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The title systems are ROCI(RA), 1, Re"(OPPR)CI3(RA), 2, and R&(OPPR)CI3(RB), 3, where RA is a
2-pyridinecarboxaldimine, p-RCsHs,N=CHGCsH4N, and RB is the corresponding 2-picolinamidep-
RCH4NC(=O0)CsH4N~ (R = H, Me, OMe, CI). Controlled reaction of ReOfPPhy), with RA affords1, which

is converted t&® upon reaction with PRh The oxidation of2 in aqueous media by @& or H,O, furnishes3.

The X-ray structure ofl (R = Me) has revealed meridional ReQjeometry, the oxo atom lyingans to the
pyridine nitrogen of chelated MeA. The metal atom is displaced by 0.35 A toward the oxo atom from the
ReCEN(aldimine) plane. The couples/2 (Ey, ~ 0.3 V vs SCE),3%/3 (Ey, ~ 1.3 V), and3/3™ (Ey, ~ —0.5

V) are observable electrochemically. The conversior 2 follows a second-order rate law with a large and
negative entropy of activatiom{—40 eu). The reaction is proposed to proceed via nucleophilic attack by the
phosphine on ReO; the observed effects of R and phosphine variation on the rate are consistent with this. In
the conversion o to 3, the active species ", the stoichiometry of the reaction bein@3+ H,O — 22 +

3+ 3H*". The amide oxygen iB originates from the water molecule. The reaction follows a second-order law,
and the entropy of activation is large and negative;30 eu. The rate-determining addition of water to the
aldimine function is believed to afford anhydroxy amine intermediate which undergoes induced electron transfer
and associated changes, affordiBg Crystal data for ReOg[MeA) are as follows: empirical formula
C1aH1:,ClsN2ORe; crystal system triclinic; space groBf; a = 7.136(4) A,b = 8.329(5) A,c = 14.104(9) Ao

= 73.88(5), B = 76.35(5), y = 85.64(5); V = 782.5(8) B; z = 2.

Introduction oxygen atom transfer in two successive stages at two different

Selective redox transformation of substrates via transfer of Sités and in opposite senses. In the first stage, an oxygen atom
oxygen atoms promoted by transition metal variable valence is is transferrecbutwardfrom the R¥O function to an oxophilic
an abiding theme of chemical research. This work forms part Substrate like PRhthe phosphine oxide thus formed remaining
of a program on the synthesis and characterization of new strongly held by the reduced metal site, eq 1. In the second
families of variable-valence rhenium compounds that are

potential sites of facile oxygen atom transfer reactions. The PPh3
prevalence of the R® motifl in rhenium chemistry and its Rev(—O)-N QH —Re' (—OPPh3)—N (";H 1)
documented ability to participate in oxygen atom trarisfer
provided the initial basis for making progress. Herein we report v HO
a family of R&O complexes incorporating chelated 2-pyri- Re™"(~OPPhy- N =¢H _’Re (‘OPPhs)‘N‘?'O @
dinecarboxaldimines. These are remarkable in undergoing
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Table 1. Electronic Spectraland IR Data at 298 K

compd UV-vis data: Amax NM €, M~ cm™) IR data: v, cmt
1(H) 735 (163), 495 (2928) 315, 335; 1010; 1600
1(Me) 730 (222), 490 (2450) 335, 350; 1000; 1610
1(Cl) 720 (105), 490 (2436) 325; 1010; 1600
1(OMe) 730 (226), 490 (3763) 340, 350; 1000; 1610
2(H) 1950 (392), 1500 (225), 680 (1702), 525 (3495), 42R11), 425 (1847) 320; 1120; 1595
2(Me) 1950 (390), 1500 (237), 675 (2200), 525 (4138),°48025), 425 (2523) 310; 1120; 1600
2(Cl) 1950 (443), 1500 (274), 680 (1916), 525 (3946), 4B521), 425(2329) 325; 1120; 1600
2(OMe) 1900 (430), 1500 (248), 680 (2418), 525 (4469),°43Q57), 420 (3078) 320; 1120; 1600
3(H) 720 (87), 530(534), 400 (2169) 320; 1120; 1600,1640
3(Me) 725 (85), 525(540), 400 (2264) 320; 1120:1600, 1640
3(Cl) 700 (43), 525(730), 400 (1597) 320; 1120;1600, 1640
3(OMe) 725 (94), 525(512), 400 (2732) 320; 1120;1600, 1635
2(H)* ¢ 750 (125), 475 (1680)
2(Me)* ¢ 740 (117), 470 (1550)

2 The solvent is dichloromethane except in the casg(RJ*. © In KBr disk; vre-ci 300—350 cnm?, vre—o 1000-1010 cnT?, vpo 1120 cni?, ve—y
1600-1610 cnT?, vc—o 1600-1640 cnT™. © Shoulder.® Electrogenerated in acetonitrile.

Scheme 1
i ReOCl;(RA)
ReOCl3(PPhs), ii
ii
ReCl,(OPPhy) RA)
) Figure 1. ORTEP plot and atom-labeling scheme foerReOCk-
v (MeA), 1(Me). All non-hydrogen atoms are represented by 30%
probability ellipsoids.
ReCl,(OPPh,) RB)
Conditions: Table 2. Selected Bond Distances (A) and Angles (deg) and Their
(i‘))nRﬁ!oQﬁMe' warm, 40°C.N, Estimated Standard Deviations forerReOCk(MeA), 1(Me)
2min Distances
(il )RA, PhMe, warm, stir, N,, 56°C, Re—N(1) 2.295(8) Re-N(2) 2.072(10)
10 min Re—CI(1) 2.318(5) Re-CI(2) 2.375(3)
o Re—CI(3) 2.335(3) Re-O(1) 1.668(9)
(iii)PPhs, CHLCI,, stir,1h ;
(V) MeCN, [NH, 4l Ce(S0,)J.2H,0 - H,0, N(1):C(1) 1.354(15) N(2-C(6) 1.266(12)
. A C(1)-C(6) 1.435(18)
stir, 2h, or MeCN, 30% H,0,, stir, 1h.
Angles
Results and Discussion N(1)-Re-N(2) 72.4(4) N(1)-Re—CI(1) 89.2(3)
_ o N(2)—Re—CI(1) 161.3(3)  N(1}Re-Cl(2) 79.9(2)
Synthesis and Characterization. The compound types and N(2)—Re—CI(2) 91.4(2) Cl(1)-Re—CI(2) 88.7(1)
their gross geometries as revealed by X-ray waikld infra) N(1)—Re—CI(3) 83.6(2) N(2)-Re—CI(3) 87.2(3)

are depicted in—3. The 2-pyridinecarboxaldimine ligand (in ~ Cl(1)—Re-CI(3) 87.2(1)  Cl(2yRe-CI(3)  163.0(1)
N(1)~Re-O(1) 164.2(5)  CI(1}Re-O(1)  106.1(4)

Cl(2)-Re—-0(1) 96.6(3) CI(3yRe—0(2) 100.4(3)
Cl
(/E \\m <DN\RV/C' teristically different for each compound type and are of
N diagnostic value as in rate studiesde infra). In IR, the Re-
/‘ \ /‘ OPPh, o N/‘ OPPhy Cl Stretches occur in the region 63%[(850 c?rl while vgreoand
pRC He pRCsH4 PRCH, vop appear near 1000 and 1100 T respectively. The
REOCHRA) Re(OPPh,)CL(RA) Re(OPPIJCL(RE) aldimine G=N stretch is observed at1600 cnt?, and the amide
1 2 3 function displays a pair of strong features near 1600 and 1640
cml. Representative magnetic moments and probable gross
1 and 2) will be abbreviated as RA (R= H, Me, OMe, ClI), electronic configurations are as follows:l(Me), dia-
and the monoanionic picolinamide ligand @), as RB. A magnetic (d?); 2(Me),2.84ug (dy?0dxidy?); 3(Me), 3.65up
specific compound within the families—3 will be identified (Ot D).

by placing R in parenthese${H), 2(OMe), 3(Cl), etc.
The synthetic methods used are outlined in Scheme 1.

Controlled reaction of ReOgPPh), with RA in warm toluene been de_termmed._ A_ view along with the atom-numbering
affords 1 as a brown solid (orange in solution). 1fis left in scheme is shown in Figure 1, and selected bond parameters are

the reaction solution, it is spontaneously converted, thich listed in Table 2. In the distorted octahedral coordination sphere,
is isolated as a dark colored solid (pink in solution). Oxidation the ReCifragment has meridional geometry. The CI(1), CI(2),
of 2 in agqueous media furnishé&sas a brown solid (brown-  Cl(3), and N(2) atoms make a virtually perfect plane (mean
yellow in solution). deviation 0.003 A) from which the metal atom is displaced by
The complexes prepared in this work and their selected 0.35 A toward the oxo atom. The chelate ring is excellently
spectral features are listed in Table 1. The bands due toplanar, and the pyridine moiety is coplanar with it. The tolyl
electronic transitions in the visible/near-IR region are charac- fragment makes a dihedral angle of 98véth this plane. The

Structure. The X-ray structure of ReOgMeA), 1(Me), has
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Table 3. Cyclic Voltammetric Formal Potentials in Acetonitrile
(0.1 M EuNCIO,) at a Platinum Electrode at 298K

E1/2, Vv (AEp, mV)

. (a)
(i)

compd  Eip, V (AE, mV) compd

1(H) 1.76 2(Cl) 0.35 (80)

1(Me) 1.72 2(OMe) 0.28 (80) o

1(Cl) 1.78 3(H) —0.44 (80) 1.30 (80) % | (i

1(OMe) 1.68 3(Me)  —0.46 (80) 1.26 (80) SO

2(H) 0.32 (80) 3(Cl) —0.41 (80) 1.33(80) L

2(Me) 0.30(80) 3(OMe) —0.48(80) 1.20 (80) = TsuA

aThe concerned couples até/1 (Re''/ReY), 21/2 (R€VIRe"), 3/3~ \.\._—,g_.:(.'ﬂ./\,
(ReV/Re"), and3*/3 (Re’/Re). ® Scan rate 50 mV'38. ¢ Eyp = Yo(Epa e =\
+ Epo) whereEp, andEy are the anodic and cathodic peak potentials, A
respectivelyd AE, = E,c — Epa ¢ Reference electrode, SCHE.. v b
(

Re=0 length, 1.668(9) A, is norm&l. The Re-N(1) bond,
subject to tharansinfluence of the oxo atom, is much longer
than the Re-N(2) length: 2.295(8) and 2.072(10) A, respec-
tively. For comparison, we note that in ReO(OEH®Y). (OEt A =
lies transto O) the average ReN length is 2.138(7) R. E(V)vs SCE

The structure of Re(OPR)CI3(MeA), 2(Me), is known?2 It
has the same gross meridional geometryl@de). In what

follows, the same atom-nu_mberlng schem_e 1S ‘_Jse‘ﬂme) in acetonitrile (0.1 M EINCIO,) at a platinum electrode with a scan
and2(Me). The most conspicuous changes in going figMe) rate of 50 mV sl (b) Cyclic (—) and differential pulse (- --)
to 2(Me) are (i) a 0.29 A descent of the metal atom toward the voltammograms of the product of the completed reaction of Re(§PPh
plane of CI(1), CI(2), CI(3), and N(2) (i2(Me) the atoms lie Cl(MeA)™ with water in acetonitrile solution. The two responses
only 0.06 A above the plane) (i) a 0.41 A increase of the-Re  (current heights 2:1) correspond to the cougigde)*/2 (Me) (higher
length (2.080(4) A ir2(Me)), and (jii) a 0.27 A decrease in the Potential) and3(Me)/3(Me)~ (lower potential).

Re—N(1) length (2.030(5) A in2(Me)). These effects are

consistent with the change in R® bond order (ideally two in electroactive in acetonitrile solution at a platinum electrode.

1(Me) and one in2(Me)) and the associated changetians Cyclic voltammetric reduction potential data are collected in
influence. A computer-generated superposition diagram of the a6 3 and representative voltammograms are shown in Figure
coordination spheres i{Me) and2(Me) is depicted ird. The 2a. The oxo complexes of tyfedisplay a well-defined anodic
peak near 1.7 \WersusSCE, the peak height corresponding to
the transfer of one electron. No corresponding cathodic peak
is observable. The anodic peak is tentatively assigned to the
oxidation of R¥O to Re'O, the hexavalent complex being
unstable on the cyclic voltammetric time scale (hence, no
cathodic response on scan reversal).

In complexes of typ@, the rhenium(IVy-rhenium(lll) couple,
eq 3, occurs as a quasireversible one-electron response near 0.3

Figure 2. (a) Cyclic voltammograms of a10~2 M solution of (i)
ReOCk(MeA), (i) Re(OPPR)Cl3(MeA), and (i) Re(OPP$)Cls(MeB)

Electrochemical Metal Redox. All the three families are

cn
~03V

2t + e 2 16)

V. The potential changes with R, becoming more positive as
the electron-withdrawing power increases: OMéle < H <
Cl (Table 3). The plot o&;/, versusHammetto is linear with
a correlation coefficient of 0.9%(= 0.14).
The yellow rhenium(lV) complex cation Re(OP§@Is(RA) ™,
4 2* (eq 3), has been quantitatively generated in dry acetonitrile
solutions in the cases of R H and Me, by constant-potential
Re—N(2) length in1(Me) is 0.04 A longer than that ig(Me) coulometry of2 at 0.5 V. The cyclic voltammogram (initial
even though the metal oxidation state is higher in the former scan cathodic), d@* is superposable on that of the correspond-
complex. On the other hand, the aldimine N¢2)(6) length ing type 2 complex (initial scan anodic), implying that the
in 1(Me) is shorter (by 0.06 A) than that &{Me). Rhenium(Il) transformation of eq 3 is stereoretentive. The electronic spectral
is a potentr-basel® and the observed bond length trends are data for electrogenerat@gH)* and2(Me)* are listed in Table
consistent with the presence off@®e€'") — pr*(azomethine) 1. The2* complexes are cruciatide infra) for the aldimine
back-bonding ir2(Me). Such back-bonding is not expected to  — amide conversion of eq 2. It has not been possible to isolate
be significant in the pentavalent3dcomplex 1(Me). The 2% in the pure state as a salt.
structure of the amide compl&Me) is also known. The gross The amide complexes of typ@ exhibit successive quasi-
geometrical features are similar to those2(¥le), the superior reversible rhenium(I\3-rhenium(lll)  and  rhenium(V
back-bonding ability of rhenium(lll) being again reflected in  rhenium(IV) couples near0.5 V and 1.3 V respectively, eq
bond parameter&. 4. For a given R, the rhenium(I¥rhenium(lll) reduction

(8) Mayer, J. M.Inorg. Chem.1988 27, 3899. 3 + ~-05V 3 (4a)
(9) Lock, C. J. L.; Turner, GCan. J. Chem1977, 55, 333. e
(10) Ghosh, P.; Pramanik, A.; Bag, N.; Chakravorty,JA.Chem. Soc., ~1.3V

Dalton Trans.1992 1883.

3t + e —=3

(4b)
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potential decreases by a remarkabl@.8 V in going from2 Table 4. Rate Constants and Activation Parametéos the
(eq 3) to3 (eq 4a), reflecting the strong stabilization of the Reaction(R) — 2(R) in Dichloromethan&
tetravalent state by the amide function. Because of the large R T K [PPh], M 10%,ps S1 10%, M1st

depression of the rhenigm(l\%)’henium(lll) potential, the Me 287 0.014 057 4.11 (0.09)
Re''(OPPR)CI3(RB)~ species3™, electrogenerated in solution 0.017 0.70
is spontaneously oxidized in air, affordi®y In contrast?2 is 0.022 0.90
stable in air. 291 0.014 0.78 5.62 (0.02)
Stoichiometry of Reactions. The oxo transfer reactiofi 0.017 0.95
— 2 has a simple 1:1 stoichiometry between the reactdnts 0.022 1.23
ple L. hetry _ : 295 0.014 0.98 6.98 (0.06)
and PPh eq 5. In the conversion & — 3 by oxidants in 0.017 1.20
0.022 1.54
k5 299 0.014 1.10 7.96 (0.03)
1+ PPhy——>2 (5) 0.017 1.36
0.022 1.74
ke H 299 0.014 1.70 12.26 (0.05)
32" + HO——> 22+ 3+ 3H" ®) 0.017 2.08
0.022 2.69
. ) . Cl 299 0.014 3.35 24.02 (0.04)
aqueous media (Scheme 1), the active compleX-iformed 0.017 4.08
from 2 via one-electron oxidation. Electrogenerated solutions 0.022 5.30

of 2 are well-preserved in dry acetonitrile. However upon aFor R= Me: AH, 8.91 (0.25) kcal mol; AS, —38.69 (0.85)

addition of water to the solution, spontaneous transformation g, b nitial concentration oft (R) (2.4-2.7) x 104M. ¢ Least-squares

to the amide complex occurs according to the reaction of eq 6. deviations are given in parentheses.

The 2:1 ratio of2 and3 in the product at the completion of the

reaction is neatly revealed in the voltammogram of Figure 2b. in the rate-determining steps of the conversitns 2 and2+

The measurement was made by dissolving in acetonitrile the — 3, respectively.

residue left after removal of solvent and water at the end of the  rasction Models. a. The Reaction & 2. In a simplified

react.ion. Sp.ectrophot_om.etry of the product solution is also description the metaloxo bond ¢ axis) is taken to be

consistent with the stoichiometry of eq 6. ___constituted of 5@, 5d,{Re) and 2p 2p,(O) orbitals. The
In the presence of an external oxidant, as in the synthesis of .o 5 tion can be initiated by nucleophilic RRittack on ther*

3 in Scheme 1, the aldimine- amide conversion becomes o orhital, eventually causing a heterolytic cleavage of the

quantitative, eq 7, because it is no longer necessarg fdo 7-bond. The result is a two-electron metal reduction with
act as an oxidant (eq 6). concomitant engagement of the “freed” oxygen orbital (after
suitable rehybridization) in forming a-bond with PPh as
2+Ce" —2" +cet (7a) depicted in5. In crystalline2(Me) the phosphorus atom lies

2"+ H,0+2Ce" —3+2Ce" +3H"  (7b) P

Re=f —— iRe(C
Rate and Activation Parameters. The rates of the reactions
of eq 5 and eq 6 have been studied spectrophotometrically in
dichloromethane and acetonitrile solutions respectively, using
the absorbance at 680 nm (growth f The spectral time
evolution for thel(Me) — 2(Me) conversion at 299 K has been
deposited in the Supporting Information as Figure Sla. For
this reaction, variable-temperature rate studies have been
performed over the range 28299 K. In addition, thel(H) —
2(H) and1(Cl) — 2(Cl) reactions have been examined at 299
K. The reactior2(H)™ — 3(H) has been monitored at variable
temperatures (286299 K) and the reactiog(Me)* — 3(Me)

1.45 A from the plane of the octahedral O(1)CI(1)CI(2) face
such that its nonbonded distances from CI(1) and CI(2) are 3.78
and 3.90 A, respectivelft It is conceivable that the direction

of the initial approach of PRhs approximately the same as
indicated by its above-noted final location 2iMe).

at 299 K.

Under pseudo-first-order conditions (excess fiRleq 5 and The presence of electron-withdrawing group4 is expected
excess HO in eq 6), the rates of reactions 5 and 6 are !0 hasten the reaction by facilitating the nucleophilic attack by
respectively proportional to the concentrationd ahd2*. The PPh. This does in fact happen, as can be seen in the variation

observed rate constarks,nsandksepsare in turn proportional  of ks with R in the order C> H > Me (Table 4). Indeed, the
to the concentrations of PRAnd HO, respectively. The rates  plot of log ks(299 K) versusthe Hammett constant of R is
are thus second-order in both cases, eqs 8 and 9. Rate constangxcellently linear with a correlation coefficient of 0.99. Increase
of phosphine basicity can also be expected to increase the rate
1—2: rate= kgypJ1] = kg[1][PPhy] (8) of the reaction. We have chosen PMegRIs the more basic
phosphine and studied the reacfibof eq 9 at 295 K at

2" =3 rate=kep2'1 = kf2'IH0l  (9)
(11) In3(Me) the phosphorus atom is similarly located, the corresponding
L . distances being 1.32, 3.98, and 3.98 A, respectively. The parameters
and activation parameters are collected in Tables 4 and 5 and  were computed with the help of available atomic coordinZes.
Eyring plots are shown in the Supporting Information, Figure (12) The complex Re(OPMeRIEIs(MeA) has been isolated and character-

; ; ; ized. Anal. Calcd for gH2sN2CIsOPRe: C, 44.28; H, 3.55; N, 3.97.
S1b. Both the reactions are characterized by a large negative Found: C. 44.31: H, 358 N, 3.95. Uis (CH.Cl): 7 — 1900 nm

entropy of activation in the range30 to —40 eu, suggesting (e = 375), 1500 (300), 675 (1806), 525 (3587), 450 sh (2498)sh
strong association betweérand PPhand betwee2" and HO shoulder), 415 sh (23401, = 0.32 V(AE, = 80 mV) in CHCN.
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Table 5. Rate Constants and Activation Parametéos the compared to rhenium(lIN2). In practice2 does not react with
Reaction2*(R) — 3(R) in Acetonitrilé® water at all, buR™ does. The rate is higher in the case(Hl)*
R T K [H20], M 10%Kops St 10%, M~1st compared to2(Me)* (Table 5), consistent with the electron-
H 280 111 0.32 0.25 (0.02) withdrawing order H> Me. Water addition presumably leads
1.67 0.48 to the a-hydroxy amine intermediaté. Stable aquo adducts
2.22 0.64 of Schiff bases have been isolated in certain cas¥s.
2.78 0.73
H 288 1.11 0.53 0.54 (0.04)
1.67 0.91
2.22 1.12
2.78 1.47
H 293 1.11 0.92 0.84 (0.02)
1.67 1.38
2.22 1.81
2.78 2.33
H 296 1.11 1.04 1.02 (0.02)
1.67 1.58
2.22 2.19 6 7
2.78 2.72
H 299 116171 11579 1.19(0.01) The intermediat® has to undergo oxidation rapidly enough
292 261 to bypass the possible hydrolysis rotteThis can happen via
2.78 3.29 induced transfer of two electrofeventually leading t8. The
Me 299 116171 l0.2865 0.69 (0.02) plausible steps (eq 12) afe— 7 (oxidative radical formation
2z 2+ HO—6 aza
aFor R= H: AH* 13.4 (1.6) kcal mol; AS, —27.3 (0.6) eu. n "
b Initial concentration o2*(R) 6.6 x 1074 M. ° Least-squares deviations 27 +6—7+2H +2 (12b)
are given in parentheses.
- +
phosphine concentrations of 0.0074, 0.0099, and 0.0129 M, 7—3 +H (12c)
affording 1Gkjoons Values of 0.33, 0.45, and 0.61s The ot 3 342 (12d)

ki
1(Me) + PMePh — Re(OPMePjCl,(MeA) (10) and proton dissociation)y — 3~ (internal redox and proton
) . o an—1 1 . dissociation), an@~ — 3 (metal oxidation). The oxidant in
corresponding rate constaap is 4.70x 107 M™ s, which these steps i&8". The net result of the sequence of eq 12 is eq
is nearly 7 times larger than the rate constignof the PPh 6. In a related systeth we have good evidence for an
reaction (Table 4). intermediate of typd.

In proposing the above model, we have drawn analogy from |, this proposal, a crucial requirement is the accessibility of
the biologically relevant oxo-transfer reactions of Wi, two oxidation states (here Reand Ré") related by facile one-
species, eq 11 (I= ligand(s); X = alkyl/aryl)#**¢ In the electron transfer which is expressed in the rapid internal redox

i D " process. The higher state is such as to be able to affect sufficient
LMo™0, + PX;— LMo " (=0O)D + OPX,  (11) electron withdrawal from the aldimine function, ensuring
nucleophilic water attack. Aldimine>~ amide oxidation has

reaction of eq 11, the phosphine oxide is only weakly bonded gayjier heen documented in ruthenfrand iror#® chemistry.
to the MdY O product, and it undergoes facile displacement by

other donors (D) such as water. On the other hand, in the Concluding Remarks

reactionl — 2, the phosphine oxide remains strongly bound to
the metal, cogently demonstrating that phosphine oxide is indeed
formed in the coordinated state. Interestingly, botf ®end
Mo O have annd? configuration but the latter is not a good
oxo donor toward PX (unfavorable M#& —Mo" reduction
potential). Indeed, M¥O is an oxo acceptor which makes the
Mov'0,—Mo'VO pair a potent oxo transfer catalyst.

b. The Reaction 2 — 3. In this reaction (eq 6), the amide
oxygen atom originates from water. The reaction proceeds
unhindered in the absence of dioxygen. The rate-determining (17) (a) Harris, C. M.; McKenzie, E. INature 1962 196, 670. (b) Busch,
step (rds) is the addition of water to the aldimine function. This D. H.; Bailer, J. C., JrJ. Am. Chem. So&956 78, 1137. (c) Katovic,
can be initiated via the nucleophilic attack by theCHoxygen V.; Vergez, S. C.; Busch, D. Hnorg. Chem.1977, 16, 1716.
on thes* aldimine orbital. Such an attack is expected to be (8 gﬁg%"yé&?ﬁeg%“ T. 1. A; Jacobs, R.; du Preez, J. Glrikg.
more facile in2* than in2 because of the lower electron density (19) Keysér, R. H.;’Pollalck, R. MI. Am. Chem. Sod.977, 99, 3379.
in the aldimine region ir2™. This lowering occurs because of (20) Taube, HElectron Transfer Reactions of Complex lons in Solytion

The synthesis and structural characterization of a new family
of ReO complexes of typd have been achieved. These are
remarkable in undergoing successive oxygen atom transfer of
two types: outward from 1 to a PPB molecule, affording?,
andinward into 2™ from a water molecule, furnishing Both
reactions are associated with a large and negative entropy of
activation. The associative pathways are believed to originate
from the nucleophilic attack of PRlon Re=0O and of water on

the higher electron-withdrawing power (higher oxidation state) 1) AD‘i?f?]%'L“Ci PéessKi _N&Vént)%rkvl\ﬁ@rgrgghik A Chakiavorty. A

and lower back-bonding abilityide supra of rhenium(1V) @) Ungublisgh'ed awork. » Mo A ¥
(22) Menon, M.; Pramanik, A.; Chakravorty, Anorg. Chem.1995 34,

(13) Enemark, J. H.; Young, C. @dv. Inorg. Chem.1993 43, 1. 3310.

(14) Schultz, B. E.; Holm, R. Hinorg. Chem.1993 32, 4244. (23) (a) Chum, H. L.; Krumholtz, Rnorg. Chem1974 13, 519. (b) Chum,

(15) Topich, J.; Lyon, J. T., llllnorg. Chem.1984 23, 3202. H. L.; Helene, M. E. M.Inorg. Chem.198Q 19, 876 and references

(16) Pietsch, M. A.; Hall, M. Blnorg. Chem.1996 35, 1273. therein.
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C=N. Consistent with this, the rates are responsive to variation 95% yields. Details are given for a representative case. Usually the
of the substituent irl and2+. ReOCh(PPh), route was utilized.

The three systems—3 represent stabilization of three levels mber'TIr(;‘?h',Oro)(tr:iphe”y('p*;OSphi”e ?Xide)rg\l-{:)-(tolyl-f-p)(/ridi;1e-
of rhenium oxidation states. In the presence of oxo coordination, carboxaldimine)rhenium(ill), merRe(OPPR)Cly(MeA), 2(Me). a.
the RA ligand is compatible with rhenium(V) as in Once From ReOCl(PPhs)2. A 100 mg (0.12 mmol) sample of ReOLl

. . ! . (PPh), was suspended in 30 mL of dry freshly distilled toluene, and
the oxo group is qonverted to phosphine oxide, RA st_ablllzes a stream of nitrogen gas passed through the suspension for 15 min.
the +3 state as in2. On the other hand, RB stabilizes

! > - The mass was warmed to about 8D, and to it was added MeA (35
rhenium(lV) as in3. Between2 and 3, the rhenium(IVy-

! 4 . mg, 0.18 mmol) dissolved in 5 mL of toluene. The mixture was then
rhenium(lll) reduction potential decreases by nearly 1 V. stirred at 50°C for 10 min. The resulting solution was filtered off,

Stabilization of higher oxidation states is a characteristic feature and the pink filtrate was evaporated to dryness under reduced pressure.
of amide chelatiod* but there are few known examples in The solid mass thus obtained was dissolved in 5 mL of dichloromethane

rhenium chemistry outsid8. Our search for newer rhenium  and the solution subjected to chromatography on a silica gel column

species capable of undergoing oxygen atom transfer reactions(20 x 1 cm; 66-120 mesh, BDH). Upon elution with benzene, a small
is continuing. yellow band separated out, which was rejected. The pink band that

followed was eluted with a benzenacetonitrile (20:1) mixture. The
required complex was obtained from the eluate as shining dark
microcrystals, by slow evaporation. Yield: 78 mg, 85%. Anal. Calcd
Materials. ReOCK(PPh),? and 2-pyridinecarboxaldimin&were for Re(OPPBCl(MeA), ReGiH2N:Cl:OP: C, 48.53; H, 3.52; N, 3.65.
prepared by reported methods. The purification and drying of dichloro- Found: C, 48.48; H, 3.56; N, 3.70.
methane and acetonitrile for synthesis as well as electrochemical and b. From ReOCI3(RA). To a solution of ReOG(MeA) (50 mg,
spectral work were done as beféfeToluene was distilled over sodium,  0.10 mmol) dissolved in dichloromethane was added an excess ef PPh
before use. All other chemicals and solvents were of reagent grade (250 mg, 0.95 mmol). The mixture was stirred for 1 h. Evaporation
and were used as received. of the solvent under reduced pressure gave a dark product. This, upon
Physical Measurements. Electronic spectra were recorded with a  repeated washing with hexane, afforded Re(QfEt(MeA) in nearly
Hitachi 330 spectrophotometer fitted with a thermostated cell compart- duantitative yield {95%).
ment. Infrared spectra (406B00 cnT?) were recorded on a Perkin- Anal. Calcd for Re(OPRJCls(HA), ReGoH2sNClsOP: C, 47.84;
Elmer 783 spectrometer. Electrochemical measurements (cyclic vol- H, 3.32; N, 3.72. Found: C, 47.81; H, 3.29; N, 3.68. Calcd for
tammetry, coulometry, and differential pulse voltammetry) were Re(OPPECI3(CIA), ReGoH2aN-Cl4OP: C, 45.74; H, 3.05; N, 3.56.
performed using a PAR Model 37@& electrochemistry system as  Found: C, 45.82; H, 2.98; N, 3.50. Calcd for Re(OB)RI(OMeA),
described elsewhef®. All experiments were performed at a platinum ~ ReGiH2NClsO.P: C, 47.54; H, 3.45; N, 3.58. Found: C, 47.60; H,
working electrode under a dinitrogen atmosphere, the supporting 3.40; N, 3.52.
electrolyte being tetraethylammonium perchlorataNE1Os, TEAP). Synthesis ofmer-Re(OPPHh)CI3(RB), 3. The complexes could be
The potentials are referred to a saturated calomel electrode (SCE) andorepared in 75:80% yield by the two methods outlined below, which
are uncorrected for junction contribution. Magnetic susceptibilities were differ in the oxidant used. Details are given for one representative
measured on a PAR 155 vibrating-sample magnetometer. Microanaly- case.
ses (C, H, N) were performed using a Perkin-Elmer 240C elemental  Trichloro(triphenylphosphine oxide)(N-p-tolyl-2-picolinamide)-
analyzer. rhenium(lV), mer-Re(OPPH)Cls(MeB), 3(Me). a. Hydrogen Per-
Synthesis ofmer-ReOCKL(RA), 1. The complexes were prepared 0Oxide Method. Re(OPPECl3(MeA) (50 mg, 0.07 mmol) was
by the same general method. Details are given for one representativedissolved in 20 mL of acetonitrile, and 0.25 mL ot®} (30%) was
case. Yields were in the range 280%. added. The solution was stirred for 1 h, during which the color became
mer-Trichlorooxo(N-p-tolyl-2-pyridinecarboxaldimine)rheni- brownish-yellow. Evaporation of the solution under reduced pressure
um(V), merReOClL(MeA), 1(Me). The complex ReOG(PPh), (100 gave a brown solid, which was repeatedly washed with water gnd dried
mg, 0.12 mmol) was suspended in 10 mL of dry toluene, and nitrogen in Vacuo over EOso. The product, Re(OPR)CIs(MeB), thus obtained
gas was passed through the suspension for 15 min. The suspensiofVas recrystallized from toluene. Yield: 35 mg, 75%. Anal. Calcd
was then warmed to 4%C, and a solution of MeA (35 mg, 0.18 mmol)  for Re(OPPBCly(MeB), ReGiH2eN.ClsO;P: C, 47.60; H, 3.33; N,
dissolved in 5 mL of toluene was added. The mixture was kept at 40 3.58. Found: C, 47.67; H, 3.28; N, 3.64.
°C for 2 min (it is necessary to control the time carefully; otherwise ~ b. Cerium(IV) Method. To a solution of 100 mg (0.13 mmol) of
transformation t®(Me) occurs), and the brown microcrystalline solid ~Re(OPPBCls(MeA) in 30 mL dichloromethaneacetonitrile (1:6) was
that precipitated was collected by filtration, washed thoroughly with added 200 mg (0.31 mmol) of [N{H[Ce(SQ)4]-2H,0O dissolved in
diethyl ether, and finally dried in vacuo oves®,. Yield: 23 mg, 20 mL of water. The mixture was stirred at room temperature for 2 h.
39% (unavoidable formation of son2éMe) is responsible for the low The supernatant brownish-yellow solution was decanted, separating it
yield). Anal. Calcd for ReOG{MeA), ReGsH1,N,ClsO: C, 30.93; from the yellow colloidal suspension containing cerium(lll). The
H, 2.40; N, 5.54. Found: C, 30.89; H, 2.49; N, 5.51. solution was evaporated to dryness under reduced pressure. The brown
Anal. Calcd for ReOG[HA), ReCi2H10N.ClsO: C, 29.35; H, 2.04; solid product thus obtained was repeatedly washed with water and then
N, 5.71. Found: C, 29.43; H, 2.00; N, 5.78. Calcd for ReCIA), dried in vacuo over [, Yield: 81 mg, 80%. Anal. Calcd for
ReG.HoN,Cl.O: C, 27.43: H, 1.71: N, 5.33. Found: C, 27.36: H, Re(OPPRCl3(MeB), ReG;iH26N2Cls0.P: C, 47.60; H, 3.33; N, 3.58.
1.76; N, 5.40. Calcd for ReOGDMeA), ReGaH1N,Cl:Oz: C, 29.97; Found: C, 47.56; H, 3.38; N, 3.51.
H, 2.31; N, 5.38. Found: C, 30.04; H, 2.25; N, 5.30. Anal. Calcd for Re(OPRJCI5(HB), ReGoH2dN,Cls0.P: C, 46.90;
Synthesis ofmer-Re(OPPh)CI4(RA), 2. The complexes could be ~ H: 3:13; N, 3.65. Found: C, 46.94; H, 3.17; N, 3.60. Calcd for

prepared directly from ReOg&PPh), or from ReOC}(RA) in 80— Re(OPPKCI3(CIB), ReGoH2sN.CliOP: C, 44.89; H, 2.87; N, 3.49.
Found: C, 44.84; H, 2.92; N, 3.54. Calcd for Re(OBR(OMeB),

ReGiH26NCls0sP: C, 46.64; H, 3.26; N, 3.51. Found: C, 46.60; H,
3.20; N, 3.46.

Kinetic Measurements. a. The Reaction I>2. A known excess
of PPhy was added to a solution 4{Me) (2.4 x 1074-2.7 x 1074 M)
in dichloromethane at the desired temperature, and the reaction was
followed spectrophotometrically by measuring the increase in ab-
sorbance of the peak at 680 nm of the complex Re(QRPiMeA)

Experimental Section

(24) (a) Margerum, D. WPure Appl. Chem1983 55, 23. (b) Workman,
J. M.; Powel, R. D.; Procyk, A. D.; Collins, T. J.; Bocian, D.IRorg.
Chem.1992 31, 1548. (c) Chandra, S. K.; Chakravorty, korg.
Chem.1992 31, 760.

(25) Chatt, J.; Rowe, G. Al. Chem. Socl962 4019.

(26) Béhr, G.; Thamlitz, H.Z. Anorg. Allg. Chem1955 282, 3.

(27) (a) Basu, P.; Bhanja Choudhury, S.; Chakravorty)nrg. Chem.
1989 28, 2680. (b) Ray, D.; Chakravorty, Anorg. Chem1988 27,

3292.
(28) Pramanik, A.; Bag, N.; Lahiri, G. K.; Chakravorty, korg. Chem.
1991, 30, 410.

with time. This was done using different PPtoncentrations for a
fixed concentration of(Me). The absorptiond, was digitally recorded
as a function of timetf, and A, was measured (after 24 h) when the
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Table 6. Crystallographic Data fomerReOCk(MeA), 1(Me) Cell parameters were determined by a least-squares fit of 30 machine-
- 3 centered reflections @= 15—3(°). Data were collected by the-scan

f?,\rlnpmcal formula S%ﬂ__'ézchNZORe \QA 7282'5(8) technique in the range®3< 26 < 50° on a Siemens R3m/V four-
space group P1 T,°C 22 circle diffractometer with graphite-monochromated Ma. Kadiation.
a, 7.136(4) 2, A 0.710 73 Two check reflections monitored every 198 reflections showed no
b, A 8.329(5) Pobsd g CNT3 2,139 significant change in intensity after the required 22 h of exposure to
c, A 14.104(9) Pcalcs g CNTS 2.143 X-rays. All data were corrected for Lorentpolarization and absorp-
o, deg 73.88(5) u, et 82.7 tion2® Of the 2798 k = 0, 8; k = +9; | = —15, 16) reflections

B, deg 76.35(5) R2% 4.86 collected, 2759 were unique, of which 2336 were taken as observed (
v, deg 85.64(5) Ru,* % 5.76 > 30(1)) for structure solution and refinement. The cell was triclinic,

AR = S||Fo| — IFdI/S|Fol. PRy = [SW(Fo| — [Fe|)2SWIFo2Y and the structure was successfully solved infiespace group.
wl = 0(|F,|) + g|Fol% g = 0.0005. The metal atoms were located from Patterson maps, and the rest of

) ) the non-hydrogen atoms emerged from successive Fourier syntheses.
reaction was complete. Values of the pseudo-first-order rate constantsype sy ctures were then refined by full-matrix least-squares procedures.
(ksoy were obtained from the slopes of the highly linear plots of A\ non hydrogen atoms were refined anisotropically. Hydrogen atoms
—In(A—A) versust. Aminimum of 30A—t data points were used in e inciuded in calculated positions with fixed thermal parameters
each calculation. Values of the second-order rate consti)teére (U = 0.08 2). All calculations were done on a Micro VAX II

obtainedt:rom the ;Iopeshofl the egj(cellently linear plot%@ﬁsverslusl 4 computer using the SHELXTL-PLUS Program Packéysignificant
[PPh]. The activation enthalpy and entropy parameters were calculated ¢vcia| data are listed in Table 6.

from the Eyring equation (13) utilizing rate constant data obtained over
the temperature range 28299 K. Acknowledgment. We thank the Department of Science and
_ + Technology, Indian National Science Academy, and the Council
ks = (kg T/M)[exp(~AHT/RT) exp(A§/R)] (13) of Scientific and Industrial Research, New Delhi, for financial
b. The Reaction 2 — 3. The compound Re(OPBICIx(MeA), support. Affiliation with the Jawaharlal Nehru Centre for

2(Me), was quantitatively oxidized t&"(Me) via coulometry at-0.5 Advanced Scientific Research, Bangalore, India, is acknowl-

V versus SCE in scrupulously dry acetonitrile. Aliquots of this solution edged.

were diluted as required, and measured amounts of water were added ) ) )

using a calibrated microsyringe. The reaction was followed spectro- ~ Supporting Information Available: For ReOCY(MeA), crystal-

photometrically at 680 nm, and the corresponding pseudo-first-order lographic data (Table S1), atomic coordinates and equivalent isotropic

rate constantibony values were obtained from the absorbance versus Coefficients (Table S2), complete bond distances (Table S3) and angles

time trace by the procedure described above. Keeping the concentratior(Table S4), anisotropic thermal parameters (Table S5), hydrogen atom

of 2(Me) fixed and varying the water concentration, we repeated the Positional parameters (Table S6), and time-dependent spectra and Erying

experiment three times at each temperature. The second-order ratdlots (Figure S1) (8 pages). Ordering information is given on any

constant ) was determined from the slope of the straight line obtained current masthead page.

by plotting ksobs versus [HO]. The activation parameterdH* and 1C9611094

ASF were obtained from variable-temperature (2899 K) rates using

the Eyring equation (13). —

X-ray Structure Determination. Dark prismatic crystals of dimen- (29 ngfhggﬁ C.T.; Philips, D. C.; Mathews, F. Scta Crystallogr.1968

sions 0.50< 0.40 x 0.20 mnf for ReOCK(MeA) were grown by slow  (30) Sheldrick, G. M. SHELXTL-PLUS 88, Structure Determination

diffusion of hexane into a dichloromethane solution of the complex at Software Programs Siemens Analytical X-ray Instruments Inc.:

298 K. Madison, WI, 1990.






