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Abstract.

A series of neutral pyrithionato (OPTO) organosilicon compounds, R3;Si(OPTO) (R = Me (1), Ph
(2)), cis-R2Si(OPTO), (R = Me (3), Et (4), ‘Pr (5), ‘Bu (6), mesityl (10), allyl (11), p-tolyl (13); R, =
(CHa); (7), (CH>)4 (8), (CH)s (9), Me, allyl (12)), and cis-R>Si(OPTO)CI (R = Me (14), ‘Pr (15), allyl
(16), p-tolyl (17), mesityl (18), Ph (19)), have been prepared and characterized by 'H, '*C, and ?°Si NMR
spectroscopy. X-ray crystallographic analysis reveals four-coordinate silicon atoms in 1, 2, 6, and 10,
five-coordinate in 3, 9, 11, 12, 14-19, six-coordinate in 7 and 8, and primarily six-coordinate with co-
crystallized five-coordinate forms in 13. Collectively, a wide range of chelate strengths of the OPTO
ligand is observed in these complexes characterized by the Si—S bond length and S—Si—O bite angle in
the solid state which correlates well with the solution-state '*C NMR C=S chemical shift. In TBP five-
coordinate silicon complexes, the ambidentate potential of the OPTO ligand and n-electron delocalization
(n-ED) that occurs within the ligand generally allows the chelate effect to be enhanced with sulfur
occupying an equatorial vs. axial position. For 8, 9, and 18, reversible chelation equilibria involving
Si«—S bond formation and concurrent 7-ED has been characterized by variable-temperature '*C and *’Si
NMR spectroscopy. Solvents of varying dielectric constant were found to have pronounced effects on the

BC NMR chemical shifts of 1, 15, and pyrithione.

Introduction.

The exploration and utility of hypercoordinate organosilicon complexes continues to be an active
area of research.> We are interested in studying the fundamental behavior of families of organosilicon
complexes bearing hemilabile chelating ligands that possess one inert and one labile donor.> Of

particular interest is a subclass of these ligands that become formally aromatic upon forming a chelate



complex, including those of hydroxypyridinone, hydroxypyrone, maltol, tropolone, and their sulfur
analogs.* The aromatic effects resulting from n-electron delocalization (n-ED) within these ligands and
within their formed metallocyclic rings, termed chelatoaromaticity,” may contribute to increased stability
of their metal complexes and therefore improved utility in biological and medical applications including
radiopharmaceuticals,® metalloenzyme inhibitors,’ iron transport,® aluminum chelation,’ diabetes
therapy,' in the sequestration and separation of rare-earth and heavy metals,!' among others.!?

As part of our continuing investigation of the family of organosilicon complexes of 1-hydroxy-2-
pyridinone (HOPO),"* we report here the synthesis, characterization, chelation equilibrium studies, and
solvent effects in related pyrithione (HOPTO) complexes.'*!*> The monovalent OPTO ligand can chelate
formally through an oxyanion and a dative sulfur linkage or through a thiolate anion and a dative oxo
linkage with m-ED occurring (Figure 1). Pyrithione itself has been reported to exhibit solvent-dependent
thione/thiol tautomerism,'® but examples of tunable metal systems that exhibit complete ambidentate
flexibility of coordinated OPTO ligands are not known. A survey of transition metal, rare-earth, and main
group OPTO complexes in the Cambridge Structural Database (CSD) shows predominantly chelated
forms with widely varying extents of m-ED given by their range of pyridine ring and carbon-sulfur bond
lengths.!” Fully n-localized monodentate «-O metal complexes (i) are not known in the literature and
only four materials (one Ru complex, one Au complex anion, two Os complexes, and one Cd-based

coordination polymer) with fully delocalized monodentate x-S bonding modes (iv) are known.'s!

Figure 1. Unchelated and chelated forms of the OPTO ligand.
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In the present work, we report a family of tri- and diorganosilicon complexes that provide
structural and spectroscopic snapshots of the varying levels of chelation and n-ED that occur along the
i—ii—iii continuum. The first examples of monodentate k-O OPTO ligands with fully n-localized
systems have been structurally characterized and signature changes in the '*C NMR spectra representing
the k-O/x-O,S chelation equilibrium and n-ED have been identified. Across the continuum between
resonance structures ii and iii, chelate strength is found to increase in tandem with 7-ED within the limit
of M—S covalent bond formation. Throughout this work, we use the carbon labeling scheme in Figure 2

for the canonical electronic structures of k-O unchelated and chelated forms.

Figure 2. Labeling scheme for general electronic structures of localized unchelated and delocalized

chelated complexes.
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Results and Discussion.

R3Si(OPTO) Complexes. Triorganosilicon complexes, R3Si(OPTO) (R = Me (1), Ph (2)), were prepared
in near quantitative yield by reaction of pyrithione, triethylamine, and the corresponding silyl chloride in
THF (eq 1). Filtration and removal of the solvent afforded 1 and 2 as yellow powders. These and all
other complexes described in this work were found to be generally sensitive to heat and light,
decomposing to form a mixture of unidentified products.?® Pyrithione and related carbon-based
thiohydroxamic esters are well known to undergo photochemical processes involving N—O bond

cleavage.?!
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The X-ray crystal structures of 1 and 2 are shown in Figure 3. Selected bond distances and angles are
given in Table S5. Both structures exhibit pseudotetrahedral coordination spheres and form a covalent
bond between silicon and the hydroxylamine oxygen as is also observed in their 1-oxo-2-pyridinone
(OPO) analogs." This bonding arrangement contrasts with most known structures of simple
hydrocarbon-based OPTO derivatives which are N-oxides with covalent C-S-C linkages,** although one
thione derivative structure has been reported.®> In the pentylation of OPTO salts, both O- and S-alkylated
products are formed with product distributions highly dependent on solvent and choice of cation.?* In our

work, silylation of oxygen was observed exclusively.?

Figure 3. Thermal ellipsoid plots of 1 and 2 at the 50% probability level with hydrogen atoms omitted.
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The ©t systems of 1 and 2 are largely localized as given by the sequence of longer C1-C2 and C3-
C4 bonds and shorter C2-C3 and C4-C5 bonds similar to those in the free protonated ligand.>*** Weak
Si<S dative interactions in 1 and 2 are indicated by the long Si---S internuclear distances that are slightly
less than the sum of the Si and S van der Waals radii of 3.90 A.>” The chelate interaction in 2 is slightly
weaker than that in 1 given by the longer Si---S distance (3.8515(6) vs. 3.6016(7) A), and by the slightly
shorter C=S bond lengths (1.674(1) vs. 1.681(1) A) and C2-C3 (1.359(2) vs. 1.371(2) A) which point to
less ©-ED occurring in the pyridine ring.?® The C=S bond lengths in 1 and 2 are comparable to that in the
free ligand (1.684(2) A) of which is elongated due to an intramolecular non-classical H-bonding
interaction between the hydroxyl group and sulfur atom.?® The opposite effect of ancillary ligands is
observed in the related R3Si(OPO) complexes where a stronger dative Si<—OC interaction was observed
in Ph3Si(OPO) vs. MesSi(OPO) in both the solid and solution states.'*® Future computational studies,
specifically an energy decomposition analysis, might offer an explanation.

Predominantly 4-coordinate silicon in 1 and 2 is observed in CDCI; solution (§(*Si) = +39.8 and
+2.5 ppm, respectively).? This is further indicated by the *C NMR C=S signals of 1 and 2 appearing
significantly downfield (& 175.5 and 176.0 ppm, respectively) similar to that of the hydroxamic acid

methyl ester (& 175.5 ppm) where chelate interactions that would lengthen the C=S bond are absent.*

R,Si(OPTO), Complexes. Diorganosilicon complexes, R,Si(OPTO), (R = Me (3), Et (4), 'Pr (5), mesityl
(10), allyl (11), Me, allyl (12) and R> = (CH>)3 (7), (CH2)4 (8), (CH>)s (9)), were prepared similarly
according to eq 2. For the synthesis of ‘Bu,Si(OPTO); (6), a stronger base, 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU), was required (eq 3). The reaction to form 6 with NEt; at 60 °C



after 1 day was incomplete and points to a kinetically slower ligand substitution reaction than with DBU.
Trans-silylation of ‘Bu,SiCl, and 2 equiv. 1 at room temperature in an NMR tube reaction in CDCl;

produced no observable 6 in solution.
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The X-ray crystal structure of 3 reveals 5-coordinate silicon in a distorted trigonal bipyramidal
geometry with one monodentate and one weakly chelated OPTO ligand (Figure 4). Selected bond
distances and angles are given in Table S6. The chelate interaction in an axial position is characterized as
weak by the long Si—S distance (d=2.5732(8) A) and by the identical C=S bond lengths of both chelated
and unchelated ligands (1.687(2) and 1.686(2) A, respectively). These bond lengths are comparable to

those in unchelated complexes 1 and 2 and point to very little ©-ED occurring in either ligand.*

Figure 4. Thermal ellipsoid plots of 3, 6, 7, 8, 9, 10, 11, 12, and 13 at the 50% probability level with
hydrogen atoms omitted. For 7, 12, and 13, only the major component of disorder is shown. For 8 and

11 only one of the two independent molecules is shown.
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The X-ray crystal structure of 6 exhibits 4-coordinate silicon in a tetrahedral geometry with
effectively two monodentate OPTO ligands (dsi._s = 3.805, 4.169 A) (Figure 4). Selected bond distances
and angles are given in Table S6. Intermolecular n-stacking is observed between pyridine rings N2, C6-
C10 (~3.4-3.5 A) and may have contributed to the tendency of 6 to crystallize in comparison with 4 and 5

which were isolated as viscous oils at room temperature.

3C NMR studies in CDCl; indicate that dialkylated complexes 3-5 have similar chelate
interactions as given by their similar C=S chemical shifts (6 170.1, 170.3, and 169.8 ppm, respectively).
These upfield shifts relative to those in 1 and 2 are consistent with increased 5-coordinate character in 3-5
in solution as they indicate greater thiol character of the carbon-sulfur bonds as a result of n-ED within
the ligand.** Interestingly, the ’Si NMR chemical shifts of 3-5 (5 —19.0, —20.2, and —28.4 ppm,
respectively) trend toward higher field as the sterics of the alkyl groups increase but this does not support
a gradual increase in chelate strength. In CDCls, the ?Si NMR chemical shifts of independently prepared
Me;Si(OPh),, Et;Si(OPh),, and ‘Pr>Si(OPh), (Ph = phenyl), which necessarily possess 4-coordinate
silicon, trend similarly upfield (& —5.5, 7.0, and —12.7 ppm, respectively). These observations
demonstrate that the 2Si NMR chemical shift as a metric for assessing chelate strength can be
confounded by simple ancillary ligand effects and that the *C NMR C=S chemical shift serves as a more
reliable metric. Increasing sterics further in 6, the *Si NMR chemical shift (& —2.6 ppm) and low field
3C NMR C=S signal (8 174.6 ppm) are consistent with tetracoordinate silicon and unchelated OPTO
ligands. In our earlier work with related hexacoordinated R,Si(OPO); complexes, increased R-group

sterics promoted dechelation by Si«<—O=C bond dissociation.'**

By contrast, owing to their lower
coordination number, increasing sterics in these R>Si(OPTO), complexes from R = Me—>Et—'Pr has little

or no observable effect on chelation until R = ‘Bu.

In CDCl; solution, complexes 3-5 exhibit a single set of five 1*C NMR signals for both chelated
and unchelated OPTO ligands and indicates a rapid equilibrium between chelated and unchelated states
and/or a degenerate windscreen wiper exchange process in which the uncoordinated thione group
displaces the coordinated thione group.>*! A VT-NMR experiment of 5 in CDCl; shows small downfield
shifts of the *C and ?°Si resonances with increasing temperature indicative of an average increase in
Si<—S bond dissociation.*> The remaining four '*C resonances also shift in directions indicative of a

decrease in ©-ED (vide infra).

Silacycloalkane Complexes. A series of silacycloalkane complexes was synthesized to examine the
dependence of silacycles and their ring size on chelation of the OPTO ligand. The silacyclobutane (7), —
pentane (8), and —hexane (9) complexes exhibit markedly different 2?Si NMR chemical shifts at room



temperature in CDCl3 (6 —111.7, —=80.2, and —32.9 ppm, respectively) and indicates that chelation is
increasingly favored as the number of carbons in the silacycle decreases.®> A comparison of the 3*C NMR
C=S chemical shifts of 7-9 (6 162.7, 163.4, and 169.2 ppm, respectively) with open-chain complexes 3-5
(all 6 ~170 ppm) indicates a stronger chelate effect in the silacycles in particular for 7 and 8.

In their crystal structures, complexes 7 and 8 feature distorted octahedral coordination spheres with
bischelated OPTO ligands and as single isomers having all-cis arrangements (Figure 4). Selected bond
distances and angles are given in Tables S6-S7. On the basis of Si-O and Si-S bond lengths alone, the
chelate interactions in 7 and 8 appear effectively the same, but the larger O-Si-S bite angles in 7 (S1-Sil-
01, 82.86(3)° and S2-Si1-02, 82.57(3)°; avg. 82.72(4)°) vs. those in 8 (S1-Sil-O1, 82.24(4)°, S2-Sil-02,
82.20(5)°, S3-Si2-03, 81.97(4)°, and S4-Si2-0O4, 80.99(4)°; avg. 81.85(9)°) indicate an overall closer
approach of the ligand to the metal and suggests stronger chelate interactions in 7. This difference is
attributed to the reduced steric demand on the silacyclobutane complex** given by its smaller C-Si-C
angle [77.42(15)° in 7 vs. 93.23(8)° in 8] and to the phenomenon of ring-strain enhanced Lewis acidity.*
Compared with the structure of (CH,)3;SiCly, the C-Si-C angle in 7 contracts (A = 5.1°) upon
complexation of the OPTO ligands apparently due to steric requirements of the OPTO ligands.*® Despite
this contraction, this reflects a net relief in ring strain as a result of the 74— Oy shape transformation that
occurs upon chelation.’’” The Si—S bond lengths in both 7 and 8 are ~0.1 A longer than the average Si—
S bond length (2.28 A) in hexacoordinated phenylthiolate complexes according to the Cambridge
Structural Database (CSD)!” and suggests the limits of Si—S covalent bond formation and n-ED have not

been reached in these complexes.

The molecular structure of 9 adopts a primarily square pyramidal geometry** with one fully
chelated and one weakly chelated OPTO ligand with its sulfur atom located off the vacant coordination
site (Figure 4). Selected bond distances and angles are given in Table S7. In comparison with the open-
chain complex 3, shorter Si~S internuclear distances are observed in both its chelated (2.3318(19) A in 9;
2.5731(7) A in 3) and weakly chelated/unchelated (2.7053(19) A in 9; 3.9556(8) A in 3) ligands. Lacking
significant ring strain in 9, the stronger chelate effect in 9 may be explained by its reduced steric demand
given by its smaller C-Si-C angle (99.6(2)° in 9; 120.62(10)° in 3), and by its larger R substituent
resulting in an increased electron-withdrawing effect. These observations are consistent with the slightly

higher field ’Si NMR and *C NMR C=S signals of 9 vs. 3 in solution.

Diarylated Complexes. (Mesityl)>Si(OPTO). (10) was prepared according to the methodology of eq 2.

The X-ray structure of 10 shows 4-coordinate silicon in a tetrahedral geometry (Figure 4). The large



internuclear separation of silicon and sulfur atoms (d = 3.8790(8) A and 4.3497(8) A) and short C=S bond
lengths (1.670(2) and 1.673(2) A) indicate virtually no chelate interaction occurring.

Contrary to expectations, the synthesis of the less sterically-encumbered diarylated complex, (p-
tolyl)>Si(OPTO), (13), proved more difficult. The reaction of (p-tolyl).SiCl, with 2 equiv. HOPTO and 2
equiv. NEt; in THF produced a mixture of 13 and (p-tolyl),Si(OPTO)CI, 17. Trans-silylation of (p-
tolyl)>SiCl, with 2 equiv. of 1 in CDCl; also produced a mixture of 13, 17, Me3SiCl, unreacted 1, and
unidentified products. Although the proportion of 13 was increased significantly in the reaction by
subjecting the trans-silylation mixture to three consecutive evaporation/reconstitution cycles to remove
the volatile Me3;SiCl byproduct and shift the equilibrium toward product (eq 4), efforts to isolate an
analytically pure sample of 13 were unsuccessful although it was possible to isolate single crystals

suitable for X-ray crystal structure analysis.*
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The X-ray structure of 13 shows primarily (92.3%) 6-coordinate silicon in a distorted octahedral
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geometry with cis-aryl groups (Figure 4). Disorder modeling indicates two additional monodentate
modes (7.7%) in the structure. Selected bond distances and angles are given in Table S8. In CDCl3
solution, pentacoordinate silicon is indicated by ?Si NMR (8 —70.1 ppm). The lower coordination
number in solution together with the presence of co-crystallized monodentate modes indicates a small

energy difference between chelated and unchelated forms.

By comparison of 3 and 13, the more electron-withdrawing p-tolyl vs. Me group imparts a
stronger chelate effect in solution given by its higher field 1*C C=S chemical shift (§ 166 vs. 170 ppm).
In the solid state, a higher coordination number is observed in addition to shorter Si—S (2.3517(6) A in
13 vs. 2.5731(7) A in 3) and longer carbon-sulfur bonds (1.710(3) A in 13 vs. 1.687(2) A in 3). This
difference in chelate effect is surprising in light of the greater difficulty of chloride ligand substitution in
the synthesis of 13 vs. 3.

R;Si(OPTO): (R = Me;, Me(allyl), allyl,) Complexes. For the series of pentacoordinate silicon
complexes, R2Si(OPTO), (R2 = Me: (3), Me(allyl) (12), allyl, (11)), the upfield progression in both *Si
NMR (6 —19.0, —35.3, and —49.0 ppm, respectively) and *C NMR C=S signals (5 170.1, 167.5, and 167.1

ppm, respectively) in CDCIls support that allyl groups increase the Lewis acidity of silicon in comparison



to methyl groups leading to a stronger chelate interaction. In the solid state, an anomaly of this trend is
observed with the mixed derivative 12 exhibiting the strongest chelate effect given by its largest S1-Sil-
O1 bite angle (84.83(3)°), longest carbon-sulfur bond (d = 1.7275(12) A), and shortest Si—S bond (d =
2.2057(5) A). This anomaly may be explained by the difference in the orientation of chelated OPTO
ligand with the structure of 12 favoring the S¢q arrangement and with the structures of 3 and 11 favoring
the S.x arrangement (Figure 4). In line with the discussion below with R>Si(OPTO)CI complexes, this
observation supports an increased chelate effect when sulfur occupies an equatorial position. The regular
expected spectral trends in solution and variation in Sa«/Seq orientations in the solid state suggest that
energy differences between these isomers are small and are easily influenced by solvation and/or crystal

packing effects.

R,Si(OPTO)Cl Complexes. Monosubstituted complexes of the form R,Si(OPTO)CI (R = Me (14), ‘Pr
(15), allyl (16), p-tolyl (17), mesityl (18)) were prepared according to eq 5. Complex 14 was
characterized in solution by NMR spectroscopy only and could not be isolated as a pure solid.
Recrystallization of the product residue of 14 resulted in isolation of analytically pure 3 due to ligand
redistribution. Ph,Si(OPTO)CI (19) was synthesized by trans-silylation of Ph,SiCl, with 1 equiv. of 1 (eq
6).
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The X-ray crystal structures of 15-19 are given in Figure 5. Selected bond distances and angles are given
in Tables S9-S10. All of the compounds exhibit similar distorted trigonal bipyramidal geometries with
cis carbon-based groups, chloride in axial positions,*’ and chelated OPTO ligands with sulfur in
equatorial positions. Compared with all other complexes in this work, these R2Si(OPTO)CI complexes
possess the strongest chelate interactions given by their longest carbon-sulfur bonds (range = 1.723-1.733
A), largest O1-Sil-S1 bite angles (range = 85.3-87.5°), and most pronounced extent of n-ED within the
pyridine rings (vide infra). A comparison with fully delocalized 2,2’-dithiobis(pyridine-N-oxide) (20),
having longer C—S bond lengths of ~1.76 A (see the Supporting Information), suggests that maximum -
ED has not been realized in the R,Si(OPTO)CI complexes and supports their electronic structures to be

between those of ii and iii (Figure 1). Further, the N-O bond lengths are decreased upon chelation

10



(1.382(2) A in 1 vs. 1.3433(10) A in 15) but are considerably longer than that in pyridine N-oxide
(1.314(6) A).*' This supports electronic structures of 15-19 closer to iii than towards the monodentate k-
S form iv (Figure 1) as the negative charge of the bidentate OPTO ligand cannot be localized entirely on
the oxygen atom. Variations of ancillary ligand sterics and electronics of 15-19 show little effect on the
carbon-sulfur bond lengths although an increase in chelate strength with more electron-withdrawing aryl
groups in 17 and 19 vs. 15 is given by the slightly shorter Si-O and Si-S bond lengthss and larger bite

angles.

Figure 5. Thermal ellipsoid plots of 15-19 at the 50% probability level with hydrogen atoms omitted.

For 16, only the major component of disorder is shown.
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The markedly stronger chelate effect observed collectively in the R2Si(OPTO)CI complexes may

be explained by the electronic versatility of the OPTO ligand in forming primarily covalent bonds to

11



silicon with either S or O and the greater tendency for its sulfur atom to occupy an equatorial position.
With two possible orientations of the OPTO ligand, S-equatorial (S¢q) and S-axial (Sax), the Seq
arrangement is expected to increase the covalent character of the Si—S bond in accord with the concept
of equatoriphilicity as described for pentacoordinate phosphorus complexes that indicates increased
stability with formally anionic donors in the equatorial plane.** The more stable S¢q bonding arrangement
is also consistent with fundamental tendencies for larger and less electronegative atoms to occupy
equatorial sites in TBP complexes.* In further support of this effect here, the Si—S bond distances in 15-
19 (range = 2.18-2.21 A) are shorter or comparable to the average Si—S covalent bond distance in
pentacoordinated phenylthiolate complexes (2.23 A) according to the CSD.!” With the ambidentate
potential of the OPTO ligand and primarily covalent character of the Si—S bond in an equatorial position,
the accessibility of resonance structure iii is increased (Figure 1) by which n-ED in the pyridine ring can
stabilize the complex to a greater extent than with an Si-S bond in an axial position. Furthermore, axial
Si—O bonds are expected fundamentally to become longer and more dative in character due to a greater
number of destabilizing 90° bond pair interactions. The Si—O bonds in 15-19 (range = 1.84-1.88 A) can
be characterized as dative. Although there are no known published structures of pentacoordinated
organosilicon complexes that contain well-defined dative N-oxides, we have synthesized recently one
such complex of 8-oxoquinoline N-oxide (QNO), Et,Si(QNO)CI. In this complex, a covalent Si—O bond
is formed in an equatorial position with an Si<—ON dative interaction in an axial position with its length
(d = 1.8684(12) A) comparable with those in 15-19.* The same S arrangement is favored in the
stannane congeners, R,Sn(OPTO)CI (R = Me, Ph).#

In contrast, the S.x arrangements observed in R,Si(OPTO), complexes 3 and 11 indicate stronger
covalent Si—O bonds in the equatorial plane and a resonance structure closer to ii than iii (Figure 1). In
the Sax conformation, the naturally longer Si—S internuclear distance in an axial position reduces the
extent by which n-ED can occur as observed. The tendency to favor S« over Seq arrangements in these
cases is possibly due to the well-known propensity of silicon to form particularly strong Si—O covalent
bonds which is enhanced in an equatorial position, and in these cases, outweighs the stabilization due to
n-ED.

The '3C NMR C=S signals (range = § 154-156 ppm) of 15-17 and 19 in CDCl; are in agreement
with their S¢q orientations and strong chelate interactions observed in their solid states. For 18, its
intermediate C=S '*C NMR chemical shift of 8 163.3 ppm suggests that this complex is particularly better

solvated and leads to weaker chelation in solution.*

Structural Characterization of m-ED. The use of a tunable silicon core as a chelating center has

afforded the crystallographic characterization of complexes with widely varying degrees of stabilizing -

12



ED occurring within the pyridine ring. Upon chelation, equalization of C-C bond lengths is expected in
progressing from a localized to a delocalized aromatic n-system with lengthening of the C=S, C2-C3, and
C4-C5 bonds and shortening of the C1-N, C1-C2, C3-C4, and C5-N bonds (Figure 2). These changes are
fully consistent with the differences observed in the pyridine ring bond lengths of the strongly chelated
monosubstituted R,Si(OPTO)CI (15-19) complexes in comparison with unchelated R3;Si(OPTO) (1 and 2)
complexes (Tables S5,59, and S10). Specifically, in comparison of monosubstituted unchelated 2 with
strongly chelated 19, the C=S, C2-C3 and C4-C5 bonds are longer in 19 (Bond length difference (A) =
0.059(2), 0.022(4), and 0.013(4) A, respectively), and the C1-N, C1-C2, C3-C4, and C5-N bonds are
shorter (A = 0.034(3), 0.029(4), 0.023(4), and 0.014(3) A, respectively). In comparison of disubstituted
bis-unchelated 6 with strongly bis-chelated 7, the same trends are observed, but to a lesser extent with the
C=S, C2-C3, and C4-C5 bonds longer (A = 0.0288(26), 0.016(4), and 0.011(4) A, respectively), and the
C1-N, C1-C2, C3-C4, and C5-N bonds shorter (A = 0.013(3), 0.020(4), 0.011(4), and 0.007(3) A,
respectively) in 7. The lesser extent by which n-ED occurs in 6- vs. 5-coordinate silicon complexes may
be due to increased electron density on silicon which decreases the extent by which the C=S bond is able
to delocalize toward formation of anSi—S bond, although DFT calculations are needed for an
understanding of the charge distribution in these molecules. For 11 and 12, the same differences in bond
lengths are observed in comparing the x*- and x'-OPTO ligands within each complex (Table S8). For
very weakly chelated ligands in 3 and 9, a smaller extent of pyridine ring bond length differences is
observed in comparison with that in unchelated 2. These general patterns and snapshots of a variety of
complexes demonstrate that t-ED within the OPTO ligand occurs in tandem with chelation.

In 1-3, 6, and 10-12, the plane of the monodentate OPTO ligands generally sits orthogonal (range
=80.59-89.11°) to the plane formed by the Si, O, and N atoms. This arrangement minimizes repulsions
between the lone pairs on oxygen and the n-localized lone pair on nitrogen.*’ In the most strongly
chelated complexes 15, 17-19, with the nitrogen lone pair delocalized, the OPTO ligand becomes
essentially coplanar with its chelate ring forming small dihedral angles (range = 2.08 — 8.18°; defined as
the angle between the S1-Si1-O1 and S1-C1-C2-C3-C4-C5-N1-O1 planes). For 16, a larger dihedral
angle is observed (19.34(2)°). Weak n-stacking of pyridine rings occurs in both 15 and 16 with centroid-
centroid distances of 3.7 A and 4.4 A, respectively.

The extent of 7-ED in the OPTO ligand given by the elongation of the C=S bond can be traced to
more direct indicators of chelate strength, specifically the Si—S bond length and the S—Si—O bite
angle. Upon examination of the chelated ligands in all complexes in this work, the S—Si—O bite angle
is found to correlate directly with the carbon-sulfur bond distance (Figure S2) and the Si—S internuclear

distance is found to correlate inversely with the carbon-sulfur bond distance (Figure S3). These regular
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trends support that the extent of n-ED correlates with chelate strength. Furthermore, the average carbon-
sulfur bond distances within individual chelated, unchelated, and mixed /x> complexes correlate notably
well with their respective *C NMR C=S chemical shift (Figure 6) and supports (1) the agreement of
chelate strength indicators between solution-state and solid-state structures, (2) that solvent effects on
chelate strength are consistent and small in CDCls, and (3) that chelation and n-ED within the OPTO

ligand occur in tandem along a continuum.

Figure 6. Plot of the 3*C NMR C=S chemical shifts at 296 K of 1-3, 6-13, and 15-19 in CDCl; vs.
carbon-sulfur bond distance in the solid state. For disubstituted complexes, the average of the carbon-

sulfur distances was used. Linearized equation: y = -334x + 752. R?=0.888.
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For unknown reasons, a significant narrowing of the NCS angle was found to occur upon n-ED in
general with values consistently in the range of ~122-123° in k! form and ~115-117° in k? form across all
complexes in this work (Tables S5-S10) However, narrowing of this angle is observed to occur even
without complexation with silicon as evidenced in the fully delocalized structure of 20 (Figure S1). In

comparison, the CNO angle is much less flexible and ranges from ~118—120° in all complexes and in 20.

Comparative *C NMR Analysis. The '*C NMR spectra of complexes 1, 8, 9, and 15, arranged in order
of chelate strength, is given in Figure 7. Carbon resonances of the OPTO ligand in each complex were
assigned with "H-'*C HMQC NMR experiments. Carbons a, b, and e appear farther upfield and carbons ¢
and d appear farther downfield as chelate strength increases and results in a variation in the relative

ordering of resonances b, ¢, and e in 1.
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Figure 7. Zoomed *C NMR spectra of 1, 8, 9, and 15 in CDCl; at room temperature in order of

increasing chelate strength.
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With 1 and 15 serving as prototypes for extremes of unchelated and chelated forms, the X-ray
structure data can explain both the direction and extent of shifting of the solution-state pyridine ring '3C
NMR signals. By calculating the difference in the average of the two C—X (X=C, N) internuclear
distances to each pyridine ring atom, carbons a and b were found to be closer in 15 than in 1 by 0.024(3)
A and 0.011(3) A, respectively (Table S11) and points to an overall increase in local n-bonding.
Likewise, by *C NMR spectroscopy, carbons a and b are observed to shift to the greatest extent and
appear upfield by 19.5 ppm and 11.3 ppm in 15 vs. 1, respectively, as would be expected from a
proportional increase in shielding of these carbon atoms from an overall increase in n-bonding. The '*C
NMR shift differences for carbons ¢, d, and e in 15 vs. 1 are much smaller as chelate strength varies and
likewise the differences in average internuclear distances between these atoms were expectedly small
such that to within their standard uncertainties could not be reliably correlated with the '*C NMR

chemical shifts.

Dynamic Chelation Equilibria. A VT-NMR study of 9 in toluene-ds revealed a downfield shift of its
2Si NMR signal from § —73.3 to —55.4 ppm with increasing temperature from —90 to 24 °C in addition to
temperature-dependent chemical shifts of the five *C OPTO ligand resonances (Figure 8). As the
temperature is increased and the extent of chelation decreases, carbon resonances a, b, and e shift

downfield and resonances ¢ and d shift upfield with carbon a shifting to the largest extent. These
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observations are consistent with a dynamic equilibrium between 5- and 4-coordinate states occurring by

Si<—S bond dissociation (eq 7).*

Figure 8. Plot of the '*C NMR spectra of 9 vs. temperature in toluene-ds. Resonances b and ¢ cross each
other at 34 °C.
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The hexacoordinate silicon complexes 7 and 8 exhibited the same pattern of shifts with
temperature but to a lesser degree than that of 9. These observations point to increased chelate strength
in 7 and 8 vs. 9, consistent with increased Lewis acidity in the smaller silacycles. In 8, a small solvent-
dependence on the ??Si NMR chemical shift at room temperature was observed (8 —80.2 ppm in CDCls;
—86.3 ppm in toluene-ds) and exhibited a greater rate of downfield shift of the 2°Si NMR signal with
increasing temperature in CDCls (0.096 ppm/K) vs. toluene-ds (0.067 ppm/K).>!

VT-NMR studies of the more strongly chelated R,Si(OPTO)CI derivative 15 revealed even
smaller downfield shifts of its 2’Si NMR signal from 25 to 40 °C in CDCls and in toluene-ds (A8 = 1.7 and
1.6 ppm, respectively) along with shifting of its '*C OPTO ligand resonances in directions characteristic
of m-electron localization. These observations indicate that the substantial increase in the strength of the
Si—S bond, as assessed by the *C NMR C=S chemical shift (§ 157.0 ppm) and X-ray structure analysis,

suppresses but does not completely inhibit thermally-induced Si<—S bond dissociation.
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Exploration of Hydrogen-bond Donor Interactions with Chloroform. Solvent-dependent *Si NMR
chemical shifts were observed for 1, 5, 8, 9, and 15. In all cases, resonances appeared consistently at
lower field in CDClI; than in toluene-ds indicating a general weakening of chelate interactions in CDCls.
The largest solvent effect was observed for 9 (8 = -55.4 ppm, toluene-ds; & = -32.9 ppm, CDCl3).>?> Given
the non-classical H-bonding O—H:--S=C interactions that occur in the free HOPTO ligand** and in 1-
hydroxy-4(1H)-pyridinethione,*® weak H-bond donor interactions of chloroform with sulfur, oxygen, or
both are possible. In an NMR tube study of 9 in toluene-ds, incremental addition of small amounts of
CHCl; resulted in unidirectional downfield '*C NMR shifts of a-e.* Given the established pattern of '*C
NMR shifts that occur upon n-ED (vide infra), this observation is inconsistent with increased Si<—S bond
dissociation and therefore does not support an H-bond donor interaction of chloroform with sulfur.*
Although solvent effects not due to H-bonding interactions can weaken ligand donor interactions with
silicon,’® we propose an H-bond donor interaction of chloroform with oxygen to explain the large solvent
effect of the 2°Si NMR chemical shift of 9. Such an interaction might be expected to result in increased n-
ED toward N-oxide formation and in a strengthened Si-S bond, but this is not observed and suggests that

the H-bond donor interaction leads instead toward protonolysis of the Si-O bond.

Solvent effects were probed similarly for the strongly chelated complex 15. At room temperature
in toluene-ds, diastereotopic methyl groups are indicated in the "H and '*C NMR spectra but are
magnetically equivalent in neat CDCls or CD;CN. In an NMR tube experiment, incremental amounts of
CHCl; up to 175 equiv. were added to a toluene-ds solution of 15 upon which the 'H and '*C methyl
resonances coalesced (Figures S53 and S54), the 2°Si resonance shifted slightly downfield by 3.6 ppm,
and the five 3C OPTO resonances shifted downfield. These spectral changes are inconsistent with a shift
in chelation equilibrium by Si«—S bond dissociation. lonization of the Si-Cl bond was also discounted on
the basis of the same pattern of unidirectional shifts in the *C NMR spectrum of 15 observed for non-
chlorinated 9 in a similar experiment,’” and on limited reports of chloride ionization in 5-coordinate
dialkyl organosilicon complexes of which their Si-Cl bonds are significantly longer than that of 15.%
Finally, a slight weakening of the chelate is indicated by the lower field ?’Si NMR signal, presumably
from an H-bond donor interaction with oxygen, although an Si<—O dative bond dissociation is not
supported given that the same '*C NMR pattern of shifts is observed for 9 which contains strong covalent
Si-O bonds. The mechanism for the loss of topicity is therefore most consistent with a non-dissociative

Berry process facilitated by an increase in solvent polarity.

In an additional NMR tube experiment of 15 in toluene-ds, incremental amounts of CH3CN up to
100 equiv. were added (Figure S55). The pairs of 'H and "*C methyl resonances coalesced, and the #°Si
resonance shifted slightly upfield by 2.8 ppm. The separation of '*C resonances b and d gradually
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decreased by 2.3 ppm and a shifted upfield by 2.3 ppm, both of which generally signal an increase in 7-
ED within the OPTO ligand, along with a downfield shift of e by 0.6 ppm. The same general pattern of
differences can be seen in the spectra of the free HOPTO ligand in neat toluene-dg vs. neat CD3;CN among
other solvents (Figure S56). This suggests that the ligand is solvated similarly in 15 leading to increased
n-ED and increased chelate strength as given by the higher field *Si NMR shift.

In light of several known acetonitrile adducts of silyl cations,* the possibility of chloride
displacement by CH3CN in 15 was examined and ruled out as a possible mechanism for the observed
stereodynamic process. In CD;CN, the triflato derivative, ['Pr.Si(OPTO)]" [OSO.CF;] (15a), displays a
BC NMR spectrum consistent with a strongly chelating OPTO ligand and a ?*Si NMR signal ~60 ppm
downfield of that of 15 (6 +30.8 and —33.6 ppm, respectively). This characterizes 15a as a separated ion
pair with a 4-coordinate silicon complex cation. Consequently, an ion pair of 15 with dissociated chloride
cannot be a CD3;CN adduct. Further, cooling of a saturated solution of 15 in neat CH3CN resulted in
crystallization of the non-adduct as determined by X-ray crystallographic analysis. As with added CHCl;3
described above, the loss of topicity upon addition of CH3CN reflects an increase in the rate of a non-

dissociative dynamic process that is facilitated likely by an increase in solvent polarity.*
Conclusion.

The characterization of a family of organosilicon pyrithione complexes has led to a clear
relationship between the carbon-sulfur bond length, 3*C NMR C=S chemical shift, and chelate strength
given by the Si-S bond length and O-Si-S bite angle. The range of carbon-sulfur bond lengths observed
in these organosilicon complexes spans nearly the entire range of those of all structurally characterized
transition-metal, rare-earth, and main group pyrithione complex structures currently in the CSD. X-ray
structural data and variable-temperature '*C NMR data of unchelated to strongly chelated organosilicon
OPTO complexes shows that the extent of n-ED increases within the pyridine ring in tandem with
increasing chelate strength along the i to iii continuum. Lower and upper limits of the carbon-sulfur bond
lengths (~1.67 and 1.73 A) and of the *C NMR C=S chemical shifts (5 ~154 to 176 ppm) in CDCI; both
serve as useful signature markers of the approximate limits of chelate ring formation that should be
applicable in assessing relative chelate strengths within other families of pyrithione metal complexes. For
example, a survey of known organostannanes, R:Sn(OPTO) (R = Ph, Bn), R.Sn(OPTO), (R = Me, n-Bu,
Ph, Bn), and R,Sn(OPTO)CI (R = Me, Ph) reveals carbon-sulfur bond lengths ranging from 1.704-1.732
A #91 Variable-temperature '*C NMR studies of chelated complexes additionally reveals Si<—S bond
dissociation equilibria occurring in solution. In the most strongly chelated complexes, despite effectively

stronger Si-S bonds, Si<—S bond dissociation is still evident within the limit of detection.
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Complexes 3 and 11 display the pseudo-ambidentate potential of the OPTO ligand as the first
examples of Sax TBP isomers in the literature. In accord with simple bonding theory, the orientation of
the chelated OPTO ligand across axial and equatorial sites in TBP complexes has been shown to influence
the electronic character of its structure with S¢q isomers able to undergo ©-ED to a greater extent than S,

1Somers.

Finally, a comparison of di- and tri-organosilicon OPTO vs. OPO complexes from our earlier
work indicates an overall weaker chelate effect of the OPTO ligand with lower coordination numbers
generally observed in their solid states: Ph3Si(OPTO) is 4-coordinated and Ph3Si(OPO) is 5-coordinated;
Me,Si(OPTO); is 5-coordinated and Me,Si(OPO); is 6-coordinated; ‘Bu,Si(OPTO); is 4-coordinated and
‘Bu,Si(OPO); is 5-coordinated, and (mesityl),Si(OPTO); is 4-coordinated and (mesityl),Si(OPO), is 6-
coordinated.'**%2 We speculate the difference in chelate strength to be due qualitatively to the greater
difference in electronegativity between oxygen and silicon than between sulfur and silicon which would
be expected to increase the ionic character in the bonding. Further work in these and related complexes
will involve computational studies to understand the charge distributions in these molecules and the

energies associated with 7n-ED.
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Experimental Section.

General Considerations. All manipulations were performed inside a N»-filled Vacuum Atmospheres
glovebox and all reactions were carried out in amber glass vials to protect samples from ambient light.
Pentane and tetrahydrofuran were dried and vacuum-distilled from purple solutions of benzophenone
ketyl and stored over activated 4A molecular sieves. Toluene, chloroform, and triethylamine were dried
and vacuum distilled from activated 4A molecular sieves. Silyl chlorides were purchased from Gelest,
Inc. and used as received. Pyrithione (a.k.a. 2-Pyridinethiol 1-oxide) and DBU were purchased from
Aldrich and used as received. 'H, *C{'H}, and ¥Si{'H} NMR spectra were recorded at 296 Kelvin using
either a Bruker DPX250 NMR spectrometer (‘H, 250.1 MHz; 13C, 62.9 MHz; ?°Si, 49.7 MHz) or a Bruker
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Ascend400 NMR spectrometer ('H, 400.15 MHz; '3C 100.62 MHz; ¥’Si, 79.50 MHz). 2°Si NMR spectra
were recorded at a resolution of 0.36 Hz (DPX250) or 0.59 Hz (Ascend400). 'H and '*C NMR chemical
shifts were determined relative to residual solvent protons in CDCl; (‘H, § 7.26; 1*C, § 77.16), CD;CN
('H, 8 1.94; 13C, 5 118.26), and toluene-ds ('H, & 2.08; *C, & 20.43), or to external TMS. 2Si NMR
chemical shifts were referenced to external TMS in the same solvent. Samples submitted for elemental
analysis were obtained on recrystallized samples unless otherwise noted, and were analyzed at the

CENTC Elemental Analysis Facility at the University of Rochester.

Single Crystal X-ray Crystallography.

Structures 1-3, 7-12, 15-18: Crystals were placed onto the tips of glass optical fibers and
mounted on a Bruker SMART platform diffractometer equipped with an APEX II CCD area detector for
data collection.®* For each, a preliminary set of cell constants and an orientation matrix were calculated
from three orthogonal wedges of reciprocal space. Full data collections were carried out using a fine-
focus sealed X-ray tube (MoKa radiation, 0.71073 A) with frame times ranging from 25 to 90 seconds
and a detector distance of approximately 40 mm. Randomly oriented regions of reciprocal space were
surveyed: four to six major sections of frames were collected with 0.50° steps in @ at four to six different
¢ settings and a detector position of -38° in 26. The intensity data were corrected for absorption.** Final
cell constants were calculated from the xyz centroids of approximately 4000 strong reflections from the
actual data collections after integration.®

Structures 6, 13, 19-20: Crystals were placed onto Nylon loops and mounted on a Rigaku
XtalLAB Synergy-S diffractometer equipped with a HyPix-6000HE HPC area detector for data
collection.®® For each, a preliminary set of cell constants and an orientation matrix were calculated from a
small random sampling of reflections, after which a short pre-experiment was run from which an optimal
data collection strategy was determined. Full data collections were carried out using a PhotonJet
microfocus X-ray source (CuKa radiation, 1.54184 A) with frame times ranging from 0.09 to 1.89
seconds and a detector distance of 34.0 mm. Series of frames were collected in 0.50° steps in w at
different 26, k, and ¢ settings. After the intensity data were corrected for absorption, the final cell
constants were calculated from the xyz centroids of the strong reflections from the actual data collection
after integration.

All structures: Structures were solved using SIR2011¢7 (1-3, 8, 11-12, 15-18), SHELXS® (7), or
SHELXT® (6, 9-10, 13, 19-20) and refined using SHELXL.® Space groups were determined based on
systematic absences (2-3, 6, 9-11, 15-17, 19), intensity statistics (8, 12), or both (1, 7, 13, 18, 20). Most

or all non-hydrogen atoms were assigned from the solution. Full-matrix least squares / difference Fourier
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cycles were performed which located any remaining non-hydrogen atoms. All non-hydrogen atoms were
refined with anisotropic displacement parameters. All hydrogen atoms were placed in ideal positions and
refined as riding atoms with relative isotropic displacement parameters. Full matrix least squares
refinements on F? were run to convergence.

Structure manipulation and figure generation were performed using SHELXTL®® (1-3, 7-12, 15-
18) or Olex2 (6, 13, 19-20). The asymmetric unit of each structure contains one molecule in a general
position, except for 8 and 11, whose asymmetric units contain two independent molecules, and 13, whose
asymmetric unit contains one-half of a molecule on a crystallographic two-fold axis. In 7, the propyl
linkage of the silacycle is modeled as disordered over two positions (0.678(3):0.322(3)). In 12, the allyl
ligand is modeled as disordered over two positions (0.659(6):0.341(6)). In 13, the bidentate ligand (one
unique due to symmetry) is modeled as disordered with its monodentate isomer, which is found in two
orientations relative to the bidentate ligand (0.923(2):0.030(2):0.047(2)). The pendant sulfur atom of the
monodentate form was located in the difference Fourier map in two positions, corresponding to the two
orientations. The R1 residual (strong data) increases from 5.13 to 6.34 % if the disorder is not modeled.
In 16, one allyl ligand is modeled as disordered over two positions (0.941(2):0.059(2)); when not
modeled, R1 increases slightly, the two largest peaks of residual electron density are those pertaining to
the disorder, and there are Hirshfeld test alerts for atom pairs Sil/C6 and C7/CS8. For each disordered
group or ligand, analogous bond lengths and angles were restrained to be similar and anisotropic
displacement parameters for proximal atoms were restrained to be similar or constrained to be equivalent.

For 8, the refinement stalled at R1 = 0.069, at which point twin modeling was required. After the
non-merohedral twin law, [ 1 0 0/-0.936 -1 0/-0.055 0 -1 ], a 180 degree rotation about direct lattice [ 1
0 0 ], was determined, the data were re-integrated, and a new absorption correction was applied.”! There
were 7290 unique reflections solely in the first component, 7195 unique reflections solely in the second
component, and 3912 unique overlapping reflections. The mass ratio of the two components refined to
0.8447(12):0.1553(12). For 9, the refinement stalled at R1 = 0.136, at which point twin modeling was
required. After the non-merohedral twin law, [ 100.529/0-10/00 -1 ], a 180 degree rotation about
reciprocal lattice [100], was determined, the data were re-integrated, and a new absorption correction was
applied.”! There were 1348 unique reflections solely in the first component, 1126 unique reflections
solely in the second component, and 3788 unique overlapping reflections. The mass ratio of the two
components refined to 0.7609(16):0.2391(16).

See Tables S1-S4 in the Supporting Information for additional structural details.

MesSi(OPTO) (1). To a stirred solution of pyrithione (0.262 g, 2.06 mmol) and NEt; (0.30 mL,
2.2 mmol) in THF (14 mL) was added MesSiCl (0.26 mL, d = 0.858 g/mL, 2.1 mmol) dropwise at room
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temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was removed by filtration
and washed once with 1 mL of THF. Removal of the solvent under vacuum afforded 0.381 g (93%) of a
yellow powder. X-ray quality crystals were grown at room temperature from THF/pentane by the
diffusion method. 'H NMR (CDCls): & 0.34 (s, 9H, SiCH3), 6.54 (ddd, *J=6.9,°J=6.9, /= 1.9 Hz, 1H,
CHCHN), 7.04 (ddd, °J = 8.8, *J = 6.8, *J = 1.7 Hz, 1H, CHCHCS), 7.60-7.67 (m, 2H). 3C NMR
(CDCl3): 6 0.2 (SiCH3), 112.9 (CHCHN), 131.8 (CHCHCS), 137.1 (CHCS), 138.1 (CHN), 175.5 (CS).
2Si NMR (CDCl3): & 39.8. Anal. Calcd for CsH;sNOSSi: C, 48.20; H, 6.57; N, 7.02. Found: 48.31%
C; 6.56% H; 7.09% N.

Ph3Si(OPTO) (2). To a stirred solution of pyrithione (0.132 g, 1.04 mmol) and NEt; (0.15 mL,

1.1 mmol) in THF (8 mL) was added a solution of Ph3SiCl (0.306 g, 1.04 mmol) in THF (2 mL) dropwise
at room temperature. The resulting mixture was stirred for 1 day and the NEt;HCIl salt was removed by
filtration and washed once with 1 mL of THF. Removal of the solvent under vacuum afforded 0.401 g
(>99%) of a yellow-green powder. X-ray quality crystals were grown at room temperature from
THF/pentane by the diffusion method. "H NMR (CDCls): 6 6.16 (ddd, *J=6.9,°J=6.9,“J=1.9 Hz,
1H), 6.70 (ddd, >°J =8.9,°J=6.7,*J = 1.6 Hz, 1H), 7.17-7.34 (m, 10H), 7.43-7.51 (m, 2H), 7.56-7.60 (m,
5H). BC NMR (CDCls): 8 112.3,128.2,130.6, 131.2, 131.3, 136.4, 137.3, 137.9, 176.0 (CS). *Si NMR
(CDCl3): 82.5. Anal. Calcd for C3Hi9oNOSSi: C, 71.65; H, 4.97; N, 3.63. Found: C, 71.49; H, 491, N,
3.58.

Me;Si(OPTO); (3). To a stirred solution of pyrithione (0.329 g, 2.58 mmol) and NEt; (0.37 mL,

2.7 mmol) in THF (14 mL) was added Me,SiCl, (0.15 mL, d = 1.06 g/mL, 1.2 mmol) dropwise at room
temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was removed by filtration
and washed once with 2 mL of THF. Removal of the solvent under vacuum afforded 0.358 g (89%) of a
yellow powder. X-ray quality crystals were grown at room temperature from THF/pentane by the
diffusion method. '"H NMR (CDCls): & 0.76 (s, 6H, SiCH3), 6.74 (ddd, 3J = 6.9,°J = 6.9, *J= 1.8 Hz,
2H), 7.22 (ddd, *J = 8.3, = 7.0, *J= 1.6 Hz, 2H), 7.67 (dd, °J = 8.6, *J = 1.6 Hz, 2H), 7.99 (dd, *J = 6.9,
*J=1.3 Hz, 2H). '*C NMR (CDCls): 8 4.7 (SiCH3), 114.7,132.5, 133.7, 137.3, 170.1 (CS). *Si NMR
(CDCls): 8 —19.0. Anal. Calcd for Ci2H14N20,S5Si: C, 46.42; H, 4.55; N, 9.02. Found: C, 46.32; H,
4.50; 8.91.

Et;Si(OPTO); (4). To a stirred solution of pyrithione (0.302 g, 2.37 mmol) and NEt; (0.35 mL,
2.5 mmol) in THF (14 mL) was added Et,SiCl, (0.18 mL, d = 1.05 g/mL, 1.2 mmol) dropwise at room

temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was removed by filtration
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and washed once with 1 mL of THF. Removal of the solvent with the assistance of light heating under
vacuum afforded 0.397 g (99%) of a viscous yellow oil. Elemental analysis was performed without
further purification. 'H NMR (CDCls): § 0.99-1.24 (m, 10H), 6.72 (ddd, 3J=6.9,3J=6.9,*J= 1.8 Hz,
2H), 7.21 (ddd, *J=17.9,3J=6.9, *J= 1.6 Hz, 2H), 7.67 (dd, °J = 8.6, *J = 1.8 Hz, 2H), 7.98 (dd, *J = 6.9,
*J=1.4 Hz, 2H). *C NMR (CDCls): 8 7.7,13.3, 114.4, 132.4, 133.5, 137.3, 170.3 (CS). *Si NMR
(CDCIl3): 6 -20.2. Anal. Calcd for C14H13N20,S,Si: C, 49.67; H, 5.36; N, 8.28. Found: C, 49.75; H,
5.41; N, 8.01.

Pr,Si(OPTO); (5). To a stirred solution of pyrithione (0.278 g, 2.19 mmol) and NEt; (0.32 mL,

2.3 mmol) in THF (14 mL) was added ‘Pr,SiCl, (0.20 mL, d = 1.03 g/mL, 1.1 mmol) dropwise at room
temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was removed by filtration
and washed once with 1 mL of THF. Removal of the solvent with the assistance of heating under vacuum
afforded 0.411 g of a very viscous yellow oil. After 4 hours under vacuum with mild heating, removal of
THF was incomplete and other impurities were observed in the NMR spectra. Elemental analysis was
performed without further purification. '"H NMR (CDCls): & 1.10 (d, J = 7.3 Hz, 12H), 1.76 (sep, J = 7.3
Hz, 2H), 6.71 (ddd, °J=7.0,*J=7.0, *J = 1.9 Hz, 2H), 7.20 (ddd, *J=17.9,°J= 6.9, *J = 1.4 Hz, 2H), 7.64
(dd, *s=8.7,*J= 1.8 Hz, 2H), 7.99 (dd, °J= 6.7, *J= 1.4 Hz, 2H). 3C NMR (CDCl5): & 18.4,21.0,
144.4,132.4, 133.0, 137.1, 169.8 (CS). *Si NMR (CDCls): 8 —28.4. Anal. Calcd for C1sH22N»0,S,Si:
C, 52.42; H, 6.05; N, 7.64. Found: C, 51.86; H, 6.16; N, 7.38.

‘Bu;Si(OPTO); (6). To a stirred solution of pyrithione (0.282 g, 2.22 mmol) and 1,8-
diazabicyclo[4.5.0Jundec-7-ene (DBU) (0.33 mL, d = 1.02 g/mL, 2.2 mmol) in THF (10 mL) was added
‘BusSiCl, (0.25 mL, d = 1.01 g/mL, 1.2 mmol) dropwise at room temperature. The resulting mixture was
stirred for 1 day, filtered, and washed once with 1 mL of THF. The filtrate was dried under vacuum to
afford 0.477 g of a pale yellow sticky powder. A portion (0.0881 g) was recrystallized from THF/pentane
by diffusion to afford 0.0564 g (64%) of X-ray quality crystals. "H NMR (CDCls): & 1.21 (s, 18H), 6.61
(ddd,*J=6.8 Hz, *J=6.8,%J = 1.6 Hz, 2H), 7.11 (br t, °*J = 7.4 Hz, 2H), 7.66 (dd, >*J = 8.7, % J= 1.9 Hz,
2H), 8.49 (br d, *J = 4.0 Hz, 2H). *C NMR (CDCls): 8 23.4 (C(CHs)s3), 28.7 (C(CHa)3), 113.0, 132.0,
136.8, 138.8, 174.6 (CS). *Si NMR (CDCls): 8 -2.6. Anal. Calcd for CisH26N20,S,Si: C, 54.78; H,
6.64; N, 7.10. Found: C, 54.67; H, 6.67; N, 7.29.

(CH»)3Si(OPTO); (7). To a stirred solution of pyrithione (0.316 g, 2.48 mmol) and NEt; (0.36 mL,
2.6 mmol) in THF (14 mL) was added (CH>);SiCl, (0.15 mL, d = 1.20 g/mL, 1.3 mmol) dropwise at room

temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was removed by filtration
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and washed once with 1 mL of THF. Removal of the solvent under vacuum afforded 0.345 g (86%) of a
very sticky yellow residue. Recrystallization from THF/pentane by the diffusion method deposited
crystals suitable only for X-ray analysis and could not be purified further due to co-precipitation of a
sticky residue. "H NMR (CDCl;): & 1.53-1.75 (m, 6H), 6.86 (ddd, *J = 7.0, *J= 7.0, *J = 1.9 Hz, 2H),
7.31(ddd, *J=17.8,3J=17.0,*/= 1.4 Hz, 2H), 7.49 (dd, °J = 8.4, “J= 1.6 Hz, 2H), 8.03 (dd, *J = 6.9, *J =
1.0 Hz, 2H). “C NMR (CDCL): & 13.1 (SiCH.CHa), 38.7 (SiCH>), 116.6, 128.7, 132.6, 135.3, 162.7
(CS). ?Si NMR (CDCls): 8 —111.7. Anal. Calcd for C13H1sN>0,S,Si: C, 48.42; H, 4.38; N, 8.69.
Found: C, 47.96; H, 4.39; N, 8.14.

(CH»)sSi(OPTO): (8). To a stirred solution of pyrithione (0.303 g, 2.38 mmol) and NEt; (0.35 mL,

2.5 mmol) in THF (14 mL) was added (CH>)4SiCl, (0.15 mL, d = 1.19 g/mL, 1.1 mmol) dropwise at room
temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was removed by filtration
and washed once with 1 mL of THF. Removal of the solvent under vacuum afforded 0.357 g (89%) of a
white powder. X-ray quality crystals were grown at room temperature from THF/pentane by the diffusion
method. "H NMR (CDCls): 8 0.53-0.58 (br m, 4H), 1.39-1.45 (br m, 4H), 6.72 (ddd, *J=6.9,°J=6.9,*J
= 1.7 Hz, 2H, CHCHN), 7.12 (ddd, *J=8.7,°J= 7.2, *J = 1.5 Hz, 2H, CHCHCS), 7.35-7.39 (m, 2H,
CHCS), 7.84-7.88 (m, 2H, CHN). *C NMR (CDCl): & 24.7,25.6,116.3 (CHCHN), 129.1 (CHCS),
132.4 (CHCHCS), 135.3 (CHN) 163.4 (CS). ?Si NMR (CDCls): 8 —80.2. Anal. Calcd for
CisH16N20:2S,Si: C, 49.97; H, 4.79; N, 8.32. Found: C, 49.96; H, 4.72; N, 8.33.

(CH»)sSi(OPTO): (9). To a stirred solution of pyrithione (0.295 g, 2.32 mmol) and NEt; (0.34 mL, 2.4
mmol) in THF (12 mL) was added (CH>)sSiCl, (0.17 mL, d = 1.16 g/mL, 1.2 mmol) dropwise at room
temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was removed by
filtration. Removal of the solvent under vacuum afforded 0.417 g of a waxy oil. The oil was
recrystallized from THF/pentane by the diffusion method, washed with pentane, and dried under vacuum
to afford 0.348 g (87%) of yellow crystals that melted upon breaking the vacuum. X-ray quality crystals
were grown at room temperature from THF/pentane by the diffusion method. '"H NMR (CDCl;): & 1.28
(t,J= 6.4 Hz, 4H), 1.41-1.53 (m, 2H), 1.73-1.90 (m, 4H), 6.68 (ddd, °J= 6.9, °*J=6.9, “J = 1.7 Hz, 2H,
CHCHN), 7.19 (ddd, *J=17.9,%J="1.7,%J = 1.4 Hz, 2H, CHCHCS), 7.58 (dd, °J = 8.4, “J= 1.6 Hz, 2H,
CHCS), 7.83 (dd, °J= 6.6, *J = 1.2 Hz, 2H, CHN). *C NMR (CDCl;): §22.4, 25.3,28.9
(SiCH.CH>CH>), 114.6 (CHCHN), 132.5 (CHCS), 132.8 (CHCHCS), 137.0 (CHN), 169.2 (CS). *Si
NMR (CDCl3): 6 —32.9. Anal. Calcd for C;sHisN2O,S,Si: C, 51.40; H, 5.18; N, 7.99. Found: C, 51.15;
H, 5.02; N, 7.79.
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(mesityl);Si(OPTO), (10). To a stirred solution of pyrithione (0.196 g, 1.54 mmol) and NEt; (0.24 mL,
1.7 mmol) in THF (8 mL) was added mesityl,SiCl, (0.260 g, 0.771 mmol) dissolved in THF (2 mL)
dropwise at room temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was
removed by filtration. Removal of the solvent under vacuum afforded 0.425 g of a viscous yellow oil. A
portion of the oil (0.0108 g) was recrystallized from THF/pentane by the diffusion method, washed with
pentane, and dried under vacuum to afford 0.0078 g (72%) of yellow crystals. X-ray quality crystals were
grown at room temperature from toluene/pentane by the diffusion method. "H NMR (CDCls): 8 2.22 (s,
6H), 2.53 (s, 12H), 6.27 (ddd, °J = 7.0, °*J = 7.0, *J = 1.9 Hz, 2H), 6.92 (s, 4H), 6.95 (ddd, *J = 7.7, %) =
7.6,4J =13 Hz, 2H), 7.54 (dd, *J = 8.6, *J = 1.9 Hz, 2H), 8.01 (dd, °J = 7.2, *J= 1.4 Hz, 2H). 3C NMR
(CDCl3): 821.3,24.9,112.1,125.1, 130.0, 131.7, 136.6, 138.8, 141.8, 145.2, 174.5 (CS). *Si NMR
(CDCl3): 6 —16.9. Anal. Calcd for C23H30N20,S,Si: C, 64.83; H, 5.83; N, 5.40. Found: C, 64.73; H,
5.56; N, 5.19.

(allyD)2Si(OPTO); (11). To a stirred solution of pyrithione (0.291 g, 2.29 mmol) and NEt; (0.34 mL,
2.4 mmol) in THF (14 mL) was added (allyl),SiCl, (0.19 mL, d = 1.08 g/mL, 1.1 mmol) dropwise at
room temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was removed by
filtration and washed once with 1 mL of THF. Removal of the solvent under vacuum afforded 0.373 g
(93%) of a yellow semi-solid residue. Crystals for X-ray analysis were grown at room temperature from
THF/pentane by the diffusion method. "H NMR (CDCls): 6 2.30 (d, J = 8.1 Hz, 4H, SiCH,), 4.77-4.90
(m, 4H, SiCH,CHCH>), 5.87-6.04 (m, SiCH.CH), 6.84 (ddd, *J=6.9,°J= 6.9, “J= 1.6 Hz, 2H), 7.31
(ddd,*J=8.0,°J=6.8,*J= 1.4 Hz, 2H), 7.66 (dd, *J = 8.5, *J = 1.6 Hz, 2H), 8.02 (dd, *J=6.9,*J=0.9
Hz, 2H). *C NMR (CDCls): 8 30.4 (SiCH»), 114.3,115.4, 131.7, 132.7, 134.8, 136.7, 167.1 (CS). *Si
NMR (CDClz): & —49.0. Anal. Calcd for CisHisN202S:Si: C, 53.01; H, 5.00; N, 7.73. Found: C, 53.02;
H, 5.08; N, 7.61.

Me(allyl)Si(OPTO); (12). To a stirred solution of pyrithione (0.302 g, 2.37 mmol) and NEt; (0.35 mL,
2.5 mmol) in THF (14 mL) was added Me(allyl)SiCl, (0.17 mL, d = 1.08 g/mL, 1.2 mmol) dropwise at
room temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was removed by
filtration and washed once with 2 mL of THF. Removal of the solvent under vacuum afforded 0.349 g
(87%) of a yellow powder. X-ray quality crystals were grown at room temperature from THF/pentane by
the diffusion method. "H NMR (CDCls): & 0.37 (s, 3H), 1.99 (d, J = 7.8 Hz, 2H), 4.46-4.60 (m, 2H),
5.54-5.72 (m, 1H), 6.54-6.59 (m, 2H), 7.01 (t, >*J = 7.5 Hz, 2H), 7.38 (d, *J = 8.9 Hz, 2H), 7.78 (d,*J = 6.5
Hz, 2H). C NMR (CDCls): 8 4.1 (SiCH3), 30.1 (SiCH>), 114.3 (SiCH.CHCH>), 115.4, 132.0, 132.5,
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134.1 (SiCH.CHCHa>), 136.8, 167.5 (CS). #°Si NMR (CDCls): § —35.3. Anal. Calcd for C14H16N20,S,Si:
C,49.97; H,4.79; N, 8.32. Found: C, 50.35; H, 4.70; N, 8.20.

(p-tolyl),Si(OPTO); (13). To a solution of 1 (0.350 g, 1.76 mmol) in THF (10 mL) was added (p-
tolyl)2SiCl, (225 uL, d = 1.10 g/mL, 0.880 mmol) dropwise at room temperature. The mixture stirred for
1 day and the solvent was removed under vacuum. Three repetitions of the addition of THF (10 mL) and
immediate removal of the volatiles under vacuum produced 0.429 g of a yellow powder. (p-
tolyl)2Si(OPTO)CI (~23% by mass) remained in the sample by 'H NMR integration of the methyl signals
along with other impurities. Due to the complex mixture, complete NMR peak assignments could not be
made. Crystals suitable for X-ray analysis were grown at room temperature from CHCI3;/THF by solvent
layering in an NMR tube. '"H NMR (CDCls): & 2.24 (s), 2.31 (s), 2.34 (s), 2.38 (s), 6.56 (d), 6.59 (d),
6.62 (d), 7.09-7.26 (m), 7.51 (d), 7.55 (d), 7.72 (d of d), 7.81 (d). *C NMR (CDCl;): §21.6, 115.6,
128.3,128.4, 130.9, 132.3, 134.5, 135.1, 136.6, 137.5, 138.6, 166.0. Si NMR (CDCls): §-70.1,-67.1
7).

Me:Si(OPTO)CI (14). To a stirred solution of pyrithione (0.231 g, 1.82 mmol) and NEt; (0.27 mL,

1.9 mmol) in THF (14 mL) was added Me,SiCl, (0.22 mL, d = 1.06 g/mL, 1.8 mmol) dropwise at room
temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was removed by filtration
and washed once with 1 mL of THF. Removal of the solvent under vacuum afforded 0.318 g of a viscous
yellow oil. NMR spectral data were consistent with Me>Si(OPTO)CI containing a small amount of
Me,Si(OPTO),. An attempt to recrystallize the product from THF/pentane by diffusion at room
temperature resulted in the isolation of the analytically pure redistribution product, Me,Si(OPTO),. 'H
NMR (CDCls): 6 0.84 (s, 6H), 7.15 (br t, J= 6.7 Hz, 1H), 7.51-7.54 (br m, 1H), 7.57-7.60 (br m, 1H),
8.17 (brd, J= 6.6 Hz, 1H). 3C NMR (CDCl;): & 11.0 (SiCH3), 119.7, 126.0, 133.9, 134.7, 156.1 (CS).
2Si NMR (CDCls): 8 -36.6.

Pr,Si(OPTO)CI (15). To a stirred solution of pyrithione (0.184 g, 1.45 mmol) and NEt; (0.21 mL,

1.5 mmol) in THF (14 mL) was added ‘Pr,SiCl, (0.26 mL, d = 1.03 g/mL, 1.4 mmol) dropwise at room
temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was removed by filtration
and washed once with 1 mL of THF. Removal of the solvent under vacuum afforded 0.386 g (>99%) of a
pale yellow powder. X-ray quality crystals were grown at room temperature from THF/pentane by the
diffusion method. '"H NMR (CD;CN): § 1.09 (d, J= 7.3 Hz, 12H, CH3), 1.44 (sep, J = 7.3 Hz, 2H, CH),
7.27-7.30 (m, 1H), 7.64-7.66 (m, 2H), 8.35 (dt, J= 6.6, J= 0.9 Hz, 1H). 3C NMR (CDsCN): § 19.1 (br,
CHs), 23.9, 122.1, 125.6, 135.6, 135.8, 154.0 (CS). #’Si NMR (CD;CN): §-33.6. 'HNMR (CDCls): &
1.12 (d, J = 7.3 Hz, 12H, CH3), 1.54 (sep, J = 7.3 Hz, 2H, CH), 7.10 (ddd, *J = 7.0,°J = 7.0, *J = 1.8 Hz,
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1H, CHCHN), 7.48 (ddd,*J=8.7,%J=7.1, *J=1.4 Hz, 1H, CHCHCS), 7.59 (dd, °J =8.4, /= 1.8 Hz,
1H, CHCS), 8.19 (dd, J = 6.6, J = 1.4 Hz, 1H, CHN). '3C NMR (CDCls): & 18.7 (br), 22.8, 119.2
(CHCHN), 126.2 (CHCS), 133.3 (CHCHCS), 134.5 (CHN), 157.0 (CS). *Si NMR (CDCl3): 8 -26.1.
Anal. Caled for C;1H;sCINOSSi: C, 47.89; H, 6.58; N, 5.08. Found: C, 48.01; H, 6.43; N, 5.32.

Pr,Si(OPTO)(0SO:CF3) (15a). To a stirred solution of 15 (0.150 g, 0.544 mmol) in CHCl; (5 mL) was
added Me3;SiOSO,CF3 (98.6 puL, d = 1.23 g/mL, 0.543 mmol) at room temperature and stirred for 1 hour.
Removal of the volatiles under vacuum afforded 0.219 g of a yellow oil. Elemental analysis was
performed without further purification. "H NMR (CD;CN): 6 1.17 (br's, 12H, CH3), 1.66 (sep, J=7.5
Hz, 2H, CH), 7.58 (ddd, 3J = 6.7, *J = 6.7, *J = 2.8 Hz, 1H), 7.95-8.00 (m, 2H), 8.60-8.62 (m, 1H). *C
NMR (CDsCN): 6 17.0 (br, CH3), 17.4 (br, CH3), 17.9, 124.2, 128.0, 137.8, 140.0, 152.9 (CS). *Si
NMR (CDsCN): 6 30.8. '"HNMR (CDCls): 8 1.11 (d, J= 7.3 Hz, 12H, CHs), 1.58 (sep, J= 7.3 Hz, 2H,
CH), 7.32-7.36 (m, 1H), 7.74-7.76 (m, 2H), 8.42-8.44 (m, 1H). '*C NMR (CDCl;): & 17.6 (CH3), 20.1,
120.7,126.9, 135.2, 136.5, 156.2 (CS). The expected *C NMR quartet of the triflate ion could not be
located in either solvent, presumably broadened due to fluxional behavior. 2’Si NMR (CDCls): & —8.6.
Anal. Caled for Ci;H,sF3NO4S,Si: C, 37.00; H, 4.66; N, 3.91. Found: C, 36.74; H, 4.57; N, 3.59.

(allyl):Si(OPTO)CI (16). To a stirred solution of pyrithione (0.186 g, 1.47 mmol) and NEt; (0.22 mL,
1.6 mmol) in THF (14 mL) was added (allyl),SiCl, (0.25 mL, d = 1.08 g/mL, 1.5 mmol) dropwise at
room temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was removed by
filtration and washed once with 1 mL of THF. Removal of the solvent under vacuum afforded 0.261 g
(66%) of a pale yellow powder. X-ray quality crystals were grown at room temperature from
THF/pentane by the diffusion method. 'H NMR (CDCls): 6 2.09 (d, J = 8.0 Hz, 4H), 4.63-4.79 (m, 2H),
5.75-5.92 (m, 4H), 7.05-7.13 (m, 1H), 7.40-7.48 (m, 2H), 8.06-8.10 (m, 1H). *C NMR (CDCl;): & 33.4
(SiCH,), 114.2, 120.5, 124.9, 134.2, 134.6, 154.1 (CS). One carbon resonance of the allyl group is
coincident with a carbon resonance of the OPTO ligand. *’Si NMR (CDCls): 8 —50.1. Anal. Calcd for
CiHisCINOSSi: C, 48.60; H, 5.19; N, 5.15. Found: C, 48.39; H, 5.20; N, 5.03.

(p-tolyl),Si(OPTO)CI (17). To a stirred solution of pyrithione (0.137 g, 1.08 mmol) and NEt; (0.16 mL,
1.2 mmol) in THF (12 mL) was added (p-tolyl),SiCl, (0.28 mL, d = 1.10 g/mL, 1.1 mmol) dropwise at
room temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was removed by
filtration and washed once with 1 mL of THF. Removal of the solvent under vacuum afforded 0.386 g
(97%) of a pale yellow powder. A portion of the solid (0.099 g) was recrystallized from THF/pentane by
the diffusion method, washed with pentane, and dried under vacuum to afford 0.062 g (63%) of pale

27



yellow crystals. Crystals for X-ray analysis were grown at room temperature from THF/pentane by the
diffusion method. '"H NMR (CDCls): & 2.34 (s, 6H, CH3), 7.08-7.14 (m, 1H), 7.17 (d, J= 7.8 Hz, 4H),
7.48-7.65 (m, 2H), 7.81 (d, J = 7.9 Hz, 4H), 8.16 (d, J = 6.5 Hz, 1H) *C NMR (CDCl5): 3 21.6 (CH3),
120.5, 125.0, 128.4, 134.2, 134.5, 134.5, 137.8, 139.1, 154.5 (CS). ?Si NMR (CDCl3): 8 —65.6. Anal.
Calcd for C19H; sCINOSSI: C, 61.35; H, 4.88; N, 3.77. Found: C, 60.97; H, 4.84; N, 3.75.

(mesityl),Si(OPTO)CI (18). To a stirred solution of pyrithione (0.119 g, 0.935 mmol) and NEt; (0.14
mL, 1.0 mmol) in THF (8 mL) was added a solution of (mesityl),SiCl, (0.315 g, 0.934 mmol) in THF (2
mL) dropwise at room temperature. The resulting mixture was stirred for 1 day and the NEt;HCI salt was
removed by filtration and washed once with 1 mL of THF. Removal of the solvent under vacuum
afforded 0.311 g (78%) of a yellow waxy solid. A portion of the solid (0.101 g) was recrystallized from
THF/pentane by the diffusion method, washed with pentane, and dried under vacuum to afford 0.059 g
(58%) of yellow crystals. Crystals for X-ray analysis were grown at room temperature from THF/pentane
by the diffusion method. "H NMR (CDCls): & 2.25 (s, 6H), 2.52 (s, 12H), 6.82-6.89 (m, 5H), 7.32 (ddd,
3J=8.7,°J=7.1,"J= 13 Hz 1H), 7.59 (dd, *’J = 8.5, *J= 1.6 Hz, 1H), 7.89 (dd, *J = 6.7, *J= 1.0 Hz,
1H). *C NMR (CDCl3): 821.1,24.4,117.0,129.9, 130.0, 133.2, 134.9, 135.8, 139.3, 143.5, 163.3 (CS).
2Si NMR (CDCls): & —44.1. Anal. Caled for C3HasCINOSSi: C, 64.53; H, 6.12; N, 3.27. Found: C,
64.57; H, 6.19; N, 3.15.

Ph,;Si(OPTO)CI (19). To a solution of 1 (0.150 g, 0.752 mmol) in CHCIs (2 mL) was added Ph,SiCl,
(160 uL, d =1.22 g/mL, 0.772 mmol) dropwise at room temperature upon which a precipitate formed
immediately. The resulting mixture was stirred for 30 minutes and dried under vacuum for 2.5 hours to
yield 0.270 g of a yellow powder. The resulting solid could not be dissolved fully in CDCIs with gentle
heating and unidentified impurities were observed in the NMR spectra. Recrystallization of 186 mg of
solid from CHCls/pentane by the diffusion method afforded a quantity of crystals sufficient only for X-
ray structure determination. Efforts to isolate a pure specimen of 19 for elemental analysis were
unsuccessful. Due to the complex mixture, complete peak assignments could not be made. "H NMR
(CDCl3): 8 7.13 (t), 7.35 (m), 7.53 (m), 7.75 (d), 7.91 (m), 8.16 (d). *C NMR (CDCl5): & 120.6, 125.0,
127.6,128.5,129.2, 131.9, 134.2, 134.3, 134.5, 141.2, 154.3. ?*Si NMR (CDCl;): & —66.8.

Supporting Information
Crystallographic tables, CIFs, NMR spectra. This material is available free of charge via the Internet at
http://pubs.acs.org.
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