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Formation of a Dynamic 52(O,N)-Hydroxylaminato Zirconocene
Complex by Nitrosoarene Insertion into a Zr—C ¢-Bond
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The reaction of dimethylzirconocene with nitrosobenzene gave the hydroxylaminatozirconium complex
6. Its structure in the solid state was characterized as the N-inside isgAi@N)-ON(CHs)Ph](CH)-
ZrCp, (64) by X-ray diffraction. DynamictH NMR spectroscopy indicated a rapid enantiomerization
process of the chiral syste@a in solution, probably taking place via a rapid equilibration with a reactive

7n*(O) isomer.

Introduction

Hydroxylaminato complexes of the transition metals are
usually prepared by reaction routes involving the intact hy-
droxylamine reagents. Most of the resulting complexes, espe-

cially those of the early d metals, featuyé coordination (i.e.
an O,N-bonded situatio? However, a variety of examples
are known that are characterized by @0)-ONR!R? ligand

that is bonded to the metal only through the oxygen atom.

Though most of the knowny€(O,N)-ONRIR?)[M] complexes

do not exhibit dynamic behavior, a few complexes show

evidence for reversible cleavage of the fM linkage, usually
with a high energy barriet. We have now prepared a novel

n?-ONR!R? zirconocene complex by a rarely encountered

nitrosoarene insertion routeThe resulting coordinatively
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Results and Discussion

Dimethylzirconocenel] is a 16-electron complex. After some
early discussion it is now clear that its LUMO is laterally

saturated 18-electron zirconocene complex showed an unusuallyextending in the majos-ligand planeé® Consequently, a donor

low activation barrier of theg>-ONR!R? automerization process.

ligand or reagent is expected to enter the molecule from the

Details of this rather exceptional hydroxylaminato zirconocene side (and not the central position between dhégands) under

system are described in this article.

kinetic control. This has been demonstrated experimentally for
a number of casesAs a typical example, carbonylation was
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§ X-ray crystal structure analysis.
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. . . L Figure 1. Temperature-dependent 600 MMz NMR spectra of
The reaction of dimethylzirconocene with nitrosobenzene can ¢complex6 in CDFCb.

be envisioned to proceed through a similar reaction course.
Addition of the nucleophilic ON-Ph reagent to a lateral  iytensity pair of Cp singlets (representing 5H eachp &.47

coordination site could lead to a reactive N-addu®t(that and 6.00 and practically unchanged fNGHs (6 2.94) and
subsequently undergoes rapid methyl migration and metal [Zr]—CHs (6 0.13) signals (see Figure 1).

oxygen bond formation to yield an O-outsidg-hydroxylami- Apparently, we have observed the “freezing out” of two
nato)zirconocene complexéq). The O-outside complea different dynamic processes in compléxon the NMR time
could then equilibrate with thg*(O) isomer {) to lead to the  gcale with decreasing monitoring temperature. The nonequiva-
7%(O,N) O-inside isomergb) (Scheme 2). . lency of the pairs of+ and 0-CgHs signals obviously results
Consequently, we have treated dimethylzirconocéhevith from a hindered rotation of thi-phenyl substituent around the

1 molar equiv of nitrosobenzene. The reaction was carried out N—C(aryl) bond at low temperature. From the coalescence of
at 0 °C in dichloromethane and the 1:1 insertion prod@t (  the respective pairs ataryl as well asraryl 'H NMR signals
isolated in ca. 50% vyield as an off-white solid after ca. 1 h e have estimated a Gibbs activation enétgyf AGaryi-roff =
reaction time. The ambient-temperatuld NMR spectrum 9.4 + 0.3.kcal/mol for this rotational process.
shows a single remaining [ZfICHz group ¢ 0.37, s, 3H) and The Cp coalescence is probably caused by an unrelated
a new N-coordinated Ctesonanceq2.63, s, 3H) in addition  gynamic process. Consequently, this exchange is charac-
to the signals of a gHs substituent and a sharp Cp singlebat  terized by a different magnitude of its activation barrier. From
5.55 (10H,"*C NMR signal ato 110.0). ~ the coalescence of the pair dH NMR Cp singlets,
However, the simple overall appearance of the amt_nent- AGexchangi(198 K) = 8.8 & 0.3 kcal/mol was obtained. The
temperaturéH/**C NMR spectra of complegis due toarapid  gpservation of a 1:1 pair of Cp singlets in the low-temperature
dynamic exchange process. This became apparent by monitoringymRr suggests an(O,N)-hydroxylaminato)zirconocene global
the *H NMR spectrum of the ONPh insertion product at  minimum structure of compounglin solution. It is likely that
variable temperature. To eventually reach a sufficiently low the observed enantiomerization process that leads to intramo-
temperature to securely observe the static 600 MHANMR lecular Cp exchange is initiated by ZN bond cleavage and
situation, a CD_F_CgIsoIvent was us_eHZ.In this solvent, complex equilibration with an 4%(0)-hydroxylaminato)[Zr] isomer7)
6 at 253 K exhibits threéH NMR singlets ab 0.17 (3H, [Zr}- of higher energy, in which the nonequivalency of the Cp ligands
CHs), 2.96 (3H, [N]JCH;), and 5.73 (10H, ZrCg in addition to s |ost. Re-forming the ZrN bond then leads back to the more
three multiplets derived from thesBs group até 7.17 @), 7.31 stablen?-coordination stage of this system. The observed pair
(0), and 7.361fn). When the monitoring temperature is lowered, ¢ diastereotopic Cp ligands at Zr in compléxis a strong
the Cp signal rapidly gets broad and below a temperature of ingjcation that they?-hydroxylaminato coordination mode is
ca. 198 K splits into a 1:1 intensity pair & NMR Cp singlets.  fayored for the product of ONPh insertion into the Z+CHs
In addition, theo-CeHs resonance also gets broad with decreas- pong of dimethylzirconocene in solution, but it was not apparent
ing temperature, followed by the-CgHs signal. Each of them from the NMR experiment whether the single obseryéd,N)

eventually splits into a 1:1 pair of multiplets, whereasytHesHs compound was the N-insidé4) or the N-outside isomei6p)
resonance as well as the [ZCH; and [N]-CHs 'H NMR (see Scheme 2). Which of the two isomers was favored in the
signals remain sharp over the investigated temperature rangesglig state could be shown by an X-ray crystal structure analysis.
Eventually at 163 K théH NMR spectrum of comple6a in Single crystals of comple&a were obtained by allowing the
the CDFC} solvent features pairs afr-CeHs multiplets ato neat orange oil, as it was obtained from the insertion reaction,
7.36 and 7.41 (1H each), pairs 0iCsHs multiplets ato 7.11 to crystallize at room temperature over a period of 2 days.
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(0(*H) 7.47 d,Jur = 50 Hz)12 Dimethylzirconocene was synthe-
sized as described in the literatdbéH NMR spectra were recorded
using a Bruker AC 200 P spectrometéir( 200.1 MHz;**C, 50.3
MHz) or a Varian Unity Plus 600 NMR spectrometéH( 599.1
MHz; 13C, 150.7 MHz; variable temperature and 2D measurements).
IR spectra were obtained on a Nicolet 5 DXC FT IR spectrometer.
X-ray Crystal Structure Analysis. The data set was collected

with a Nonius KappaCCD diffractometer, equipped with a rotating
anode generator. Programs used: data collection, COLUEGAta
reduction, Denzo-SMN? absorption correction, SORTAW;struc-
ture solution, SHELXS-97%° structure refinement SHELXL-9%,
graphics, XP!

. ) Reaction of Dimethylzirconocene with Nitrosobenzene. Prepa-
Figure 2. Molecular structure oba. ration of Complex 6a, CpZr(Me)[7%(N,0)-N(Me)(Ph)O]. A

. colorless solution of rMe, in dichloromethane (20 mL) was
c2= 1'474(3)A [.11475.(2) A])' The r_ntrogen center aiso bears cooled to 0°C. To ?t%s sz;ls added a teal blu(e soluzion of
Egrganyl ?r(;up grllgmaﬂng from the nltlrasfzbznerni Tﬁ\__?;nt;&-rhenitrosobenzene in dichloromethane (10 mL). The resulting solution

(aryl) ond engt ampunts tp " (3) A [1. (@) Al immediately turned yellow upon addition of the nitrosobenzene.
AS. expected, this NC(sp) linkage IS slightly shorter than the The reaction mixture was stirred at’C for 30 min before being
adjacent N-C(sp) bond. An essential feature of the structure . med to room temperature and stirred for 1 h. The solvent was
of complex6a is that the hydroxylaminato ligand is strongly

¢ . - removed to yield an orange oil, which crystallized as a colorless
bonded to zirconium through both the oxygen and nitrogen gqjig over the course of 2 days at room temperature. Crystals

atoms (Zr-O1= 2-101(2)_A [2.091(1) 'B_‘]' ZN1=2.284(2) suitable for X-ray diffraction were also obtained in this manner.
A [2.286(2) A]) and the nitrogen atom is located in the central Atternately, a pale yellow/off-white precipitate can be obtained with
position in theo-ligand plane bisecting the GZr—Cl angle  THF/pentane and toluene/pentane solutions. Yield: 0.34 g, 49%.
(O1-Zr—C1= 117.80(7) [118.60(7)], O1~Zr—N1 = 37.46- 1H NMR (600 MHz, GDg, 298 K): 6 7.34 (m, 2H,0-Ph), 7.04
(6)° [37.36(5f]). The O1-N1 bond is in the typical single-  (m, 2H,m-Ph), 6.86 (m, 1Hp-Ph), 5.55 (s, 10H, Cp), 2.63 (s, 3H,
bond range at 1.419(2) A [1.414(2) A], and theZD1-N1  NMe), 0.37 (s, 3H, ZrMe)13C{*H} NMR (125 MHz, GDs, 298
angle amounts to 78.28(9)78.85(9J]. The adjacent O*N1— K): 6 155.9 (-Ph), 128.7+Ph), 125.1¢-Ph), 119.7 ¢-Ph), 110.0
Zr angle (64.25(9)[63.79(8Y]) is slightly smaller. The nitrogen  (Cp), 54.7 (NMe), 17.8 (ZrMe). IR (KBr): 2950, 1252, 1083, 1013,
center is distorted tetrahedral, with the remaining five bond 797 cnt. Anal. Calcd (GsH2:NOZr): C, 60.29; H, 5.90; N, 3.91.
angles being 110.71(1%6)109.80(15j] (O1—N1—-C2), 112.33- Found: C, 59.83; H, 5.99; N, 3.88.
(15)° [112.63(14)] (O1—-N1-C3), 111.84(17)[110.71 (16}] Low-Temperature VT-NMR Experiments. These experiments
(C3-N1-C2), 123.45(12) [126.27(12)] (C3—N1-Zr), and were performed in CDFGJ which was prepared according to
122.04(13) [120.88(13]] (C2—N1~Zr). The phenyl substituent  previous methodd and was vacuum-transferred prior to use.
at N1 is found in a conformational orientation that is character- Coalescence of the Cp peaks{163K) = 317 Hz) was observed
ized by dihedral angleg; (O1—-N1—C3—-C4) being—10.5(3y at 198 K (AGexchangi(198 K) = 8.8 kcal mot). Coalescence of
[—10.9(2] and 6, (Zr1—N1—C3—C4) being—83.6(2) [—84.2- phenyl ortho signalsXv(163 K) = 196 Hz; AGaryi-roi (208 K) =
(2)°]. 9.5+ 0.3 kcal mof) was observed at 208 K and of phenyl meta
We conclude that the N-insideydhydroxylaminato)zir- signals Av(163K) = 28 Hz; AGaryi—rof (188 K) = 9.3+ 0.3 kcal
conocene isomeBa was identified by X-ray diffraction in the  mol™2) at 188 K.
crystal state. We consider it likely that the N-insidg®( X-ray Crystal Structure Analysis of 6a. Crystal data: formula
hydroxylaminato)zirconocene isom@aidentified in the crystal Ci1gH21NOZr, M, = 358.58, colorless crystal, 0.36 0.30 x 0.10
form is also favored in solution. Since compléa is the only mm, a = 17.558(1) A,b = 7.936(1) A,c = 23.267(1) A =
isomer oberved under equilibrium conditions, it appears that 97.76(1), V = 3212.3(5) &, pcaca = 1.483 g cm3, 1 = 0.683
the expected kinetic product is identical with the thermodynami- mm-1, empirical absorption correction (0.796 T < 0.935),Z =
cally favored product, probably because f#60,N) N-outside 8, monoclinic, space group2;/c (No. 14),A = 0.710 73 AT =

isomer is sterically less favored. However, the obsen/#a,N) 198 K, w andg scans, 20 783 reflections collectedl|, £k, +£lI),
N-inside isomer §a) seems to be separated by less thand8.8  (sin )/A = 0.66 A1, 7642 independenfR(,; = 0.049) and 6251
0.3 kcal/mol from the alternativeyf(O)-hydroxylaminato]- observed reflectionsl (= 24(1)), 384 refined parameters, R%

zirconocene isomer7}, as judged from the dynamic NMR  0.032, wR2= 0.075, maximum (minimum) residual electron density
features of6a (see above). This indicates that coordinative 0.36 (-0.87) e A3, two almost identical independent molecules
equilibration could constitute a more important feature of in the asymmetric unit, hydrogen atoms calculated and refined as
hydroxylaminato early-metal chemistry than previously antici- riding atoms.

pated?
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