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An amine elimination pathway has been used to produce a number of homo- and heteroleptic zirconium complexes,
starting from tetrakis(dialkylamido)zirconium complexes and j3-diketimine or, alternatively, Schiff Base compounds.
Reaction of 2 equiv of the bidentate S-diketimine (2Z,4E)-N-methyl-4-(methylimino)pent-2-en-2-amine with Zr(NRy),
(R = Me, Et) affords the six-coordinate heteroleptic compounds bis(N-methyl-4-(methylimino)pent-2-en-2-amido)-
bis(dialkylamido)zirconium 1 (alkyl = Me) and 2 (alkyl = Et). The dynamic behavior of these two compounds in
solution has been investigated. Reaction with the isopropyl-substituted 5-diketimine (2Z)-N-isopropyl-4-(isopropylimino)-
pent-2-en-2-amine gives the five-coordinate mono(diketiminato)-substituted compound (N-isopropyl-4-(isoropylimino)-
pent-2-en-2-amido)tris(dimethylamido )zirconium, 3. With employment of the Schiff base (32)-4-(methylamino)pent-
3-en-2-one, it was also possible to prepare the six-coordinate bis(4-(methylamino)pent-3-en-2-onato)his(diethyl-
amido)zirconium compound 4. When the bidentate ligand bearing hydrogen as substituent on the imino-nitrogen
atom was employed, homoleptic tetrakis(3-ketoiminato)- and tetrakis(3-diketiminato)zirconium compounds 5 and 6
can be obtained. Complexes 1 and 5 have been tested for their air stability with reference to Zr(NMey)s. The
stability order turned out to be 1 > 5 > Zr(NMe,),. The thermal properties and volatility of all the compounds are
discussed in view of their potential application in metal—organic chemical vapor deposition processes (MOCVD) of
zirconium nitride.

Introduction thin-film thermistorst® Josephson junctiori$; decorative
optical coatings?

One of the most important class of metal organic precur-
sors employed are the four-coordinate tetrakis(dialkylamides)
(M(NR2)4, M = Ti, Zr, Hf),3 which are highly volatile and
thermally stable but very sensitive to air. Using these
precursors in combination with ammonia, pureN films
were obtained by thermal CVB.Zr(NRy), complexes (R
= Me or Et) were used with several combinations of carrier
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Metal—organic chemical vapor deposition (MOCVD) is
a well-established method for the growth of thin films of
transition metal nitride$.Several groups approached the
preparation of group 4 transition metal nitrides, in particular
with titanium and zirconium. TiN and ZrN are important
for several applications: hard protective coatifgsdiffu-
sion barrier in integrated circuit devicéggate material$;
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Chart 1.  Examples of Ligands Employed in This Work were applied in chemical beam epitaxy (CBE}? also in
o HN ASVIRT Vi group 2% and late-transition metal CVD precursdfsand
_— M as ancillary ligands for the development of Zr@VD
precursorg®3’The chemistry ofs-diketimines was recently
R=H, Me

reviewed in detail by Lappert and co-workéfsi-Ketoimi-
nates angs-diketiminates have recently been investigated

. . " . 17

tcc:)r?]ztoal:?] dr:i';!ybza\:?ewggii i(;?)aetllggfénizgsafgzl]isesogf th efor their use as ancillary ligand in group 4 transition metal
) . complexes?® In some papers they were sought to replace

four-coordinated metal alcoxides used for MOCVD of P pap y 9 P

X . idels-20 cyclopentadienyl moieties in organometallic complexes
Zirconium oxide-” == . employed in ZieglerNatta catalysi¢®#?> They have also
In the case of nitrides, only minor efforts have been

) been applied in main-groép 4’ and late-transition metal
undertaken to tune the precursors toward improved proper- Pp groép

ties. Some studies have been carried out to tailor precursorsChemiStry‘}S Recent literature concerning irdfr,*® nickel,*
e - " chromium®® and copper complex&s®® has been reported
for TiN thin films applicationg?2In the deposition of ZrQ PP b P

o . . . They can be prepared in simple ways and in high yield
23,24 ; 629
thin films, also six ar]d eight cpordma precursors - starting from relatively cheap materiafsThe ligands so far
have been used, affecting coordinative saturation, which is

N employed in combination with titanium and zirconium were
expected to reduce water and oxygen sensitivity. Such an

approach has not yet been pursued for the precursors usegi) Holm, R. H.; G. W. Everett, J.; Chakravorty, Rrog. Inorg. Chem.

in the deposition of transition metal nitrides. Existing

precursors for this process are by far not taking into account

such properties.

In the course of ZrN deposition studies conducted in our
laboratories? the studied zirconium tetrakis(dialkylamides)
were found to have a practically unacceptable affinity for

water and oxygen both during storage and the growth process(35)

itself. This prompted us to design new precursors with higher
coordination numbers, following the approach already used
in the tayloring of zirconium oxide precurscts.

Our tuning efforts have been carried out with the ligand
systems shown in Chart 1.

Theses-ketoimines angh-diketimines are in their depro-
tonated forms analogues of tlfiediketonate fragment and
can be combined with dialkylamido ligands to build up

compounds of appropriate coordination numbers higher than

4 by analogy with already reported bis(acetylacetonato)bis-
(alcoholato)zirconium compound$.The chemistry off3-
ketoiminates has been developed eaffiéf.These ligands

(15) Sugiyama, K.; Pac, S.; Takahashi, Y.; MotojimaJSElectrochem.
Soc.1975 122 1545.

(16) Wendel, H.; Suhr, HAppl. Phys. A: Mater. Sci. Procesk992 54,
389.

(17) Berndt, H.; Zeng, A. Q.; Stock, H. R.; Mayr, Burf. Coat. Technol.
1995 74-75, 369.

(18) Bradley, D. CChem. Re. 1989 89, 1317.

(19) Bradley, D. C.; Wardlaw, WJ. Chem. Soc1951, 280.

(20) Leedham, T. Mater. Res. Soc. Symp. Pra996 415 79.

(21) Winter, C. H.; Lewkebandara, T. S.; Proscia, J. W.; Rheingold, A. L.
Inorg. Chem.1994 33, 1227.

(22) Spee, C. I. M. A.; Driessen, J. P. A. M.; Kuypers, A.D.Phys. IV
1995 C5, 719.

(23) Morstein, M.; Pozsgai, |.; Spencer, N.Chem. Vap. Depositioh999
5, 151.

(24) Morstein, M.Inorg. Chem.1999 38, 125.

(25) Jones, A. C.; Leedham, T. J.; Wright, P. J.; Williams, D. J.; Crosbie,
M. J.; Davies, H. O.; Fleeting, K. A.; O'Brien, B. Eur. Ceram. Soc
1999 19, 1431.

(26) Belot, J. A.; McNeely, R. J.; Wang, A.; Reedy, C. J.; Marks, T.J.
Mater. Res1999 14, 12.

(27) Fleeting, K. A.; O'Brien, P.; Otway, D. J.; White, A. J. P.; Williamns,
D. J.; Jones, A. Clnorg. Chem.1999 38, 1432.

(28) Garcia, G.; Figueras, A.; Casado, J.; Llibre, J.; Mokchah, M.; Petot-
Ervas, G.; Calderer, Jhin Solid Films1998 317, 241.

(29) Siadati, M. H.; Ward, T. L.; Martus, J.; Atanasova, P.; Xia, C.; Schartz,
R. W. Chem. Vap. Depositioh997, 3, 311.

(30) Allenbach, C. P. IlDepartment of Materials Scienckaboratory for
Surface Science and Technology, ETHrigh: Zurich, 2000.

7274 Inorganic Chemistry, Vol. 42, No. 22, 2003

1966 7, 83.

(32) Corazza, F.; Solari, E.; Floriani, C.; Chiesi-villa, A.; Guastini,JC.
Chem. Soc., Dalton Tran§99Q 1335.

(33) Fritsch, E.; Mahler, E.; Arrouy, F.; Berke, H.; Povey, |.; Willmott,
P. R.; Locquet, J. P]. Vac. Sci. Technol., A996 14, 3208.

(34) Wilmott, P. R.; Felder, P.; Lingenauer, M.; Huber, J. R.; Fritsch, E.;

Bidell, W.; Berke, H.; M&hler, E.J. Vac. Sci. Technol., A995 13,

248.

Matthew, J. S.; Just, O.; Obi-Johnson, B.; Rees, WCl&m. Vap.

Deposition200Q 6, 129.

(36) Tung, Y.-L.; Tseng, W.-C.; Lee, C.-Y.; Hsu, P.-F.; Chi, Y.; Peng,
S.-M.; Lee, G.-H.Organometallics1999 18, 864—869.

(37) Bastianini, A.; Battiston, G. A.; Benetollo, F.; Gerbasi, R.; Porchia,
M. Polyhedron1997 16, 1105.

(38) Bourget-Merle, L.; Lappert, M. F.; Severn, J. ®Ghem. Re. 2002
102 3031-3065.

(39) Tjaden, E. B.; Swenson, D. C.; Jordan, R. F.; Petersen, J. L.
Organometallics1995 14, 371.

(40) Rahim, M.; Taylor, N. J.; Xin, S.; Collins, ®rganometallics1998
17, 1315.

(41) Kekaliou, L.; W. J. Scanlon, I.; Qian, B.; Baek, S. W.; M. R. Smith,
I.; Motry, D. H. Inorg. Chem.1999 38, 5964.

(42) Qian, B. X.; Scanlon, W. J.; Smith, M. R.; Motry, D. Brganome-
tallics 1999 18, 1693-1698.

(43) Radzewich, C. E.; Coles, M. P.; Jordan, RJIFAmM. Chem. S0d998
120, 9384.

(44) Qian, B. X.; Ward, D. L.; Smith, M. ROrganometallics1998 17,
3070-3076.

(45) Ding, Y. Q.; Roesky, H. W.; Noltemeyer, M.; Schmidt, H. G.; Power,
P. P.Organometallics2001, 20, 1190-1194.

(46) Hardman, N. J.; Power, P. Rorg. Chem.2001, 40, 2474.

(47) Stender, M.; Eichler, B. E.; Hardman, N. J.; Power, P. P.; Prust, J.;
Noltemeyer, M.; Roesky, H. Winorg. Chem2001, 40, 2794-2799.

(48) Feldman, J.; McLain, S. J.; Parthasarathy, A.; Marshall, W. J;
Calabrese, J. C.; Arthur, S. @rganometallics1997, 16, 1514.

(49) Andres, H.; Bominaar, E. L.; Smith, J. M.; Eckert, N. A.; Holland, P.
L.; Munck, E.J. Am. Chem. So002 124, 3012-3025.

(50) Smith, J. M.; Lachicotte, R. J.; Holland, P.Chem. Commur2001,
1542-1543.

(51) Smith, J. M.; Lachicotte, R. J.; Holland, P.@Qrganometallic2002
21, 4808-4814.

(52) Vela, J.; Smith, J. M.; Lachicotte, R. J.; Holland, PChem. Commun.
2002 2886-2887.

(53) Panda, A.; Stender, M.; Wright, R. J.; Olmstead, M. M.; Klavins, P.;
Power, P. PInorg. Chem.2002 41, 3909-3916.

(54) Eckert, N. A.; Bones, E. M.; Lachicotte, R. J.; Holland, Plnorg.
Chem.2003 42, 1720-1725.

(55) Gibson, V. C.; Newton, C.; Redshaw, C.; Solan, G. A.; White, A. J.
P.; Williams, D. J.Eur. J. Inorg. Chem2001, 1895-1903.

(56) Spencer, D. J. E.; Aboelella, N. W.; Reynolds, A. M.; Holland, P. L.;
Tolman, W. B.J. Am. Chem. So@002 124, 2108-2109.

(57) Spencer, D. J. E.; Reynolds, A. M.; Holland, P. L.; Jazdzewski, B.
A.; Duboc-Toia, C.; Le Pape, L.; Yokota, S.; Tachi, Y.; Itoh, S
Tolman, W. B.Inorg. Chem 2002 41, 6307-6321.

(58) Jazdzewski, B. A.; Holland, P. L.; Pink, M.; Young, V. G.; Spencer,
D. J. E.; Tolman, W. Blnorg. Chem.2001 40, 6097-6107.

(59) McGeachin, S. GCan. J. Chem1968 46, 1903.



Zirconium Complexes as Potential MOCVD Precursors

mainly all N-aryl-substituted compounds, probably due to NCHs, 2H), 3.24 (s, GisNC(CHz)CHC(CH;)NCHs, 6H), 2.93 (s,
their specific properties in catalytic applicatid©nly one N(CHs)z, 12H), 2.47 (s, CENC(CHs)CHC(CH)NCH3, 6H), 1.89
example of zirconium-based complex bearing alkyl substitu- (S: CHINC(CHz) CHC(CH;)NCH;, 6H), 1.68 (s, CHC(CHsN)CHC-
ent (for instance, methyl) on the imido nitrogen have been (CHaN)CHs, 6H). *C{'H} NMR at —40 °C: 4 166.70, 162.56,
reported so faf! These ligands seemed to be of prime choice 33'5(2:' 456613?1'-311-62,737?-?\13’ fg'g’g’ i%j:f“c"""s%alfg fﬁH%'\ég N
in terms of increased volatility of the _compounds. In .th|s. 10.09. MS (E’hL, 20 eV,): 7 428 M-, 17), 284 i T l’\lMez,’ '
paper we therefore present the synthesis and characterlzatlorioo)’ 340 (M — 2 x NMey, 38).

of zirconium complexes with-alkyl- and N—H-substituted Synthesis of Bisk-methyl-4-(methylimino)pent-2-en-2-ami-

f-ketoiminates angg-diketiminates. Both homoleptic and. ~ )isdiethylamido)zirconium (2). Zr(NE)s (0.914, 2.41 mmol)
heteroleptic compounds were studied, in this latter case inas dissolved in 15 mL of toluene. To this solution enethyl-
combination with dialkylamido ligands. The thermal proper-  4-(methylimino)pent-2-en-2-amine (0.608 g, 4.82 mmol) was added
ties of some of these compounds were also examined in viewas a solid. The yellow solution was stirred at @D for 25 h. The

of their potential application as MOCVD precursors. resulting deep red-brown solution was vacuum-dried, and the
remaining solid was dissolved in 25 mL of pentane. This solution
Experimental Section was passed through a layer of Celite, and the filtrate was reduced

to a volume of 10 mL and cooled t630 °C. The crystalline solid

General Procedures.All reactions and manipulations were of 2 was filtered out and washed with 3 mL of cold pentane.

performed under an atmosphere of dry nitrogen using standarineld: 0.526 g, 45%IH NMR (CeDs): 6 4.71 (s, CHC(CHsN)-

Schlenk techniques or a glovebox. All solvents are dried using _
. - CHC(CHsN)CHg, 2H), 4.01 (m,J = 6.9 Hz, N((H,CHz),, 8H),
conventional methods and freshly distilled before use. NMR spectra (ChHe )_ 3 ) (m Z, N(H:ChHs)2 )
) - 3.66 (m,J = 6.9 Hz, N(QH,CHzy),, 8H), 3.38 (s, EI3C(CHsN)-
were recorded on a Varian Gemini-200 spectrométégt 199.98 CHC(CHN)CH, 6H), 2.63 (s, CHC(CHN)CHC(CHN)CHs, 6H)

¢ ! 99
MHz and |C at 8029 MHz, and on a Varan Gemint300 1 76 (s, CHC(CHN)CHC(CHN)CHs, 6H), 1.67 (5, CHC(CHN)-
instrument,’A at 500 zano’ at Loo. Z: HC(CH3N)CHs, 6H), 1.18 (t,J = 7.0 Hz, N(CHCHa),). 13C-

spectra were recorded at room temperature unless otherwise state 1H} NMR: 6 166.42, 162.3, 100.3, 42.85, 38.02, 37.37, 21.86
Elemental analyses: Leco CHN(S)-932 instrument. Thermogravim- 21.64, 14.02. Anal. Calcd for GHaNeZr: C, 54.39; H, 9.54: N,

ezry: Pﬁrk'”'ﬁ'mer.f.TiA?t thermo?aﬁonceL/OPera&”g ””dertar? 17.30. Found: C, 54.72; H, 9.90: N, 16.94. MS{EN0 eV): m/z
atmosphere of purified nitrogen a mL/min. Mass spectra: J1o" e NEy, 15) 340 (M — 2 x NEb, 25).

Finnigan-MAT-8400 spectrometer. Differential scanning calorim-
etry: Perkin-Elmer DSC7 instrument.

All chemicals except for ZrGl(99.9%, Aldrich Chemicals) were
obtained from Fluka Chemicals Switzerland and dried and distilled
before use when necessary.

ZrCly(thf),,62 Zr(NMey)4,%2 and Zr(NE$),%* were obtained ac-
cording to published methods. Theketoimine§>66 and j-di-
ketimine$® were also prepared according to literature procedures.

SY”‘“?SiS of Big(\l-m(_athyl-_4-(methylimino)pent-Z-en-Z-ami- the quantitative conversion to the desired product. An analytically
do)bis(dimethylamido)zirconium (1). Zr(NMe) (0.636 9, 2.38 ;16 sample was obtained by sublimation at 304 mbar, T =

mmol) was dissolved in 20 mL of toluene and stirred. The 130 °C, and coldfinger at-20 °C. 'H NMR (CeDg): & 4.58 (s
N-methyl-4-(methylimino)pent-2-en-2-amine (0.600 g, 4.75 mmol) CHaC(PrN)CHC(PIN)CHs, 1H), 3.62 (septet] = 6.5 Hz, CHC-
was dissolved in 10 mL of toluene, and this solution was added to (CH(CHs)sN)CHC(CH(CHa),N)CHs, 2H), 3.08 (s, N(Els)s, 18H)
the previous solution. The pale yellow solution was stirred for 19 1.79 (s Q;-|3CGPrN)CHC(PrN)O-|3, 6H)‘ i.13 éd J = é.4 sz

h at room temperature allowing the gaseous HMNMe=scape from CH4C(CH(CH3);N)CHC(CH(QH3)oN)CHs, 12H). 13C{1H} NMR:
the reaction vessel. The toluene was removed in vacuo toavolumeé 160.05, 92.53. 51.50, 44.56, 24.01, 21.57. Anal. Calcd for

of 20 mL, and the resulting solution was passed through Celite. CyHsNsZr: C, 50.45; H, 9.71: N, 17.30. Found: C, 50.22; H
The solution was then further concentrated to about 5 mL, and 10.01: N 1'6.9’6. MS (’EP' 76 ei/): ’m/z.35$.3 (M* - NI\/]ez i?)' ,

pentane (5 mL) was overlayed: upon standing overnight2@ 315 (M" — 2 x NMey, 100), 271 (M — 3 x NM e,, 40), 228
°C the crystalline pale yellow precipitate that was formed was (M* — 3 x NMe; — IPr, 16).

filtered out and dried in vacuo for 6 h. Yield &f 0.684 g (67%).

As an alternative purification procedure, the solvent was removed
in vacuo and the solid obtained was sublimed at-1230°C bath
temperature and 10 mbar, recovering the product in 80% yield.
H NMR (CD.Cl,) at—40°C: 6 4.63 (S, CHNC(CHs)CHC(CHs)-

Synthesis of {-Isopropyl-4-(isopropylimino)pent-2-en-2-
amide)tris(dimethylamido)zirconium (3). Zr(NMey)4 (1.428 g,
5.34 mmol) was dissolved in 35 mL of toluene, and to this the
liquid ligandN-isopropyl-4-(isopropylimino)pent-2-en-2-amine was
added. The stirred solution was warmed to°@0for 22 h with the
reaction vessel connected to an oil bubbler. The solvent was
evaporated to leave behind an oily residue that becomes a waxy
solid after drying under vacuum for 5 h. Thd NMR confirmed

1

Synthesis of Bis(4-(methylamino)pent-3-en-2-onato)bis(di-
ethylamido)zirconium (4). Zr(NEty), (0.684 g, 1.80 mmol) was
dissolved in 20 mL of toluene. To this solution the ligand
4-(methylamino)pent-3-en-2-one (0.408 g, 3.60 mmol) was added
as a solid, and the so obtained yellow solution was stirred for 6 h
at room temperature. The solvent was removed under vacuum to

(60) Vollmerhaus, R.; Rahim, M.; Tomaszewski, R.; Xin, S. X.; Taylor,

N. J.; Collins, S.Organometallic200q 19, 2161. obtain an oily residue; this was dissolved in 20 mL of pentane and
(61) Jin, X.; Novak, B. M.Macromolecule00Q 33, 6205-6207. filtered through Celite. The filtrate was reduced to a volume of
(62) Manzer, L. Elnorg. Synth.1982 21, 135. , about 10 mL and was kept overnight at30 °C; the yellow
(63) ﬂag‘ond' G. M.; Rodewald, S.; Jordan, RFganometallics 995 crystalline product was filtered out and dried under vacuum for 3
(64) Diamond, G. M.; Jordan, R. F.; Petersen, Dtganometallics996 h (weight 0.467 g, yield 57%}fH NMR (CDe): 6 5.00 (s, CHC-

15, 4030. ) (CH3N)CHC(CO)CH;, 2H), 3.58 (broad, N(8,CHz),, 8H), 2.86
(66) Bréibante, M. E. F.; Braibante, H. S.; Missio, L.; Andricopulo, Y. (CO)CH3, 6H), 1.42 (s, CHC(CHN)CHC(CO)THs, 6H), 1.31 (t,

Synthesis1994 898. J = 6.7 Hz), H3C(CHN)CHC(CO)CH, 12H). 13C{H} NMR:

Inorganic Chemistry, Vol. 42, No. 22, 2003 7275



Table 1. Crystallographic Data fot, 2, 4, and5

Franceschini et al.

1 2 4 5
formula QgHggNer C22H46NGZT C20H40N40zZI’ CongaNng’
color colorless colorless pale-yellow light-yellow
cryst dimens (mm) 0.46 0.36x 0.24 0.27x 0.23x 0.16 0.33x 0.29x 0.19 0.22x 0.20x 0.07
cryst system monoclinic monoclinic monoclinic monoclinic
space group (No.) P2y/n (14) P2i/n (14) C2/c (15) P2i/n (14)
a(A) 9.9555(6) 9.3361(5) 9.5357(6) 20.8142(17)
b (A) 13.3024(8) 14.3615(7) 15.7375(9) 8.2760(5)
c(A) 16.7272(11) 19.6856(13) 16.7795(11) 29.569(2)
o, 5,y (deg) 90.0, 100.539(7), 90.0 90, 99.084(7), 90 90, 91.661(7), 90 90, 108.790(8), 90
V (R3) 2177.8(2) 2606.3(3) 2517.0(3) 4822.1(6)
Z 4 4 4 8
fw 429.76 485.87 459.78 479.79
d(calcd) (g cn3) 1.311 1.238 1.213 1.322
abs coeff (mm?) 0.518 0.440 0.456 0.478
R1, wR2 (%) all data 3.22,7.43 7.47,19.78 4.26, 6.82 17.88,8.43
goodness-of-fit 1.098 1.142 1.008 0.818

aR1= (Fo — FlFo, | > 20(1); WR2 = {W(F2 — FA2W(FA?} 2.

0 170.65, 169.85, 103.53, 44.61, 37.41, 24.64, 21.12, 15.44. Anal.

Calcd for GoHzs0-N4Zr: C, 52.71; H, 7.96; N, 12.29. Found: C,
52.64; H, 7.91; N, 11.92. MS (B, 70 eV): m/z 429 (M" — Et,
65), 329 (M- — Et — MeC(MeN)CHC(O)Me), 25).

Synthesis of Tetrakis(4-iminopent-2-en-2-amido)zirconium
(5). Method a. The 4-iminopent-2-en-2-amine ligand (0.243 g, 2.55
mmol) was dissolved in 5 mL of toluene; Zr(NMg(0.163 g, 0.612
mmol) was dissolved in 20 mL of toluene and was added slowly

CH3;C(NH)CHC(O)CH, 4H), 4.91 (s, CHC(NH)CHC(O)CH;, 4H),
2.06 (s, CHC(NH)CHC(O)Hs, 12H), 1.53 (s, EIsC(NH)CHC-
(O)CHs, 12H). 13C{*H} NMR: ¢ 178.16, 168.09, 97.49, 26.93,
26.72. MS (E#, 70 eV): m/z 384 (M" — MeC(NH)CHC(O)Me,
100), 98 ((MeC(NH)CHC(O)M€), 55).

X-ray Crystal Structure Analyses on 1, 2, 4, and 5Crystal-
lographic data are summarized in Table 1 The X-ray diffraction
data were collected at 183(1) K for compourijgl, and5 and at

to the above solution. The mixture was stirred at room temperature 153(1) K for1 using an imaging plate detector system (Stoe IPDS)
for 4 h while the gaseous products were allowed to escape from with graphite-monochromated ModKradiation.

the reaction flask. The solvent was subsequently removed in vacuo  The intensities were integrated after using a dynamic peak profile

leaving behind an oily residue that was treated with 5 mL of
pentane; upon drying a bright yellow fluffy solid was left behind.

The solid was redissolved in 10 mL of pentane and passed through

Celite. The yellow solution was concentrated to a volume of about
5 mL and kept at—25 °C overnight. The yellow crystalline
precipitate was collected and dried in vacuo. Yield: 0.139 g (47%).
IH NMR (CgDg): 0 6.79 (s, CHC(NH)CHC(NH)CHs, 8H), 4.60

(s, CHC(NH)CHC(NH)CH;, 4H), 1.80 (s, EG13C(NH)CHC(NH)-
CHs, 24H). 18C{1H} NMR: 0 163.78, 92.52, 27.73. Anal. Calcd
for CogHaeNgZr: C, 50.07; H, 7.56; N, 23.36. Found: C, 50.01; H,
7.82; N, 22.99. MS (Et, 70 eV): m'z 478 (M', 20), 381 (M" —
MeC(NH)CHC(NH)Me, 100), 284 (M — 2 x MeC(NH)CHC-
(NH)Me, 28).

Method b. The ligand 4-iminopent-2-en-2-amine (0.858 g, 8.76
mmol) was dissolved in 10 mL of diethyl ether, and to this stirred
solution was added 5.4 mL of 1.6 M butyllithium in X (8.64
mmol). The solution was stirred for 1 h, and the Z(@if), (0.819
g, 2.19 mmol) was added as a solid. The yellow solution was
allowed to stir for 4 h. The solvent was removed in vacuo and the
solid thus obtained extracted with>3 10 mL of pentane, filtered,
and reduced to a volume of about 10 mL. After the sample was
standing in the fridge for 1 night, bright yellow crystals were
recovered. Yield: 0.694 g (66%). The compound was identified
by NMR spectroscopy.

Synthesis of Tetrakis(4-aminopent-3-en-2-onato)zirconium
(6). The 4-aminopent-3-en-2-one ligand (0.391 g, 3.94 mmol) was
dissolved in 5 mL of toluene, and to this solution was added slowly
a solution of Zr(NEf)4 (0.374 g, 0.984 mmol) dissolved in 10 mL
of toluene. The pale yellow solution was stirred foh and was
then reduced to about 5 mL. After overnight standing-a6 °C,
the precipitate was filtered out and the white solid washed with 5
mL of pentane and dried in vacuo for 4 h. Yield: 0.450 g (94%).
Anal. Calcd for GgH3:04N4Zr: C, 49.66; H, 6.67; N, 11.58.
Found: C, 49.58; H, 6.73; N, 11.4854 NMR (CgDg): 0 7.78 (s,
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analysis, and an estimated mosaic spread (EMS) check was
performed to prevent overlapping intensities.

In general the structures were solved with an incomplete data
set while the measurement was still performed, just to confirm the
proposed chemical formula or otherwise to find potential additional
solvent molecules that cocrystallized with the compound under
investigation. The corrected formula was then used for the final
numerical absorption correction. All these procedures were calcu-
lated by using the Stoe IPDS software, Version No. 2.92 (1999).

The Patterson method was used to solve the crystal structures
by applying the software options of the program SHELXS-97. All
structure refinements were performed with the program SHELXL-
97. Further programs used: PLATON, PLUTON (Spek, 1990,
1997).

Results and Discussion

Synthesis of BisN-methyl-f-diketiminato)bis(dialkyl-
amido)zirconium Complexes.As mentioned above, some
five- and six-coordinated complexes wjthdiketiminato and
dialkylamido ligands in a 2:2 ratio have been already
described recently by Collins and co-work€and by Smith
and co-workerd!*? Amide substitution is a suitable synthetic
route to introduce weakly acidic ligands into the coordination
sphere of homoleptic compound such as MENRE?
Reaction of 2 equiv oN-methyl-4-(methylimino)pent-2-en-
2-amine with Zr(NMe), (Scheme 1) proceeds smoothly at
room temperature with elimination of HNMeand provides
the desired compound in good yields. Reaction with
Zr(NEt),4 requires higher temperatures (80), which results

(67) Bowen, D. E.; Jordan, R. F.; Rogers, R. Organometallics1995
14, 3630.
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Figure 1. Variable-temperature NMR for compourid
Scheme 1. Synthesis of Six-Coordinate Compounbisind 2 of an enantiotopic center, in which two diastereotopic sites
are rapidly exchanging at high temperature, but can be
- distinguished at lower temperature. This phenomenon has
‘ been observed recently for six-coordinate zirconium com-
2\N N~ erHNNRFf N‘Zr_NR2 pounds containinél-aryl-substitutegb-diketiminato ligands
T:ne» J / ‘ and has been interpreted as a process evolving along a Bailar-
N— twist mechanism?416°The 3C NMR spectra also reveal this
M kind of dynamic feature. For example, in the region around

160 ppm, the imido carbon resonances were expected to
appear, but this chemical shift region was completely free
of signals, whereas at lower temperature-df °C two sharp
in lower yields, presumably due to partial thermal degrada- singlets at 166.7 and 162.6 ppm evolved.
tion. Attempts to obtain compound@under milder condi- On the other hand, the spectrum of compo@n@Figure
tions (for instance 70C) and longer reaction time (48 h)  2) displays at room temperature two sets of multiplets for
were unsuccessful. Under these conditions zirconium tetrakis-the two chemically inequivalent methylene signals (4.01 and
(dialkyl)amides bearing alkyl substituents other thansCH  3.66 ppm) and two signals for the methyl-imido protons (3.38
are reluctant to undergo amine elimination. This has already and 2.63 ppm) and for the ring methyls (1.77 and 1.67 ppm).
been reported by Jordan and co-workétéand is likely No exchange has been observed for the methyl protons of
due to the higher steric congestion around the metal centerthe ethyl groups, which appear as a unique triplet centered
Despite their similarities, compounds and 2 display at 1.18 ppm. In this case, the higher steric demand of the
different dynamic behavior in solution. TR NMR spectra  ethyl groups further hinders the equilibration of the two
of compoundl between—40 and 20°C are shown in Figure  enantiomers. By an increase of the temperature, coalescence
1. At20°C itis possible to detect the singlet of the methyne in a single broad peak of the two ring methyls resonances
ring proton at 4.66 ppm, the singlet of the methylamido group can be observed at AC. A full line-shape analysis of the
at 3.00 ppm, and only very broadened signals for the other exchanging signals of compoundsand 2 has been per-
resonances. At 0C two resonances for the methyl of the formed to determine the rate constant for the site exchange
imido group and two resonances for the methyl group of process. By means of an Eyring plot the values of the
the ring start to appear as broad signals. As shown in Figureactivation parameters were determined. The valuesSHf
1, these resonances become sharp singlets-4i °C, for compoundsl and?2 are 10.9+ 0.6 and 19.5+ 0.5 kcal
centered at 3.33 and 2.46 ppm and at 1.89 and 1.67 ppm formol2, respectively. For compoung the higher activation
the imido and the ring methyls, respectively. No splitting of barrier could be attributed to the higher steric demand of
the signals of the dimethylamido group is observed as athe ethyl groups, although in this case a mechanism being
function of temperature. This is typically seen in the presence more dissociative in character or even fully dissociative
cannot be ruled out. These values are in the same range of

1: R=Me
2:R=Et

(68) Diamond, G. M.; Jordan, R. F.; Petersen, JOkganometallicsl996
15, 4045. (69) Bailar, J. CJ. Inorg. Nucl. Chem1958 8, 165.
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Figure 3. Structure of compound. Displacement ellipsoids are shown
with the 50% probability level. H atoms are omitted for clarity.

Figure 4. Structure of compoun@. Displacement ellipsoids are shown
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those obtained by Collins and co-workers and by Smith and with the 50% probability level. H atoms are omitted for clarity.

co-workers'%41 The AS' values are-10 + 2 and 8+ 1 call
mol~*K~? for compoundsl and 2, respectively: the first

Table 2. Selected Bond Lengths (A) and Angles (deg) for Compounds

negative value is in agreement with a transition state of higher
symmetry that is assumed in the Bailar twist mechanism.

The positive value obtained for compourid could be
explained by an increased steric hindrance affecting the
transition state by a quite strong bond loosening or even full
dissociation of one of the ZN bonds. The structures of
both compoundd4 and 2 have been determined by single-
crystal X-ray diffraction: the two ORTEP drawings are
displayed in Figures 3 and 4, and selected bond lengths and
angles, in Table 2. The dialkylamido ligands are cis to each
other and both compounds are arranged in a distorted
octahedral geometry. The-ON—C atoms of the dialkyl-

1and2
1 2

Zr1—N6 2.0966(14) 2.109(3)
Zr1—-N5 2.1078(13) 2.124(3)
Zr1—-N3 2.2295(14) 2.236(3)
Zrl—-N2 2.2284(13) 2.225(3)
Zrl—-N4 2.3071(13) 2.306(3)
Zrl—N1 2.3119(13) 2.309(3)
N6—2Zr1—N5 93.97(5) 94.77(11)
N2—2Zr1—N1 77.55(5) 77.68(10)
N3-Zr1—N4 77.90(5) 77.39(10)
N3—Zr1—N2 153.82(5) 149.81(10)
N5—Zr1—N1 175.20(5) 175.92(10)
N2—2Zr1—N1 77.55(5) 77.68(10)

amido groups and the Zr atom are in the same plane. Due toand 2.3119(13) A, respectively, compared to-Ri(2) and

the trans influence of the dialkylamido groups, the-Rr
bonds of thes-diketiminato ligand trans to these groups are
longer: for example ZrN(4) and Zr-N(1) are 2.3071(13)
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Zr—N(3), which are 2.2284(13) and 2.2295(14) A, respec-
tively, of compoundl. For compouna one finds Zr-N(1)
= 2.309(3) A and z+N(4) = 2.306(3) A, in comparison
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Scheme 2. Synthesis of a Five-Coordinate Compound
NMe,
MezN/,,h |

i i
Pr P “Zr—NMe
N Zr(NMey)y i 2
HN ( 2)4 'pr\N/

_HNMez /uipr

3

—

with Zr—N(2) = 2.225(3) A and Z+N(3) = 2.236(3) A.
The zirconium atom lies in both cases slightly above the
plane formed by th@-diketiminato ligands (on the average
0.8 A for both1 and?2).

Reactions with (2Z)-N-Isopropyl-4-(isopropylimino)-
pent-2-en-2-amine Attempts to obtain six-coordinate com-
pounds containing twiN-isopropyl-substituteg@-diketimi-
nato ligands and two dialkylamido groups were unsuccessful. Scheme 3. Synthesis of a Six-Coordinaj#Ketoiminato-Substituted

Figure 5. Structure of compound. Displacement ellipsoids are shown
with the 50% probability level. H atoms are omitted for clarity.

The reaction of 2 equiv of @-N-isopropyl-4-(isopropy- Compound

limino)pent-2-en-2-amine with 1 equiv of Zr(NM) gave,

after a reaction time of 24 h at 9C, a clean mixture of 1 (-\O

equiv of the unreacted ligand, plus a product that is consistent 0 N ;‘%‘“e"e _“\\\\NEtZ
with a 1:3 stoichiometric ratio between the bidentate ligand z)u\—» N——Zr—NEt,
and the dimethylamido ligand (Scheme 2). Therefore this =N ZINEL) Ny

(NMey),4 plus 1 equiv of (Z)-N-isopropyl-4-(isopropylimi-
no)pent-2-en-2-amine, affording the five-coordinate com-
pound 3 in a quantitative yield. Reaction of the same
pB-diketimine ligand with Zr(NEf), in a 1:1 stoichiometric ~ complex mixture, which could not be fully characterized.
ratio gave no reaction products even after repeated stirringOn the basis of théH NMR spectra the desired product
at 110°C for 48 h. seemed to be present, but it was not possible to isolate it
TheH NMR of 3 shows a single sharp resonance at 3.08 from the reaction mixture. This is explained on the basis of
ppm for the three chemically equivalent dialkylamido the assumption that amine elimination proceeds well when
groups: on cooling te-80°C in CD.Cl, the NMR spectrum  slow exchange allows to control the stoichiometfyDi-
shows no splitting in any of the resonances. Due to fluxional ketimines are less acidic and more sterically encumbered than
processes in solution, the molecule appears to be of a highethe correspondings-ketoimines; therefore, the reactions
symmetry on the NMR time scale. It was not possible to proceeded smoothly. In the case of the reaction with
grow single crystals suitable for X-ray analysis of this Zr(NEt)s, the presence of an ethyl group slows down the
compound. substitution, thereby allowing the desired stoichiometry to
Reaction of 4-(Methylamino)pent-3-en-2-one4-(Me- be obtained. The reason for the unsuccessful reaction of the
thylamino)pent-3-en-2-one is an intermediate in the synthesisj-ketoimine with Zr(NMe), may be an intrinsic thermal
of the previously prepare@-diketimine derivatives. We  instability of the-ketoiminato complexes. Compouddif
thought it would have been interesting to prepare complexesallowed to stand for 72 h at room temperature, starts to
with a mixed coordination sphere around the zirconium metal decompose even under nitrogen, as indicated by a change
center, not only bearing nitrogen donor atoms. In view of in color from yellow to deep red. In contrast, it can be stored
an application as a zirconium nitride CVD precursor, for an indefinite time at-20 °C and, if care is taken, it is
however, these ligands appear not to be the best choicepossible to obtain a satisfactory elemental analysis and also
However, the presence of oxygen atoms directly bound to to grow good quality single crystals for an X-ray diffraction
zirconium could be exploited to produce Zr(O, N) layers. study. The proton NMR reveals the presence of only one of
Furthermore it was planned to investigate how the type of the possible isomers for this compound; these data only did
coordinative environment could influence the thermal stabil- not allow us to establish the exact structuredofhis was
ity and the volatility of the precursor compound. As a first achieved by the single-crystal X-ray diffraction study (see
starting point we aimed at the generation of six-coordinate Figure 5 and Table 3 for relevant distances and angles). The
compounds isostructural with compléxand?2. Reaction of coordination geometry is a significantly distorted octahedron.
2 equiv of 4-(methylamino)pent-3-en-2-one with Zr(Negt The two 3-ketoiminato ligands are arranged in a way such
at room temperature (Scheme 3) produces the desired speciethat the two oxygens are trans to each other and the two
in 57% vyield after crystallization. nitrogen atoms are located cis to each other. This finding is
The complex bears two ethylamido and t@«xetoiminato in agreement with the observation that as the steric demand
moieties &). The same reaction with Zr(NMR gave a of the imido nitrogen substituent increase, this kind of

o 5 -2HNMe,
compound was then prepared by mixing 1 equiv of Zr- M

4
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Table 3. Selected Distances (A) and Angles (deg) for Compodind
Bond Lengths (&)

Zr1—01 2.0658(11) C1C2 1.357(3)
Zr1—N2 2.0698(13) Cc2C3 1.440(2)
Zrl1—-N1 2.3896(13)
Bond Angles (deg)
01-Zr1—N2 95.90(5) N2-Zr1—N1 88.71(5)
01-Zr1—N1 77.52(5)

Scheme 4. Synthesis of Homoleptic Eight-Coordinate Compounds

?
Toluene ‘ NEt2

X NHz RT
ZJL;\ Zr(NEtp)4 Figure 6. Structure of compoun8. Displacement ellipsoids are shown
-2HNMe, HN with the 50% probability level. H atoms are omitted for clarity. Only N
X = NH. O M atoms are labeled for clarity.
o - - Table 4. Selected Bond (A) Lengths and Angles (deg) for Compound
5
X NH
v Zr + Zr(NEtp), Bond Lengths (A)
A Zr1—-N1 2.276(5) ZrEN2 2.301(4)
56 Zr1—N8 2.277(5) ZrEN7 2.304(5)
Zr1—N6 2.281(5) Zrt-N5 2.318(5)
4Licl x 1/4 ZrClgthf, Zr1-N3 2.285(5) Zri-N4 2.332(5)
Lt Bond Angles (deg)
X : NH N6—2Zr1—N5 72.22(19) N3-Zr1-N7 76.43(18)
J@\X = NH N1—2Zr1—N2 72.34(18) N+Zr1—N5 76.21(18)
N8—2Zr1—N7 72.17(17) N6-Zr1—N2 75.75(18)
N3—Zr1—-N4 71.84(18) N+Zr1—N3 110.05(19)

: i —Zr1—N4 75.12(1 N2 Zr1—N4 121.78(1
arrangement becomes favored for the biderfiketoiminato N8-zrl 512(18) ' 8(18)

moiety! Also in this case the metal atom lies slightly above
the plane formed by the bidentate ligand, with values of (generated in situ with BuLi) and 1 equiv of ZuQthf), in

dihedral angles being for example ZD1-C1-C2 = tetrahydrofuran.
—20.7(3) and Zr-N1-C3-C2 = 7.0(2). Compound5 has been obtained in crystals suitable for
Reactions with 4-Iminopent-2-en-2-amine and 4-Ami-  X-ray diffraction. It turns out to be isostructural with

nopenten-2-one.We have also investigated the reactivity (acac)Zr (acac= acetyacetonato), which has been studied
of the less sterically demandiniy-hydrogen-substituted by X-ray diffraction earlief®7t Another related molecule is
B-diketiminato ligands with respect to an amido exchange the eight-coordinate sandwichlike zirconium tetraazamacro-
reaction of the Zr(NR4 complexes; however, in this case a cyclic compound prepared by Jordan and co-workeis
completely different reactivity was found (Scheme 4). As which no single-crystal structural analysis was reported. The
one might expect the reaction of 2 equiv of the above ligand ORTEP drawing of compoun8 is presented in Figure 6
proceeds faster than in the case of Menethyl-substituted  along with selected bond lengths and angles given in Table
compound. A sudden change in color is observed (from 4. The coordination geometry is square antiprismatic, with
yellow to deep red), and the NMR analysis of the crude each of the Z+N—C—C—C—N rings displaying two dif-
reaction product revealed the presence of a mixture of Zr- ferent sets of Z+N distances: a short one falling into the
(NR2)4 (R = Me, Et), plus signals typical g8-diketiminate range between 2.276 and 2.285 A and a longer one spanning
ligands. This was attributed to the formation of an homo- the range of 2.301 and 2.331 A. Once again the zirconium
leptic, eight-coordinate compound tetraj@siiketiminato)- atom is slightly displaced from the plane formed by the
zirconium (see Scheme 4). This molecul® fhas been N—C—C—C~—N ring.

prepared by the reaction of 4 equiv of the ligand with  Ajr Stability. All compounds synthesized are not indefi-
Zr(NMey),, recovering the desired product in 47% yield. The nitely air-stable. The reaction of a solid, air-sensitive
same behavior was observed also for the pgBeainoke-  compound with moisture or oxygen upon exposure to air
tone (Scheme 4). Reaction between 4 equiv of 4-amino-3- depends, besides on chemical factors, on several other factors
penten-2-one affords the eight-coordinate moledulss a such as the particle size, relative humidity, temperature, and
white solid. The reason the heteroleptic six-coordinate turnover of the air, just to cite a few of them. These reactions
compound cannot be isolated is presumably that as soon asire normally carried out in a less defined manner, and many
it forms, it undergoes a ligand disproportionation in solution, of the important parameters are not exactly known. In our
to rearrange and give the thermodynamically more stable
eight-coordinate compound. Compourd can also be  (70) Silverton, J. V.; Hoard, J. Linorg. Chem.1963 2, 243.
synthesized in higher yield by salt metathesis in the reaction g%g A b R R LY Rogers, R. D.
of 4 equiv of the lithium salt of 2-amino-4-imino-2-pentene Organometallics1995 14, 3539.
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case experiments were performed to estimate qualitatively

whether an increased coordination sphere implies decreased

moisture sensitivity. The six-coordinate compounahnd the
eight-coordinate compoun& were considered for this
purpose. Equimolar amounts bf5, and the four-coordinate
Zr(NMey)4 as a reference compound were placed in a vial
and exposed to the air in a fume hood for 5 min. During
exposure, it was possible to see that the four-coordinate
compound visually underwent a reaction with moisture: the
color changed quickly from pale yellow/white to bright white.
Compoundl did not display any color change, whereas the
eight-coordinateb started to change from bright yellow to
pale yellow. The vials were subsequently closed, transferred
into a nitrogen-filled glovebox, and immediately dried in

vacuo, to remove residues of moisture adsorbed on the

surface of the powders. All samples where then dissolved
in 20 mL of pentane, and the insoluble part was filtered off.
After solvent removal from the filtrates, the weight losses
were about 11% in the case of compoun@4% in the case

of Zr(NMey)s, and 13% in the case & We did not fully
characterize the insoluble portions, but the reaction that is
more likely to occur when complexdsand Zr(NMe), react
with water is the replacement of the NMgroups with an
OH with elimination of HNMe (which could explain the

strong amine smell produced by these compounds when they

are exposed to the air). In the case of compodndhe
insoluble residue left behind after air exposure was analyzed
by NMR; the spectrum was that of compouhdplus some
weak resonances presumably due to partial hydrolysis
products. This insoluble portion was, therefore, mainly due
to the partial solubility of compled in pentane. The filtrate,
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Figure 7. DSC and TG traces for compourd

°C). A freshly crystallized batch ofi was attempted to

after solvent evaporation, revealed the unaffected spectrumsublime, but once a temperature of about 10@vas reached

of compoundL. In the case 06 and of Zr(NMe),, the solid
residue remaining on the filter was insoluble in most common
organic solvents, and the solubilized portion revealed still
the signals ob and Zr(NMe), plus some impurities probably
due to hydrolysis.

The order of stability according to the described experi-
ments is thusl > 5> Zr(NMey); i.e., the six-coordinate
compound is the most stable species closely followe8.by
This could be interpreted in term of a better shielding of the
metal center in the case of the compound with higher
coordination numbers. The somewhat lower stability5of
with respect tol may be due to the lower protecting
efficiency of the polar NH functionality than that of the
NCHs; moiety. Furthermore the higher coordination numbers
affect somewhat longer bonds to the metal centers, which

an evident color change occurred apparently due to thermal
decomposition. The eight-coordinate compo&nésults to
be less volatile than the six-coordindtend?2. 5 sublimes
at 140-145°C and 0.1 mbar with a reasonable evaporation
rate.

The thermal behavior of compounds-3, 5, and6 has
been also investigated by DSC and TG. Compodritas
not been taken into consideration due to its thermal instabil-
ity. The DSC and TG traces df and 2 are quite similar,
and therefore only those of compoufdare displayed in
Figure 7. The DSC shows a single sharp endothermal peak
at about 137C corresponding to the melting point of the
compound; after melting has occurred the compound under-
goes partial decomposition with a slight change in color to
brown.

counteracts and may therefore overcompensate the shielding The thermogravimetric curve shows that already around

advantage of the ligands in the eight-coordinate compound.
Volatility and Thermal Properties. Both compoundd
and?2 can be sublimed at a temperature of £230°C (olil

100 °C the weight loss becomes relevant and the curve
reaches a plateau when the percent amount of remaining solid
is about 35%. Compound is also thermally much more

bath temperature) at 0.1 mbar, which makes them interestingrobust than the above-discussed six-coordinate compounds
candidates for the use as CVD precursors. They are bothbut evidently less volatile. The TG trace of compoughot

less volatile than the corresponding isostructural bis(acetyl-
acetonato}bis(alcoholato) compound$The five-coordinate
compound3 is less volatile than the six-coordinate com-
poundsl and?2. It was possible to sublime it at 13& at a
pressure of about & mbar (coldfinger temperature ef10

shown) reveals a slow weight loss as a function of temper-
ature between 50 and 33C with a residue of about 40%

of the initial weight when the plateau is reached. This

example demonstrates that there is no simple correlation
between the coordination number and the volatility, other
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factors being involved as the molecular weight (i.e. higher precursors for chemical vapor deposition of ZrN. Further
electronic polarizability), dipole moment, and packing effects testing of such complexes is currently ongoing work in our
in the solid state. From DSC data for compoundit is laboratories. Homoleptic eight-coordinate compounds can be
possible to observe a sharp, endothermic melting peak atsynthesized if bidentate ligands bearing a hydrogen substitu-
around 190C. Over this temperature the substance partially ent on the imino nitrogen are employed. These compounds
decompose. The TG trace displays a slow weight loss, anddisplay a higher thermal stability with respect to the six-
the curve reaches a plateau at 3@Wwhen about 30% of  coordinate ones, but among the homoleptic compounds, the
the initial weight is left. Comple)6 can be sublimed at 0.1  eight-coordinate-ketoiminato substituted ones are more
mbar and 135°C. It seems to have an increased thermal stable. These findings make clear that there is no simple
stability with respect to all the compounds so far analyzed: structure-volatility and structure-thermal stability correla-

it melts at 212°C and loses weight more rapidly than the tion and that there is a need of a deeper insight into the
parent eight-coordinate compouBdSo in this last case we  understanding of intermolecular forces. This work provides
have observed that thfeketoiminato-substituted compound interesting hints as to which direction a ligand tuning should
is much more thermally robust than tfiediketiminato, in take place, for example using trifluoromethyl-substituted
contrast to what was seen for the six-coordinate compounds S-diketimines.

Conclusions.Amide substitution reactions are convenient
routes to obtain heteroleptic five- and six-coordinate com-
plexes withj3-ketoiminate ang-diketiminate ligands bearing
alkyl substituents on the imino nitrogen. The fluxional
properties of the twgs-diketiminato-substituted molecules
1 and2 have been studied, and in the case of compdnd
it is suggested that at room temperature the Bailar twist Supporting Information Available: CIF files for structured,
interconversion is not allowed, as a consequence of the highelz' 4, and5. This material is available free of charge via the Internet
steric hindrance of the ethyl group. Moleculeand2 display 2t NttP://pubs.acs.org.
sufficient volatility and thermal stability to be considered as 1C034328F
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