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A selection of new strontium f-diketonate derivatives (imHy),[Srz(5-dike)s] [where imH = imidazole and S-dike =
tfac (tfacH = 1,1,1-trifluoro-2,4-pentanedione), ttbz (tthzH = 1,1,1-trifluoro-4-phenyl-2,4-butanedione), or hfac (hfacH
= 1,1,1,5,5,5-hexafluoro-2,4-pentanedione)], [Sro(tfac)s(Meim)z(H20)2], (MeimH),[Sr(5-dike)s] (where Meim
1-methylimidazole and j-dike = tfhz or hfac), [Sra(thd)s(imH),(EtOH)], and [Sra(thd),(Meim),(EtOH)] (where thdH
= 2,2,6,6-tetramethyl-3,5-heptanedione) have been synthesized and fully characterized. (imH,)[Sr2(3-dike)s] and
(MeimH)[Sr(3-dike)4] are di- and mononuclear Sr anionic complexes, respectively, while [Sr(tfac)s(Meim),(H20),],
[Sra(thd)4(imH)(EtOH)], and [Sr,(thd)s(Meim),(EtOH)] are neutral dinuclear molecular derivatives. The derivative
(imHy)o[Sr2(hfac)g] slowly decomposes in solution under aerobic conditions, giving (imH,),[Sr(H.0),(tfa)s](tfa) (tfaH
= trifluoroacetic acid), which is an ionic compound containing polynuclear anionic chains composed of Sr(H,0),-
(tfa); units. When a deficiency of imH is employed, the thdH proligand forms not only the dinuclear derivative
[Sra(thd)4(imH)2(EtOH)] but also an additional product with the formula [Sr(thd),(H.O).(EtOH)], in which the Sr atom
is seven-coordinated. A complete solid-state characterization has been accomplished by comparing X-ray and
solid-state 3C NMR data. Elucidation of the H-bond interaction between the heterocyclic rings and metal complexes
by cross-polarization magic-angle-spinning SN NMR s also reported.

Introduction as ferroelectric nonvolatile random access memories Fe-
There is a growing interest in the chemistry of the alkaline- RAM.***# Among several techniques used to synthesize
earth metal ions, particularly in the research area of theém, probably the most viable route for industry seems to
strontium-based materials in the form of thin films. This is ©€ metat-organic chemical vapor deposition (MOCVD)
due to several possible applications in luminescent andPecause of the superior step coverage compared to other
electronic deviced? For example, Ln-doped strontium deposition technique’s.Several strontium diketonates have
sulfide and Sr-containing fluoride glasses, such as SgAIF  P&en proposed as molecular precursors for MOCVD. Most
show interesting electroluminescent and optical feattfes,  Of them are derivatives of 2,2,6,6-tetramethyl-3,5-heptane-
whereas SrTi@and Bi—Sr—Ca—Cu or Sr-Bi—Ta mixed
oxides are of interest for their applications respectively as (©)
high-K materials in DRAMS; @ as HTSC material$1° and
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dione (thdH) and 1,1,1,5,5,5-hexafluoro-2,4-pentanedione
(hfacH)1*15The Sr complexes show oligomeric or polymeric
structures and are sensitive to moisture because of the low o
coordination numbers (CNs) of the central atofi"$. To s
prevent oligomerization, which generally decreases the ©CHClz ™
volatility of complexes, several ancillary donors, such as o
polyethers$-amino alcohols, and phenanthroline, have been

used, with the aim of saturating the Sr coordination sphere

and increasing stabilit#*>We have recently reported a new

type of alkaline-earth metal compounds containing a new

class ofg-diketones, namely, 4-acyl-5-pyrazolones, and their I @bsolute ethanol, the complexés-3 of the formula
adducts with several ancillary donors, such as phenanthro-(ImH2)2[Sr(3-dike)] (3-dike = tfac, tfbz, or hfac) have been
line 6 polyethers®1? and imidazole$? The presence of obtained (Scheme 1). They are very soluble in most common

imidazoles in the reaction mixture causes the unexpectedorganic solvents such as alcohols, chlorinated solvents,

formation of ionic dinuclear strontium diketonate complexes, 2cetonitrile, acetone, and dimethy! sulfoxide (DMSO).
which are either soluble or very soluble in nonpolar At€mPpts to recrystallize compourgigave good-quality

solventst® Similar Ba- and Sr(thd) derivatives stabilized by crystals, which were idgntif_ied as (imf[Sr(HZO)?(_tfa)g](tfa)
pyrazoles show good volatility in a vacuum and were (4, tfa= CRCOO). Derivatived is a decomposition product

suggested as CVD precursdfdlere we extend our studies ©f 3 arising from the cleavage of hfac ligands and the
to the interaction of Sr witts-diketonates (tfac, tfbz, hfac, subsequent formation of tfa anions. Examples of the cleavage

and thd) and nitrogen monodentate donors, such as |m|dazolepf fluorinated/3-diketonates to form the trifluoroacetate anion,
or 1-methylimidazole, to compare the structural and physi- by the action of water molecules during or after the complex

0—23
cochemical features of the new derivatives with those of the formation, are well-knowr?"2* Derivative 4 is an ionic
previous one€1¢ and to find new molecular precursors compound in the solid state containing anionic polynuclear
suitable for CVD. Several structural typologies of the chains where Sr atoms are mtercopnected throggh bnd_gmg
derivatives will be reported and the importance of tuning tfa groups (see the Crystallographic X-ray Studies section;

reaction conditions, electronic properties, and steric crowding Scheme 2),' i , .
of the ancillary ligands discussed. By the interaction of Sr with 1-methylimidazole and

p-diketonate in absolute ethanol, novel complexes of the

Results and Discussion formulas [Sg(tfack(Meim),(H20).] (5) and (MeimH)[Sr-
(B-dike)] (6 and 7; -dike = tfbz or hfac) were formed
(Scheme 3). These are very soluble in many organic solvents.

The different structure ob with respect to6 and 7 has
been mainly suggested by solid-st&€ and'>N NMR (see
(14) Drozdov, A.; Troyanov, Main Group Met. Chem1996 19, 547— below).

569 and references cited therein. Conductivity data ofl—3, 6, and7 in acetone indicate

(15) Oway, D. J.; Rees, W. S, &oord. Chem. Re 2000 210 279- the occurrence of equilibrium processes such as those in egs

328 and references cited therein.
(16) Marchetti, F.; Pettinari, C.; Cingolani, A.; Leonesi, D.; Drozdov, A.;

FaC

Synthesis of the ComplexesVia the interaction of Sr
with the simple imidazole and fluorinated ligands (tfacH,
tfbzH, and hfacH) in a 1:1:3 metal/imidazgfediketone ratio
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(19) Pettinari, C.; Marchetti, F.; Pettinari, R.; Vertlib, V.; Drozdov, A.; 9, 1305-1310.
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2003 355, 157-167. A. Inorg. Chim. Actal996 248 15-21.
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10
1—4 or ionic couple formation, which is likely via H-bond

interactions involving imidazolatés,whereas in a strong All derivatives are quite stable in the solid state; however,

prolonged contact with air and moisture leads to slow
decomposition and the formation of strontium carbonate. In
solution, they slowly undergo hydration, with the subsequent
formation of ionic polynuclear species containing carboxylate
anions coming frong-diketonate ligand cleavage.

In the IR spectra ofl—3 and 5—10, the v»(C=0) +
v(C=C) combination bands gi-diketonates shift to lower
frequencies upon complex formatién?® and the broad
absorption between 2300 and 3000 ¢ntue to OH--O of
the keto-enol form in the IR spectra of free neutral
diketones, disappears. This indicates the coordination of the
ligands in the anionic bidentate forfhThe IR spectrum of
4 shows a very large and broad absorption between 2300
and 3600 cm?, due to water molecules and imidazolium
cations involved in H-bond interactions. The presence of
several broad(COO) bands in the range 1562860 cn1?
is in accordance with several types of OO groups
differently coordinated to Sr, either as terminati@dentate,
bridging Q-bidentate, or anionic noncoordinated ligadtls.
In the range of 306500 cn1?, several medium-to-strong
absorptions have been detected and assigneqd3p-0).

(imH,"),[Sr,(B-dike)g]* =
Sr,(B-dike), + 2(-dikeH) + 2imH (1)

(imH,"),[Sr,(B-dike)g]?~ = 2[Sr(8-dike),B-dikeH] + 2imH
(2)

(imH, "),[Sr,(B-dike)s]* =
2[Sr(3-dike),(imH)] + 2(3-dikeH) (3)

(MeimH"),[Sr(8-dike),]*” =
Sr(8-dike),(Meim), + 2(3-dikeH) (4)

polarizing solvent such as DMSQ\, values fall into the
range reported for 1:1 speci#sThese values seem to
indicate further fragmentation of the dianionic dinuclear
species into monoanionic mononuclear ones. Acetone and
DMSO solutions of derivativd show higheiA, values with
respect tol—3, 6, and7. A disruption of the polynuclear
solid structure o4 seems likely in these solvents.

In contrast with fluorinated diketones, the sterically
hindered thd ligand gave rise to the neutral dinuclear The IR spectrum o6 shows a very large and broad band
complexes8 and 9, containing two bridginge!,x2-O-thd, due tov(H,O) centered gt 3458 cmi The broad bands
two terminal thd, two monodentate neutral imidazole or ©Pserved over 3000 cr in 1-3 and6-8, are due to the
methylimidazole groups, and a bridging ethanol molecule N—H bonds of imidazoles or imidazolates likely to be
(Scheme 4). involved in some kind of H bonding (see the the Crystal-

The attempted reaction between Sr, imH, and thdH in lographic X-ray Studies section_). In the far-IR region (300
ethanol in a 3:2:6 ratio gave a mixture containing derivative 500 cnT%), new strong absorption bands have always been

8 and a new compound with the formula [Sr(th).0).-
i i iz ati i (25) Drozdov, A.; Troyanov, SPolyhedron1993 12, 2973-2976.
(EtOH)] (10), which was isolated from recrystallization in (26) Rees, W. S.. Jr. Carris, M. W.. Hesse. Worg. Chem 1991, 30,

chloroform (Scheme 50 contains two bidentate terminal 4479-4481.

thd, two water molecules, and an ethanol molecule coordi- (27) LS(-)%Olevﬂi( L T\;oléelanov,J SC Kudznz:i?]a,n1 l\gé Ivg;\og,ss\ég tl_)\/lsartynenko,
nated to the Sr atom. » Struchkov, V.Russ. J. Coord. Chenl.995 21, ;

(28) Kuzmina, N.; lvanov, V.; Troyanov, S.; Martynenko,d..Chem. Vap.
Deposition1994 3, 32—46.
(29) Deacon, G. B.; Phillips, R. Coord. Chem. Re 198Q 33, 227—250.

(24) Geary, W. JCoord. Chem. Re 1971, 7, 81-122.
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Table 1. Crystallographic Data and Some Details of Data Collection and Refinement for the Sr Complexes

2 4 6 8 10
molecular formula @)H50F18N4014SI’2 C14H14F12N40105I’ C48H38F12N4014Sf2 C52H90N4095I’2 C24H4807ST
fw 1640.34 713.91 1114.44 1090.52 536.24
cryst syst triclinic monoclinic monoclinic monoclinic monoclinic
space group P1 P2,/c C2lc C2lc P2i/n
alA 11.760(3) 17.378(4) 17.102(3) 15.808(3) 25.845(5)
b/A 12.497(3) 15.522(3) 13.460(3) 15.396(3) 9.474(1)
c/A 13.415(4) 9.966(3) 21.828(4) 25.457(5) 27.667(6)
o/deg 99.87(3) 90 90 90 90
pldeg 93.80(3) 92.57(3) 93.19(3) 100.18(3) 117.08(3)
yldeg 115.85(2) 90 90 90 90
VIA3 1725.7(8) 2686(1) 5017(29 6098(2) 6032(2)
z 1 4 4 4 8
abs coeff/mm? 1.660 2.144 1.175 1.188 1.821
cryst size/mm 0.5 0.3x 0.3 0.5x 0.3x 0.3 0-40 x 0.25x 0.25 0.7x 0.4x 0.4 0.50x 0.34x 0.13
TIK 298 170 170 160 180
6(max)/deg 28.2 28.1 28.0 28.1 29.2
reflns collected/independent 12572/7644 19384/5962 18756/6007 19720/7286 44563/15501
data/param in refinement 6799/532 5305/499 5064/331 4598/308 10684/644
WR2 (onF?) 0.0918 0-0861 0.2993 0.2053 0.1342
R1[l = 20(1)] 0.0413 0.0357 0.0839 0.0648 0.0548
largest diff peak and hole/e & 0.506/-0.646 0.403+0.602 0.748+0.806 0.517-0.904 0.803+0.633

Table 2. Coordination of the Sr atom (Distances in A) in the Crystal Structures

distance 2 distance 4 distance 6 distance 8 distance 10, Sr1 10, Sr2
Sr—01 2.707(3) SrO1 2.633(2) SrO1 2.567(4)x 2 Sr—01 2.466(4) SrO1 2.470(3) 2.526(3)
Sr—01 2.835(3) Sr-02 2.925(3) Sr02 2.569(4)x 2 Sr—02 2.541(4) Sr02 2.558(4) 2.464(4)
Sr—02 2.642(2) Sr03 2.618(2) Sr03 2.684(5)x 2 Sr—03 2.514(4) Sr03 2.542(4) 2.572(4)
Sr—02 2.644(3) Sr-04 2.557(2) SrO4 2.529(5)x 2 Sr—03 2.596(4) Sr-04 2.565(3) 2.559(3)
Sr—03 2.523(2) SrO5 2.593(2) Sr04 2.470(4) Sr09 2.539(4) 2.574(5)
Sr—04 2.509(2) Sr06 2.486(3) Sr05 2.667(5) Sr010 2.611(4) 2.615(4)
Sr—05 2.557(3) Sr09 2.595(2) StN1 2.674(5) SrOl11 2.595(4) 2.583(5)
Sr—06 2.556(3) Sr010 2.614(2)

detected upon coordination, likely as a resultv¢r—0)
stretching mode% 28

Crystallographic X-ray Studies. To investigate the
structural typologies of our compounds in the solid state,
X-ray single-crystal structural studies were undertaken for
derivatives2, 4, 6, 8, and 10. Crystal data and relevant

ronment of Sr (CN= 8) is composed of four tfbz ligands
acting as terminal donors and the remaining two as bridging
O,-u*-diketonates.

The average terminal SOy, distances, 2.536 A, are
shorter than the bridging SO, ones, 2.707 A, thus
resembling an analogous structure of (igfBrx(acyl-

distance lengths are reported in Tables 1 and 2, respectively pyrazolonate].'® The imidazolium cations are involved in

The crystal structure of2, (imHy);[Srx(tfbz)s]-2H.0,
contains an anionic dinuclear Sr unit (Figure 1), an imida-
zolium cation, and a water molecule.

The anion [Si(tfbz)s]>~ is centrosymmetric with a
Sr-++Sr distance of 3.734 A. The square-antiprismatic envi-

Figure 1. Structure of the anion of derivativ2

weak H bonding with an O atom in the dimeric anion N2
H2:--05, 2.750(8) A] and with the O atom of water [N1
H1:--07, 2.728(8) A]. The water molecule is involved in H
bonding also with the O atoms of a terminal tfbz, with
distances of 2.767 A (G7H71:--03) and 2.912 A (O7
H72---06).

The compound! represents a mixed anionic imidazolium
salt containing polynuclear [Sr(tfgH.0).]. anionic chains
with bridging and terminal @bidentate trifluoroacetate
groups (Figure 2). The Sr atom is eight-coordinated with
two additional terminal water molecules and an average
Sr—O distance of 2.628 A. Imidazolium cations are con-
nected to the anionic chain and the trifluoroacetate anion
with N—H---O hydrogen bonds at distances of 2-72091
A [N1---08, 2.697(5) A; N2--03, 2.853(5) A; N3:-07,
2.747(5) A; N4--010, 2.908(5) A.

Derivative6 is also an ionic compound; however, a subtle
change in such systems, such as the employment of 1-methyl-
substituted imidazole, surprisingly affords a mononuclear
[Sr(tfbz)]?>~ anionic complex, consisting of a Sr center
surrounded by four terminal bidentate tfbz donors (Figure
3).

Inorganic Chemistry, Vol. 45, No. 7, 2006 3077



Figure 3. Structure of the anion of derivativé

Two 1-methylimidazolium cations are involved in H-
bonding interactions with the O atoms of tfbz in the anionic
unit, with the distance N2:O3 being 2.803(10) A. This
causes the elongation of the-8D3 distance (2.684 A) with
respect to the other SO, ones (av 2.555 A), which are
very similar to those in the analogous ionic (tmedaH)-
[Sr(tfac)]. compound?® In both structureg and6, the metal
possesses a CN- 8 in a square-prismatic arrangement
independent from the complex nuclearity.

In contrast with2 and 6, derivative 8 is composed of
discrete dinuclear [$fthd),(imH)(EtOH)] molecules. Each
Sr atom is surrounded by two O atoms from a terminal thd,
two O atoms from a bridging*,7?-O.-thd, an O atom by a
second bridgingy!,2-O,-thd, an O atom of a bridging EtOH
molecule, ad a N atom from a terminal imidazole (Figure
4).

Also, this structure is centrosymmetric like thatyfwith
the S¥--Sr distance being 3.747 A. Such structural behavior
is well-known in alkaline-eartf#-diketonate chemistry such
as, for example, in the structure of [Sr(th@)ethylene-
triamine)}.3° However, in compound, the Sr atom is only

seven-coordinated, thus demonstrating that a CN lower than

8 can occur in the structures of Sr comple¥ess in the
structure of6, the average distances of the terminal-Sg

(30) Park,J. W.; Kim, J. T.; Koo, S. M.; Kim, C. G.; Kim, Y. 8olyhedron
200Q 19, 25472555.
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Figure 5. Molecular structure of derivativaO.

groups are shorter than those in the bridging ones, as
expected, and the bridging -SOgon distance is the longest.
The SN distance (2.674 A) is shorter than those found in
previous Sr(thd) derivatives containing poly(ethyleneamines)
as ancillary donorg’

Crystals of compound 0 contain discrete mononuclear
[Sr(thd)(H20)(EtOH)] units (Figure 5) similar to those
found in [Ba(thd)}(H20)(MeOH),].** This result seems to
indicate the weakness of the SrN bonding and is in full
accordance with Pearson’s theory of soft and hard acids and
bases.

Both the Sr1 and Sr2 atoms in the two crystallographically
independent molecules are surrounded by seven O atoms
each from two thd ligands, two water molecules, and an
ethanol molecule. The average-SD distance, 2.555 A, is
shorter than that of the mononuclear compie2.587 A).

The very irregular arrangement of O donor atoms around
the Sr atoms can be explained by the existence of the very
weak additional bonding of O9 to the Sr atom of the
neighboring molecule at the distance of 3.17 A. In this way,
weakly bonded infinite chains of molecules are formed.

Solid-State NMR Studies.The solid-state"*C and >N
NMR data of the Sr derivatives, except farwhich is in a
liquid form, and10, which does not contain N-donor ligands
and which was obtained in poor yield, are listed in Table 3.
The 3C NMR spectra (see Figures 6, 8, and 10) are
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Table 3. 3C and!>N NMR Chemical Shift Data for Compounds-9

compound 0 13C (ppm) o N (ppm)

(imHy)2[Sro(tfac)] (1) 198.0 CH—C4—O 151.2 N-H
169.4 CR—C4—O (imHy)
166.8 Ck—C4—O
133.0 N-CH—N imH, ¢
119.8 Ck and imH
94.2 CH
28.0 CH

(imH,)2[Sra(tfb2)g] (2) 190.7 Ph-C4—O 148.7 N-H
187.5 Ph-C4—O (imHy) b
169.7 Ck—C4—O
1405Cq (C6H5) M~
137.5 N-CH—N imH>
129.2 GHs and imH
119.7 CRimH;
92.7 CH a
90.6 CR

(imHz)2[Sra(hfac)] (3) 177.7 CR—C4—O 146.2 N-H N S B B S B B S S B S B B S B B E B B E |
ﬁg-; Q‘CHd—N imH; (imHy) 230 210 190 170 150 130 110 90 70 50 30 10ppm
88.2 CHE andimb Figure 6. CPMASC NMR spectra of derivatives (a), 2 (b), and3 (c)

[Sratfack(Meim)(H,0),]  199.3 CH—Cq—O 219.6 N-Sr recorded at 67.9 MHz, at a spinning speed of about 6.0 kHz.

®) 170.4 CE—C4—O 135.8 N-CHs

138.1 N-CH—N 123.2 N-CHjs
(imHCH,)

126.7 imb

122.7 Cik and imH

95.8 CH

34.4sh CH
(imHCHa)

32.1shCH

Wkw

(imHCH>)

28.8 CH b

(MeimH)y[Sr(tfbz)s] (6) 191.7 PR-Cq—O 142.6 N-CHjs

189.1 Ph-Cq—O

169.3 CR—C4—O

140.7Cq (CeHs)

129.3 GHs and a
imHCH3

127.3 GHs and

imHCH3

122.8 sh

I
gégj NQS) 260 230 200 170 140 110 ppm

90.9 CH Figure 7. CPMASN NMR spectra of derivatives (a), 2 (b), and3 (c)
34.4 CH; (imHCHa) recorded at 27.25 MHz, at a spinning speed of 5.0 kHz.
[Sra(thdu(imH)(EtOH)] 203.0 221.4 N-Sr
(112

202.0 218.6 N-Sr

199.6 140.1 N-H

136.9 N-CH-NimH  138.0 sh N-H

134.9 N-CH—N imH

127.4imH

119.2 imH

117.4 imH b
91.1 CH

41.9C, BU!

29.8 Me B

aSee text.

characterized by peaks at about 28 and 35 ppm, which are
associated with the methyl and methylimidazole moieties, 4
respectively. The Cfgroups give rise to a broader peak
centered in the range 13822 ppm, due to indirect coupling

with fluorine atoms, while the imidazole carbons fall in the 'QQO ' 2;0' 1:;0 ' 17'0 ' 1;0 ' ]3'0 ' nlol 9'0 ' 7'0 ' 5'0 ' 3'0 ' ,'Oplpm'
region between 115 and 144 ppm (the latter assigned to therigure 8. CPMAS?3C NMR spectra of derivatives (a) andé (b) recorded
N—CH—N carbon). The high-frequency region is dominated at 67.9 MHz, at a spinning speed of about 6.0 kHz.

by ligand resonances: at about 169, 189, and 198 ppm fall

i3

CF—Cq—0, Ph-Cq—O, and CH—Cy—O, respectively, atoms, respectively. This is straightforward on the basis of

while the CH carbon can be found at 90 ppm. In thg the previously reported daté.

NMR spectra (see Figures 7, 9, and 11), the peaks at aboufzy) yega, T.; Masui, H.; Nakamura, Solid State NMR00Y, 20, 145
137.8 and 226.1 ppm are assigned to theHNand —N= 155.
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Figure 9. CPMASN NMR spectra of derivatives (a) andé (b) recorded
at 27.25 MHz, at a spinning speed of 5.0 kHz.
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Figure 10. CPMAS 13C NMR spectra of derivative® (a) and11 (b)
recorded at 67.9 MHz, at a spinning speed of about 6.0 kHz.

An interesting characteristic of tHéC NMR spectrum of
1 (Figure 6a) is the presence of two signals in the relative
ratio 1:1 for the CE—Cy—O groups at 169.4 and 166.8 ppm,
whereas only a single peak can be detected at 198.0 pp
for the CH—C,—O carbons, probably as a result of casual
overlapping. Then different GFCyq—O groups in the unit
cell can be postulated on the basis of tf@ NMR data. A
resonance at 151.2 ppm is detected intheENMR spectrum
(Figure 7a) for the two equivalent N\H units of the
imidazole ring.

13C NMR data similar to those of derivativieare observed
for compound?2 (Figures 6b and 7b), but now two signals
are present for the PHC,—O moieties at 190.7 and 187.5

Marchetti et al.

[ I O O I O I O O O R R R
260 230 200 170 140 110 ppm

Figure 11. CPMAS >N NMR spectra of derivative® (a) and11 (b)
recorded at 27.25 MHz, at a spinning speed of about 5.0 kHz.

and by the occurrence of two different PG,—O carbon
atoms whose difference depends on the relative position of
the phenyl moiety in space, as observed in the single-crystal
X-ray structure (Figure 1). The former PIC;—O peak is
due to the two tfbz ligands bridging the metal atoms, while
the latter is attributed to the four terminal tfbz symmetric
ligands. The!'>N NMR spectrum of produc® (Figure 7b)
shows a single resonance at 148.7 ppm in agreement with
the presence of two crystallographically identical imidazole
molecules observed in the X-ray structure. It is worth noting
that both N atoms are involved in intermolecularN---O
H-bond interaction. Although the N atoms are bonded to
different moieties, to an O atom of a €FC,—O moiety

and to a water molecule O, respectively, the two interactions
appear to be really quite similar both for the-ND atom
distance (2.749 and 2.730 A) and for the chemical shift.

The presence of only four signals, observed in #@
NMR spectrum of compound (Figure 6¢), at 177.7, 130.7,
118.2, and 88.2 ppm, suggests a high symmetry for the
complex. Indeed, because the R1 and R2 substituents are
identical, aD,, symmetry is present in the molecule. The
resonances are attributed to the hfacglt6 the N-CH—N
(imHy), to the Ck, and to the CH carbons, respectively.

The®N NMR spectrum (Figure 7c), as for compourfds
and2, is characterized by a single resonance at 146.2 ppm
for the four N atoms. Nevertheless, in this case the signal is

Mbroader and even more shifted to lower frequency (toward

the free imidazole N-H signal) than the other derivatives.

It is interesting to analyze these shifts in terms of the H-bond
interaction: indeed, it is known that, in the case of aromatic
molecules, the N resonance is expected in the low-frequency
region when the lone pair is involved in bonding by
protonatior®? In this case, the observed high-frequency shift
of 4.5 ppm on passing fror@ to 1 indicates a progressive
deprotonation of the N imidazole: in other words, the
substituent electronic effects and the crystal packing in

ppm, whereas there is only one resonance at 169.7 ppm for

the CR—Cy—O groups. This is in agreement with the
presence of a single signal for the six £f&£4—0 groups

3080 Inorganic Chemistry, Vol. 45, No. 7, 2006

(32) Levy, G. C,; Lichter, R. LNitrogen-15 Nuclear Magnetic Resonance
SpectroscopyWiley-Interscience: New York, 1979.
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elongate the N-H distance with respect t8, where the

situation is similar to that observed for free imidazole.
The 3C NMR spectrum ob (Figure 8a) is characterized

by a peak at 199.3 ppm for the GHC,—O groups and by

a signal at 170.4 ppm for the @FC,—O moieties. This is

evidence of the high symmetry of the ligands around the

metal atom. The particular features of compousisl 1°N

derivative asll. In the carbonyl region (Figure 10b}1
exhibits two small and one more intense resonance at 203.0,
202.0, and 199.6 ppm respectively in the relative intensity
1:1:6. The imidazole region shows five resonances (one of
which has double intensity) for the C atoms in #f& NMR
spectrum, suggesting the presence of two independent
imidazole molecules in the asymmetric unit cell. This is

NMR spectrum (Figure 9a) are the occurrence of a peak atconfirmed by the!®N NMR spectrum (Figure 11b), which

219.6 ppm. We reasonably attribute this resonance te-&Sr
nitrogen atom because it is well-known that the coordination
of a N atom to a metal leads to very wide sKf?
Furthermore, we observe a similar peak for compo@8nd
confirmed by the X-ray structure (see below). This is clear
evidence of the coordination of both imidazole molecules
to the metal center. Thus, the structure of compodnd
hypothesized from solid-state NMR data is quite different
from the those of the homologuésind7. Another signal is
present at 135.8 ppm, attributed to the-@H; nitrogen
atoms.

As reported above, the special feature of compo@insl

is characterized by two close resonances at 221.4 and 218.6
ppm for the N-Sr atoms and by a peak at 140.1 ppm (with
a shoulder at 138 ppm) for the NH nitrogen atoms.
Although it is not possible to propose a structure based only
on the solid-state NMR data, we conclude that derivative
11is a Sp complex with four dike and two imidazole ligands
and has a lower symmetry with respect to compo8nd
Derivative 9 presents some differences in tH€ NMR
spectrum (Figure 10a) with respect to sambpleindeed, it
seems to have a higher symmetry. This is confirmed by the
presence of one signal at 197.7 ppm for all thgd@rbon
atoms, one signal (without a shoulder) at 88.5 ppm for the

the presence of two imidazole molecules H-bonded throughthd CH carbon atoms, and three peaks at 138.4CN—

N—H---02 and N-H---O3 interactions (see Figure 3). It is
worth noting that the PhC,—O carbon atom is more
influenced by the H-bond interaction than thes€E;—O
carbon atom. This is confirmed by the larger difference in
the G—Ph distances (1.480 A for the H-bonded ligand and
1.503 A for the normal ligand) with respect to thg-(CF;
distances (1.538 A for the H-bonded ligand and 1.528 A for

N), 127.9, and 121.5 ppm for the two equal imidazole
molecules. Unfortunately, there is no clear evidence of the
ethanol ligand whose signals would fall at 41.3 ppm ¢CH
and at 29.7 ppm (C¥j under thetert-butyl peaks. Thé>N

NMR spectrum (Figure 11a) presents two resonances at 228.1
and 136.4 ppm attributed to theN6r and N-CHj; atoms,
respectively.

the normal ligand). This difference is also stressed by the Solution NMR and Electrospray lonization Mass

high symmetry of the Cfgroup with respect to rotation
about the G—CF; bond, compared with the phenyl asym-

Spectrometry (ESIMS) Studies TheH, °F{1H}, and®3C-
{*H} NMR spectra, recorded in acetodg-show all of the

metry. Such observations indicate the presence of two expected resonances in accordance with the formulation

different Ph-Cy—O groups and four equivalent @FC,—O

proposed on the basis of previous analytical and spectro-

groups per molecule, which cause two signals at 191.7 andscopic data. However, in the NMR spectra of compounds

189.1 ppm for the former and only one at 169.3 ppm for the
latter in the cross-polarization magic-angle-spinning (CP-
MAS) 13C NMR spectrum (Figure 8b). Although several

1-3, 5, 8, and9, only one set of signals has been detected
at room temperature, thus indicating exchange processes
between terminal and bridgingrdiketonate ligands around

attempts have been performed with different experimental the metal centers in solution. Another possibility is that the
conditions (variation in the temperature, contact time, pulse dinuclear units break, giving rise to mononuclear fragments

delay, etc.), thé>N NMR spectrum (Figure 9b) shows only

with equivaleni3-diketonate ligands. The unique doublet for

one resonance at 142.6 ppm. We assigned the peak to the¢4, and H; of the imidazoles and the integration of the broad

N—H nitrogen atoms that are involved in a—W---O
hydrogen bond. Comparing this chemical shift value with
those of derivatived—3, we conclude that, for sampk

signal for N—H indicate the presence of imidazolium units
in 1—3.18 The same pattern has also been observed in the
H NMR spectra ofl and2 recorded in DMSQde. This is

the proton is closer to the N atom, leading to a weaker and in accordance with conductivity data, typical of 1:1 electro-

longer H bond (N--O, 2.803 A). The lack of other
resonances in thEN NMR spectrum is probably due to the

lytes2* In the low-temperaturéH NMR spectra (193 K) of
1 and3 recorded in acetonds, one set of broad resonances

unfavorable nuclear Overhauser effect because the negativarising fromg-diketonate moieties was detected. The broad-

y value of >N can annihilate the sign&t.
Attempts to perform th&’C NMR spectrum of compound

ening could be due to an unresolved splitting of signals for
the terminal and bridgings-diketonate ligands or to the

8 result in a structural change in the sample. The spectrumpresence of different neutral species such as those hypoth-
suggests a different structure with respect to that observedesized in eqs 43 by conductivity measurements. Instead,
from the X-ray studies. There is no evidence of the ethanol the azole protons give rise to two resonances, one for H
ligand probably because, being lightly bonded, it evaporatesand H and the other for b in accordance with the presence

during the rotor spinning. Hereafter, we refer to this new

(33) Strohmeier, M.; Orendt, A. M.; Facelli, J. C.; Solum, M. S.; Pugmire,
R. J.; Parry, R. W.; Grant, D. Ml. Am. Chem. So4997, 119, 7114~
7120.

of the imidazolium cation.

In the 'H NMR spectra of compound§ and 7, two
resonances due to;tdnd H; and a broad one due to-NH
give evidence for the formation of the 1-methylimidazolium

Inorganic Chemistry, Vol. 45, No. 7, 2006 3081



cation. Instead, the two doublets for, Find H of the
imidazole in the'H NMR spectra of compound8 and 9

Marchetti et al.

dike)y] containing an anionic mononuclear grfike), frag-
ment, ionic species (impL[Srx(8-dike)] with anionic di-

indicate the presence of neutral azoles in these compoundsnuclear (-dike),Sr(u?-3-dike)Sr{-dike), units, neutral
In all cases, H resonances fall at lower fields with respect to dinuclear derivatives with coordinated azoles of the type Sr

starting neutral @ and N-donor ligands, indicating the
existence of the complexes in an acetone solution.

The %F NMR spectra of compounds-3 and5—7 show
a unigue resonance at ca76 ppm, further confirming the
fluxionality of the complexes at room temperature previously
hypothesized on the basis of thd¢ NMR spectra. Thé%F
NMR spectra of derivativd, carried out in acetonds and
DMSO-ds, show two different resonances betwees9 and

(B-dikey(Meim),(HO), with two bridgingu?-3-dike ligands,
and Sp(S-dikey(ut-S-dikep(imH)(u>-EtOH) with two bridg-

ing u'-B-dike ligands. While the ionic specids-3, 6, and

7 were obtained only with fluorinatef-diketonate ligands,
neutral derivative$, 8, and9 were formed when the tfac or
thd donors were employed. The thd ligand is sterically very
hindered and is likely to be responsible for the prevention
of steric crowding on the Sr atom, giving derivativgand

—78 ppm, due to Sr-bonded and anionic uncoordinated tfa9 with lower metal CN (7 instead of 8). The lack of the

ligands, respectively.
The 3C NMR spectra show a unique set®fdiketonate

imH ligand with respect to the amount of Sr again gives
derivative8, together with a minor product (derivativid)

resonances that fall at lower fields with respect to the neutral containing only thd, EHO, and EtOH ligands coordinated to

free ligands. The £and G of the azoles resonate at the
same frequency for compounds-3, whereas two signals

Sr. Derivative5 is a neutral dinuclear species, whose solid-
state structure has been deduced by solid-$t@eand'>N

have been detected for 1-methylimidazolium in compounds NMR, further confirming the potentials of this spectroscopic

6 and7 and for the neutral imidazole in compoun8snd
9, as expected. Th&lc_r values are in the range 28@90
Hz in 1-3 and5—7. These coupling constants are similar

method when X-ray structural data are not available. Also,
compound4, which is the decomposition product of deriva-
tive 3, has been isolated and fully characterized, consisting

to those found in other alkaline-earth compounds containing of polynuclear [Sr(tfag(H.O)z].. anionic chains and of

the same donors:!®
Negative ESIMS spectra of compountlis 3 (the most

relevant data are reported in the Experimental Section)

indicate that, in solution, the dinuclear }@i-dike)]?~ anion

imidazolium cations connected to the anionic chain and

trifluoroacetate anions through-NH---O hydrogen bonds.
Some preliminary resuftéindicate that derivative8 and

9 possess interesting physicochemical features, such as good

of these derivatives undergoes fragmentation into two Volatility and correct thermal stability in the gas phase,

{Sr(p-dike)s} ~ units and loses &-diketonate with the
formation of the{Sr(5-dike)}~ species. This is in ac-
cordance withAn, values in DMSO. Moreover, peaks of

making them suitable as molecular precursors in CVD
experiments. They are currently under investigation in order
to optimize experimental conditions for the deposition of Sr-

lower intensity have been found because of the associationand Ti-containing mixed oxides.

of Sr fragments with the formation ¢fSrs(3-dike);} ~.
In the negative ESIMS spectrum of compoursls?,

Experimental Section

several species have been identified, such as the species Materials and Methods. All chemicals were purchased from

{Sr(5-dike)s} ~ arising from the loss of ong-diketonate
donor from the parent [S8¢dike),]?>~. Also, aggregates such
as {Sr(s-dikek}~, {Sr(s-dike)y}~, {Sr(B-dike)(tfa)~,
{Sr(B-dike)(tfa)} =, and { Sr(8-dike)(tfa),} ~ have been
found; the tfa arises from the cleavage of a fluorinated
pB-diketonate ligand in an acetonitrile solution.

It was not possible to perform the ESIMS spectrum of
compoundst and 8—10 because of their limited solubility
in acetonitrile. However, when an acetonitrile sample3of
is left in contact with air for 1 week and then its negative

Aldrich (Milwaukee, WI) and used as received. Solvent evapora-
tions were always carried out under vacuum using a rotary
evaporator. The samples for microanalysis were dried in vacuo to
a constant weight (2€C, ca. 0.1 Torr). All syntheses were carried
out under a nitrogen atmosphere. All solvents were degassed with
dry nitrogen prior to use. Elemental analyses (C, H, and N) were
performed in-house with a Fison Instrument 1108 CHINB
elemental analyzer. IR spectra were recorded from 4000 to 200
cm~1 with a Perkin-Elmer system 2000 Fourier transform IR
instrumentH, 19F, and3C{1H} NMR spectra were recorded on a
VXR-300 Varian instrument operating at room temperature (300

spectrum is recorded, some new peaks emerged, clearly asHz for H, 75.5 MHz for3C, and 282.2 MHz fot%). H and C

a result of the cleavage of (hfacljgands and the formation
of (tfa)~ compounds. Species such &Sr(hfac)(tfa)} -,
{Sr(hfack(tfa)} ~, { Srs(hfack(tfa)} —, and{ Sr(hfac)k(tfa)} -

chemical shifts §) are reported in parts per million (ppm) from
SiMey, whereas F chemical shifts are reported in ppm from GFCI
(*H, 1°F, and'3C NMR calibration by an internal deuterium solvent

were identified as successive products of the decomposition'o‘:k)- Peak multiplicities are abbreviated as follows: singlet, s;

pattern of3 with the formation of derivativel.

Conclusion

The interaction of the Sr metal witjf-diketones and
imidazoles results in the formation of four different typolo-
gies of compounds, depending on the nature oftdietone
and imidazole employed: ionic species (Meirgl9)y(s-

3082 Inorganic Chemistry, Vol. 45, No. 7, 2006

doublet, d; triplet, t; multiplet, m. Melting points are uncorrected
and were taken on an Stuart SMP3 scientific instrument and on a
capillary apparatus. The electrical conductivity measuremeagis (
reported as2=! cm? mol~1) of acetone or DMSO solutions of
complexes were taken with a Crison CDTM 522 conductimeter at

(34) Battiston, G. A.; Gerbasi, R.; Carta, G.; Marchetti, F.; Pettinari, C.;
Barreca, D.; Maragno, C.; Tondello, Proceedings of the SAMIC
2005 Brixen, Italy, Dec 4-7, 2005; University of Padua: Padua, 2005;
p P11.
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room temperature. The negative ESIMS spectra were obtained withFound: C, 49.18; H, 2.80; N, 3.3\, (acetone, 298 K): 17.2
a Hewlett Packard series 1100 MSI detector spectrometer using anQ~* cn? mol~%. A, (DMSO, 298 K): 39.0Q2~! cn? mol™. IR
acetonitrile mobile phase. Solutions (3 mg MLfor ESIMS were (Nujol): 3365m, 3153my(N—H), 1635vs, 1612s, 1572s, 1528vs
prepared using reagent-grade acetonitrile. For the ESIMS data,»(C=0) + »(C=C), 424m, 3569/(Sr—0). 'H NMR (acetoneds,
masses and intensities were compared to those calculated usin@98 K): ¢ 6.44s (6H, Gly,), 7.27d (4H,H,; and Hs of imH,),
IsoPro Isotopic Abundance Simulator, version 2.Peaks contain- 7.40-7.55m, 7.99d (30H, Hsi7), 8.18s (2HH, of imH,), 9.15br
ing Sr(ll) ions are identified as the center of an isotopic cluster. (4H, NH of imH,). IH NMR (DMSO-ds, 298 K): ¢ 6.13s (6H,
Solid-state!3C and>N NMR studies were performed on a JEOL  CHy,,), 7.45m, 7.86d (30H, &Hs,), 7.53d (4H,H4 and Hs of
270GSX equipped with a Doty CPMAS probe. THE andN imH,), 8.76s (2HH, of imH,), 9.80br (4H, NH of imH,). 1°F NMR
NMR resonances at the magnetic field of 6.34 T are 67.8 and 27.25 (acetoneds, 298 K): 6 —76.8s (a17). 2°C NMR (acetoneds, 298
MHz, respectively. The samples were spun in a 5-mm zirconia rotor K): 6 90.9 (s,CHy,), 120.3 (s,C4 and Cs of imH,), 119.6 (q,

at about 50006000 Hz. For both3C and!N NMR spectra, a
standard cross-polarization experiment with & 0Ise to flip the

Je_r = 285.9 Hz,CFau,), 127.5, 128.4, 131.4, 139.9 GsHstino),
135.9 (s,C; of imHy), 171.2 (q,2c—r = 31.2 Hz,CO—CFgpy),

magnetization back was used with a recycle delay of about 10 s187.6 (s, COCsHsip,). ESIMS (MeCN): nvz (%) 733 (100)

and a contact time of about 356@000 us. For the'3C NMR

{Sr(tfbz)} ~, 1251 (42){ Sttfbz)s} ~, 1769 (12){ Srs(tfac)} .

characterization, nonquaternary-suppression (NQS) experiments Preparation of (imH.),[Sra(hfac)y] (3). Compound3 was

have been performed. For th&& NMR spectra, a 90pulse of 3.5
us with a spectral width of 40 kHz for about 1060500 transients
was used. A 90 pulse of 4.7us was used for thé>N NMR

experiments with a 32-kHz spectral width during 36@M00 scans.

synthesized similarly td. It is soluble in alcohols, chloroform,
dichloromethane, acetone, acetonitrile, and DMSO. Yield: 83%.
Mp: 230-234°C dec. Elem anal. Calcd foragH;6F36N4O1,Sk:

C, 27.79; H, 1.04; N, 3.60. Found: C, 28.15; H, 1.02; N, 324.

15N NMR chemical shifts were referenced via the resonance of solid (acetone, 298 K): 22.@~1 cn? mol~L. A, (DMSO, 298 K): 42.3

(NH4)2S0O;, (—355.8 ppm with respect to GNO,), while the13C

Q~1cnm? molL IR (Nujol): 3158mv(N—H), 1660vs, 1642s, 1598s,

NMR chemical shift was referenced via the methyl hexamethyl- 1531vs »(C=0) + »(C=C), 449m, 364sv(Sr—0). 'H NMR
benzene peak set at 17.4 ppm with respect to the tetramethylsilangacetoneds, 298 K): 6 5.81s (6H, Glyad), 7.84d (4H,H, andHs
resonance. of imHy), 9.15s (2H H, of imH,), 10.50br (4H, NH of imH,). *H

Syntheses of Complexes. Preparation of (imph[Sra(tfac)g] NMR (acetoneds, 193 K): 6 5.68br (6H, Ghtad, 7.91d (4H,H,
(2). Imidazole (imH; 136 mg, 2 mmol) and 1,1,1-trifluoromethyl- and Hs of imH,), 9.23s (2H,H, of imH;), 14.30br (4H, NH of
2,4-pentanedione (tfacH; 925 mg, 6 mmol) were dissolved in 20 imH,). 1°F NMR (acetoneds, 298 K): 6 —76.65 (3ntad- 1F NMR
mL of absolute ethanol. Then Sr (powder, 175 mg, 2 mmol) was (acetoneds, 193 K): & —76.0br (G3nad. °C NMR (acetoneds,
added. Upon stirring and gentle heating (ca°6}, the Sr dissolved 298 K): 0 86.7 (S,CHnfag, 119.3 (9, Jc—F = 287.4 Hz,CF3pa),
and a colorless precipitate slowly formed. After 1 h, the mixture 120.6 (s,C, and Cs of imH,), 135.8 (s,C, of imH,), 175.3 (q,
was filtered off and the precipitate was washed with diethyl ether 2Jc_g = 31.4 Hz,CO—CRspta. ESIMS (MeCN): m/z (%) 709 (100)
(10 mL) and dried under reduced pressure to constant weight and{ Sr(hfac}} -, 1212 (22){Sr(hfac)}~, 1713 (8){Sr(hfac)} .
is shown to be compountl It is soluble in alcohols, chloroform,  ESIMS (MeCN) performed after a weekm/z (%) 615 (12)
dichloromethane, acetone, acetonitrile, and DMSO. Yield: 77%. {Sr(hfac)(tfa)} —, 709 (100) Sr(hfac)} —, 1116 (5 Sr(hfac)(tfa)} -,

Mp: 195-197 °C. Elem anal. Calcd for £Hz4F1sN4O1,SE: C,
35.10; H, 2.78; N, 4.55. Found: C, 34.78; H, 2.74; N, 4.A3,
(acetone, 298 K): 9.@~1 cm? mol~L. A, (DMSO, 298 K): 66.8
Q1 cn? mol™. IR (Nujol): 3320m, 3156m, 3098w(N—H),
1644vs, 1624s, 1600m, 1522v&C=0) + v(C=C), 395vsy(Sr—
0). IH NMR (acetoneds, 298 K): 6 1.97s (18H, Clzya), 5.57s
(6H, CHac), 7.35d (4H,H, and Hs of imH,), 8.34s (2H,H, of
imH,), 8.90br (4H, NH of imH,). *H NMR (acetoneds, 193 K): 6
1.90br (18H, half-height= 30 Hz, (Haiag), 4.20br (4H, NH of
imHy), 5.41br (6H, Glgac), 7.73br, 7.90br (4HH, andHs of imH,),
9.05br, 9.10br (2HH; of imHy). *H NMR (DMSO-ds, 298 K): 6
2.00s (18H, Elaiag), 5.24s (6H, Clisag), 7.41d (4H,H, andHs of
imH,), 8.00br (4H, NH of imH), 8.49s (2HH, of imH,). 1%F NMR
(acetoneds, 298 K): 0 —76.8s (F3ia9)- 1% NMR (acetoneds, 193
K): 0 —74.8br (Faag. 1°C NMR (acetoneds, 298 K): 6 29.5 (s,
CHaia), 94.3 (5,.CHifac), 120.3 (9,1 Jc—F = 286.4 Hz,CFaiag), 121.2
(s, C4 and Cs of imH,), 136.3 (s,C, of imHy), 169.8 (q,2)c—F =
30.0 Hz,CO—CFayfag), 196.3 (sCOCHgzitad). ESIMS (MeCN): m/z
(%) 547 (100){Sr(tfack}—, 941 (75){Sr(tfack}~, 1335 (18)
{Srs(tfac)} .

Preparation of (imHy),[Sry(tfbz)s] (2). Compound2 was
synthesized similarly td. It is soluble in alcohols, chloroform,

1212 (22){Sr(hfack}~, 1525 (4){Sr(hfac)(tfa),} ~, 1619 (8)
{Sr(hfack(tfa)} =, 1713 (6){ Srz(hfac)} .

Preparation of (imHy)[Sr(H0),(tfa)s](tfa) (4). From the
recrystallization of3 in a chloroform solution under aerobic
conditions, a second type of crystal was received, which was
analyzed with analytical and spectroscopic methods and diffraction
techniques and shown to be derivati#®e Elem anal. Calcd for
C14H14F12N40108r: C, 23.53; H, 1.98; N, 7.85. Found: C, 23.40;
H, 2.05; N, 7.60A, (acetone, 298 K): 69.8°1 cm? mol™%. Ay,
(DMSO, 298 K): 124.227 cnm? mol~L. IR (Nujol): 3560-2300
vbr v(N—H) + »(H,0), 1856wbr, 1795mbr, 1670vsbr, 1605m,
1534s v(COO0), 446m, 439m, 417w, 363%Sr—0). 'H NMR
(acetoneds, 298 K): 6 2.90br (4HH,0), 6.90br (4H, NH of imH,),
7.62d (4H,H4 andHs of imH,), 8.82s (2HH; of imH,). ITH NMR
(DMSO-d, 298 K): ¢ 3.00br (4H,H,0), 7.49d (4HH, andHs of
imH,), 8.45br (4H, N\H of imH,), 8.69s (2HH, of imH,). 1%F NMR
(acetoneds, 298 K): 6 —76.3s,—77.8 ((Faa). 1°F NMR (acetone-
ds, 193 K): 6 —75.85,—77.3 ((F3ra). *°F NMR (DMSO-ds, 298
K): 6 —69.3s,—71.2s (F ).

Preparation of [Sr(tfac)s(Meim).(H,0);] (5). Compounds was
synthesized similarly td. It is soluble in alcohols, chloroform,
dichloromethane, acetone, acetonitrile, and DMSO. Yield: 81%.

dichloromethane, acetone, acetonitrile, and DMSO. Slow evapora- Mp: 81—83°C. Elem anal. Calcd for £gHzF12N4010SE: C, 34.05;

tion of the chloroform solution a2 gave colorless crystals suitable
for X-ray diffraction studies. Yield: 85%. Mp: 175178°C. Elem
anal. Calcd for GsHasF1sN4O12SK: C, 49.41; H, 2.89; N, 3.49.

(35) Senko, M. W. National High Magnetic Field Laboratory.

H, 3.27; N, 5.67. Found: C, 33.52; H, 3.08; N, 5.92, (acetone,
298 K): 12.1Q71cn? molL. Ay, (DMSO, 298 K): 3.8Q271 cn?
mol~%. IR (Nujol): 3458br v(H,0O), 3112m, 3078mw(C—H),
1645vs, 1624s, 1599s, 1564vs, 15286=0) + »(C=C), 454m,
396s v(Sr—0). 'H NMR (acetoneds, 298 K): 6 1.95s (12H,
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CHastrag), 3.85s (6H, N-CH3 of Meim), 5.50 (4H, ®yag), 5.75br
(4H, H,0), 7.16br, 7.23br (4HH, and Hs of Meim), 7.97s (2H,
H, of Meim). 'H NMR (chloroformds, 298 K): ¢ 2.13s (12H,
CHattag), 3.71s (6H, N-CH3 of Meim), 5.43br (4H, Cly,g), 5.76br
(4H, H,0), 6.89br, 7.07br (4HH, andHs of Meim), 7.56s (2H,
H, of Meim). 1°F NMR (acetoneds, 298 K): 6 —75.2s (Caiad)-
13C NMR (acetoneds, 298 K): 6 31.7 (S,CHaiag), 34.4 (S, NEH3
of Meim), 93.9 (s,CHyag), 120.5 (g,%Jc—r = 286.8 Hz,CFaa),
122.1, 126.4 (sC4 andCs of Meim), 138.5 (sC, of Meim), 169.5
(9, We—F = 29.2 Hz,CO—CPFaz), 196.3 (5,COCeHsi1a). ESIMS
(MeCN): m/z(%) 507 (61) Sr(tfac)(tfa)} —, 547 (100) Sr(tfac)} -,
860 (12){ Sr(tfack(tfa),} —, 941 (9){ Srx(tfac)k} .

Preparation of (MeimH)[Sr(tfbz),] (6). Compound6 was
synthesized similarly td. It is soluble in alcohols, chloroform,

dichloromethane, acetone, acetonitrile, and DMSO. Slow evapora-

tion of a chloroform solution 06 gave colorless crystals suitable
for X-ray diffraction studies. Yield: 88%. Mp: 143146°C. Elem
anal. Calcd for GgHzgF1o,N4OgSr: C, 51.73; H, 3.44; N, 5.03.
Found: C, 51.45; H, 3.28; N, 4.86\, (acetone, 298 K): 19.7
Q-1 cm? mol~t. Ap, (DMSO, 298 K): 37.3Q1 cn? molt. IR
(Nujol): 3130m, 3071my(N—H), 1632vs, 1616s, 1597s, 1576vs,
1531s »(C=0) + »(C=C), 421m, 360s»(Sr—0). '"H NMR
(acetoneds, 298 K): 6 3.94s (6H, N-CH3 of MeimH), 6.57s (4H,
CHyz), 7.26d, 7.33d (4HH4 and Hs of MeimH), 7.50-7.70m,
8.14d (20H, GHsiy), 8.14s (2HH, of MeimH), 9.20br (2H, NH

of MeimH). 1%F NMR (acetoneds, 298 K): & —75.7s (C3ny)-
13C NMR (acetoneds, 298 K): 6 34.7 (s, N-CH3 of MeimH),
90.8 (s,CHifnz), 119.1 (9,%c-F = 282.7 Hz,CF3y), 122.3, 125.3
(s, C4 andCs of MeimH), 128.2, 129.2, 132.4, 138.1 GsHstiny),
140.0 (s,C, of MeimH), 173.0 (q2Jc-r = 28.3 Hz,CO—CFzy),
188.0 (s, COGsHsip,). ESIMS (MeCN): miz (%) 631 (67)
{Sr(tfbz)(tfa)} —, 733 (100) Sr(ttbz)} —, 1047 (8) Sr(ttbz)s(tfa).} -,
1149 (8){ Sr(tfbz)s(tfa)} =, 1251 (10){ Srx(tfbz)s} .

Preparation of (MeimH),[Sr(hfac),] (7). Compound7 was
synthesized similarly td. It is soluble in alcohols, chloroform,
dichloromethane, acetone, acetonitrile, and DMSO. Yield: 75%.
It is a dense oil. Elem anal. Calcd fopdEl1gF2aN4OgSr: C, 31.08;

H, 1.68; N, 5.18. Found: C, 31.34; H, 1.76; N, 5.26, (acetone,
298 K): 25.2Q71cnm? mol-1. A, (DMSO, 298 K): 41.3Q2~ 1 cn?
mol~L. IR (Nujol): 3131sv(N—H), 1682vs, 1611s, 1598s, 1565vs
v(C=0) + »(C=C), 445m, 374s, 3554Sr—0).H NMR (acetone-
ds, 298 K): 6 3.36br (2H, NH of MeimH), 3.98sbr (6H, N-CH3
of MeimH), 5.84s (4H, Elyd, 6.80br, 6.92br (4HH, andHs of
MeimH), 7.46s (2H,H, of MeimH). 1%F NMR (acetoneds, 298
K): 0 =77.1s (Faniag. 13C NMR (acetoneds, 298 K): ¢ 33.6 (s,
N—CHj3 of MeimH), 88.7 (S,CHhtad, 118.2 (q,)Jc—F = 286.4 Hz,
CFanrad, 120.4, 127.9 (sC4 and Cs of MeimH), 138.5 (s,C; of
MeimH), 176.4 (q,2%Jc-¢ = 31.8 Hz, CO—CRspa). ESIMS
(MeCN): myz (%) 615 (54) Sr(hfac)(tfa)} —, 709 (100) Sr(hfac)} —,
1022 (5){ Sry(hfack(tfa),} —, 1116 (9)X Sr(hfack(tfa)} —, 1210 (12)
{Sr(hfack} .

Preparation of [Sry(thd)4(imH) (EtOH)] (8). Compound was
synthesized similarly td, by using Sr, imH, and thdH in a 1:1:2
ratio, respectively. Slow evaporation of the chloroform solution of
8 gave colorless crystals suitable for X-ray diffraction studies. It is
soluble in alcohols, acetone, chloroform, dichloromethane, and
DMSO and also slightly soluble in acetonitrile amdhexane.
Yield: 74%. Mp: 132-136°C. Elem anal. Calcd for §£HgoN4Og-
Sr: C,57.27;H, 8.32; N, 5.14. Found: C, 56.98; H, 8.24; N, 4.96.
Am (acetone, 298 K): 3.82°1 cn? mol~L. A, (DMSO, 298 K):
1.3Q 1 cn? mol L. IR (Nujol): 3180mv(N—H), 1591vs, 1576vs,
1534s, 1502vs(C=0) + v(C=C), 473m, 394m, 351w(Sr-0).

IH NMR (acetoneds, 298 K): 6 1.17s (72H, C(Ei3)3ing), 1.26t
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(3H, CH3CH,0H), 2.99s (1H, CHCH,0H), 3.68qgbr (2H, CHCH,-
OH), 5.58s (4H, @lyg), 7.11d, 7.23d (4HH, and Hs of imH),
7.78s (2H,H; of imH), 11.2br (2H, NH of imH). *C NMR
(acetoneds, 298 K): 6 26.1 (s,CH3CH,0H), 27.7 (s, CCH3)3thg),
40.2 (CHCH,0OH), 46.6 (s,C(CHa)sthd), 91.5 (s,CHing), 128.1,
128.9 (s,C4 and Cs of imH,), 136.1 (s,C; of imHy), 199.9 (s,
COrhg)-

Preparation of [Sry(thd)s(Meim)(EtOH)] (9). Compound9

was synthesized similarly ti, by using Sr, imH, and thdH in a
1:1:2 ratio, respectively. It is soluble in alcohols, acetone, chloro-
form, dichloromethane, and DMSO and also slightly soluble in
acetonitrile andr-hexane. Yield: 84%. Mp: 5354 °C. Elem anal.
Calcd for G4Hg4N4OeSI: C, 57.98; H, 8.47; N, 5.01. Found: C,
58.12; H, 8.58; N, 5.25A, (acetone, 298 K): 4.@~1cnm? mol~1.
Am (DMSO, 298 K): 1.8Q271 cn? mol-L. IR (Nujol): 3183m,
3117mv(N—H), 1593vs, 1575vs, 1530¢C=0) + v(C=C), 471vs,
395s, 383s, 352m(Sr—0). 'H NMR (acetoneds, 298 K): 6 1.13t
(3H, CH3CH,OH), 1.17s (72H, C(EBl3)ang, 2.80br (1H, CH-
CH,0H), 3.58q (2H, CHCH,0H), 3.73s (6H, N-CH3; of Meim),
5.56s (4H, ®ling), 6.95br, 7.03br (4HH, andHs of Meim), 7.55s
(2H, H, of Meim). 13C NMR (acetoneds, 298 K): 6 25.8 (s,CHs-
CH;0OH), 26.1 (s, QCH3)sing), 33.5 (CHCH,0OH), 41.1 (SC(CHa)sthg),
90.6 (s,CHing), 120.1, 129.9 (sC4 andCs of imHy), 138.5 (s,.C;
of imHy), 200.5 (S,COtng)-

Preparation of [Sr(thd) 2(H,O)(EtOH)] (10). Compound10
was synthesized similarly ti, by using Sr, imH, and thdH in a
3:2:6 ratio, respectively. The colorless precipitate formed was shown
from IH NMR to be a mixture of previous derivativ&and of a
new compound. The mixture powder was recrystallized from cold
chloroform, and pale-yellow crystals slowly formed. These were
filtered off, dried under reduced pressure to constant weight, and
shown to be compountlO (from the filtrate, colorless crystals of
8 slowly afforded after a longer time). Compoud@ is slightly
soluble in alcohols and acetone and soluble in acetonitrile,
chloroform, dichloromethane, and DMSO. Yield: 27%. Mp: 130
°C dec. Elem anal. Calcd forsgHqgN4OgSK: C, 53.75; H, 9.02.
Found: C, 53.38; H, 9.23A, (acetone, 298 K): 2.€271 cn?
mol~t. A, (DMSO, 298 K): 1.8Q~1 cnm? mol~L. IR (Nujol):
3350sbry(O—H), 1586vs, 1572vs, 1536s, 1507wC=0) + v-
(C=C), 451m, 414m, 363sbr(Sr—0). IH NMR (acetoneds, 298
K): 6 1.12s (36H, C(El3)sng), 1.22t (3H, G3CH,0OH), 3.65qgbr
(2H, CH;CH,0OH), 5.57s (2H, @liq), 2.93s (5H,H.O and CH-
CH,0H). 13C NMR (acetoneds, 298 K): ¢ 26.0 (s,CH3CH,OH),
27.5 (s, CCH3)sthd), 40.1 (CHCH,0H), 46.8 (s,C(CH3)sindg), 91.3
(S, CHmd), 201.2 (S,COmd).

X-ray Diffraction Studies. The experimental data for com-
pounds2:2H,0, 4, 6, 8, and10 were collected on an image plate
diffractometer (Stoe) with graphite-monochromated Mw tadia-
tion (1 = 0.710 73 A). Numerical absorption correction was applied
to the crystals of all compounds. The structures were solved by
direct methods SHELXS-9%) and refined anisotropically for all
non-H atoms using full-matrix least-squares procedusétHL XL-
97%). In structures4 and 6, some Ck groups were found to be
disordered between two positions. H atoms were included in the
calculated positions and refined in a riding mode. Crystallographic
data and some details of data collection and structure refinement
are listed in Table 1. The interatomic distances for the Sr
environment are listed in Table 2.

(36) Sheldrick, G. M.SHELXS-97 University of Gdtingen: Gitingen,
Germany, 1997.

(37) Sheldrick, G. M.SHELX-93 University of Gdtingen: Gitingen,
Germany, 1997.
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