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Hydrolysis, Hydrosulfidolysis, and Aminolysis of Imido(methyl)rhenium Complexes
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Receied January 31, 2000

The tris(imido)methylrhenium complex GRe(NAd) (1a, Ad = 1-adamantyl) reacts with 4 to give CHRe-
(NAd)20 (28) and AdNH. The resulting di(imido)oxo species can further react with another molecule@tdd
generate CkRe(NAd)G: (3a). The kinetics of these reactions have been studied by meatd dMR and
UV —vis spectroscopies. The second-order rate constant for the reactlanath H,O at 298 K in GHg is 3.3

L mol~! s71, which is much larger than the value>xd 10~* L mol~! s™1 obtained for the reaction between
CHsRe(NAr); (1b, Ar = 2,6-diisopropylphenyl) and #D in CH;CN at 313 K. Bothla and1b react with BS to
produce the rhenium(VII) sulfid¢ CHsRe(NRY} 2(«-S), (48 R = Ad; 4b, R = Ar), with second-order rate constants
of 17 and 1.6x 10 L mol™! st in CsHg and CHCN, respectively. Complexb has been structurally
characterized. The crystal data are as follows: space gB@ip a = 30.4831 (19) Ab = 10.9766 (7) Ac =
18.1645 (11) Ap = 108.268(1), V = 5771.5 (6) R, Z = 4. The reaction between GRe(NAr)O (2b) and HS
also yields the dinuclear compoudt. Unlike 1b, 1areacts with aniline derivatives to give mixed imido rhenium
complexes.

Introduction Table 1. NMR and Optical Parameters of the
Imido(methyl)rhenium Complex@én CgDs

Transition-metal imido complexes are believed to be the

active intermediates in nitrene transfer reactibhsTheir _NMR UV-vis
relevance in manufacturing of acrylonitrile, organic syntheses, H, i, Amafnm
and nitrogen fixation are well establishg.A number of compound Olppm__ ofppm__ (¢/L mol *cm )
examples of metalimido complexes undergoing hydrolysis, ~ CHsRe(NAd) 199  —6.5  375(640t 30)
aminolysis, and hydrosulfidolysis have been repofteth some gngge(NAd)zo 191 080

. I sRe(NAd)Q 1.75 8.1 355 (586 30)
cases, these reactions have been used to prepare new oxo, imidoc req, 1.21 17.4
and sulfido complexe5Except for the in-depth investigation {CHsRe(NAdY} »(u-S) 2.03 3.9 525 (440 20)
of the imido/amine exchange reactibmetailed kinetic and CHsRe(NAr) 2.73 9.2 481 (473@ 20p
mechanistic studies have not been carried out to compare the CHsRe(NArO 2.29 10.5 424 (721@ 70y
reactivity of different imido moieties toward different nucleo- CH:Re(NANG, 1.88 11.9

philes. In the course of investigating the nitrene (NR) transfer {CHaRe(NAN} o(u-S) 2.40 138 575 (304@- 20f
reaction, we studied the reactivity of imido(methyl)rhenium  ®Ad = 1-adamantyl; Ar= 2,6-diisopropylphenyl® In CHCN.
complexes toward water, hydrogen sulfide, and amines. Here

we would like to report a remarkable difference in reactivity Ppurity water was obtained by passing laboratory-distilled water through
between arylimido and alkylimido rhenium(VIl) complexes & Millipore-Q water purification system. Toluene (Fisher), benzene-

toward hydrolysis, hydrosulfidolysis, and aminolysis (CIL), and hexane (Fisher) were dried with sodium/benzophenone and
' ' ' stored in a nitrogen-filled glovebox. Other solvents, such as anhydrous

CHsCN (Aldrich) and CRRCN (CIL), were used as received. Methyl-
rhenium trioxide? CH;Re(NAd) (1a, Ad = 1-adamantyl}? CHz;Re-
Materials. Aniline derivatives and hydrogen sulfide used for this  (NAr)s (1b, Ar = 2,6-diisopropylphenyl), and GRe(NAr)O (2b) were
work were purchased from Aldrich and used as received, except prepared according to the literature proceddt@able 1 presents U
4-methoxyaniline, which was recrystallized before being used. High- vis and NMR data for the various rhenium compounds used in this

Experimental Section

study.
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Figure 1. UV—uvis titration of the hydrolysis reaction between 2.0
mM CHzRe(NAd) (Ad = 1l-adamantyl) and D in GsHs at 298 K.

The inset shows the kinetic trace at 375 nm for the reaction between
1.2 mM CHRe(NAd) and 1.7 mM HO in GHe at 298 K. The clean
isosbestic point signals the single reaction that formsFREHNAd)O.

500 600

solutions were prepared by purging.3 through the benzene or
acetonitrile solutions for at least 30 min. Variation of purging time
from 30 to 50 min gave similar kinetic results, indicating that the
saturation has been reached in 30 min.

Unless otherwise stated, kinetics experiments were carried out a

Wang et al.

reaction was followed. For the hydrolysis db in CHsCN at 40°C,

the absorbance change at 481 nm was monitored. The molar absorptivity
for 1b at 481 nm (an absorption maximum)eds= 47304+ 20 L mol?
cmL, while e = 3220 L mol* cm™? applies for2b at this wavelength.

A second-order rate constant of (H#00.2) x 104 L mol~* s™* was
obtained. Similarly, the hydrolysis @b was studied in CECN at 40

°C. The initial rate, obtained by following the absorbance change at
443 nm (e 2400 L mol! cm™), was proportional to the
concentrations of water, which were varied from 1.7 to 16 M. A second-
order rate constant of (4 1) x 106 L mol~! s** was obtained. The
initial rates for the reaction oftb and HS in CHCN at 25°C are
proportional to the concentrations &b (0.021-0.13 mM) and HS
(0.15-0.70 M). Using the value of 3040 L mdicm™ for Ae at 575

nm, a second-order rate constant of (£6.3) x 104 L mol~* st

was obtained.

The hydrosulfidolysis o2b in CHsCN was studied in the presence
of 41 mM H,0O. The effect of HS, varying from 18 to 110 mM, was
investigated at 2.4 mM ANH, and 0.054 mM2b. The effect of2b,
varying from 0.027 to 0.11 mM, was studied at 1.4 mMMH, and
36 mM H;S. The formation ofib is first-order with respect t@€b and
H.S. The effect of ANH,, varying from 0 to 1.4 mM, was studied at
0.054 mM 2b and 36 mM HS, Figure S1. The reaction scheme
consisting of eqs 46 was simulated using the Kinsim prograhihe
rate constants obtained from the simulated data are linearly proportional
to the concentration of ANHo.

Preparation of { CHsRe(NR)}2(u#-S), (4). Complex4b (R = Ar)
was prepared by injecting 6 mL of.H gas into a 10 mL hexane solution
of 100 mg of2b (0.176 mmol). After 1 h, most of the hexane was
removed by vacuum. The concentrated solution was then cooled to
—20°C, and dark red sheet crystals (55 mg, 53% yield) were obtained.
IH NMR (CsDe): 1.11 (d,J = 6.8 Hz, 12H), 1.14 (dJ) = 6.8 Hz,

{12H), 2.40 (s, 3H), 3.59 (septet,= 6.8 Hz, 4H), 7.02 (s, 6H)*C

298 K by the use of a Shimadzu UV 3101PC or a Shimadzu MultiSpec NMR (CeDe): 13.77 CHaRe), 23.56 (CHCHs)2), 23.83 (CHCH),),

1500 equipped with a cell holder to control temperature thermoelec-
trically. The reactions ofla with H,O and HS were studied under
second-order conditions. The absorbantime data were fitted to the
following equation

[Alo
Abs, + 4 Absy| 1 — ﬁ — Abs,, p exp(—kAgt)
_ 0,
e B g
B] OeXp( of)

where Ag = [B]o — [A]o. For the hydrolysis ofla in C¢Hs, the

29.24 CH(CHa)p), 123.29, 142.30, 147.31. ES MS: M#i, 585; M*,
1168. Anal. Found: C, 51.69; H, 6.57; N, 4.81; S, 5.66. Calcd for
CsoH7aN4ReS, (fw = 1167.75): C, 51.43; H, 6.39; N, 4.80; S, 5.49.
The absorbance afb at 575 nm in benzeneds ,m = 3040+ 20 L
mol~t cm™) linearly increases as the concentration changes from 2
10°mol L™*to 1 x 103 mol L™}, Figure S2. Compoundawas not
isolated, and its spectroscopic data are given in Table 1.

X-ray Crystallography. The data collection was performed on a
Bruker CCD-1000 diffractometer with Mo & (1 = 0.71073 A)
radiation. The final cell constants were calculated from a set of 4620
strong reflections from the actual data collection. The empirical
absorption correction was applied by using the program DIFABS.
The systematic absences in the diffraction data were consistent for the

absorbance decrease at 375 nm was followed, Figure 1. Five experi-gpace groupE€c andC2/c, but only the latter, centrosymmetric space

ments with the ratios oflfalo/[H2O]o ranging from 2.6 to 0.64 were
performed (Lalo = 0.47-2.0 mM; [HxO]o = 0.74-1.7 mM). The fit

groupC2/c yielded chemically reasonable and computationally stable
results of refinement. A successful solution by the direct methods

of the data in each experiment to the integrated rate equation and theprgyided most non-hydrogen atoms from tEenap. The remaining

constancy of the value é&fobtained over the concentrations used were

used to establish that the reaction does follow second-order rate law.

The rate constant in ¢Elg at 298 K is 3.3+ 0.8 L mol* s™%. The
hydrolysis of CHRe(NAd}O (2a) in CsDe was studied byH NMR.
The methyl resonances were monitored for the consumpti@a ahd
the formation of CHRe(NAd)G, (3a). A second-order rate constant
of (94 1) x 103L mol~! s~ was obtained. For the hydrosulfidolysis
of 1a, the formation of CHsRe(NAd)} »(u-S), (48) was monitored at
525 nm. The ratio of1a]o/[H2S]o in six experiments was varied from
3.7 t0 0.18 (La]o = 0.35-1.8 mM, [H.S]o = 0.49-2.5 mM), and the
second-order rate constant was£2 L mol~* s™*. The formation of
4a from the reaction oRa and HS in GHgs was studied with2a in
excess, and a rate constant of-25.0 L mol~* s~ was obtained. The
reaction ofla (1.8 mM) and 2,6-MgCsH4NH, (Ar'NH,, 27 mM) took
place with a second-order rate constant of &.6.2) x 1073 L mol~*
stin CeHe at 298 K.

The hydrolysis and hydrosulfidolysis &b were studied by the initial
rate method. The absorbaretime profile for the first 5% of the

(14) Espenson, J. HChemical Kinetics and Reaction Mexhanisms
McGraw-Hill: New York, 1995.

non-hydrogen atoms were located in an alternating series of least-
squares cycles and difference Fourier maps. All non-hydrogen atoms
were refined with anisotropic displacement coefficients. All hydrogen

atoms were included in the structure factor calculation at idealized

positions and were allowed to ride on the neighboring atoms with

relative isotropic displacement coefficients. The molecule of the

complex occupies an inversion center.

There were one or more severely disordered solvent molecules also
present in the asymmetric unit. A significant amount of time was
invested in identifying and refining these molecules as hexanes. Bond
length restraints were applied to model these molecules, but the resulting
isotropic displacement coefficients suggested that the molecules were
mobile. In addition, the refinement was computionally unstable. Option

(15) Barshop, B. A.; Wrenn, C. F.; Frieden, Anal. Biochem1983 130,
134.

(16) Walker, N.; Stuart, DActa Crystallogr.1983 A39, 158.

(17) All software and sources of the scattering factors are contained in the
SHELXTL (version 5.1) program library (G. Sheldrick, Bruker
Analytical X-Ray Systems, Madison, WI).

(18) Spek, A. L.Acta Crystallogr.199Q A46, C34.
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SQUEEZE of program PLATOMN was used to correct the diffraction
data for diffuse scattering effects and to identify the solvate molecules.
PLATON calculated the upper limit of volume that can be occupied
by the solvent to be 1003.93R0r 17.4% of the unit cell volume. The
program calculated 236 electrons in the unit cell for the diffuse species.
This approximately corresponds to 1.25 hexane molecules in the
asymmetric unit or five hexane molucules in the unit cell (250
electrons). All derived results in the tables (text and Supporting
Information) are based on known contents. No data are given for the
diffusely scattering solvent molecules. The final least-squares refinement
of 271 parameters against 5906 data resulted in residRigdased on
F2for | = 20) andR, (based orf? for all data) of 0.0347 and 0.1019,
respectively.

Product Analysis. A Bruker DRX-400 spectrometer and a Finnigan
TSQ-700 GC/LC quadruple mass spectrometer with electrospray were
used to identify the imido(methyl)rhenium complexes and the organic
amines. ThéH and**C chemical shifts were measured relative to the
residual®H and3C resonances in the deuterated solvent®s8 (0w
=7.16 ppmdc = 128.39 ppm), CBHCN (6 = 1.94 ppm), and CP
HCsDs (60 = 2.09 ppm).

Figure 2. ORTEP view of the crystal structure §€HsRe(NAr)y} »-
Results (u-S) (Ar = 2,6-diisopropylphenyl) with thermal ellipsoids at the 30%

Reactions with H,O. The compound CkRe(NAd) (1a, Ad probability level.
= l1-admantyl) is moisture sensitive and gradually reacts with Table 2. Crystallographic Data and Selected Bond Lengths (A) and
H.0 to give oxorhenium species and AdplEccording to eq ~ Bond Angles (deg) fof CHaRe(NAr)} o(u-S) (Ar =
1. The formation of2a and 3a occurs without the production ~ 2:8-diisopropylphenyl)

of side products, whereas the formation of MTO was slow and chemical formula gH-MNJReS, fw 1167.65
not cleant® Though the kinetics have not been studied hitherto, Ung cell dimens 30.4831(19) A gﬁ;sgsyfgu CZF?(;)“OC"WC
complexeslb—3b are known to be moisture sensitieThe : 10.9766(7) A tepmp group 183(2) K
rhenium species and RNHvere identified by comparing the c 18.1645(11) A 2 0.71073 A
literature NMR datd%1! As shown in Table 1, the chemical a 90° density (calcd) 1.344 g/cin
shifts of the methyl group bound to rhenium are systematically g 108.268(1)  abs coeff 42.94 cmt
shifted as the number of imido groups changes. y 90° Re 0.0347
vol 5771.56) B R, 0.1019
+H,0 +H,0 z 4
CHyRe(NR) — 1~ CH;Re(NR)O — 1 Re(1)-Re(A)  3.719 Re(1)S-Re(A)  102.71(3)
la R=Ad 2 Re(1)-S 2.3448(9) SRe(1)-S(A)  77.29(3)
1b: R=Ar o Re(1)-S(A) 2.4171(8) N(1}Re(1-N(2) 113.37(13)
2 Re(1)-C(1 2.160(4 C(1yRe(1)-N(1) 101.75(13
CHRe(NR)Q — - CHaReQ; (1) Re§1)):NE:L; 1.739%3; c&’im&ﬁfgﬁ 89.22(1(4))
3 MTO Re(1)-N(2) 1.750(3) C(1}Re(1)-S(1) 144.19(10)

C(1)-Re(1)-S(A) 77.11(10)
Reactions with H,S.1H NMR studies showed that the same N(1)—Re(1)-S(1) 108.49(10) Re(BHN(1)-C(2) 157.6(2)

rhenium product was produced from the reactiondloH,S N(1)—Re(1)-S(A) 104.13(9) Re()N(2)—-C(14) 176.7(3)
and 2b/H,S. Free ArNH (Ar = 2,6-diisopropylphenyl) was aRWP?) = S[W(F2 — FAVSIWF2A]Y2 R = SA/E(Fo), A = |(Fo
observed in the former reaction, while,®l was produced in - FJ)l.

the latter one. The intensities of the resonances indicate that

this rhenium product incorporates two imido groups for each sulfidolysis ofla. Compared with thé3C chemical shift of 0.80
Re—CHs; moiety with chemical shifts similar to those &b. ppm for CH3Re(NAd)O, the chemical shift for{ CHs;Re-
X-ray diffraction studies confirmed the rhenium product having (NAd)2}2(u-S) is 3.9 ppm. A similar downfield shift from 10.5
a formula of{ CHzRe(NAryS} ,, see below. To see if a dimer to 13.8 ppm was observed f@b to 4b.

monomer equilibrium is established in solution, variable tem-

perature NMR studies were carried out in toluele-The +H,S
chemical shift of the methyl protons bound to rhenium and that C|__|3Re£NR)3 —RNH, CHSRe,(NRLS_'
of the isopropyl methine protons on the imido ligands drifted %% RR;%\? 4

to lower field as the temperature was decreased. Specifically,
the chemical shift of ReCHjs shifted from 2.38 to 2.46 ppm {CH;Re(NR)} ,(u-S), (2)
from 298 to 203 K. Nevertheless, only one signal for 3 4
and one for CH(El3), were observed in this temperature range.
The yellow solution ofla in CgDg changed to pink upon
exposure to BS, eq 2. ThetH NMR spectrum indicated that
free AdNH; was produced and the chemical shift for the methyl
protons on rhenium shifted from 1.99 to 2.03 ppm. On the basis
of the intensities and the structural identification 44, the
compound4a was suggested to be the product of the hydro-

Crystal Structure of 4b. The molecular structure aofb is
shown in Figure 2. Selected bond lengths and bond angles are
given in Table 2. The dimeric complex contains two five-
coordinate rhenium atoms linked by unsymmetric¢a$ bridges.

The complex occupies a crystallographic inversion center, and
hence one half of it is symmetry independent. Each rhenium
atom is coordinated to two bridging sulfur atoms, two 2,6-

(19) MTO and perrhenate ion were observed in the hydrolysBboSee diisop_ropylphenylimide ligands, and a methyl group. ThQSE‘e
ref 11. core is planar due to the symmetry considerations. The




4110 Inorganic Chemistry, Vol. 39, No. 18, 2000

Wang et al.

coordination environment about the rhenium is distorted square Table 3. Second-Order Rate Constants (L miat ™) for Reactions

pyramidal. Atoms S(1), S(1a), N(2), and C(1) are planar within

of CHzRe(NR} and CHRe(NRYO with H,O and BS in GHs at

4 pm and form the basal plane. The rhenium atom is displaced 98 K

0.627 A from this plane. The apical position is occupied by the
N(1) atom with the N(1)}-Re vector being at 85%%o the basal
plane. The ReS distances (2.3448(9) and 2.4171(8) A) are
different, but fall in the usual range for this type of R®&
interaction. The ReN double bonds possess peculiar features.
Unexpectedly, the shorter R&(1) bond (1.739(3) A) is
observed for the ReN(1)—C(2) angle of 157.6(2) while the
longer Re-N(2) distance (1.750(3) A) corresponds to the much
more linear angle ReN(2)—C(14) spanning 176.7(3) This
discrepancy may be tentatively attributed to the different nature
of the coordination sites occupied by the two ligands. Atom
N(1) is in the apical position while atom N(2) occupies an
equatorial position. Predictably, the shorter-Rg1) distance
results in the concomitant elongation of the NfD(2) bond
distance to 1.387(4) A as compared to the shorter NCI)L4)
distance measuring 1.364(5) A.

Reactions with RNH,. Complex1b (10 mM) did not react
with AdNH; (60 mM) at room temperature ingDs. Neither
2,6-dimethylaniline (AINH,) nor ammonia reacted with MeRe-
(NAr)3 in 2 days. However, compleka reacts with AINH,
according to eq 3. ThéH NMR spectrum of an aged (18 h)
solution containing 9.0 mM ANH, and 3.0 mM1ain CgDg
showed free AdNKFland two singlets at 2.48 and 2.20 ppm with
intensities of 2:1. Over 75% of the startintp had been
converted into this new species, which we tentatively assigned
asba. The singlet at 2.48 ppm is from the methyl groups of the
2,6-dimethylphenylimido moiety and that at 2.20 ppm from the
methyl group on rhenium. Further reaction to prod6eaevas
also observed, though only 20% was in that form after 3 days.
Free ADNH was also formed from the reactions b& with

benzylamine, 4-methoxyaniline, and ammonia. These reactions

are faster than that ofa with 2,6-dimethylaniline, but the
corresponding rhenium species was not fully characterized.

+Ar'NH, +AI'NH,
CHyRe(NAd), — = CH;Re(NAd)(NAr) —
la ? 5a :
CH.Re(NAd)(NAF), (3)
6a

Kinetics. Both the NMR and the UVtvis studies established
that the hydrolysis ofla in benzene was clean; it was
accompanied by an isosbestic point at 352 nm. Though the
reaction oflb and HO in benzene was clean, it was slow. To
afford the hydrolysis olLb at an experimentally convenient rate
a high concentration of }0 is needed. The moderate solubility
of 1b in acetonitrile and the miscibility of water and acetonitrile
allowed us to study the hydrolysis &b in CH3;CN over a wide
range of [HO]. Changing the solvent from GEN to GHe
affects the rate constant only moderately. For exanipte,(1
+ 0.2) x 10> L mol~t s7! at 298 K in GHe, compared with
k=(14+0.2)x 10*L mol s tat 313 Kin CHCN. Detailed

HZO st
CHsRe(NAd) 3.3+0.8 1742
CH:Re(NAr, (1£0.2)x 10%ad  (1.64 0.3)x 10742
CHRe(NAdLO  (9+ 1) x 103 95+ 10
CH:Re(NALO (44 1) x 1076ab (3.34 0.3) x 1073a¢

aln CH3CN. P At 313 K. ©0.28 L molt st in the presence of 1.4
mM ArNH; (see text).

1.2 107

9107 |
'I_w 2.4 107
- 6107}
o) 1.6 10
=
~_
> 310_7 i 8107 |

0 10° 0 0.04 0.08 0.12
[H,SIM
0100 | - | |
010° 610° 1210* 1.810" 2410"

[CH,Re(NAI),0] /M

Figure 3. Plot showing that the initial rates (molt s™%) of reaction
between [CHRe(NAr)0] and 1.4 mM ArNH and 35 mM HS are a
linear function of the initial concentration of the rhenium compound.
The inset shows the initial rate against§j with 2.4 mM ArNH, and
54 uM CH3;Re(NArO. Reactions were carried out in @EN at 298

of ArNH increased. Similarly, the rate constant increased when
4-methoxypyridine was added.

Discussion

The nature of CERe(NAr),Osz-, (n = 1—3) in solution and
in the solid state has been studied by Herrmann and co-
workers! The compoundb is monomeric in solution as well
as in the solid state. On the other hand, both monomeric and
dimeric forms exist in solution for complex@® and3b, with
the monomeric species dominating at room temperature. Like
its arylimido analoguelawas shown by crystallographic studies
to be a monomer in the solid stdfeThe adamantylimido(oxo)-
rhenium species, with less tendency to dimerize owing to the
bulk of the NAd unit, may behave similarly to their arylimido
analogues in solution.

As its oxo counterpart, the compoudd is a dimer in the
solid state. Unlike the oxo analogue, however, only one set of
the isopropyl methine protons was observed in solutions at 25
to —70°C, indicating that only one species is probably present

kinetic analyses are given in the Experimental Section, and thein the solution. Spectrophotometric analyses show that absorp-

second-order rate constants are summarized in Table 3.
H,S reacts witt2b much more rapidly than it does witth.

The formation of4db was monitored at 575 nm in GE&N.

Unlike in the reaction in gHs, in CH3CN the reaction is

tions of the sulfido complex in s at 575 nm and other
wavelengths obey Beer’s law. Furthermore, only two methyl
rhenium resonances are observed in#HeNMR spectrum of
the mixture of sulfido and oxo complexes, indicating that a

accelerated by Brgnsted bases. At constant concentrations opossible product, [CERe(NAry]2(u-S)-0), is not formed.

ArNH; and HO, the pseudo-first-order rate constant was first-
order with respect to the concentration2tfand HS, Figure
3. When the concentrations 8b and HS were kept constant,

These observations suggest the presence of only a single sulfido
species in solution; we believe that it is the dimer. One of the
reasons that the sulfur-bridged rhenium dim#y, prefers the

the observed rate constant increased linearly as the concentratiodimeric form in both solution and solid, while the oxo-bridged
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Scheme 1 Scheme 2
[ et | WS o e
N e.
CH3Re(NR)s + YH, = RN=F|\6‘YH <= CH3Re(NR),Y + RNH, ANT *~oH predominant  AIN? \\;\As
-1 RN k_2 HaFiC +H23 r
M S0 1
dimer,{ CHsRe(NAr)} »(u-O),, prefers the dimeric form in the NAr HyC - ANH HaC
solid state but the monomeric form in solution at room Aer/Reio -3 //Rf&o
temperature is that the R&® bond is much stronger than the AHN SH ANT Vs

Re=S bond. The strong ReO double bond may be responsible . o .

for the preference of a double bonddh over two single bonds ~ the linear dependence on the initial concentratior2bf as

in { CHsRe(NAr)} »(u-O), in solution at room temperature. Also, ~Shown in Figure 3. , ,

the Re-Re distance i CHsRe(NAr)} 2(u-O), is shorter than It should be noted that the reaction betw&and HS did
that in 4b (312 vs 372 pm). This indicates that the steric "ot lead to the formation of C#iRe(NAr)(O)(S), but produced
interaction between the arylimido ligands on the two rhenium 40" Which, was subsequently dimerized, Scheme 2. The driving

centers is more pronounced in the case of the oxygen derivative.for\ff_here is not that the Re=S bond is stronger than the
Furthermore, it is known thayf-RCsHa),Mo=0 with R= Me Re’/'=0 bond. Indeed, the ReS bond is weaker than the Re

andt-Bu are monomers, whereas the heavier chalcogen deriva-O Pond? Rather, the HO bond energy 01;[;0 (498 kJ mot)
tives are dimers, [5-BuCsHz).Mo]2(u-Y)2 (Y = S, Se, Tef° greatly exceeds that of +15 (382 kJ mot).

The reactions of MTO with hydrogen sulfide and dithiols Although CHRe(NA)(O)(S) was not observed by NMR’ a
often lead to a reduction of the metal certet? Isolation of small amount of ArNH was produced during the reaction of
the stable rhenium(VIl) sulfido speciedb, clearly indicates be ano_| st,fas indicated ?y the fOHOV\f"ng observr?tlo_ns. T_hel
that the imido ligand is a better electron donor than the oxo formation o 4b became faster and faster as the |antlca
ligand, which has also been noted from @ chemical shifts increments o2b were added to a GYEN solution containing
in the ’CHgRe(NAr)nOg_n systemL a large excess of %, even when LD was intentionally added

. - S to keep [HO] constant throughout the reaction. We attribute
Mechanism. The following mechanism is proposed for the . .
reactions betweed and HY (Y = O, S, NAr), Scheme 1. this to an accelerating effect of the released ApNFhe effect

This scheme is analogous to the one proposed for oxygenOf lEJ?f:St?:)? égie@rggizgzgovx"ég& g:eszi)uzigdl—btgliﬂvél—bCN
exchange between GReQ and H 0 or ™0 228As in the is accelerated b- base. The atlbse reaction, eq 4, is likel
case of that exchange reaction, the intermediate in thgReéH y ) » €4 4, y

(NR)s/H.Y reaction was not observed. However, examples of responsible for t.hej acceleration. Compared WIEBHS is a
similar intermediates in the hydrolysis of organic imines and better nucleophile; as a result, reaction 5 should be faster than

amindlys of ketones e el documen’ Ao com. - [*2C17 0 s base sec s il cbsevediCpossiy |
plexes of the type CpM(YH), (M = Ti, Zr; Y = S or O)

have been structurally characteriZ8d¢®° The most convincing fg:séigtlsela)re 2.3 and 35.9 for benzene and acetonitrile,
evidence comes from the isolation gf{cymene)Os[1,2-(NH)- P y).

CgH4] from the reaction of §8-cymene)Os(N-Bu) and 1,2- H.S+B<=HS + BH" )
phenylenediaming. 2
The reverse step of the elimination of aminks) in Scheme CH,Re(NAN,O + HS™ — CH,Re(NANLSH)O  (5)

1 is so slow under the experimental conditions that it can be

ignored; only a very small amount of amine was generated. .
Since the intermediate never attained a detectable level, the CHyRe(NAN,O + H,S = CH;Re(NAn,(SH)(OH) (6)

elimination reactions are likely faster than additidn( k, > Reactivity: 1a vs 1b.Compoundla is at least 100 times
ky). Similar to the mechanism proposed for the aminolysis of more reactive than its arylimido analogue toward aromatic
imines?! this reaction proceeds by rate-controlling nucleophilic - 51gehyded? Following that patternb is significantly less
attack at the rhenium center. This mechanism is supported byreactive thanla toward hydrolysis, hydrosulfidolysis, and
the reactivity order discussed below. Scheme 1 does not includeaminolysis 1ais over 4 orders of magnitude more reactive than
a step leading tdb for the HS reaction, but the dimerization 1 toward HO and BS. The phenolysis of Mo(NAr)(N-Bu)-
reaction is believed to be fast. This conclusion is supported by g, occurs selectively at the alkylimido moiet§/This precedent
suggests the same reactivity order between alkylimido and
(20) Kuchta, M. C.; Hascall, T.; Parkin, @hem. Commuri99§ 751. arylimdo groups observed here. It is possible that this different

21) Jacob, J.; Espenson, J. Ehem. Commuri999 1003. . . .
2223 Takacs. J.: Cgok M. R.; Kiprof, P.: Kuchler ? G.: Herrmann. W. A, 'eactivity pattern results from the difference of the polarity of

Organometallics1991, 10, 316. the Re=NAr and Re=NAd bonds and the basicity of the
(23) Vassell, K. A.; Espenson, J. thorg. Chem.1994 33, 5491. nitrogen atoms.
ggg EZE%”;ZE: % T;hﬁ?;'m%?’mg“,\rﬂfgﬁoﬂn% g??/'v.; Mosher, W.JA Also, 2 is less reactive toward hydrolysis thanlisThe Re=
Org. Chem.1961, 26, 423. NR moieties of the mixed oxeimido compounds are the active
(26) Wendhausen, R., Jr.; Zampiron, E.; Vianna, J. F.; Zucco, C.; Rezende,centers because hydrolysis at the=R bond is simply an
@ 'ﬁér%r;]i"\'E’.’;“,\ﬁérFi;riu'zgi)”sE'.;O{gags*‘ciﬁ??cieﬁ- Res., Syndoe4 exchange reaction. The different reactivity far exceeds the
126. statistical factor (2 vs 3); and it may be due to a more favorable
(28) Howard, W. A.; Parkin, GOrganometallics1993 12, 2363. free energy change for the first step than the second step of eq

(29) Bottomley, F.; Drummond, D. F.; Egharevba, G. O.; White, P. S. 1 Step 1 may be favored by both enthalpy and entropy terms
Organometallics1986 5, 1620.

(30) Bortolin, R.; Patel, V.; Munday, I.; Taylor, N. J.; Carty, AJJ.Chem. since the first ReO bond formed in this step is presumably
Soc., Chem. Commut985 456.
(31) Koehler, K.; Sandstrom, W.; Cordes, E. HAm. Chem. S0d.964 (32) Bell, A.; Clegg, W.; Dyer, P. W.; Elsegood, M. R. J.; Gibson, V. C;

86, 2413. Marshall, E. L.J. Chem. Soc., Chem. Commuad®894 2547.
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stronger than the secondR6 bond formed in step 2, and the compare. A substantial steric effect for the amine/imido
release of steric strain dfin step 1 is greater than that &fin exchange reaction is also known in the literature. Bergman and
step 2. co-workers have shown thaj¥§cymene)Os(N-Bu) can easily
Re=0 vs Re=NR. It is difficult to compare the reactivity = be converted torf-cymene)Os(NA) (Ar' = 2,6-dimethylphen-
of Re=O and Re=NR groups toward hydrolysis since the yl) by amine exchange. However, the reaction does not occur
hydrolysis at the ReO group, an exchange reaction, cannot with the sterically hindered aniline, ArNHAr = 2,6-diiso-
be monitored by the use of UWis spectrophotometers. propylphenyl) It is also worth noting that the reverse reaction,
However, the reactivity between R® and Re=NR moieties from arylimide ¢;5-cymene)Os(NA) to alkylimide @°-cy-
may be compared in the hydrosulfidolysis reactions, Scheme mene)Os(N-Bu), was not observedl.
2. The reaction o2 and HS preferentially occurs at the R©®
bond as indicated by the formation 4fKinetic data in Table  Conclusions
3 also show that the hydrosulfidolysis ®fs favored over that
of 1 (95 vs 17 L mot? s71in the case of R= Ad, and 3.3x
103vs 1.6 x 104 L mol~t st in the case of R= Ar). The
strong H-O bond of HO (498 kJ mot?), compared with 368
kJ mol?t for the H-N bond3 is likely to provide the
thermodynamic driving force. It is possible that the attack occurs
at the Re=N bond first followed by a proton shift and amine
elimination to the most stable product, Scheme 2.
H,Y. The kinetic data indicate that the reactivity ob¥H
towardl decreases in the order¥ S > O > NAr'. Since HS
is a better nucleophile thanB 34it is not surprising to see the
observed reactivity order. On the basis of the reaction conditions  Acknowledgment. This research was supported by a grant
one may deduce thatH is also more reactive than®toward  from the National Science Foundation. Some experiments were
(Megtaa)T=N-t-Bu® The reactivity of amines cannot be conducted with the use of the facilities of the Ames Laboratory.
rationalized solely on the basis of their nucleophilicity because e thank Dr. Kamel Harrata of the lowa State University Mass
steric effects also play an important role in the aminolysis Spectroscopy Laboratory for the electrospray mass data.
reactions. It is unfortunate that the reaction betwksand NH;
is not clean and the kinetic information is not available to  Supporting Information Available: Complete tables of crystal-
lographic data and refinement details and figures for the spectrum of
(33) CRC Handbook of Chemistry and Physi¢8th ed.; Lide, D. R., Ed.; 4b and the base effect on the hydrosulfidolysi2bf This material is

CRC Press: Boca Raton, 1998. available free of charge via the Internet at http://pubs.acs.org.
(34) Barrett, G. C. IlComprehensie Organic ChemistryStoddart, J. F.,
Ed.; Pergamon Press: Oxford, 1979; Vol. 3, p 1. 1C0000956

Alkylimido ligands are much more reactive than the arylimido
analogues toward nucleophiles, such a$H+0, and RNH.
Among the three nucleophiles,,8 is the most reactive and
the aromatic amine the least. The aminolysis reaction favors
the transformation from alkylimido to arylimido complexes but
showing substantial steric effect. Unlike the remarkable differ-
ence in reactivity between R&NAd and Re=NAr, the differ-
ences between 43 and HO toward the ReeNR moiety and
between Re=O and Re=NR toward BS are noticeable but not
extraordinary.




