TETRAHEDRON
LETTERS

Pergamon Tetrahedron Letters 40 (1999) 8523-8527

Synthesis of new 2,3-perfluoroalkyl- and
perfluoroaryl-1,4-diazabutadienes (a-diimines)

Bruce N. Diel,* Peter J. Deardorff and Catherine M. Zelenski

Chemical Sciences Department, Midwest Research Institute, Kansas City, Missouri 64110, USA

Received 28 June 1999; revised 31 August 1999; accepted 1 September 1999

Abstract

Reaction of either decafluorobenzil or perfluorobiacetyl with two equivalents of Li[N(SiMe3);], followed by
quenching with CISiMej3, provides N,N’-bis(trimethylsilyl)-1 ,2-bis(pentafluorophenyl)ethanediimine 1 and N,N’-
bis(trimethylsilyl)-1,1,1,4,4,4-hexafluoro-2,3-butanediimine 2, respectively. These represent the first examples of
perfluoroalkyl- and perfluoroaryl-substituted diazabutadienes. Both compounds have been characterized based
on 13C NMR, IR, elemental analysis and, for 1, single crystal X-ray crystallographic structure determination.
Compound 1 crystallizes in the C2/c space group, with a=20.3203(9) X, b=6.0758(3) X, ¢=19.7948(9) X, a=90°,
B=106.2903(7)°, y=90°. © 1999 Elsevier Science Ltd. All rights reserved.
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1,4-Diazabutadienes (x-diimines) have been examined extensively over the last two decades as ligand
systems for: (i) their variety of coordination modes and reactivity of their coordination complexes;l (in)
the applications of such complexes in organic synthesis and catalysis;2 and (iii) the utilization of such
complexes as luminescence labels for detection and photochemical cleavage of DNA.3 In addition, we
have recently reported on the utilization of selected o-diimines? in dehalosilylation/ring-closure reactions
with SbCl3 or BiCls, to provide the first examples of Sb- and Bi-containing 1,2,5-pnictadiazoles.> One
of the most appealing attributes of the diazabutadienes, which plays a significant role in the physical
and chemical properties of the resultant coordination compounds,!3 is their strong Tt-acceptor ability
as a result of the energetically low-lying LUMO.6 To date, however, there are no reported examples of
2,3-perfluoroalkyl- or perfluoroaryl-substituted 1,4-diazabutadienes. Such systems would be expected to
possess even lower-lying LUMOs and, consequently, be even stronger Tt-acceptor ligands. Their utility
in the synthesis of new perfluoroalkyl- or perfluoroaryl-substituted heterocycles is also unexplored.

We report herein the convenient high-yield synthesis of two perfluoroalkyl/aryl-substituted ®-diimines,
N,N’-bis(trimethylsilyl)-1,2-bis(pentafluorophenyl)ethanediimine 1 and NN ’-bis(trimethylsilyl)-
1,1,1,4,4,4-hexafluoro-2,3-butanediimine 2. Characterization of these new diimines was accomplished
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by 'H and '3C NMR, IR, elemental analysis and, for 1, single crystal X-ray crystallographic structure

determination.
R
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1, R=-C4F5

2, R=-CF,

Syntheses of 1 and 2 were accomplished in a manner analogous to our previously reported
synthesis of phenanthrenequinone-(9,10)-bis(trimethylsilyl)diimine and N,N’-bis(trimethylsilyl)-1,2-
diphenylethanediimine;5 namely, via addition of two equivalents Li[N(SiMe3),] to the precursor -
diones, decafluorobenzil and perfluorobiacetyl, respectively, followed by C1SiMes quench.’” Decafluoro-
benzil was synthesized via the addition of the corresponding lithium diarylcuprate to oxalyl chloride, and
perfluorobiacetyl was synthesized via CrO3/H2S04-xSOj3 oxidation of cis/trans-1,1,1,4,4,4-hexafluoro-
2,3-dichloro-2-butene.?

The *C NMR, IR and mass spectral (in the case of 2) data are all consistent with the x-diimine
structures.”® In addition, 1 has been further characterized by single crystal X-ray diffraction structure
determination, and the molecular structure is illustrated (with 30% thermal ellipsoids) in Fig. 1.9 Inspec-
tion of the X-ray diffraction data reveals a number of features that serve to define these new x-diimines.
The molecule lies on a crystallographic inversion center. The carbon nitrogen bond length is 1.246 A,
characteristic of C=N double bonds as found in oximes and imines.!! The angles around C(1) sum to

Figure 1. Molecular structure of [Me3SiN=C(C¢Fs)],, with 30% thermal ellipsoids, showing the atomic numbering scheme.
Hydrogen atoms are omitted for clarity. Selected bond lengths (A) and angles (deg): C(1)-C(1A) 1.515(8), C(1)-N(1) 1.246(6),
C(1)-C(2) 1.516(6), N(1)-SI(1) 1.754(4), N(1)-C(1)-C(2) 126.4(4), N(1)-C(1)-C(1A) 120.9(5), C(2)-C(1)-C(1A) 112.6(5)
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359.9°, as expected for an sp? hybridized carbon. As required by the imposed crystallographic symmetry,
the N(1)-C(1)-C(1A)-N(1A) torsion angle is zero; the N(1)-C(1)-C(1A)-C(2A) torsion angle is 2.1°.
The angle between the plane of the pentafluorophenyl ring and the N(1)-C(1)-C(1A)-N(1A) plane is
approximately 103°.

As mentioned, one attribute of the diazabutadienes that plays a significant role in the physical and
chemical properties of the resultant coordination compounds, is their strong Tt-acceptor ability as a result
of the energetically low-lying LUMO. We have performed semi-empirical molecular orbital calculations
to estimate the relative HOMO/LUMO energies for the two new o-diimines reported herein, as well as
selected non-fluorinated analogues for comparison.!? The results of these calculations are illustrated in
Fig. 2. Relative to 9,10-phenanthrenequinonediimine, the new diimines 1 and 2 are 0.53 eV and 0.26 eV
lower in energy, respectively.
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Figure 2. Relative HOMO/LUMO energies for selected -diimines (diazabutadienes), resulting from PM3 geometry optimiza-
tion and single point energy calculations

These new diimines should find application in the preparation of a variety of novel and potentially
useful metallodiimines and heterocycles. For example, analogous to our previous report,> reactions of
these new diimines with polyhaloelement (EX,, E=Main Group element) compounds provide convenient
access to a wide variety of 4,5-bis(Rg)-1,3,2-diazaheteroles (Rp=-CF3, C¢Fs) 3. We have recently
reported on reactions of 2 with GaBrs, Inl3, AsCls, SbCls, BiCls, SeBrs, and TeBrs to yield the
corresponding 4,5-bis(trifluoromethyl)-1,3,2-diazaheteroles, and the chemical and physical properties of
these novel Main Group element-containing heterocycles.!?
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Finally, in related work, we have also prepared the analogous (non-silylated) 1,2-
di(pentafluorophenyl)-ethanediimine, H-N=C(C¢Fs)-(C¢F5)C=N-H, and 1,1,1,4,4,4-hexafluoro-2,3-
butanediimine, H-N=C(CF3)-(CF3)C=N-H, via [(n*-CsHs),TiCl],-mediated reductive coupling of
pentafluorobenzonitrile and trifluoroacetonitrile, respectively.!4
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. (@) N,N’-bis(trimethylsilyl)-1,2-bis(pentafluorophenyl)ethanediimine (1): To a suspension of 19.0 g (48.7 mmol) of
decafluorobenzil, C¢FsC(O)C(O)C4Fs, in 500 mL of anhydrous cyclohexane was added dropwise, at 5-10°C, 16.3 g
(97.4 mmol) of LiN[Si(CHj3)3],. After addition was complete, the reaction was refluxed for 8 h. The reaction was then
cooled to 5-10°C and 13 mL (102 mmol) CISi(CH3); was added via syringe. The reaction was stirred overnight at room
temperature, followed by 6 h at 65°C. The dark red solution was cooled to room temperature and filtered through Celite®
to remove LiCl, and the solvent removed in vacuo. The residue was re-dissolved in 200 mL of hot anhydrous hexane,
and then cooled to ~78°C). Approximately 11 g (21 mmol, 43%) of crystalline product, N,N’-bis(trimethylsilyl)-1,2-
bis(pentafluorophenyl)ethanediimine (1), was isolated by filtration. '>*C NMR (&; CD,Cl,) 158.3 ppm (>C=N-, 5), 143.5
(dm, J'=244.4 Hz), 141.6 (dm, J'=253.3 Hz), 137.6 (dm, J'=253.7 Hz), 114.8 ppm (ipso C, t, J>=22.9 Hz), ~1.1 ppm
[-Si(CH3)3). Infrared (CsHg) Ven=1685, 1696 cm™'. Elemental analysis: calcd (found) for CzoH 3N,F0Sis: C, 45.11%
(45.33%), H, 3.41% (3.52%), N, 5.26% (5.19%). (b) N,N’-bis(trimethylsilyl)-1,2-bis(trifluoromethyl)ethanediimine (2):
80.0 gm (412 mmol) of perfluorobiacetyl, F;CC(O)C(O)CF;, was dissolved in 500 mL of anhydrous hexane, and cooled
to =78°C. Using a vented addition funnel, 142 gm (825 mmol) LiN[Si(CH;);],, dissolved in 300 mL anhydrous hexane,
was added dropwise. After the addition was complete, the mixture was allowed to warm to room temperature and stirred
overnight. The mixture was then refluxed for 6 h, and then cooled back to room temperature. To the homogeneous reaction
mixture was added, via syringe, approximately 115 mL (900 mmol) CISi(CHj3);. The mixture was then stirred overnight
at room temperature. The mixture was then heated to and stirred at 60°C for approximately 6 h. The mixture was then
cooled to room temperature and filtered through Celite®. The hexane was removed, via atmospheric pressure distillation,
and the remaining product mixture was vacuum distilled at 25-26°C/400-450 mtorr to yield 86.7 g (63%) of N,N’'-
bis(trimethylsilyl)-1,1,1,4,4,4-hexafluoro-2,3-butanediimine, (CH3)3Si-N=C(CF;)-(CF;)C=N-Si(CH3);, (2). Elemental
analysis: calcd (found) for CyoH;sN,FgSi,: C, 35.70% (35.83%), H, 5.39% (5.42%), N, 8.33% (8.29%). *C['H] NMR
(8; CD,Cly) 155.4 ppm (>C=N-, q, J2=36.3 Hz), 116.9 ppm (-CF3, q, J'=286.7 Hz), 1.4 ppm [-Si(CH3)3, s). Infrared



oo

11,

12.

13.
14.

8527

veon=1714, 1716 cm™. Mass spectral analysis results (El, 70 eV) [m/e (species, relative abundance %)]: 336 (M*, 0.25),
168 (M*/2, 23.10), 73 [-Si(CH3);, 100].

. Ramirez, F.; Chaw, Y. F.; Marecek, J. E; Ugi, I. J. Am. Chem. Soc. 1974, 96, 2429-2433.
. A complete summary of all spectral data is included in the supplementary materials.
. The structure determination was carried out by Professor A. Rheingold and co-workers at the University of Delaware,

for which we are grateful. Crystal data collection and refinement parameters are given in the supplementary materials.
A suitable crystal for data collection was selected and mounted in a nitrogen-flushed, thin-walled capillary. Data was
collected with a Siemens P4 diffractometer equipped with a SMART/CCD detector. The systematic absences in the
diffraction data are consistent with the space groups Cc and C2/c. E-statistic suggested the centrosymmetric space group
option, C2/c, which yielded chemically reasonable and computationally stable results of refinement. The structure was
solved using direct methods, completed by subsequent difference Fourier synthesis and refined by full-matrix least-squares
procedures. All non-hydrogen atoms were refined with anisotropic displacement coefficients. All hydrogen atoms were
treated as idealized contributions. All software and sources of the scattering factors are contained in the SHELXTL
(version 5.03) program library (G. Sheldrick, Siemens XRD, Madison, WI). Program DIFABS is described in: Walker,
N.; Stuart, D. Acta Cryst. 1983, A39, 158.

March, J. Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, 3rd Edition; Wiley-Interscience: New
York, 1985; pp. 18-21, and references cited therein.

Semiempirical molecular orbital calculations (PM3 static energy and geometry optimization) were accomplished using
Alchemy 2000, from Tripos, Inc., St. Louis, MO.
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