Inorg. Chem. 2007, 46, 1825—1835

Inorganic:Chemistry

* Article

Controlled Synthesis of a Structurally Characterized Family of Sterically
Constrained Heterocyclic Alkoxy-Modified Titanium Alkoxides
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The reaction of [Ti(«-ONep)(ONep)s]. (ONep = OCH,C(CHj)s) with a series of heterocyclic methanol derivatives
[tetrahydrofurfuryl alcohol (H-OTHF), thiophene methanol (H-OTPM), or 2-pyridylcarbinol (H-OPy)—collectively
termed H-OR?], led to the isolation of a novel family of OR*-substituted titanium alkoxide precursors. Independent
of the initial stoichiometry for the H-OTHF reaction, a monosubstituted, dinuclear species was isolated as [(ONep)sTi-
(uc-OTHF)], (1). For 1, each Ti was octahedrally (Oh) bound by three terminal ONep ligands, one bidentate bridging
OTHF ligand (uc-OTHF), and an oxygen from the other x.-OTHF ligand. For the OTPM derivatives, the product
was identified as [(ONep)sTi(-OTPM)], (2). For this ligand, the soft S atom does not bind to the Ti but the O atom
does act as a bridge between the two trigonal bipyramidal bound Ti metal centers. The OPy system yielded
(OPy),Ti(OR), independent of the OR and the stoichiometry used [OR = ONep (3), OCHMe; (4), OCMejs (5)]. For
3-5, the two OPy ligands chelate to the Oh-bound Ti metal center with two terminal OR ligands. Compounds 1-5
were fully characterized using a variety of analytical techniques. An initial investigation of the proposed chemical
stability of the ‘(OPy),Ti’ moiety of 3-5 to alcoholysis exchange pathways involving (i) alkyl alcohols, (ii) aryl alcohals,
(iii) substituted phenoals, (iv) H-OR* derivatives, and (v) silanols proved successful through the isolation of a novel
family of structurally characterized (OPy),Ti(OR'), (7—24) compounds.

Introduction

Metal alkoxides (M(OR)) are excellent precursors for the
preparation of ceramic oxide materidl$. In numerous

instances it has been clearly demonstrated that the structura

arrangement of the precursor plays a significant role in
determining the properties of the final materiai& How-

ever, M(OR) display a great deal of variability in their
nuclearity—® which is attributed to the small charge-to-large
cation radius ratio that requires the metal to bind additional
‘igands (i.e., bridging) to complete their coordination sphete.
Further complicating things is the fact that the alkoxide
ligands often decompose or react with modifiers to form
oxides, yielding unexpected structural rearrangements even
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Figure 1. Schematic representation of the-®R* family of ligands (a)
H—OTHF, (b) H-OTPM, and (c) H-OPy.

One method to limit structural rearrangements or uncon-

trolled cluster formation is to introduce bidentate ligahics?
such as tetrahydrofurfuryl alcohol (HOTHF, shown in

Boyle et al.

between H-OPy and other Ti(ORled to the isolation of
(OPy)Ti(OR), where OR= OCHMe, (OPr, 4%%) and
OCMe; (O'Bu, 5). The synthesis and characterization of these
OR* derivatives are discussed in detall.

Further, determining the reactivity of the ‘(ORBYY
moiety to alcohol substitution was undertaken using a series
of sterically varied: i) alkyl alcohols, i) aryl alcohals, ii )
substituted arylalcohols,i) H—OR*, and §) silanols,
including () 2-methyl propanol (HOPMe), 2,2-diphenyl
ethanol (H-DPE), 1-adamantanol (HOAdam); (i) 4-ada-
mantane phenol (HOPh—Adam),ortho-methylphenol (H
oMP), ortho-propylphenol (H-oPP),ortho-butylphenol (H-
0BP), 2,6-dimethylphenol (HDMP), 2,6-diisopropylphenol
(H—DIP), 2,6-ditert-butylphenol (H-DBP), 2,6-diphe-

Figure 1a). The OTHF ligand along with thiophene methanol nylphenol (H-DPP); {ii) 2-bromophenol (H-2BP) 2,4,6-

(H—OTPM), and pyridine methanol or 2-pyridylcarbinol

trichlorophenol (H-TCP), 4-mercaptophenol (HIMP),

(H—OPy) analogues have been collectively referred to as 4-aminophenol (H4AP), 2,3-diaminophenol (HDAP); (iv)

H—OR*.14"16 These OR* ligands are of interest due to their
pendent alcohol chain, high solubility, and the varied rigid
heterocycles which resemble solvents widely used in M¢OR)
synthese&* % The OTHF ligand has been successfully used
to minimize cluster formation in metal alkyl systethg®
and was of interest to determine the utility of this, and the
other OR* ligand in controlling the structural characteristics
of M(OR)x.

A survey of the literature showed that no systematic
investigation of the OR* ligands with Group 4 cations was
available!® This study sought to fill this void and explore
the controlled construction of Ti(OR)The H-OR* ligands
were reacted with the previously isolated [FQNep)-
(ONep}]»?” (ONep= OCH,CMes) to form [(ucOTHF)Ti-
(ONep}l2 (1; uc chelating bridging), K-OTPM)Ti-
(ONep}2 (2), and (OPy)Ti(ONep) (3). Additional reactions
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H—OTPM, (v) dimethyltert-butylsilanol (H-DMBS), triph-
enylsilanol (H-TPS), tritert-butoxysilanol (H-TOBS). The
products isolated and crystallographically characterized were
found to be the isostructural species (OFY(OR'), where

OR = DPE (7), OPh-Adam(8), oPP (0), oBP (11), DMP

(12, DIP (13), DPP (L5), 2BP (6), TCP (17), 4MP (18),

4AP (19), DAP (20), OTPM (1), DMBS (22), TPS @3),

and TOBS 24). Crystal structures of the disubstituted species
for OPMe (6), oMP (9), and DBP {4) were not obtained.
Full details are presented on the synthesis and structures of
1-24.

Experimental Section

All compounds described below were handled with rigorous
exclusion of air and water using standard Schlenk line and glove
box techniques. All solvents were used as received (Aldrich) in
sure-seal bottles and only handled under an inert atmosphere of
argon. The following compounds were stored under argon upon
receipt (Aldrich) and used without further purification: Ti(QR)
(OR = OPr, OBu), H—ONep, H-OTHF, H—OTPM, H-OPy,
H—OPMe, H—OAdam, H-DPE, H-OPh-Adam, H-oMP, H—oPP,
H—-oBP, H-DMP, H—DIP, H—DBP, H—DPP, H-2BP, H-TCP,
H—4MP, H-4AP, H-DAP, H—DMBS, H—TPS, and HTOBS.
[Ti(u-ONep)(ONepyl, was synthesized according to the literature
report2’

Analytical data were collected on dried crystalline samples: FT
IR data were obtained on a Bruker Vector 22 MIR spectrometer
using KBr pellets under an atmosphere of flowing nitrogen.
Elemental analyses were performed on a Perkin-Elmer 2400 CHN-
S/O elemental analyzer. NMR spectra were collected on a Bruker
DRX400 spectrometer at 400.1 MHz féH experiments using
concentrated crystalline samples dissolved in tolugne-

General Synthesis.Due to the similarity of the syntheses of
these compounds, a general preparatory route is presented. To a
stirring clear solution of Ti(ORy)in toluene, the appropriate-HOR*
was added via pipet and left to stir. After 12 h, the reactions were
set aside to slowly evaporate the volatile component of the reaction
until X-ray quality crystals formed.

[(uc-OTHF)Ti(ONep)s]. (1). Used Ti(ONep) (2.00 g, 5.05
mmol), H-OTHF (0.516 g, 5.05 mmol);10 mL of toluene. Yield

(28) Aragon, P. J.; Carrillo-Hermosilla, F.; Villasenor, E.; Otero, A.;
Antinolo, A.; Rodriguez, A. M.Eur. J. Inorg. chem2006 965.
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1.82 g (87.9%). FTIR (KBr pellet, cm) 3365 (w), 2952 (s), 2904  5.54 (0.3H, s, O€»(NCsH,)), 1.35 (26H, s, OC(85)3)). Anal.

(s), 2866 (s), 2940 (sh), 2691 (m), 2634 (w), 2569 (w), 2506 (vw), Calcd for GoHzgN,O4Ti: 58.54 %C, 7.37 %H, 6.83 %N. Found:

2403 (W), 2367 (W), 2293 (w), 2206 (w), 2140 (w), 1484 (s), 1463 58.18 %C, 6.95 %H, 6.83 %N.

(sh), 1393 (s), 1361 (s), 1331 (sh), 1292 (m), 1257 (m), 1216 (sh), General Alkoxide Substitution SynthesisDue to the similarity

1067 (s), 1022 (sh), 953 (sh), 933 (m), 902 (m), 850 (sh), 814 (m), of the syntheses of these compounds, a general preparatory route

750 (m), 678 (s), 554 (M), 482 (SH NMR (400.1 MHz, toluene- is presented. To a stirring clear solution 4fin toluene, the

dg) 6 4.37 (2H, bs, OCK{OCyH>)), 4.25 (6H, s, OEI,C(CHy)3), appropriate HOR' was added and left to stir. For any of the

4.04 (1H, bs, OE,(OC4H7)), 3.69 (2H, bs, OB, (OCH7)), 1.71 compounds that did not instantly form a clear solution, the reaction

(2H, bs, OCH(OC,4H7)), 1.56 (2H, bs, OCKOC,H7)), 1.04 (28H, mixture was heated until clear. For the amide-substituted species,

s, OCHC(CHs)s). Anal. Calcd for GoH4:0sTi: 58.53 %C, 10.31 it was necessary to add pyridine and heat to solubilize the reaction

%H. Found: 57.84 %C, 10.32 %H. mixture. After 12 h, the reactions were set aside to slowly evaporate
[(u-OTPM)Ti(ONep)s]» (2). Used Ti(ONep) (2.00 g, 5.05 the volatile component of the reaction until X-ray quality crystals

mmol), H-OTPM (0.577 g, 5.05 mmol)-10 mL of toluene. Yield formed. Yields are based on the first batch of crystals isolated and

2.01 g (94.4%). FTIR (KBr pellet, crd) 2903(s), 2681(m), 1606-  Were not optimized.

(m), 1570(sh), 1478(m), 1274(m), 1089(s), 843(sh), 762(). (OPy),Ti(O'Pr)(OPre) (6a). Used 4 (1.00 g, 2.62 mmol),

NMR (400.1 MHz, toluenes) 5 6.90 (1H, bs, OCK{SCHy)), 6.87 H—OPMe (0.649 g, 5.23 mmol);~5 mL of toluene. Anal. Calcd

(1H, dd, OCH(SQHg)), Ju-n = 2.8 HZ), 6.74 (lH, mult, OCH for C1oH2gNoO4Ti: 57.58 %C, 7.12 %H, 7.07 %N. Found: 55.61

(SGH2)), Ju_n = 3.6 Hz), 5.53 (2H, s, OB,(SCHy)), 4.00 (6H, ~ %C. 7.05 %H, 6.71 %N.

s, OGH,C(CHs)s), 0.94 (41H, s, OCBC(CHz)s). Anal. Calcd for (OPy),Ti(OAdam), (6b). Used4 (1.00 g, 2.62 mmol), HOAd-

CooH350,STi: 56.86 %C, 9.07 %H. Found: 56.86 %C, 9.15 %H. am (0.796 g, 5.23 mmol);5 mL of toluene. Anal. Calcd for
(OPy),Ti(ONep), (3). Used Ti(ONep) (2.00 g, 5.05 mmol) CsHaoNO4Ti: 67.84 %C, 7.47 %H, 4.94 %N. Found: 67.34 %C,

. 7.38 %H, 5.15 %N
H—OPy (1.10 g, 10.1 mmol)};»10 mL of toluene. Yield 2.02 g - :

(91.4%). FTIR (KB pellet, cmt) 2950.36(s), 2902.77(s), 2857.89- (505%’)2;;22;’?;(Q'LU;et%‘Lfihoeo %éigzlrg’go')'(gD:;/E)(lA?];
(s), 2795(s), 1605(s), 1478(s), 1435(s), 1391(m), 1356(s), 1271-%6“0' 4 for GH.N O4Ti(7-tol): 7519 %C. 6 13 oo, 3"7'3 e
(m), 1147(s), 1083(s), 1043(s), 1020(s), 761(s), 724(s), 658(s), £ " . 75 171‘1]2 CZ é 15 %H. 319 %N n '
538(s), 481(s), 451(mfH NMR (400.1 MHz, toluenadg) o 8.62 L .. o '

o (OPy),Ti(OPh—Adam), (8). Used 4 (1.00 g, 2.62 mmol),
(1H, dd, OCH(NGsH.), Jy-n = 2.60 Hz), 6.73 (1H, dt, OCH H—OPh-Adam (1.19 g, 5.23 mmol)~5 mL of toluene. Yield
(NC5H4), JHfH =72 HZ) 6.45 (1H, dt, OCHNC5H4), JHfH =40

0, I 8 . 0,
Hz) 6.35 (1H, dd, OCKNCsHz), Jun = 4.0 Hz), 5.52 (0.2H, s, 0.906 g (48.0%). Anal. Calcd forggHsgN,O4Ti (8-tol): 75.53 %C,

0 0 : 0 0 0
OCH(NCsH2), 5.51 (2H, 5, OBIo(NCsH)) 4.32 (2H, 5, O1,C- 7.21 %H, 3.46 %N. Found: 75.00 %C, 7.10 %H, 3.68 %N.

(CHg)3), 1.10 (11H, 5, OCHC(CH2)s)). Anal. Calcd for GHaNOx (OPy),Ti(ocMP) (9). Used4 (1.00 g, 2.62 mmol), HoMP (0.57

- 0 p o i 0 0 g, 5.23 mmol),~5 mL of toluene. Yield 0.512 g (40.8%). Anal.
g'bseff/j\r #C, 7.82 %H, 6.39 %N. Found: 59.77 %C, 7.00 %H, 04 tor GaHaN,04Ti: 65.28 %C, 5.48 %H, 5.86 %N. Found:

e o 64.99 %C, 5.28 %H, 5.96 %N.
(OPY)Ti(O'Pr), (4). Used Ti(OPr) (2.00 g, 7.04 mmol), (OPy),Ti(0PP), (10). Used4 (1.00 g, 2.62 mmol), HoPP (0.713
H—OPy (1.54 g, 14.1 mmol)>-10 mL of toluene. Yield 2.56 g 4 523 mmol),~5 mL of toluene. Yield 0.440 g (31.5%). Anal.
(95.2%). FTIR (KBr pellet, cm) 3095 (sh), 3075 (m), 3060(sh),  Calcd for GoHauN,O4Ti: 67.42 %C, 6.41 %H, 5.24 %N. Found:

3030 (m), 2961 (S), 2923 (S), 2855 (Sh), 2838 (Sh), 2817 (S), 2781 66.91 %C, 6.78 %H, 5.15 %N.

(sh), 2689 (), 2656 (sh), 2609 (m), 2301 (M), 2344 (M), 2332 (M), ~ (Opy),Ti(0BP), (11). Used4 (1.00 g, 2.62 mmol), HoBP
1604 (s), 1570 (s), 1523 (w), 1474 (s), 1549 (sh), 1438 (s), 1371 (9786 g, 5.23 mmol)~5 mL of toluene. Yield 1.28 g (87.1%).
(s), 1356 (s), 1320 (s), 1277 (s), 1222 (S), 1159 (s), 1125 (S), 1095 Apal. Calcd for GoHsgN2O4Ti: 68.32 %C, 6.80 %H, 4.97 %N;
(s), 1047 9s), 994 (s), 843 (s), 823 (sh), 775 (s), 722 (S), 643 (S), for CasdH42N,O4Ti (11-1/2t0l): 70.06 %C, 6.95 %H, 4.60 %N:.
601 (s), 636 (s)*H NMR (400.1 MHz, toluenedg) 6 8.62 (1H, dd, Found: 69.48 %C, 6.65 %H, 4.28 %N.

OCHy(NCsHa), Jn-n = 5.2 Hz) 6.19 (1H, dt, OCKHNCsH.), Jn-+ (OPy),Ti(DMP) , (12). Used4 (1.00 g, 2.62 mmol), HDMP
= 7.2 Hz), 6.50 (1H, dt, OCKNCsHa), Jv-n = 7.2 Hz), 6.40 (1H, (0,638 g, 5.23 mmol)~5 mL of toluene. Yield 0.822 g (62.0%).
dd, OCH(NCsHa), Ji-n = 7.6 Hz), 5.74, (0.2H, s, O8(NCsHa)), Anal. Calcd for GgHoN,04Ti: 66.41 %C, 5.97 %H, 5.53 %N.
5.52 (2H, s, OGI(NCsH,)), 5.02 (1H, s, O®I(CHa)z), Ju-n = Found: 66.07 %C, 6.17 %H, 5.78 %N.

6.0 Hz), 1.30 (6H, d, OCH(83)2), Ju-n = 6.0 Hz). Anal. Calcd (OPy),Ti(DIP) » (13). Used4 (1.00 g, 2.62 mmol), HDIP (0.933
for CigHa6N204Ti: 56.55 %C, 6.86 %H, 7.33 %N. Found: 56.55 g 523 mmol),~5 mL of toluene. Yield 0.457 g (28.2%). Anal.
%C, 6.85 %H, 7.32 %N Calcd for GeHagNoO4Ti: 69.89 %C, 7.49 %H, 4.53 %N. Found:

(OPy),Ti(O'Bu), (5). Used Ti(OBu), (2.00 g, 5.88 mmol),  69.68 %C, 7.77 %H, 4.31 %N.
H—OPy (1.28 g, 11.8 mmol);v10 mL of toluene. Yield 1.65 g (OPy),Ti(DPP); (15).Used4 (1.00 g, 2.62 mmol), HDPP (1.29

(68.5%). FTIR (KBr pellet, cm?) 3173 (w), 3139 (w), 3095 (sh), g, 5.23 mmol),~5 mL of toluene. Yield 1.74 g (88.3%). Anal.
3074 (m), 3058 (sh), 3024 (m), 2966 (s), 2923 (s), 2854 (s), 2836 Calcd for GsH4gN2O4Ti (15 tol): 78.31 %C, 5.40 %H, 3.26 %N.
(s), 2814 (s), 2780 (sh), 2960 (m), 2656 (w), 2610 (w), 2570 (w), Found: 78.03 %C, 5.51%H, 3.17 %N.

1608 (s), 1574 (m), 1481 (m), 1462 (sh), 1441 (s), 1369 (sh), 1357 (OPy),Ti(2BP), (16). Used 4 (1.00 g, 2.62 mmol), H2BP
(s), 1323 (s), 1280 (m), 1262 (sh), 1224 (m), 1160 (s), 1122 (s), (0.905 g, 5.23 mmol);~5 mL of toluene. Yield 1.74 g (81.7%).
1091 (s), 1063 (sh), 1048 (s), 995 (s), 847 (s), 825 (sh), 847 (s), Anal. Calcd for G4H20BroN,O4Ti: 47.40 %C, 3.32 %H, 4.61 %N.
775 (s), 720 (s), 646 (s), 639 (s), 599 (s), 538 (s), 485 (M), 457 Found: 46.57 %C, 3.21 %H, 4.14 %N.

(m), 448(sh).!H NMR (400.1 MHz, tolueneads) 6 8.69 (1H, dd, (OPy),Ti(TCP), (17).Used4 (10.0 g, 26.2 mmol) HTCP (10.4
OCH,(NCsHy), Jn—n = 2.4 Hz), 6.79 (1H, dt, OCKHNCsHa,), Jn-n g, 52.4 mmol),~50 mL of toluene. Yield 16.4 g (83.6%). Anal.
= 7.6 Hz), 6.47 (1H, dt, OCKHNCsH4) Jy—n = 6.0 Hz), 6.41 (1H, Calcd for G4H16ClgN2O4Ti: 43.88 %C, 2.45 %H, 4.26 %N.
dd, OCH(NCsHy) Jy—p = 3.2 Hz), 5.52 (2H, s, OB,(NCsHy)), Found: 43.73 %C, 2.31 %H, 4.29 %N.
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Table 1. Data Collection Parameters far-5

Boyle et al.

compound 1 2

chemical formula GoHg4O10Ti2 Ca2oH3g04STi

fw 820.86 422.12

temp (K) 203(2) 173(2)

space group orthorhombRbcn monoclinic,P2(1)h

a(A) 24.107(4) 9.894(2)

b (A) 10.4854(16) 24.600(6)

c(A) 19.624(3) 39.224(9)

B (deg) 90.016(5)

V (A3) 4960.6(13) 9546(4)

compound 3 4 5

chemical formula @2H34N204Ti ClgH26N204Ti C20H30N204Ti
fw 438.20 382.30 410.35
temp (K) 168(2) 168(2) 168(2)
space group monocliniCc monoclinicP21ih monoclinicP21/c
a(A) 10.185(2) 11.268(2) 15.122(4)
b (A) 22.944(6) 14.820(3) 17.851(5)
c(A) 10.047(2) 12.104(2) 16.628(4)
B (deg) 91.516(18) 92.635(4) 101.728(5)
V (A3) 2346.9(9) 2019.1(7) 4395(2)
Z 4 4 8
DcaiedMg/m?3) 1.241 1.258 1.240
u,(Mo, Ka)) (mm™2) 0.393 0.446 0.415
R1 (%) (all data) 4.78(9.01) 5.92 (7.89) 8.88 (20.42)
WR2 (%) (all data) 9.90 (11.66) 13.27 (14.11) 16.05 (24.65)

aR1= 3||Fol — IFcll/ZIFol x 100.°WR2 = [FW(Fo* — F?)¥3 (W|Fol?)? M2 x 100.

(OPy),Ti(4MP), (18). Used4 (10.0 g, 26.2 mmol), H4MP
(6.60 g, 52.3 mmol)~50 mL of pyridine, heated to dissolution.
Yield 11.3 g (84.5%). Anal. Calcd for GH2:N20,4S,Ti: 56.03 %C,
4.31 %H, 5.45 %N. Found: 55.97 %C, 4.16 %H, 5.40 %N.

(OPy),Ti(4AP), (19).Used4 (6.27 g, 16.4 mmol), H4AP (3.58
g, 32.8 mmol),~50 mL of pyridine, heated to dissolution. Yield
8.97 g (97.1% forl9-py). Anal. Calcd for G4H4N4O4Ti: 60.01
%C, 5.04 %H, 11.66 %N. Found: 60.65 %C, 5.08 %H, 11.74%N.

(OPy),Ti(DAP), (20). Used4 (10.0 g, 26.2 mmol), HDAP
(6.50 g, 52.3 mmol);~50 mL of pyridine, heated to dissolution.
Yield 13.0 g (84.4% forl9-py). Anal. Calcd for GsH26NeO4Ti:
56.93 %C, 4.38 %H, 16.59 %N ,6H3:N7O04Ti (19-py): 59.09 %C,
5.30 %H, 16.63 %N. Found: 58.57 %C, 4.96 %H, 15.84 %N.

(OPy),Ti(OTPM) » (21).Used4 (1.00 g, 2.62 mmol), HOTPM
(0.597 g, 5.23 mmol);~5 mL of toluene. Yield 1.03 g (80.1%).
Anal. Calcd for GoH2oN20,S,Ti: 53.88 %C, 4.52 %H, 5.71 %N.
Found: 54.16 %C, 4.70 %H, 5.93 %N.

(OPy),Ti(DMBS), (22).Used4 (1.00 g, 2.62 mmol), HDMBS
(0.693 g, 5.23 mmol);-5 mL of toluene. Yield 0.450 g (32.8%).
Anal. Calcd for G4H42N204Si,Ti: 54.73 %C, 8.04 %H, 5.32 %N.
Found: 54.54 %C, 8.03 %H, 5.28 %N.

(OPy),Ti(TPS), (23).Used4 (1.00 g, 2.62 mmol), HTPS (1.45
g, 5.23 mmol),~5 mL of toluene. Yield 1.06 g (50.2%). Anal.
Calcd for GgHaoNoO4Si;Ti: 70.75 %C, 5.19 %H, 3.44 %N.
Found: 70.30 %C, 5.06 %H, 3.68 %N.

(OPy),Ti(TOBS); (24).Used4 (1.00 g, 2.62 mmol), HTOBS
(1.38 g, 5.23 mmol);~5 mL of toluene. Yield 0.938 g (46.0%).
Anal. Calcd for GeHgeN2010Si:Ti: 54.67 %C, 8.41 %H, 3.54 %N.
Found: 54.74 %C, 8.22 %H, 3.36 %N.

General X-ray Crystal Structure Information. 2° Crystals were
mounted onto a glass fiber from a pool of Fluorolube and
immediately placed in a cold Nvapor stream, on a Bruker AXS
diffractometer equipped with a SMART 1000 CCD detector using
graphite-monochromatized Mookradiation ¢ = 0.7107 A). Lattice

(29) Caulton, K. G.; Chisholm, M. H.; Drake, S. R.; Folting, &hem.
Commun.199Q 1349.
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determination and data collection were carried out using SMART
Version 5.054 software. Data reduction was performed using
SAINTPLUS Version 6.01 software and corrected for absorption
using the SADABS program within the SAINT software package.
Structures were solved using direct methods that yielded the
heavy atoms, along with a number of the lighter atoms or by using
the PATTERSON method which yielded the heavy atoms. Subse-
quent Fourier syntheses yielded the remaining light-atom positions.
The hydrogen atoms were fixed in positions of ideal geometry and
refined using SHELXS software. The final refinement of each
compound included anisotropic thermal parameters for all non-
hydrogen atoms. It is of note that crystal structures of M{Q@REn
contain disorder within the atoms of the ligand chain causing higher
than normal final correlations:® All final CIF files were checked
at http://www.iucr.org/. Additional information concerning the data
collection and final structural solutions can be found in the
Supporting Information. Data collection parameters Tetr5 are
given in Table 1 and that f@da—24 are found in Table 2. Metrical
data for the high-quality structures are listed in Table 3. Specific
issues associated with individual structures are discussed below.

The metrical data of and2 were not of sufficient quality to be
useful for analysis but do establish the connectivity of the final
compounds. The final solutions were not included in the CIF file,
and only limited crystal data parameters were presented in Table 2
for identification purposes. For structur@s11, and17, it was
necessary to squeeze disorder electron density of 494.9, 446.6, and
677.4 B, respectively, which is in agreement withl toluene
molecule. The structure & solved in the space groupBX| P1,
andCc) but not in theC2/c as suggested by the ADDSYM program
with P1 yielding the best solution. The structure ®fvas solved
in the monoclinic non-centrosymmetric space gr@gwith well-
behaved thermal ellipsoids and a clear break in symmetry that could
be observed due to thebutyl groups. Compound8 was solved
in the triclinic P1 space group, rather thal as suggested by
ADDSYM, with well-behaved thermal ellipsoids and a clear break
in symmetry due to the 4MP groups.
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Table 2. Data Collection Parameters f6a—8, 10—13, and15—24

compound 6a Ttol 8 10 11 12

chemical formula @3H28N204Ti C40H38N204Ti ‘C7H8 C44H50N204Ti C30H34N204Ti C32H38N204Ti C23H30 N204Ti
fw 396.32 750.77 718.76 534.49 562.54 506.44
temp (K) 152(2) 203(2) 203(2) 173(2) 173(2) 173(2)

space group monoclinie2l/c  monoclinicP2(1)h triclinic P1 MonoclinicP2(1)c triclinic P1 monoclinicC2/c
a(A) 9.0231(16) 14.9826(10) 12.663(8) 12.1440(17) 10.3667(16) 26.126(4)

b (A) 12.405(2) 17.7669(12) 13.221(8) 14.409(2) 13.955(2) 11.7662(16)
c(A) 18.676(3) 15.9923(11) 14.489(12) 16.027(2) 14.328(2) 19.326(3)

o (deg) 63.106(11) 69.324(3)
B (deg) 99.375(3) 111.4920(10) 82.596(19) 97.499(2) 85.345(3) 121.224

y (deg) 89.942(13) 68.971(3)
V (A3) 2062.5(6) 3961.1(5) 2141(3) 2780.6(7) 9546(4) 5080.3(12)

4 4 4 2 4 2 8

DcaicdMg/m3) 1.276 1.259 1.115 1.277 1.034 1.324
u(Mo Ka) (mm™1) 0.439 0.262 0.240 0.345 0.268 0.373

R12 (%) (all data) 8.50 (20.33) 4.34 (10.86) 8.85(17.70) 6.60 (9.89) 4.39(5.71) 3.48 (3.94) 8.97 (9.31)
WR2 (%) (all data) 11.51 (22.42) 5.59 (11.69) 20.14(21.42) 14.16 (15.68) 10.42(11.02)

compound 13 15tol 16 17 18 19y
chemical formula €6H45N204Ti C48H38N204Ti 'C7Hg C24HzoBI'2N204Ti C24H16C|5 N204Ti C24H22N20482Ti C24H24N404Ti 'C5H5N
fw 618.65 846.84 608.12 656.96 514.45 559.47
temp (K) 157(2) 160(2) 297(2) 203(2) 203(2) 273(2)
space group monoclinie2(1)h  monoclinicP2(1)h triclinic P1 monoclinicC2/c triclinic P1 orthorhombid®ccn
a(h) 13.142(4) 17.035(4) 8.995(18) 14.5686(11) 8.4060(13) 12.5716(18)
b (A) 15.747(4) 12.937(3) 11.89(2) 8.4738(6) 10.4494(16) 12.8307(19)
c(A) 17.206(5) 19.793(4) 12.11(2) 26.0177(19) 14.278(2) 16.406(2)
o (deg) 95.62(3) 104.405(3)
£ (deg) 110.007(4) 98.875(4) 90.64(3) 95.6800(10) 90.340(3)
y (deg) 102.69(3) 99.668(3)
V (A3) 3345.7(16) 4309.7(16) 1257(4) 3196.2(4) 1195.9(3) 2646.3(7)
z 4 4 2 4 2 4
DcaiedMg/md) 1.228 1.305 1.607 1.365 1.429 1.404
u(Mo Ka) (mm™1)  0.296 0.251 3.551 0.799 0.566 0.369
R12 (%) (all data) 3.46 (3.84)) 4.76 (10.04) 7.87 (17.28) 4.24 (9.94) 7.66 (14.42) 7.50 (12.07)
WR2 (%) (all data)  8.95 (9.26 7.10 (11.04) 19.66 (26.03) 4.95 (10.29) 8.21 (14.92) 12.44 (13.74)
compound 20-py 21 22 23 24

chemical formula Q4H26N504Ti' C5H5N C22H22N20432Ti C24H42N204Si2Ti C48H42N204Si2Ti C35H65N201(}Si2Ti

fw 589.49 490.43 526.66 814.92 790.98

temp (K) 173(2) 168(2) 203(2) 203(2) 203(2)

space group monoclinie2(1)ih monoclinicC2/c triclinic P1 monoclinicP2(1)h monoclinicP1

a(A) 13.045(3) 23.995(5) 9.9310(15) 13.5219(15) 9.198(6)

b (A) 12.353(2) 14.479(3) 14.414(2) 15.4673(17) 14.460(9)

c(A) 18.017(4) 16.710(3) 21.413(3) 20.153(2) 18.529(12)

o (deg) 92.430(3) 108.046(9)

B (deg) 94.391(4) 129.346(4) 100.152(2) 100.152(2) 97.543(9)

y (deg) 101.664(3) 103.088(10)

V (A3) 2894.7(10) 4492(3) 2998.4(8) 4149.1(8) 2228(2)

4 4 8 2 4 2

DcaicdMg/md) 1.353 1.386 1.167 1.305 1.179

u(Mo Ka)) (mm™1) 0.343 0.596 0.394 0.311 0.296

R12 (%) (all data) 7.28 (13.71) 15.98 (38.14) 8.63 (19.58) 491 (10.74) 9.65 (26.33)

WR2 (%) (all data) 13.71(15.98) 25.24 (43.16) 15.19 (23.70) 6.94 (11.73) 10.23 (26.55)

aR1= 3||Fol = [Fell/X [Fol x 100.°WR2 = [Fw(Fo* — FA)3 (WIFo[)F M2 x 100.

Results and Discussion

characterization, and structure of these compounds are

discussed below.

As mentioned previously, there are several alkyl OTHF

species known and numerous examples of metal halide
derivatives of the OTHF species; however, there are no
OTHF-substituted transition M(ORJeported in the litera-

Synthesis A stoichiometric (1:1 and 1:2) investigation of
the reactivity between [Ti(-ONep)(ONepy?’ and the
HOR* was undertaken according to eq 1. After being stirred

ture 2 Further, there are no examples of OTPM-substituted fOr 12 h, each clear reaction mixture was dried by rotary
transition metal species reported. In contrast, there are@vaporation, yielding off-white powders. For the majority
numerous examples of OPy-substituted species availableof these reactions, crystals were isolated through slow

bound to a wide variety of transition metals but surprisingly
none with any of the Group 4 catiofWhile preparing
this report, (OPWTi(O'Pr), was published which is discussed
below?® We undertook the reaction of [TifONep)-
(ONep})?” with H—OR* ligands (eq 1). The synthesis,

Inorganic Chemistry,

evaporation of the volatile component of the reaction mixture.
Upon analysis, it was found that the OTHF system consis-
tently generated the monosubstituted species and the OPy
system consistently generated the disubstituted species. All
attempts to change the stoichiometry through substoichio-
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Table 3. Metrical Data for (OPWTi(OR), Derivatives

Boyle et al.

av Ti*Nopy(A)
av Ti—Oopy (A)

compd OR abbrev av Ti—OR (A) selected angles (deg) color BVis Amax (tol, nm)
H—OPy H-OPy - - pale brown 281
3 ONep 2.25 O(3)Ti(1)—0(4) 101.34(18) white 283
1.92 O(3)-Ti(1)—N(1) 89.9(7)
1.86 O(1)-Ti(1)—0(2) 153.65(18)
O(3)~Ti(1)—N(2) 165.8(6)
4 OPr 2.25 O(3)-Ti(1)—0(4) 102.13(12) white 282
1.91 O(3)-Ti(1)—N(2) 89.42(11)
1.82 0(2)-Ti(1)—0(1) 154.51(10)
O(4)-Ti(1)—N(2) 165.19(10)
5 OBu 2.26 O(2)-Ti(1)—0(1) 103.2(2) white 282
1.91 O(2)-Ti(1)—N(1) 90.3(2)
1.81 O(4)-Ti(1)—0(3) 154.14(19)
O(1)-Ti(1)—N(1) 163.7(2)
7 DPE 2.27 O(4)Ti(1)—0(3) 103.28(6) white 282
1.90 O(3)-Ti(1)—N(2) 87.55(6)
1.82 O(1)-Ti(1)—0(2) 154.28(6)
O(4)-Ti(1)—N(2) 165.36(6)
8 OPh-Adam 2.24 O(1) Ti(1)—O(2) 100.86(18) yellow 281, 336(b)
1.87 N(2)-Ti(1)—O(3) 84.8(3)
1.88 O(3)-Ti(1)—0(4) 153.64(18)
O(1)-Ti(1)—N(2) 162.2(4)
10 oPP 2.24 O(1)yTi(1)—0(2) 98.72(10) yellow 281, 338(b)
1.87 O(L)-Ti(1)—N(2) 88.73(10)
1.85 O(3)-Ti(1)—0(4) 155.26(10)
N(1)—Ti(1)—O(1) 167.44(10)
11 oBP 2.21 O(1) Ti(1)—0O(3) 97.8(3) orange 281, 347(b)
1.88 O(2)-Ti(1)—N(1) 85.8(3)
1.86 O(2)-Ti(1)—0(4) 154.3(2)
N(1)-Ti(1)—0(3) 170.2(3)
12 DMP 2.23 O(1)-Ti(1)—0O(2) 98.89(6) orange 282, 356(b)
1.89 O(3)-Ti(1)—N(1) 83.04(6)
1.87 O(3)-Ti(1)—0(4) 151.90(6)
O(1)-Ti(1)—N(2) 166.99(6)
13 DIP 2.24 O(1)-Ti(1)—O(2) 98.62(6) orange 281, 358(b)
1.89 O(3)-Ti(1)—N(2) 83.30(6)
1.86 O(3)-Ti(1)—0(4) 152.09(6)
0(2)-Ti(1)—N(3) 165.63(6)
15 DPP 2.22 O(4) Ti(1)—0(3) 98.79(8) yellow 281, 373(b)
1.89 O(2)-Ti(1)—N(1) 83.41(8)
1.87 O(1)-Ti(1)—0(2) 150.44(8)
O(3)-Ti(1)—N(1) 167.95(8)
16 2BP 2.25 O(3)-Ti(1)—0(4) 99.8(4) yellow 281, 327(b)
1.90 O(2)-Ti(1)—N(2) 85.9(3)
1.90 O(1)-Ti(1)—0(2) 153.6(3)
O(3)-Ti(1)—N(2) 168.1(3)
17 TCP 221 O(3)Ti(1)—0(4) 99.27(13) yellow 281, 296(b)
1.87 O(3)-Ti(1)—N(2) 87.9(3)
1.89 O(1)-Ti(1)—0(2) 152.20(13)
O(4)-Ti(1)—N(2) 169.4(3)
18 AMP 2.22 O(3)Ti(1)—0(4) 100.1(2) red-orange 281, 306, 350(b)
1.89 O(1)-Ti(1)—N(2) 86.5(2)
1.87 O(2)-Ti(1)—0(1) 156.1(2)
O(4)-Ti(1)—N(1) 164.2(2)
19 4AP 2.24 O(1)-Ti(1)—O(1)#1 101.79(18) red-orange 281, 313(b), 384(h)
1.87 O(L)-Ti(1)—N(3) 88.67(12)
1.86 O(2)#1-Ti(1)—0O(2) 153.06(18)
O(L)-Ti(1)—N(3)#1 167.01(12)
20 DAP 221 O(4)-Ti(1)—O(3) 101.79(14) red-brown 281, 354(vb)
1.87 O(3)-Ti(1)—N(2) 88.74(14)
1.85 O(1)-Ti(1)—0(2) 156.33(14)
O(3)-Ti(1)—N(1) 166.93(14)
22 DMBS 2.28 0(2)-Ti(1)—0(3) 101.78(18) white 281
1.89 O(4)-Ti(1)—N(1) 85.13(16)
1.82 O(4)-Ti(1)—0(1) 153.30(16)
0(2)-Ti(1)—N(2) 166.14(18)
23 TPS 2.25 O(1) Ti(1)—0(2) 101.42(8) white 281
1.88 O(3)-Ti(1)—N(1) 84.63(8)
1.85 O(4)-Ti(1)—0(3) 152.70(8)
O(2)-Ti(1)—N(1) 165.85(8)
24 TOBS 2.28 O(3)Ti(1)—0(7) 104.4(2) white 281
1.90 0O(2)-Ti(1)—N(1) 86.3(2)
1.84 0O(2)-Ti(1)—O(1) 155.4(2)
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O(7)-Ti(1)~N(2) 164.6(2)
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Figure 4. Structure plot of3. Thermal ellipsoids of heavy atoms drawn
at the 30% level, and carbon atoms represented by ball-and-stick diagrams

Figure 2. Structure plot ofl. Thermal ellipsoids of heavy atoms drawn f
Jor clarity.

at the 30% level, and carbon atoms represented by ball-and-stick diagram
for clarity.
For compoundl (Figure 2), a standard edge-shared

bioctahedral (Oh) dinuclear species was isolated. Each metal
center uses three terminal ONep’s and one chelating bridging
(uc-OTHF) ligand to fill its coordination sphere. The-
OTHF binding mode of the OTHF is consistent with what
was observed for several other transition metal complexes;
however, these species all contain halide ligaid$2°The
metrical data ofl are not of sufficient quality to be useful
for further discussion but do establish the connectivity of
the final compound. Structural comparisons are made to the
starting [Ti.-ONep)(ONepj»,?” the oxygen of the THF
moiety fills an open coordination site and may display
enhanced reactivity in comparison to [FHONep)(ONepj)..

The metrical data for dinuclea? are also not of high
enough quality to draw any conclusions, but the general
connectivity is firmly established, see Figure 3. This is the
first OTPM transition metal species reported. Each Ti metal
center is five-coordinated forming what appears to be a
Figure 3. Structure plot of2. Thermal ellipsoids of heavy atoms drawn  trigonal bipyramidal (TBP) geometry. The OTPM acts only
at the 30% level, and carbon atoms represented by ball-and-stick diagramsg g g bridging ligand with the soft S atom not binding to the
for clarity. hard Ti metal center.

metric additions or heating at reflux temperatures for  Using the OPy ligand led to the isolation of a monomeric
extended times did not change the products isolated. Crystalsspecies. The strong Lewis basic pyridine moiety of each of
were easily isolated by slow evaporation and the compoundsthe two OPy ligands binds to the Ti metal centers in a
identified as1—3, and while not well behaved crystallo- chelating mode without bridging. The remainder of the
graphically, the connectivity was unequivocally established coordination sites in the Oh-bound Ti metal centers were
(see Figures 24, respectively). Compounds af-3 were filled by the two ORs of the starting Ti(OR)For transition

then rationally synthesized on the basis of the degree of metals, numerous species have been crystallized that possess

substitution noted above for the specific OR* ligatst two OPy'’s; however, these ligands are often protonated (H
OPy)30-41 have bridging OPy ligand®;*?>45 isolated as
[Ti(u-ONep)(ONepj], + 2nH—OR* — salt derivatives! 333537404349 or possess halidé€&:5? The

2 “(OR¥), Ti(ONep),_,” + 2nH—ONep (1) one species of this family that most closely resemBlés

n=1,2; OR*= OTHF, OTPM, OPy (30) Yilmaz, V. T.; Guney, S.; Andac, O.; Harrison, W. T. Rolyhedron
2002 21, 2393.

- i - - i i i (31) Hamamci, S.; Yilmaz, V. T.; Thone, @cta Crystallogr., Sect. E:
X-ray Structures. Single-crystal X-ray diffraction studies Struct, Rep. Onlin@004 60, mé.

were undertaken fot—3 to.initially establish the identity  (32) Hoang, N. N.; Valach, F.. Dunaj-Jurco, M.; Melnik, Micta
of these products. Table 1 lists the data collection parameters(as) ?rystallo?vrl. SNelcltI. C:BCQ/S:{ Strkuct. Coler?qmumgz 48, 4:;1397 o1

_ Y H H H esmer, .; Muller, b.; Vanrenkamp, em. Commu ) .
of 1—3. Additional structural information can be found in (34) Yimaz, V. T.. Guney, S.. Andac. O.: Harrison, W. T. Acta

the Supporting Information. Crystallogr., Sect. C: Cryst. Struct. Comm@002 58, m427.
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Mo(O)(OPy).5>® The isostructural ®r derivative was
recently reported using Gil, instead of toluené&®

In order to verify that the bulk material was consistent
with the single-crystal structures noted above To13, the

Boyle et al.

such varied pendent alkoxides which often lead to different
structures: 813 The metrical data a8—5 are self-consistent.
Again, IR data reveal the representative alkyl stretches along
with Ti—O stretches at 724, 722, and 720 ¢nfior 3—5,

dried powder was also analyzed by FTIR spectroscopy andrespectively. Elemental analysis data of the bulk powders
elemental analysis. The FTIR spectrum of each samplefor 3—5 were also found to be in agreement with the single-
revealed the respective ligand stretches minus the OH stretcherystal data.

Further, representative stretches for the neo-pentoxides are Solution Behavior. Dried crystalline materials of—5

present forl—3. The strong stretches at 678, 762, and 724
cm ! for 1—3, respectively, are in the range of the literature
values for TO stretched.Combined, these data imply that

the bulk material has OR* ligands that have reacted fully

were re-dissolved in toluengy under an inert atmosphere
at saturated concentrations to explore the solution behavior
of these compounds. Not unexpectedly, the asymmetric
nature of the ligand set did not allow for“&*° Ti NMR

and are bound to the Ti metal center. Elemental analyses ofspectra to be obtainediH NMR data were therefore used

the bulk powders ol—3 were undertaken using crystalline

material and handled under inert atmospheres, and for all

for further investigation of the solution behavior df5.
The'H NMR spectrum ofl was found to possess a set of

samples, the analyses were consistent with the single-crystafesonances that were consistent with bound OTHF and ONep

X-ray structure.

ligands in the 1:3 ratio noted for the solid-state structure.

Due to the interest that the disubstituted OPy structure of The peaks are slightly broad, indicating rapid exchange of
3, it was of interest to determine what structures alternative the ligands; however, variable-temperature (VT) NMR data

alkoxides, such as Ti(@r), or Ti(O'Bu)s (O'Pr = OCH-
(CHs), and OBu = OC(CH)3), would yield. The products
isolated from toluene proved to be (OPK(OR), (OR =
OPr (4), OBu (5)).216 This substitution clearly demon-
strates the control that the ‘(ORY)’ moiety can impart to
rational metal alkoxide construction, much like metallocenes
allowed for organometallic species to be synthesizéhe
structural similarity of these derivatives is surprising with

(35) Christmas, C. A.; Tsai, H.-L.; Pardi, L.; Kesselman, J. M.; Gantzel,
P. K.; Chadha, R. K.; Gatteschi, D.; Harvey, D. F.; Hendrickson, D.
N. J. Am. Chem. Sod.993 115, 12483.

(36) Moncol, J.; Mudra, M.; Lonnecke, P.; Koman, M.; Melnik, N.
Coord. Chem2004 57, 1065.

(37) Yilmaz, V. T.; Hamamci, S.; Thone, ®olyhedron2004 23, 841.

(38) Bacsa, J.; Zhao, H.; Dunbar, K. Rcta Crystallogr. Sect. E: Struct.
Rep. Online2004 60, m1040.

(39) Moncaol, J.; Kalinakova, B.; Svorec, J.; Keleinova, M.; Koman, M.;
Hudecova, D.; Melnik, M.; Mazur, M.; Valko, Minorg. Chim. Acta
2004 357, 3211.

(40) Ito, M.; Onaka, Slnorg. Chim. Acta2004 357, 1039.

(41) He, F.; Liu, D.Acta Crystallogr., Sect. E: Struct. Rep. Onli2z@05
61, m1350.

(42) Clemente-Juan, J. M.; Mackiewicz, C.; Verelst, M.; Dahannétg.
Chem.2002 41, 1478.

(43) Bolcar, M. A.; Aubin, S. M. J.; Folting, K.; Hendrickson, D. N;
Christou, G.Chem. Commurl997 1485.

(44) Yang, E.-C.; Harden, N.; Wensdorfer, W.; Zakharov, L. N.; Brechin,
E. K.; Rheingold, A. L.; Christou, G.; Hendrickson, D. Rolyhedron
2003 22, 1857.

(45) Yoo, J.; Yamaguchi, A.; Nakano, M.; Krzystek, J.; Streib, W. E.;
Brunel, L.-C.; Ishimoto, H.; Christou, G.; Hendrickson, D. INorg.
Chem.2001, 40, 4604.
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did not show any substantial changes in the spectrum over
a temperature range of50 to +50 °C. From these data, it

is not possible to determine the nuclearityloin solution;
however, since the crystals formed at room temperature and
there was no significant change in the spectra over &C00
temperature range, it is reasoned that the dinuclear arrange-
ment is favored and most likely retained in solution. [iFi(
ONep)(ONepj]. was determined to be monomeric in solu-
tion; however, there were na.-OR ligands present in this
compound to assist retaining the dinuclear solution noted
for 1.

For 2, the OTPM and ONep resonances are sharp, defined,
and clearly observed in the 1:3 ratio except for the methylene
resonances that were slightly broad. This implies there is
little dynamic behavior occurring. VT NMR data+-60 to
—50 °C) revealed no change in the spectrum. The same
reasoning used above for the retention of struciuweould
apply for 2 and the dinuclear species are believed to be
retained in solution.

The!H NMR spectra oB—5 presented a spectrum wherein
a 1:1 ratio was observed for the OPy/OR (6RONep, O
Pr, OBu) ligand sets of compound3—5, respectively;
however, two types of methylene and OPy resonances were
observed for these samples. In particular, two methylene
resonances were clearly observed for each of these com-
pounds in an~1:10 ratio. The diastereotopic methylene
protons of the OPy should be observable but would be
expected to give equal intensities, which these clearly do
not. VT NMR data showed the extra set of OPy resonances
quickly disappeared by €C. Further lowering the temper-
ature did not show any evidence of additional changes except
for selected precipitation d—5. The literature NMR data
for 4in CDCl® indicated that the OPy ligand was fluctuating
between chelating and terminal; therefore, only one set of
OPy resonances was reported. The diastereotopic methylenes
were reportedly observed at low temperature prior to
precipitation. Therefore, it is not unreasonable to expect in
the less-polar toluene a slightly different solution behavior,
wherein the bound OPy ligand is preferentially present with
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some degree of fluctionality. This behavior prevents observa-
tion of the diastereotopic methylene protons. The reduced
solubility prevents the identification of these protons at even
slightly reduced temperatures. Combined, these data favor
the retention of the monomeric nature 5 in toluene
solutions and offers an opportunity to rationally construct a
series of (OPWTi(OR),.

Alcoholysis of (OPy}Ti(OR),. In order to verify the
stability of the ‘(OPy)Ti’ moiety to alcoholysis exchange,
we initiated a series of reactions following eq 2. The alcohol
ligands investigated included alkyl alcohols, aryl alcohols,
substituted aryl alcohols, HOR*, and silanols. The synthesis
and characterization of these OR* derivatives are discussed
in detail.

i Figure 5. Structure plot ofL7. Thermal ellipsoids of heavy atoms drawn
|
(OPy),Ti(O'Pr), + 2H-OR — at the 30% level, and carbon atoms represented by ball-and-stick diagrams

“ OP TI ORI ” + 2H_OIPr 2 for Clarity.
Y) 2

OR = OPt**, OAdam, DPE, OPhAdam, bulk material was not consistent with the single-crystal
oMP, oPP, 0BP, DMP, DIP, DBP, DPP, 2BP, structure wherein the carbon content was consistently lower
TCP, 4MP, 4AP, DAP, OTPM, DMBS, TPS, TOBS than expected. Due to this ambiguity and the lack of

symmetric exchange, we are only reporting the crystal

structure of6a while we explore the availability of asym-

the main starting material for several reasons. PR is metric substitution afforded by the isolqtior_l of this com-
commercially available and less expensive than B(Q pound. For théb (OAdam) anc® (0MP) derivatives, crystals
and further, it is the least sterically demanding ligand and that had elemental analyses consistent with the disubstituted
thus more susceptible to exchange. To a stirring solution of SPecies were isolated but X-ray quality crystals were not
compound4 in toluene, 2 equiv of the appropriate+OR obtained. Forl4, at room temperature, substitution of the
were added and allowed to stir for 12 h. In case of lower O'Pr ligands by the sterically hindering DBP moieties was
soluble alcohols, typically the aryloxides, heat was applied Not realized even for monosubstitution. Additional studies
forming highly colored and completely soluble products. For are underway to explore and understand the observed
the polyfunctional aryloxide derivatives, pyridine at elevated behavior for these compounds.

temperatures was required to solubilize these compounds. The *H NMR data of 7—24 (14 was omitted from the
FTIR data showed for each sample that the' @fand had study) demonstrated similar behavior as noted abov@-f&r
successfully replaced the OR moiety of the starting materials, Combined, these data indicate that the ‘(QFy)moiety
based on the lack of anOH stretch and the presence of has been retained. In order to verify this claim, the structure
the respective bends and stretches associated with thef each compound was determined.

particular ligand. In addition, the OPy stretches were also Crystal Structures. The following species were investi-

present in each sample’s spectrum. Preliminarily, this data gated structurally as (OP§i(OR)),: OR = DPE (7), OPh-
suggested that the _exchange had bee_n successful. _ Adam (8), oPP (.0), oBP (11), DMP (12), DIP (13), DPP
. ()Elgem?tgg”?'ys's was f‘iuzrf v be7'” agreement ‘t’;'th the (15), 2BP @L6), TCP (L7), 4MP (18), 4AP (19), DAP (20),
(OPy)Ti(OR)," species {—24). For 7, 15, and20, the — qrpy o1y puBS (22), TPS @3), and TOBS 24). Table

inclusion of solvent molecules, as noted in their respective . .
. . 2 lists the collection data for each of these compounds. Table
structural solutions (see Table 2), was required for agreement;, . . i .
3 lists the compounds and their respective alcohols. Figures

however,17 (lattice solvent removed by the squeeze program 5—7 are representative specid(21, 24) of the resultant

of the PLATON software package) ad® did not require hemist is <h i the Table of Contents fi
the structurally characterized lattice solvent molecule for chemistry § is shown in the Table of Contents figure).

agreement. Fo8 and 11, a molecule of toluene needed to ~ Since the initial OPfe reaction formedéa and not the

be added to the molecular formula that is consistent with desired disubstituted species, it was of interest to determine
the toluene solvent molecule that was removed by the what factors would control the exchange, and therefore,
squeeze program in the final refinement of the structure. additional sterically varied alcohols were investigated. For
Compounds$ and14 did not agree completely with expected the OAdam 6b) and DPE {) ligand sets, analytical data
disubstituted compounds and were not self-consistent during(FTIR and elemental analysis) were consistent with the
analysis. Attempts to synthesize the disubstituted speciesdisubstitution product. For each, NMR data were also
(OPy)Ti(OP™e), (6), under room-temperature conditions, consistent with the monomeric disubstituted species. While
led to a heteroligated species instead, forming the (fy) 7 was easily isolated in crystalline form and structurally
(O'Pr)(OPMe) (64) derivative. The elemental analysis of the characterized as the disubstituted species, all attempts to get

SynthesisWhile all the precursors have demonstrated the
ability to exchange their alkoxide ligandéwas selected as
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moiety remained intact for all the alcohols investigated
including a derivative that contained the adamantane moiety
(OAdam-Ph, 8, see Table of Contents figure), mono- and
dialkyl ortho-substituted phenoxide derivativ®s-(L3), and
phenyl-substituted specie45). Even more complex ary-
loxides (L6—21) did not yield any variations in the ‘(OPy)i’
moiety upon exchange. This was surprising since the amine-
substituted compound49 and20) could only be dissolved
in boiling pyridine but there was no evidence of coordinating
solvent. This is most likely a reflection of the stable nature
of the bidentate OPy ligands preventing additional Lewis
base coordination. Substitution by the other OR* ligand only
produced a terminal OTPM set of ligand&l) similar to
what was noted foR in terms of the binding mode. Full
substitution by the OPy ligand or modification by the OTHF
derivatives did not yield crystalline material. Switching to
silanols presented a slightly different electronic and steric
ligand set, but again the ‘(OPyl)i’ moiety was unaffected
Figure 6. Structure plot o21. Thermal ellipsoids of heavy atoms drawn by any silanol substitutio2—23. A slight variation with
at the 30% level, and carbon atoms represented by ball-and-stick diagramsgpy alkoxy siloxide ligand, TOBS that would provide a more
for clarity. electron-withdrawing effect, also retained the basic structural
motif (24). As can be observed from this unusually stable
family of compounds, exchange was readily realized without
destruction of the stabilizing moiety; therefore, we have
developed a scaffold from which controlled metal alkoxides
can be systematically built. The metrical data 30t24 are
comparable with surprisingly little variation noted by the
presence of the substituted alkoxide ligand (see Table 3).
UV —vis spectra were obtained f8-24 in toluene (see
Table 3) in an attempt to understand the color variations
noted for these compounds. The light browr 8Py was
found to have one large absorptiomaty 281 nm attributed
to the py ring of the OPy compound. A stretch consistent
with the OPy ligand was observed in every sample ranging
from Amax 281 to 283 nm. For the colored speci@s-g0),
several additional broad peaks at higher energies were noted
ranging fromimax 296 to 384 nm. The color variations from
yellow to orange are paralleled by shifts in the second
) e Arptiadied absorption peaks. The mixed-color species either have two
?c:rtréleaﬁ?yé level, and carbon atoms represented by ball-and-stick dlagramspeakS in addition to the OPy ligand absorptiofi8{19) or
a very broad peak2Q) that covers the same regions. It is
obvious from this study that the aromatic ligands, not the
crystallographic data ofib were unsuccessful. This led us  opy |igands, are imparting a ligand-to-metal charge transfer
to explore the more rigid and sterically varied aryloxides. to produce the observed colors for these compounds. Further,
In most of the M(OR) systems that we have explored, the emission color can be fine-tuned on the basis of the

aryloxides offer significant variation in structural complexity substitution of the ring or the number and types of ligands
in comparison to alkyl alkoxide®;*>° therefore, we were  present on the ‘(OPyJi’ moiety.

interested in the effect these large ligands would have on _
this system. For all of the aromatic species, the color of the Summary and Conclusion

resultant crystals were a bright orange to yellow, based on Using the OR* ligands (OTHF, OTPM, and OPy), a new

the specific ligand. The color variations were presu_med 10 family of heterocyclic alkoxides have been isolated a$.
be from ligand to metal charge transfer as determined by For the OTHF- and OTPM-ligated species, monosubstituted

Figure 7. Structure plot oR4. Thermal ellipsoids of heavy atoms drawn

the UV—vis spectra collected (vide infra). The ‘(OBY) dinuclear compounds were isolated with the ligand acting
(54) Boyle, T. J.; Andrews, N. L.; Rodriguez, M. A.; Campana, C.; Yiu either as au-OR or as au-OR ligand, respectively; for the
T. %o}g.'ch’emzooa 42, 5357. guez, AL A pana, & Tt OPy, disubstituted chelating ligation was observed. It appears

(55) Bozle, T. J.; Bunge, S.dID.; Andafvs, N. L Mzegéen,ééEz-;gSieg, K.; from solution NMR data that these structures are retained
(56) Fggy{;glﬁzj_“”ﬁ,@d;o'jga ey, T onem. Maler2003 18, RZ)d.riguez in solution. Due to the steric constraints imparted by the

M. A. Inorg. Chem200Q 39, 5133-5146. disubstituted OPYy ligated species with a variety of sterically
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hindering OR groups, the opportunity to pursue controlled reactivity and to control the properties of the ‘(OFW)
chemistry of metal alkoxides is readily available. The scaffold.
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