is observed in the olefinic region-—+80 °C,
this region displays many peaks. It is not clear whether these This paper describes a rational synthesis of thiosalicylaldi-
belong to the dimer and monomer or whether more than one minate complexes containing heavy platinum group metals. The
isomer of the dimer are present. The broad olefinic peak ligands were prepared using zinc as a template and metal
observed at ambient temperature began to decoalesce into twéhlorides were treated with the resulting complexes to yield the
peaks at 70C, presumably belonging to the monomer. target species in moderate to good yield. The iridium complexes
From these data it appears that the electron-withdrawing Were found to undergo insertion of the metal center into the
capabilities of the 3,5-bis(trifluoromethyl)phenyl fragment render imine C—H bond in the presence of strong donor ligands.
the imine nitrogen a poor donor relative to its methyl ketimine  The thiophenoxyketimines synthesized in this study display
analogues. This decrease in donor ability forces the ligand to unexpected coordination behavior and in the solid state adopt
adopt alternative coordination modes when bound to the heaviertwisted conformations when bound to a metal. This twisting
platinum group metals. Whether or not the arene substituent isapparently reduces-electron conjugation of the thiophenylate
sufficiently compact to allow for planar ligand binding, the fragment with the imine functionality. A computational study
observed conformational flexibility of L. probably precludes  predicted that all synthetically accessible thiophenoxyketimines
its use as g-diketiminate analogue. would be too sterically demanding to allow a planar conforma-
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Figure 16. ORTEP diagram oR7 at 50% probability. H atoms
omitted for clarity. Selected bond lengths (&) and angles (deg):
Figure 15. ORTEP diagram oR6 at 50% probability. H atoms Pt1—ClI1, 2.338(1); Pt+S1, 2.362(2); Pt2P1, 2.253(2); Pt: P2,
omitted for clarity. Selected bond lengths (A) and angles (deg): 2.281(2); S+C1, 1.757(6); N+C8, 1.278(7); C2C8, 1.503(8);
Nil—Brl, 2.3554(6); Nit-S1, 2.169(1); Ni+-P1, 2.157(1); Nit- Cl1-Pt1-S1, 88.07(5); Cl+Ptl-P2, 90.51(5); P+Ptl1—P2,

N1, 1.940(3); S+ C1, 1.777(4); N+ C7, 1.283(5); C6C7, 1.464- 98.58(6); P+Pt1-S1, 82.77(5).

(5); Bri—Ni1—P1, 90.21(3); BrENi1—N1, 96.98(9); St Nil—
P1, 90.67(4); SENi1—N1, 89.42(10); C5C6—C7—C9, 41.6(5).

Scheme 7
Me O SK Me O SN l/PPh3
_n _(PrPRNE e
o Q o) Q
CF3 Me CF3 Me
26
[Rh(cod)Cll, "\ (Ph3P)2PtCl,
Me Me
Ar\
N Fl’F’hs
Are L FsC S—Ht—PPhg
A\
g\R/ \Rh/%’ O NooC
- "N Ol
S Arg FaC 3
N Figure 17. ORTEP diagram o28 at 50% probability. H atoms
28 Ar Me 27 omitted for clarity. Selected bond lengths (A) and angles (deg ):
Me Rh1-S1, 2.3887(8); Rh1SI, 2.3801(8); Rh1C24, 2.147(3);

Rh1-C25, 2.148(3); RhtC28, 2.140(3); Rh C29, 2.137(3); St

. . . C1, 1.791(3); N+ C8, 1.273(4); C6-C8, 1.510(4); StRh1-ST,
tion when metal-bound. In agreement with the computational 80.64(3); RhtS1—Rh1, 94.19(3).

results, the reaction chemistry of these species indicates that

their behavior is Cons!stgnt with the lack of a rigid, cqnjugated NMR tubes which were then flame-sealed under reduced pressure.
ligand backbone. As imines are generally comparatively poor Solvents were dried by passage through a column of activated

Iiganqls for heavy, _soft met_al ce_nters it_ is_ therefore of little alumina2’ degassed with nitrogen, and stored o#ek molecular
surprise that the imine functionality of this ligand class should  sjeves. Nonchlorinated solvents were tested with Na/benzophenone
be easily displaced by strongly binding ligands such as prior to use. Deuterated solvents were vacuum-transferred from Na/
phosphines. A corollary to this argument is that the imine penzophenone, except @Cl, and CDC} which were vacuum-
substituent would be expected to be much more susceptible totransferred from Catd Molecular sieves were activated by heating
nucleophilic attack than one that is part of a conjugated system at 250°C under high vacuum for 2 d. NMR spectra were obtained
such as g-diketiminate. The synthetic strategies now in place with Bruker AMX-300, AMX-400, or DRX-500 spectrometers.
will facilitate investigations into the catalytic utility of this ligand ~ Chemical shifts were calibrated relative to residual solvent peaks
class. or external standards and are reported relative to TMS {¢C),

85% HPO;, (31P), and CFQ (*°F). Infrared spectra were recorded

Experimental Section neat on a Thermo Nicolet Avatar 370 spectrometer equipped with
a Smart Performer ATR crystal. Elemental analyses were performed
General. All manipulations were performed using standard

Schlenk-line techniques or anfdtmosphere glove box. Reactions (27) Alaimo, P. J.; Peters, D. W.; Arnold, J.; Bergman, RJGChem.
followed by NMR spectroscopy were performed in 5 mm Pyrex Ed. 2001, 78, 64.
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at the UC, Berkeley Microanalytical Facility with a Perkin-Elmer
2400 Series || CHNO/S Analyzer. All starting materials obtained
from commercial sources were used without further purification.
2-Mercaptobenzaldehy&feand its sodium sak? coppertert-butyl
sulfide° [Ir(cod)Cl],,3! [Rh(cod)CIE,3? (nbd)PtMe,33 (PhsP),-
PtMe,,%* (Me,S),PtCh,%° (PhsP),PtMeCI2® and (PRP)NiPhCF’
were prepared according to literature procedures. Irg€idyas
prepared by cooling a concentrated solution of [Ir(cod)@ineat
cod?38

Representative Procedure for X-ray Crystallography. A

Organometallics, Vol. 26, No. 4, 20077

remaining atoms are treated with Pople’s 6-31G** basi§'sehich
includes a set ofl polarization functions for non-hydrogen atoms
and a set op polarization functions for hydrogens. This level of
theory was sufficient to provide optimized structures that agreed
quite well with those determined experimentally. All optimized
structures converged well employing the DIIS convergence scheme
with default convergence criteria. Increasing the size of the SCF
grids and the accuracy of the numerical integrations from the default
values did not have a significant effect on the optimized geometries.
Vibrational frequencies were calculated for all converged structures,

crystal of appropriate size was mounted on a glass fiber or Kaptan and their character as energy minima were confirmed by the absence
loop using Paratone-N hydrocarbon oil. The crystal was transferred of negative (imaginary) frequencies. Graphical representations of

to a Siemens SMART or APEX diffractometer/CCD area dete€tor,
centered in the beam, and cooled by a nitrogen flow low-

all computed structures were generated using ORTEP-3. In order
to check for the presence of a planar structure as a local energy

temperature apparatus that had been previously calibrated by aminimum in the case of the methyl ketimine complexes, the
thermocouple placed at the same position as the crystal. Preliminarygeometry of12 was first optimized with the ligand backbone and
orientation matrices and cell constants were determined by collec-metal-chelate ring constrained in a planar conformation. The
tion of 60 10-s frames, followed by spot integration and least- constraints were then removed, and the optimization was performed
squares refinement. An arbitrary hemisphere of data was collectedonce again. A twisted structure identical to that previously calculated

and the raw data were integrated using SAHTell dimensions
reported were calculated from all reflections wittr 10 0. The

was obtained, suggesting that there is no energy minimum at the
planar geometry. When the optimized structurd®fvas modified

data were corrected for Lorentz and polarization effects, but no such that the imine methyl group was replaced by a hydrogen atom,
correction for crystal decay was applied. Data were analyzed for reoptimization of that structure yielded a planar geometry. Thus,

agreement and possible absorption using XPRE® empirical

the aldimine and ketimine complexes should each possess only one

absorption correction based on comparison of redundant andminimum-energy ligand conformation.

equivalent reflections was applied using SADABI he structure
was solved and refined with teXsan software packddeRTEP
diagrams were created using ORTEP-3 software packKage.
Computational Methods. All calculations were performed using
the Jaguar 5.5 packafjewith Maestro as the graphical user
interface?® The hybrid DFT functional B3LY# was used through-
out, which consists of the Becke three-parameter functtdaad
the correlation functional of Lee, Yang, and Palhe LACVP**
basis set was employé&8lwhich uses an effective core potential
and valence doublé&-contraction basis functions for metals. The

(28) still, I. W. J.; Natividad-Preyra, R.; Toste, F. Ban. J. Chem.
1999 77, 113-121.

(29) Kagano, H.; Itsuda, H.; Yoshida, K.; Nakano, M. (Sumitomo Seika
KK, Japan). Jpn. Kokai Tokkyo Koho 05246981, 1993.

(30) Adams, R.; Reifschneider, W.; Ferretti, @rg. Synth.1962 42,
22-25.

(31) Herde, J. L.; Lambert, J. C.; Senoff, C. Morg. Synth.1974 15,
18-20.

(32) Giordano, G.; Crabtree, R. thorg. Synth.1979 19, 218-220.

(33) Appleton, T. G.; Hall, J. R.; Williams, M. Al. Organomet. Chem.
1986 303 139-149.

(34) Chatt, J.; Shaw, B. LJ. Chem. Socl959 705-716.

(35) Roulet, R.; Barbey, CHelv. Chim. Actal973 56, 2179-2186.
(36) (a) Adapted from Puddephatt, R. J.; Thompson, P. Chem. Soc.
Dalton Trans.1977 1219-1223; (b) Spectra match Davies, J. A.; Eagle,

C. T.; Otis, D. E.; Venkataraman, @rganometallics1989 8, 1080-1088.

(37) Hidai, M.; Kashiwag.T.; Ikeuchi, T.; Uchida, Yd. Organomet.
Chem.1971, 30, 279-282.

(38) Onderdelinden, A. L.; Van der Ent, Anorg. Chim. Actal972 6,
420-426.

(39) SMART: Area-Detector Software PackaBeuker AXS: Madison,
WI, 2001—2003.

(40) SAINT: SAX Area Detector Integration Progranersion 6.40;
Bruker AXS: Madison, WI, 2003.

(41) XPRER version 6.12; part of the SHELXTL Crystal Structure
Determination Package; Bruker AXS: Madison, WI, 2001.

(42) SADABS: Bruker-Nonius Area Detector scaling and Absoption
Correction Program version 2.05; Bruker AXS: Madison, WI, 2003.

(43) teXsan: Crystal Structure Analysis Packadolecular Structure
Corporation, 1985 & 1992.

(44) Farrugia, L. JJ. Appl. Crystallogr.1997 30, 565.

(45) Jaguar,version 5.5; Schrodinger, LLC: Portland, OR, 2003.

(46) Maestrq version 6.5; Schrodinger, LLC: Portland, OR, 2004.

(47) Stephens, P. J.; Devlin, F. J.; Chabalowski, C. F.; Frisch, N J.
Phys. Chem1994 98, 11623-11627.

(48) Becke, A. D.J. Chem. Phys1993 98, 5648-5652.

(49) Miehlich, B.; Savin, A.; Stoll, H.; Preuss, Bhem. Phys. Letl.989
157, 200-206.

(50) Hay, P. J.; Wadt, W. Rl. Chem. Phys1985 82, 299-310.

Selected Specific Experimental Procedured-or reasons of
space, procedures in close analogy with those listed below (or are
not of central importance to the discussion) are present only in the
Supporting Information.

2 -tert-Butylsulfanylacetophenone A Schlenk flask was charged
with 2'-iodoacetophenone (5.00 g, 20.3 mmol, 1.00 equiv) and
coppertert-butyl sulfide (3.90 g, 25.5 mmol, 1.26 equiv) and flushed
with nitrogen gas. Anhydrous DMF (100 mL) was then added via
cannula, and the reaction mixture was heated at°@@or 12 h
with stirring in the absence of light. The resulting black solid was
allowed to settle and the pale yellow solution decanted into a
separatory funnel containing 100 mL of,® under ambient
atmosphere. The gray, opaque suspension was extracted with Et
(6 x 50 mL). The E$O extracts were then combined, washed with
H,0 (4 x 100 mL), and dried over MgSQFiltration and removal
of the solvent in vacuo yielded a light yellow oil of high purity
(4.08 g, 19.6 mmol, 97%}H NMR (300 MHz, CDC}): 6 7.57
(m, 1H), 7.37 (m, 3H), 2.63 (s, 3H), 1.23 (s, 9H3C{H} NMR
(100.6 MHz, CDC)): 6 204.90, 148.66, 138.86, 129.74, 129.12,
128.99, 127.05, 47.65, 32.26, 31.03. IR (&n 1693 (s), 1584
(w). Anal. Calcd. for G;H;60S: C, 69.19; H, 7.74. Found: C,
68.96; H, 7.69.

o-Mercaptoacetophenone A Schlenk flask was charged with
4.40 g (33.0 mmol, 1.00 equiv) of Algunder nitrogen atmosphere
and suspended in 80 mL of toluene. The flask was cooled in an
IPA/dry ice bath, and a solution of-Brt-butylsulfanylacetophenone
(4.00 g, 19.2 mmol, 0.582 equiv) in 20 mL of toluene was added
via cannula. The reaction mixture was allowed to warm to ambient
temperature and was stirred for 20 h. Water (100 mL) was added
to the orange suspension, and the mixture was transferred to a
separatory funnel under ambient atmosphere. Extraction caused the
mixture to become colorless. The organic layer was extracted with
5% aqueous NaOH (4 50 mL). All agueous extracts were then
combined and acidified with concd HCI. The resulting white
suspension was extracted with,@t(4 x 50 mL), and the BD
extracts were combined, washed withH(2 x 50 mL), and dried
over MgSQ. Filtration and removal of the solvent in vacuo resulted

(51) (a) Francl, M. M.; Pietro, W. J.; Hehre, W. J.; Binkley, J. S.; Gordon,
M. S.; DeFrees, D. J.; Pople, J. A. Chem. Physl982 77, 3654-3665;
(b) Hariharan, P. C.; Pople, J. Aheor. Chim. Actdl973 28, 213—222;
(c) Hehre, W. J.; Ditchfield, R.; Pople, J. A.Qhem Phys 1972 56, 2257—
2261; (d) Ditchfield, R.; Hehre, W. J.; Pople, J. A.Chem. Phys1971,
54, 724-728.
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in a brown oil which was pure byH NMR spectroscopy.
Dissolution in CHCI, and filtration through a plug of silica removed
the brown color, yielding a light yellow oil of similar purity (2.61
g, 17.1 mmol, 92%)*H NMR (300 MHz, CDC}): 6 7.89 (d,J =
7.5 Hz, 1H), 7.31 (m, 2H), 7.22 (m, 1H), 4.46 (s, 1H), 2.64 (s,
3H). Proton NMR spectra match literature val@gs.

L%Zn (1). Sodium 2-formylbenzenethiolate (400 mg, 2.50 mmol,
1.00 equiv) was suspended in 15 mL of THF. Solid anhydrous
ZnCl, (180 mg, 1.32 mmol, 0.528 equiv) was added, and the
mixture was stirred for 1 h. 2,6-Diisopropylaniline (448 mg, 2.53
mmol, 1.01 equiv) was then added, followeg B g of 4 A
molecular sieves. This mixture was allowed to stand for 2 d, after
which time the cloudy solution was filtered and the solvent was
removed under vacuum. The residue was dissolved in 5 mL ¢f CH
Cl, and filtered once more. The volume of the resultant yellow
solution was reduced to 2 mL and cooled 30 °C. The

Krinsky et al.

IR (cm™1): 1605, 1590, 1574, 1523. Anal. Calcd. forB4
NORhS: C, 58.28; H, 5.34; N, 3.09. Found: C, 58.14; H, 5.21; N,
3.15.

(L-H)Ir(PMe 3)sH (9). Compound4 (73.5 mg, 0.123 mmol, 1.00
equiv) was dissolved in 1 mL of benzene, and 0.70 mmol (5.7
equiv) of trimethylphosphine was added via vacuum transfer. The
reaction mixture was then heated at’&for 1 h. The solvent and
excess phosphine were removed under reduced pressure, and the
residue was dissolved in 1 mL of Gal,. Crystalline material was
obtained by slow vapor diffusion of pentane (2 mL) into the,€H
Cl; solution (64.5 mg, 0.0900 mmol, 73%H NMR (500 MHz,
CD,Cly) 6 7.26 (d,J = 7.0 Hz, 1H), 7.03 (m, 1H), 6.91 (m, 1H),
6.78 (m, 1H), 6.65 (m, 2H), 6.15 (§,= 7.0 Hz, 1H), 3.27 (sept,
J= 7.0 Hz, 1H), 2.91 (sept] = 7.0 Hz, 1H), 1.76 (dJy_p = 10
Hz, 9H), 1.65 (d,J4_p = 8.0 Hz, 9H), 1.36 (dJy_p = 8.5 Hz,
9H), 1.22 (d,J = 7.0 Hz, 3H), 1.13 (dJ = 7.0 Hz, 3H), 1.01 (d,

supernatant was decanted from the yellow crystalline product that J = 7.0 Hz, 3H), 0.47 (dJ = 7.0 Hz, 3H),—11.22 (d of t,Ju—p =

had formed, and the solid was washed with@Et{4 x 2 mL)
yielding purel (581 mg, 0.882 mmol, 71%). Solvent removal from

191 Hz, 22.5 Hz, 1H)1*C{'H} NMR (100.6 MHz, CRCL,): 6
190-185 (m), 156.66, 154.15, 151.01, 136.21, 133.86, 127.99,

the supernatant and washes resulted in a residue which, afterl27.66, 127.53, 124.38, 123.17, 120.29, 118.40, 28.44.(¢,=

washing with pentane (% 1 mL), yielded an additional 125 mg
(0.190 mmol) ofl of sufficient purity for further uselH NMR
(500 MHz, CB.Cl,): 6 8.17 (s, 2H), 7.28 (br s, 2H), 7.17 (m, 6H),
6.96 (m, 4H), 6.87 (br s, 2H), 3.23 (br s, 2H), 2.67 (br s, 2H), 1.41
(br s, 6H), 1.04 (dJ = 6.5 Hz, 12H), 0.60 (br s, 6H}3C{'H}
NMR (125.8 MHz, CDCl,): 6 173.83, 149.39, 146.97, 142.16 (br),
139.73 (br), 137.32, 136.81, 131.78, 130.62, 127.26, 124.37 (br),
123.09 (br), 122.63, 29.52, 29.28, 25.83, 23.69, 21.64. IR {rm
1620, 1604, 1585, 1541. Anal. Calcd. foggB44N,S,Zn: C, 69.33;
H, 6.74; N, 4.26. Found: C, 68.99; H, 6.67; N, 4.11.

LRh(cod) (3).A solution of1 (200 mg, 0.304 mmol, 1.00 equiv)
in 5 mL of THF was slowly added to [Rh(cod)GK150 mg, 0.304
mmol, 1.00 equiv) dissolved in 12 mL of THF. After the reaction
mixture was stirred for 4 h, the solvent was removed under vacuum.
The residue was extracted with,Bt(4 x 5 mL), and the filtered

extracts were combined and reduced to 10 mL. The solution was

held at—30 °C for 24 h, resulting in the precipitation of 252 mg
(0.496 mmol, 82%) of pur®. *H NMR (500 MHz, CDB.Cl,): o
8.19 (d,J=2.5Hz, 1H), 7.83 (dJ=7.5Hz, 1H), 7.34 ()= 7.5
Hz, 1H), 7.25 (m, 3H), 7.09 (t) = 7.5 Hz, 1H), 4.48 (m, 2H),
3.49 (m, 2H), 3.35 (sepd = 7.0 Hz, 2H), 2.32 (m, 4H), 2.02 (m,
2H), 1.90 (m, 2H), 1.40 (dJ = 7.0 Hz, 6H), 1.02 (dJ = 7.0 Hz,
6H). 13C{'H} NMR (125.8 MHz, CDCly): ¢ 167.96, 149.82,
140.87, 138.11, 132.68, 131.93, 130.11, 127.56, 124.18, 123.90
122.65, 86.50, 78.23, 30.96, 30.53, 28.74, 25.72, 22.63. IRYcm

1590, 1572, 1524. Anal. Calcd. for,#3/NRhS: C, 63.90; H,
6.75; N, 2.76. Found: C, 63.92; H, 6.55; N, 2.72.

L2Rh(cod) (5).A solution of2 (129 mg, 0.234 mmol, 1.00 equiv)
in 5 mL of THF was slowly added to [Rh(cod)Gi116 mg, 0.235
mmol, 1.00 equiv) dissolved in 10 mL of THF. After the reaction
mixture was stirred for 6 h, the solvent was removed under vacuum.
The residue was extracted with 3 mL of gEl,, filtered, and heated
to boiling while 2 mL of pentane was added. The vessel was then
cooled to—30 °C overnight. The supernatant was decanted, and
the orange solid was washed with@t(3 x 1 mL) (204 mg, 0.450
mmol, 96%). Crystals suitable for X-ray diffraction analysis were
grown by vapor diffusion of pentane into a solution®in THF.
IH NMR (500 MHz, THF4dg): 6 8.39 (s, 1H), 7.72 (dJ = 8.0
Hz, 1H), 7.46 (dJ = 6.5 Hz, 1H), 7.22 (m, 1H), 7.07 (d,= 8.5
Hz, 2H), 6.96 (m, 1H), 6.89 (d] = 8.5 Hz, 2H), 4.37 (br s, 2H),
3.78 (s, methyl and cod olefinic overlapping, 5H), 2.27 (m, 4H),
1.95 (brs, 2H), 1.85 (br s, 2H3C{H} NMR (125.8 MHz, THF-

49 Hz), 25.32 (dJc-p = 25 Hz), 23.71 (dJc-p = 36 Hz), 22.22,
21.94,21.79, 21.42,17.28, 17.63P{*H} NMR (162.0 MHz, CD-
Clp): 0 —44.65 (m),—58.58 (m),—63.80 (m). IR (cnl): 2026,
1579, 1545. Anal. Calcd. for gHolrNP3S: C, 46.91; H, 6.89; N,
1.95. Found: C, 47.16; H, 6.96; N, 1.93.

L3H (10). o-Mercaptoacetophenone (591 mg, 3.88 mmol, 1.00
equiv) was diluted with 15 mL of benzene apeoluidine (416
mg, 3.88 mmol, 1.00 equiv) was added, followegd®Hg of 3 A
molecular sieves. The reaction mixture was allowed to stand for 2
days, during which time the solution became deep red. After solvent
removal, the resulting amorphous powder was dissolved in 3 mL
of THF and gently heated. During heating, pentane (15 mL) was
slowly added, resulting in the formation of bright red crystals upon
cooling. The reaction vessel was then placed in3D °C freezer
overnight. The supernatant was removed, and the crystalline material
(791 mg, 3.28 mmol, 84%) was washed with pentane. Note: the
crude product was pure Y4 NMR and could be used without
purification. Crystals suitable for X-ray crystallographic analysis
were grown by cooling a concentrated solutionl6fin Et,0. H
NMR (500 MHz, CDCly): ¢ 17.33 (s, 1H), 7.74 (d) = 1.5 Hz,
1H), 7.72 (d,J = 1.0 Hz, 1H), 7.31 (dJ = 8.0 Hz, 2H), 7.13 (m,
3H), 6.98 (m, 1H), 2.55 (s, 3H), 2.41 (s, 3FIC{1H} NMR (125.8
MHz, CD,Cl,): ¢ 172.08, 162.19, 138.35, 138.32, 136.57, 131.97,
130.57, 130.53, 128.11, 124.37, 121.36, 21.37, 18.40. IR{cm

'1615, 1585, 1531. Anal. Calcd. forn€1:sNS: C, 74.65; H, 6.26;

N, 5.80. Found: C, 74.47; H, 6.41; N, 5.76.

L3Rh(cod) (12). Yellow [Rh(cod)CI} (203 mg, 0.412 mmol,
1.00 equiv) was dissolved in 10 mL of THF and cooled+80 °C.
Ligand 10 (200 mg, 0.829 mmol, 2.01 equiv) was dissolved in 4
mL of THF, and NaH (21.3 mg, 0.843 mmol) was added, causing
vigorous gas evolution. After 30 min, the solution had become light
yellow, at which time it was slowly added to the cooled [Rh(cod)-
Cl], solution. The mixture was allowed to stir for 4 h, and the
solvent was removed under vacuufili NMR spectra showed
quantitative conversion to product. The residue was dissolved in 3
mL of CH,Cl, and filtered, and the solution was gently heated while
10 mL of pentane was slowly added. The reaction vessel was placed
in a—30°C freezer overnight. The supernatant was removed from
the resulting orange crystalline material, and the solid was washed
with pentane (342 mg, 0.758 mmol, 92%). Slow evaporation of a
CH_CI, solution of12yielded crystals of sufficient quality for X-ray
diffraction analysis'H NMR (500 MHz, CD.Cly): 6 7.62 (d,J =
7.5 Hz, 1H), 7.45 (dJ = 8.0 Hz, 1H), 7.21 (d) = 8.0 Hz, 2H),

dg): 6 168.61, 158.84, 151.46, 149.23, 138.51, 132.45, 131.43, 7 o3 (m, 1H), 6.99 (m, 1H), 6.91 (d,= 8.0 Hz, 2H), 4.14 (br s,
130.47, 125.28, 121.70, 114.25, 84.35, 76.85, 55.79, 31.36, 30'90'2H), 3.35 (brs, 2H), 2.38 (s, 3H), 2.27 (br s, 2H), 2.14 (br s, methyl

(52) Topolski, M.J. Org. Chem1995 60, 5588-5594.

and cod methylene overlapping, 5H), 1.81 (br s, 2H), 1.67 (br s,
2H). 13C{H} NMR (125.8 MHz, CDBCly): 6 171.42, 148.67,
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147.40, 138.44, 135.71, 132.66, 131.26, 129.90, 129.82, 122.28,1598, 1578, 1539. Anal. Calcd. fors#lsNP,RhS: C, 71.92; H,

121.84, 86.23 (dJc—rn = 10.1 Hz), 76.68 (dJc-rn = 12.6 Hz),
31.46, 30.59, 24.31, 21.21. IR (cA): 1958, 1933, 1903, 1582,
1565, 1534, 1504. Anal. Calcd. fops6eNRhS: C, 61.19; H, 5.80;
N, 3.10. Found: C, 61.11; H, 5.95; N, 3.18.

L3Pt(PPhg)CI (15). NaH (9.98 mg, 0.416 mmol, 1.00 equiv) was
added to a solution df0 (100 mg, 0.414 mmol, 0.995 equiv) in 5
mL of THF. The mixture was stirred for 30 min and was then added
dropwise to a suspension of ##,LPtCL (326 mg, 0.413 mmol,
0.993 equiv) in 10 mL of THF and stirred overnight. The solvent

5.93; N, 1.47. Found: C, 70.91; H, 6.02; N, 1.41. Analysis of two
independently prepared and purified samples showed similarly low
abundance of carbon. NMR spectra of p@@are available as
Supporting Information.

L5H (25). Molecular sieves (3 A, 4.5 g), 15 mL of benzene,
compound?4 (1.00 g, 2.74 mmol, 1.00 equiv), apetoluidine (297
mg, 2.77 mmol, 1.01 equiv) were combined and left to stand for
10 d. The reaction mixture was then filtered away from the
molecular sieves and lyophilized. The bright yellow residue was

was removed under reduced pressure, and the residue was extractegissolved in 3 mL of B0, and 5 mL of pentane was slowly added

with 10 mL of benzene and lyophilized. The crude product was
allowed to stand under 10 mL of & for 2 weeks, and the ED

while the solution was gently heated. The vessel was then cooled
to —30 °C overnight. The crystalline solid was collected via

was then decanted. This process was then repeated, after whicHiltration and washed with pentane ¢ 1 mL), yielding 878 mg

time the remaining solid was extracted with 2 mL of THF. Vapor
diffusion of pentane (1 mL) into this solution resulted in crystalline
15 (64.5 mg, 0.0880 mmol, 21%3)H NMR (500 MHz, CQCl):
0 7.62 (m, 6H), 7.52 (dJ = 7.0 Hz, 1H), 7.44 (m, 3H), 7.37 (m,
6H), 7.29 (m, 5H), 7.14 (m, 2H), 2.44 (s, 3H), 2.28 (s, 3HL-
{H} NMR (125.8 MHz, CDCl,): 6 171.32, 146.93, 141.46 (d,
Jc—p= 6.3 Hz), 136.73, 135.10 (dc—p = 11.3 Hz), 132.17, 131.23,
131.15, 130.55, 130.30, 129.79, 129.42, 128.403fdp = 11.3
Hz), 125.13, 124.80, 23.53, 21.38P{*H} NMR (162 MHz, CD-
Clp): 0 12.02 Jp—pt = 3914 Hz). IR (cnl): 1594, 1552, 1505.
Anal. Calcd. for GsH,sCINPPtS: C, 54.06; H, 3.99; N, 1.91.
Found: C, 53.70; H, 3.81; N, 1.82. Compouh@ present in the
crude reaction mixture, was not obtained in analytically pure form.
NMR spectra ofL6 are available as Supporting Information.
[L4PtMe3], (19). A solution of 11 (40.0 mg, 0.155 mmol, 1.00
equiv) in 3 mL of acetonitrile was slowly added to 49.5 mg (0.156
mmol, 1.01 equiv) of (nbd)PtMein 5 mL of acetonitrile. The
mixture quickly developed a dark orange color and then turned
light orange after ca. 5 min. After 6 h, a brick red precipitate had
formed which was collected by filtration and washed with aceto-
nitrile (3 x 1 mL). This sparingly soluble material was not
successfully purified although it41 NMR spectrum is consistent

of product. The pentane washes were added to the supernatant,
which upon cooling afforded an additional 126 mg of pR8{1.00

g total, 2.21 mmol, 81%)H NMR (400 MHz, GDe¢): 6 8.43 (s,
2H), 7.79 (s, 1H), 6.90 (d] = 8.0 Hz, 2H), 6.80 (dJ = 8.0 Hz,
2H), 6.75 (d,J = 8.0 Hz, 1H), 6.51 (m, 2H), 2.80 (s, 1H), 1.91 (s,
3H), 1.71 (s, 3H)1C{*H} NMR (100.6 MHz, GDg): 6 163.24,
147.56, 141.27, 136.35, 135.62, 134.70, 132.26J{q; = 33.2
Hz), 131.32, 130.74, 130.08, 129.54, 128.72J¢.r = 3.0 Hz),
126.67, 124.04 (quint)c-¢ = 4.0 Hz), 123.77 (QJc—F = 273.6
Hz), 121.22, 20.75, 20.58F NMR (376.5 MHz, GDg): 6 —61.93.

IR (cm™): 2563, 1627, 1596, 1504. Anal. Calcd. fog8,7,FsNS:

C, 60.92; H, 3.78; N, 3.09; S, 7.07. Found: C, 61.04; H, 3.92; N,
2.90; S, 7.40.

[L5Rh(cod)], (28). Potassiumtert-butoxide (13.8 mg, 0.123
mmol, 1.00 equiv) was added to a solution2& (55.6 mg, 0.123
mmol, 1.00 equiv) in 3 mL of THF. After stirring for 30 min, the
mixture was added dropwise to a solution of [Rh(cod)@©H0.2
mg, 0.0612 mmol, 0.498 equiv) in 10 mL of THF. The reaction
mixture was stirred for 3 h, after which time the solvent was
removed under reduced pressure. The residue was extracted with
2 mL of benzene, and the extract was filtered into a small vessel,
into which 1 mL of pentane vapor was allowed to slowly diffuse.

with the crystallographically determined structure (see Supporting Large crystals of28:0.5 pentane] were collected and washed with

Information). The supernatant from the reaction mixture was
allowed to stand for 2 d, during which time a few high-quality
crystals formed which were used for the X-ray structural determi-
nation.

L3Rh(P(p-tol)3)2 (20). Tri(p-tolyl)phosphine (135 mg, 0.444
mmol, 1.00 equiv) was added to a solution1® (100 mg, 0.222

Et,O (3 x 1 mL) (56.8 mg, 0.0813 mmol, 66%) NMR spectra

of 28 at three temperatures are included in the Supporting
Information. These spectra, as well as the elemental analysis, were
obtained using the same sample that was used for the X-ray
diffraction studies. IR (cmt): 1630, 1604, 1595, 1504. Anal. Calcd.
for C31H28F6NRhSO.5C5H12: C, 57.51; H, 4.90; N, 2.00. Found:

mmol, 0.500 equiv) dissolved in 10 mL of benzene, causing a rapid C, 57.39; H, 5.03; N, 2.00.

color change from orange to dark purple/red. The reaction mixture

was stirred for 24 h, after which time the solvent was removed
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