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Imide complexes of type RE€I;(X-SB)(NCeH,Y(p)), with X, Y= H, Me, OMe, Cl have been synthesized where
X-SB is the Schiff base of pyridine-2-carboxaldehyde (the corresponding complgx 2sacetylpyridine %),
2-benzoylpyridine §), and anilinesp-XCgH4NH,. Treatment of or 5 (but not 6) with aqueous nitric acid in
acetonitrile afforded R&CIy(X-PA)(NCsH,Y(p)), 7, via oxygen atom transfer (X-PA monoanionic picolinamide).

In the structures o5(X=Cl,Y=CIl), 6(OMe,OMe), and’(Me,Me), the chlorine atoms are meridionally disposed
in a ReCiN; coordination sphere. Thigans influence of the imide nitrogen considerably lengthens the-Re
N(pyridine) bond. The ReNgE14Y(p) group has the triple-bonded linear moiety =R¢-C. The amide group in
7(Me,Me) is planar. In6(OMe,OMe) the two aryl rings on the imine function block water attack and hence
amide formation. The rhenium(Mbrhenium(V)E; ., values ford—6 (0.7—1.0 V vs SCE) are much higher than
that for7 (E1;z ~ 0.15 V), which displays the rhenium(VHrhenium(VI) couple near 1.6 V. Six EPR hyperfine
lines are observed for solutions bt room temperaturef, ~ 1.91;Aay ~ 490 G). Crystal data for the complexes
are as follows:5(Cl,Cl), empirical formula GH1sClsNsRe, crystal system monoclinic, space grdR/c, a =
13.360(6) A,b = 12.110(3) A,c = 14.954(9) A, = 111.41(43, V = 2252.4(1.7) &R Z = 4; 6(OMe,OMe),
empirical formula GgH23ClsN3:O:Re, crystal system orthorhombic, space gr&®ia a = 12.079(5) A,b =
17.083(9) A,c = 26.049(9) A,V = 5375.4(4.0) &, Z = 8; 7(Me,Me), empirical formula gH:sClsNzORe,
crystal system monoclinic, space groepi/c, a= 7.071(2) A,b = 17.541(6) A,c = 16.857(8) A,3 = 100.59-
(3)°, V= 2055.3(1.3) &, Z = 4.

Introduction
L . . . N—MCI N—MCI.
Mediation of facile oxygen atom transfer reactions by rhenium O 3 Q l 8
N
H

complexes was first authenticated more than two decadek ago.
Noteworthy progress in this area has been discernible in recent
years?~5 the usual transfer reaction being of the type shown in
eq 1 where E is an oxophilic substrate and [®eis an

N

LRE"O + E— LRe" 2 + EO ) X X

1 M=ReVO 3 M=ReVOPPh,

oxorhenium reagent (& ligand;n = metal valence). We have 2 M=RellopPph,
been interested in developing new instances of rhenium-
promoted oxygen atom transfer reactions and in using them for namide complexes incorporating the rare arylimide motif of
synthesis. It was recently shown that pyridine-2-carboxaldimine hexavalent rhenium, RE&NAr. The hitherto unknown pyridine-
complexes of typd react as in eq 1 (E= PPh), affording 2, 2-carboxaldimine chelates of RWAr have been used as
which in turn is subject to a second and unusual oxygen atom precursors. The relevant imine amide reaction outlined in
transfer from a water molecule to the imine function, leading eq 2 is found to be facile in the case of aldimines=R, and
to the amide comple8.6

The scope of the imine= amide transformation is under  —C(R)=N—ReVNAr — = —C(=O)-N—ReVINAr 2)
scrutiny especially as a synthetic tool. Herein we report its ! !

successful utilization for assembling the first family of picoli- ketimines with R=Me, but it fails for ketimines with R= Ph.

© Abstract published irAdvance ACS Abstractsuly 1, 1997. The origin of this R-discrimination is probed. The syntheses,
(1) (a) Rouschias, G.; Wilkinson, Gl. Chem. Soc. A 967 993. (b) structures, spectra, and metal redox reactions of selected imine
Rowbottom, J. F.; Wilkinson, Gl. Chem. Soc., Dalton Tran$972 and amide complexes are reported.
826.

(2) (a) Mayer, J. M.; Tulip, T. HJ. Am. Chem. S0d984 106, 3878. (b) ; ;
Bryan, J. C.; Stenkamp, R. E.; Tulip, T. H.; Mayer, J.Ikbrg. Chem. Results and Discussion

1987, 26, 2283. Synthesis. In the reactior2 — 3, the metal oxidation state
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(4) (a) Abu-Omar, M. M.; Espenson, J. Bl. Am. Chem. S0d.995 117,
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(5) Holm, R. H.Chem. Re. 1987, 87, 1401 and references therein. A; Bag, N.; Chakravorty, Alnorg. Chem.1994 33, 403.
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state®” This provided the lead for our successful search for a
family of stable picolinamide complexes incorporating th&'Re
NAr motif via oxygen atom transfer from water to pyridine-2-
carboxaldimine chelates of REAr.

The precursor R&NAr imine complexes reported here are
of types4—6. The substituents X and Y are chosen from the
group H, Me, OMe, and Cl. The synthetic methods used have

Ol @ s Qo q
\Rev \RL\/
e \N\C A \N\C
Cl Cl
v @ X
X
4 5 R=Me
6 R=Ph

permitted isolation of4 either with X =Y or with X = Y;
complexes of type5 and6 have been obtained only with %

Y. Specific compounds will be identified by placing the
substituents in parentheses, such@sY), 5(X,X), and6(X,X).
Type 4 complexes with X= Y were synthesized by reacting
preformed? 1 or 2 with arylamines of the typ@-YCgH4NH,.
The general reactions are as in eqs 3 and 4. TheYspecies

©)
(4)

1+ p-YCgH,NH, — 4+ H,0

2+ p-YCgH,NH, — 4+ PPh + H,0

Dirghangi et al.

Table 1. Electronic Spectraland IR Data at 298 K

UV —vis—near-IR data IR data
compd Amax M €, M~ cm™2) v,cm?t
4(H,H) 740 (1350), 540 (6990), 320 (10 425) 320, 335; 1595
4(H,Me) 730 (1425), 540 (6000), 325 (13 450) 325, 335; 1600
4(H,Cl) 740 (1590), 540 (7890), 325 (12 700) 320, 330; 1590
4(ClH) 735 (1330), 545 (6485), 315 (9740) 325, 335; 1600
4(Cl,Me) 740 (1450), 545 (6700), 325 (11 000) 320; 1605
5(H,H) 750 (1160), 540 (7315), 320 (8285) 320, 330; 1610
5(Me,Me) 740 (820), 540 (4390), 320 (7200) 320, 310, 1600
5(CI,Cl) 750 (855), 540 (5435), 325 (7790) 320; 1590
5(OMe,OMe) 740 (750), 540 (6655), 325 (10 115) 315, 330; 1610
6(CI,Cl) 745 (1535), 550 (7210), 350 (11 560) 335; 1610
6(OMe,OMe) 760 (1960), 550 (8160), 350 (12 400) 320; 1585
7(H,H) 535 (1815), 345 (11 320) 335; 1595, 1640
7(H,Me) 525 (1695), 360 (12 055) 3260, 335; 1590,
1630
7(H,Cl) 535 (2480), 355 (18 505) 335; 1600, 1635
7(Me,Me) 510 (1860), 360 (16 190) 3%_)03 330; 1600,
1635
7(ClLH) 530 (2290), 345 (15 070) 330; 1605, 1635
7(Cl,Me) 525 (1665), 360 (14 540) 312(503;5335; 1595,
7(ClL,Cl) 530 (2165), 360 (19 700) 330; 1595, 1640
7(OMe,OMe) 530 (2050), 360 (18 600) 320, 335; 1600,

1640

aThe solvent is dichloromethangln KBr disk; vre-ci 310—335
cm™L; ve—y 1590-1610 cml; ve—o 1590-1640 cnrl.

could also be prepared by this method by choosing the amines

with Y = X. More conveniently, such species could be directly
obtained in a single-pot process in which pyridine-2-carboxal-
dehyde and excegsXCgHsNH, were reacted with ReOgl
(PPh)2.

Ketimine analogs ofl and2 and hence(X,Y) and 6(X,Y)
could not be prepared. B&(X,X) and 6(X,X) were success-
fully made by the above-noted single-pot direct method using
2-acetylpyridine (for5) and 2-benzoylpyridine (fo6) instead
of pyridine-2-carboxaldehyde. 14—6, the imide ligand is
dianionic and the imine ligand is neutral.

The type4 and 5 complexes are smoothly oxidized by
agueous 0.5 N nitric acid in acetonitrile solution at room
temperature, affording in excellent yield theR¢Ar complexes
7 incorporating a monoanionic amide ligand. Species identified
as 7(X,Y) were obtained fromd(X,Y) while 7(X,X) resulted
from either4(X,X) or 5(X,X). In contrast, thes(X,X) species
failed to afford7(X,X) or any other amide complexjde infra.
Authentic complexes incorporating RBIQ (Q = alkyl or aryl)
are rarég"11 and none in the Q= aryl category have been

(7) (@) Chandra, S. K.; Chakravorty, morg. Chem.1992 31, 760. (b)
Margerum, D. W.Pure Appl. Chem1983 55, 23. (c) Workman, J.
M.; Powell, R. D.; Procyk, A. D.; Collins, T. J.; Bocian, D. Forg.
Chem 1992 31, 1548.

(8) Clark, G. R.; Nielson, A. J.; Rickard, C. E. Polyhedron1988 7,
117.

(9) La Monica, G.; Cenini, SJ. Chem. Soc., Dalton Tran$98Q 1145.

(10) Weiher, U.; Dehnicke, K.; Fenske, @. Anorg. Allg. Chem1979
457, 115.

(11) (a) Danopoulos, A. A.; Longley, C. J.; Wilkinson, G.; Hussain, B.;
Hursthouse, M. BPolyhedron1989 8, 2657. (b) Danopoulos, A. A,;
Wilkinson, G.; Sweet, T. K. N.; Hursthouse, M. B. Chem. Soc.,
Dalton Trans.1996 2995.
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structurally characterized. The typé species are thus of
particular interest.

IR and electronic spectral data for representative compounds
are listed in Table 1. In IR spectra, the complexes display one
or two Re-Cl stretches near 330 cth The G=N stretch in
4—6 and the two strong amide bandsroccur in the region
1595-1640 cnTtl. The electronic spectra of viole—6 and
brown 7 are characteristically different in intensity and in
number of bands in the visible region.

Structure. The X-ray structures d&(Cl,Cl), 6(OMe,OMe),
and 7(Me,Me) have been determined. Molecular views and
atom-numbering schemes are shown in Figures3,1and
important bond parameters are listed in Tables 2 and 3.

The ReC4 fragment is uniformly disposed in a meridional
fashion in severely distorted octahedral geometries. The CI-
(1), CI(2), CI(3), and N(2) atoms define a good plane (mean
deviations: 5(CI,Cl), 0.02 A; 6(OMe,OMe), 0.01 A;7(Me,-
Me), 0.04 A) from which the metal atom is displaced toward
the imide nitrogen N(3) by 0.32 A5(CI,Cl)), 0.32 A G(OMe,-
OMe)), and 0.28 A 7(Me,Me)). In complexl(X=Me), the
corresponding displacement toward the oxo atom is larger, 0.35
A.62 The five-membered chelate ring along with the pyridine
ring constitutes a satisfactory plane with mean deviations of
0.04 A (CI,Cl)), 0.02 A 6(OMe,OMe)), and 0.05 Aq(Me,-
Me)). The amide fragment C(1)C(6)O(1)N(2) iiMe,Me) is
excellently planar with mean a deviation of 0.01 A, the C(6)
O(1) distance being 1.21(1) A. The amide bond E(8}J2) in
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Figure 1. ORTEP plot and atom-labeling scheme &{CI,Cl). All
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non-hydrogen atoms are represented by their 30% probability ellipsoids. Figure 3. ORTEP plot and atom-labeling scheme #Me,Me). All

Figure 2. ORTEP plot and atom-labeling scheme &©OMe,OMe).
All non-hydrogen atoms are represented by their 30% probability
ellipsoids.

7(Me,Me) is expectedly much longer (by0.08 A) than the
imine bond, C(6)-N(2) in 5(CI,Cl) and6(OMe,OMe).

Radial contraction between rhenium(V) and rhenium(VI) is
relatively small, and the corresponding bond lengthg(Me,-
Me) are not particularly short compared to those5¢E!,Cl)
and6(OMe,OMe). In general, the ReN(1) length is~0.2 A
higher than the ReN(2) length due to théransinfluence of
the imide nitrogen. In the R&Ar motif the Re-N distances
and Re-N—C angle are 1.691(7) A and 167.2{8pr 5(CI,CI)
and 1.712(10) A and 173.1(¥0jor 6(0OMe,OMe). Among
hexacoordinated R&Q (Q = alkyl or aryl) structure$;12-18
the Re-N length spans the range 1:67.74 A and the ReNQ

(12) (a) Bakir, M.; Paulson, S.; Goodson, P.; Sullivan, Blnerg. Chem.
1992 31, 1127. (b) Masood, M. A.; Hodgson, D. horg. Chem.
1994 33, 2488. (c) Masood, M. A,; Sullivan, B. P.; Hodgson, D. J.
Inorg. Chem1994 33,5360. (d) Bakir, M.; Sullivan, B. PJ. Chem.
Soc., Dalton Trans1995 2189.

(13) (a) Wang, W. P.; Che, C.-M.; Wong, K.-Y.; Peng, S.4kbrg. Chem.
1993 32, 5827. (b) Che, C.-MPolyhedron1995 14, 1791. (c) Yan,
U. W. W.; Tam, K. K.; Cheung, K. KJ. Chem. Soc., Dalton Trans.
1995 2779.

(14) (a) Goeden, G. V.; Haymore, B. Inorg. Chem.1983 22, 157 (b)
Nugent, W. A.; Haymore, B. ICoord. Chem. Re 198Q 31, 123.

non-hydrogen atoms are represented by their 30% probability ellipsoids.

Table 2. Selected Bond Distances (A) and Their Estimated
Standard Deviations fds(Cl,Cl), 6(OMe,OMe), and7(Me,Me)

5(CI,Cl) 6(OMe,OMe) 7(Me,Me)
Re—N(1) 2.209(7) 2.236(9) 2.231(7)
Re—N(2) 2.060(7) 2.052(10) 2.026(6)
Re—N(3) 1.691(7) 1.712(10) 1.699(6)
Re—CI(1) 2.370(3) 2.347(4) 2.339(3)
Re—CI(2) 2.393(3) 2.360(4) 2.336(3)
Re—CI(3) 2.350(3) 2.377(4) 2.362(3)
C(6)-0(1) 1.213(10)
N(2)-C(6) 1.299(12) 1.287(15) 1.368(10)

Table 3. Selected Bond Angles (deg) and Their Estimated Standard
Deviations for5(Cl,Cl), 6(OMe,OMe), and7(Me,Me)

5(CICl)  6(0OMe,OMe)  7(Me,Me)
Cl(1)~Re—CI(2) 88.3(1) 88.7(1) 88.4(1)
Cl(1)—Re—CI(3) 87.8(1) 86.8(1) 88.7(1)
Cl(2)-Re-CI(3)  163.4(1) 164.3(1) 168.4(1)
Cl(1)—Re-N(1) 91.2(2) 89.8(3) 86.8(2)
Cl(2)~Re-N(1) 80.3(2) 84.5(2) 85.3(2)
CI(3)~Re—N(1) 83.6(2) 80.5(2) 83.3(2)
Cl(1)~Re-N(2) 164.1(2) 163.3(3) 162.6(2)
Cl(2)-Re-N(2) 92.4(2) 89.1(3) 90.5(2)
CI(3)~Re-N(2) 87.0(2) 90.9(3) 89.0(2)
N(1)~Re—N(2) 73.3(3) 73.5(4) 75.8(3)
Cl(1)-Re-N(3) 102.5(3) 100.5(3) 96.7(2)
Cl(2)-Re-N(3) 93.2(3) 99.5(4) 99.4(2)
Cl(3)~Re-N(3) 103.4(3) 96.2(4) 92.1(2)
N(1)—Re-N(3) 164.7(3) 169.0(4) 174.1(2)
N(2)—Re-N(3) 99.3(3) 96.2(4) 100.6(3)
Re—N(3)—C(i)2 167.2(8) 173.1(10) 168.9(6)

aC(i) = C(14) for5(Cl,Cl) and7(Me,Me) and C(20) in the case of
6(OMe,OMe).

moiety is more or less linear (R&N—C angle 16718C) in
most cases. Bending of R&—C angles to below 160
(“semibent™) is rarel415

The idealized ReN, Re=N, and Re=N bond lengths in Ré
NQ are 2.14, 1.84, and 1.69 A, respectivElyThe distances
in 5(Cl,Cl) and6(OMe,OMe) are consistent with the triple-bond
description, R&NAr. A qualitative description of the bondifty

(15) Lahiri, G. K.; Goswami, S.; Falvello, L. R.; Chakravorty, korg.
Chem.1987, 26, 3365.

(16) Rossi, R.; Marchi, A.; Marvelli, L.; Magon, L.; Peruzzini, M.;
Casellato, U.; Graziani, Rl. Chem. Soc., Dalton Tran$993 723.

(17) Shandles, R. S.; Murmann, R. K.; Schlemper, Bnorg. Chem1974
13, 1373.

(18) Bright, D.; Ibers, J. Alnorg. Chem.1969 8, 703.
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suggests that the Jgbrbital can back-bond with the emptyrp -
orbital of the imine function. If the positions of pyridine and |dpph (@)
imine nitrogen atoms were interchangedin6, the advantage

of the Re~imine back-bonding interaction would be diminished,
and this may be a reason for the observed relative geometrical
disposition of the imide and imine ligands. Significantly the
imine N(2-C(6) lengths in5(Cl,Cl) and 6(OMe,OMe) are
~0.05 A longer than thod® in pyridine-2-carboxaldimine
complexes of bivalent cobalt and zinc, where no back-bonding
is expected.

In the Re¢'NAr amide complex7(Me,Me), the Re-N(3)
distance, 1.699(6) A, and R&(3)—C(14) angle, 168.9(8) are U R T |
similar to those ir5(Cl,Cl) and6(OMe,OMe), again reflecting 2000 3500 5000
the marginal effect of metal valence change on bond parameters. H(G)

It is logical to assign a bond order of 3 to the-Re(3) bond
here as well. To our knowledge, only one other hexacoordinated
complex incorporating a RENQ motif, viz. Re(NGCls)Cl4-
(POCEB), having a perhalogenated Q group, has been structurally
characterized (ReN 1.69(1) A, Re-N—C 169(1)).1° The
structures of two tetrahedral RBIQ species having a very bulky

Q group (BW) are knownt! In 7(Me,Me), we have the first
structural characterization of a RBIQ motif in which the Q
group is a simple aryl function unencumbered by special
electronic/steric features.

Magnetism. The type 4—6 complexes are diamagnetic
corresponding to the &g configuration. The typ& compounds E(V)vs SCE
behave as one-electron paramagnetsy{pdithough the bulk  Figyre 4. (a) X-band EPR spectrum @{H,Cl) in dichloromethane
magnetic moments are significantly lower than the spin-only toluene (1:1). Instrument settings: power, 28 dB; modulation, 100 kHz;
value due to strong orbital coupling as in other rhenium(VI) sweep center, 3000 G; sweep time, 250 s, at 298 K. (b) Cyclic
complexeg®?! Representative room-temperature valug@le,- voltammograms of a-10~* M solution of (i) 4(H,Cl) (- - -) and5(Cl.-

Cl), 1.48ug; 7(H,Cl), 1.41ug. Cl) (—) and (ii) 7(OMe,_OMe) (- --) and7(CI,Cl) (—) in acetonitrile

The type7 complexes are EPR-active in fluid solution at room (0.1 MTEAP) at a platinum electrode (scan rate 50 mv).s
temperature; see Figure 4a and Table 4. Six well-resolved Table 4. EPR Spectral Data at 298 K in

hyperfine lines due to the= %; nuclei (8°Re, 37.07%Re, Dichloromethane Toluene (1:1)

62.93%) are observedhe isotogic fine structure is not resolved compd g Ab compd g Ab
due to the small difference (1%) in the two nuc_:lear ‘moments. 7H.A) 1915 490 7(ClH) 1028 493
Well-resolved EPR spectra of the present type in fluid solution  7(4, me) 1.906 484  7(Cl,Me) 1.923 488
at room temperature are relatively réré! for rhenium(VI) 7(H,Cl) 1.912 488 7(CI,Cl) 1.917 492
species-only broad signals are usually obser?édThe separa- 7(MeMe) 1917 492 7(OMe,OMe)  1.908 486
tions between adjacent hyperfine lines @fare unequal, a At center field.” Average values.

increasing systematically from the low-field to the high-field ) . ) .
side. The range of this variable separation, arising from second-Table 5. Cyclic Voltammetric Formal Potentials at 298 K in
order effect3 is 310-660 G. Center-fieldy values and the ~ Acetonitrile (0.1 M EiNCIO,) at a Platinum Electrode®

average hyperfine splittings for the complexes are listed in Table Eiz, V EuaV (AE, mV)
4. When solutions of are frozen (77 K), rhombic spectra with compd (AEp, mV) compd = L
partial overlap of the unequally spaced lines of the three igﬂgl) Cl)-g%ggg ;gﬂﬂ)) 8-%‘; Egg% igfi ((28%
: . ,Me : .
components are observé. ~ 5MeMe) 0.72(80) 7(H.Cl) 0.16 (80) 1.58 (80)
Metal Redox. All the complexes are electroactive in  5(Cl,Cl) 0.76(100) 7(Me,Me) 0.13 (80) 1.50 (80)
acetonitrile solution at platinum electrodes. Quasireversible one- 6(CI,Cl) 0.83(80)  7(Cl,H) 0.16 (80) 1.58 (80)
electron cyclic voltammetric responses with peak-to-peak 6(OMe,OMe)  0.75(80) ;gg:gl‘;) 8-%5 ((38)) %-gg((gg))
separations 0f-80 mV are observed. Reduction potential data 7(OMe,OMe)  0.11(80) 1.50 (80)

aThe couples ardt/4(Re’'/Re’), 57/5(Re"/Re’), 61/6(Re’'/REY),

(19) Wentworth, R. A. D.; Dahl, P. S.; Huffman, C. J.; Gillum, W. O.; 717-(Re/ReY), and 7+/7(R&/ReM). b Scan rate 50 mV-g, © Ey, =

Streib, W. E.; Huffman, J. Gnorg. Chem.1982 21, 3060.

(20) Gardner, J. K.; Paryadath, N.: Corbin, J. L. Stiefel, Endrg. Chem T2(Epa + Epo), where Eqa and By are the anodic and cathodic peak
1978 17, 897. potentials, respectively. AE, = Epc — Epa © Reference electrode SCE.
(21) de Learie, L. A.; Haltiwanger, R. C.; Pierpont, C. ilBorg. Chem.
1987, 26, 817.
(22) (a) AIMowali, A. H.; Porte, A. LJ. Chem. Soc., Dalton Tran$975 are collected in Table 5, and representative voltammograms are
250. (b) Holloway, J. H.; Raynor, J. B. Chem. Soc., Dalton Trans. displayed in Figure 4b
1975 737. (c) Bal B .F.;B ., Pil .R; : :
Vﬁ,,gmﬁy G(_C)A. Ja_l 2";15_’ éﬁen?_"’lg’oéggs' 18;“{5%?(3)’,0;220: ’RJ_; ' The response in the typk-6 complexes corresponds to the
Stach, Jinorg. Chim. Actal98Q 45, L251 (e) Gibson, J. F.; Mertis, ~ couple of eq 5 wheré*/5%/6" is the rhenium(VI) congener
K.; Wilkinson, G.J. Chem. Soc., Dalton Tran975 1093. (f) Al of 4/5/6. The reduction potentials of the couples of eq 5 are

Mowali, A. H.; Porte, A. L.J. Chem. Soc., Dalton Tran&975 50.
(23) Abragam, A.; Bleaney, BElectron Paramagnetic Resonance of + . + . +
Transition lons Clarendon: Oxford, England, 1970; p 163. 4"+e—4, 5 +e—5 6 +e—6 5)
(24) Dirghangi, B. K.; Menon, M.; Banerjee, S.; Chakravorty, A. Unpub- ) .
lished results. subject to the usual Hammett effect of X and Y substituents
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(Table 5, Figure 4b). The result of going fromto 5 or 6
(variation of imine carbon substituent) is more dominant, with
Ey/, shifting to lower potentials by-0.2 V. TheE;,, values of
the couples of eq 5 (0-71.0 V vs SCE) are much lower than
that (~1.7 V) of the corresponding couple for oxo complexes
of type 1. The arylimide ligands impart much superior redox
stabilization to rhenium(VI) compared to the oxo ligand.

The amide complexes exhibit two successive one-electron

couples, eq 6, where the metal oxidation stateZ‘irand 7~

7" te—7 (6a)

7T+e—17 (6b)

are+7 and+b5, respectively. The potentials are again subject
to the usual X, Y substituent effects. Thgy, values (~0.15

V) of the rhenium(VI}-rhenium(V) couple of eq 6b are lower
than those of eq 5 by 0:68).8 V. The redox stabilization of

the hexavalent state by the deprotonated amide function is quite

remarkable, and consequently, the rhenium@¥thenium(VI)
couple (eq 6a) becomes accessible near 1.6 V.

Blockade of the Reaction Path in 6. The conversion ofl
and5to 7 is logically expected to proceed via the same induced
electron transfer roufe proposed in the case of the react®n
— 3 on the basis of rate studi€%26 In this scheme, the essential
steps would bel(5) — 47(5") (metal oxidation)4*(5%) — 8
(water addition),8 — 9 (radical formation),9 — 7~ (internal
redox), and7- — 7 (metal oxidation). Electrochemically
generated}t is rapidly converted to a mixture ef and7 in
moist solvents as in eq 7. Heré,in the product arises from

@)

4" partly utilized as the external oxidant. In the practical
synthesis of7, nitric acid is used as the external oxidant and
the whole of4 is converted to7 via 4" originating from
oxidation of4 by nitric acid.

—‘+

34"+ H,0—-24+7+3H"

Cl ol
H \R\g/
HO /‘ \NAr
H/} Cl
Ar
8 9

We now consider the failure o6 in affording 7. Metal
oxidation,6 — 6™ (eq 5), is as facile as it is for complexes of
type 5 (similar Ey/; values, Table 5). Electrogeneratéd is
reconverted t® under wet conditions, and ribis formed. The
structures 06(Cl,Cl) and6(OMe,OMe) provide a possible clue.

In 6(OMe,OMe) the two aryl rings pendent from C(6) and N(2)
are both configured nearly perpendicular to the plane of the
chelate ring, the respective dihedral angles being 93.2 an€l. 84.1
It can be seen in the space-filling drawith that approach of
reagents to the imine function C(6N(2) in 6(OMe,OMe) is
subject to a large steric hindrance by aryl crowding. In contrast,
the function in5(ClI,CI) shown in1lis well-exposed especially

(25) (a) Chum, H. L.; Krumholtz, Rnorg. Chem1974 13, 519. (b) Taube,
H. Electron Transfer Reactions of Complex lons in Solythrademic
Press: New York, 1973; p 73.

(26) Menon, M.; Pramanik, A.; Chakravorty, Anorg. Chem 1995 34,
3310.
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at the C(6) site. The crucial and rate-determining water addition
step leading t® is initiated by nucleophilic attack by @
oxygen at the carbon C(6) site of the aldimine orbital5 If

the logical assumption is made that upon metal oxidation the
steric situation remains grossly the same ad0rand 11, the
approach of the water molecule #®" would be strongly
disfavored due to the steric factethus blocking amide forma-
tion2”

Concluding Remarks

The present work has notably augmented the scope of the
recently discovered oxygen atom transfer process involving a
rhenium-coordinated diimifén aqueous oxidizing media as a
synthetic tool. A family of picolinamide complexes of tyjge
incorporating the rare RENAr motif has been conveniently
assembled by treating pyridine-2-carboxaldimine chelates of
Re’NAr (4 and5) with aqueous nitric acid.

The first structural characterization of an\ReAr complex,
7(Me,Me), has been achieved. The ReNAr motif is found to
be nearly linear and triple-bonded, RN A, irrespective of the
oxidation state. The effective metal radius contracts only
slightly in going from the pentavalend{-6) to the hexavalent
(7) state of the metal.

The imine— amide transformation is facile in the casedof
and5, but it fails in the case 06. A plausible reason for this
deactivation of the imine function to attack by water is steric
crowing of the phenyl substituents lying perpendicular to the
chelate ring as revealed in the structural work6@Me,OMe).

The picolinamide ligand imparts notable redox stability to
the rhenium(VI) state if7, wherein the rhenium(Vhrhenium-

(V) reduction potential is lower than those of the pyridine-2-

(27) If a water adduct of typ8 is formed from6™, it will be less prone to
undergo the subsequent radical formation step (8pe 9) than the
adduct of 5 because the C(6)Ar bond (sg—sp?) is stronger than
the C(6)-Me bond (sp—sp?). This electronic effect acts in the same
direction as the steric factor hindering amide formation in the case of
6.
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carboxaldimine chelated—6 by ~0.7 V. The upshot of this  Table 6. Crystallographic Data fo&(Cl,Cl), 6(OMe,OMe), and
is that the stable oxidation states of the imine and amide 7(Me,Me)

complexes as isolated ates and+6, respectively. The amide 5(CI,Cl) 6(0OMe,OMe) 7(Me,Me)
complexes of typd display well-resolved EPR spectra (3 gmpirical formula GeHisClNsRe GieHoiClNsOsRe  GooHieClsNsORe
in solution even at room temperature, the six metal hyperfine fw 648.8 702.0 608.9
lines being unequally spaced due to second-order effects. space group P2i/c Pbca Ry/c
a A 13.360(6) 12.079(5) 7.071(2)
Experimental Section b, A 12.110(3) 17.083(9) 17.541(6)
c A 14.954(9) 26.049(9) 16.857(8)
Materials. The complexes ReO&PPh),,2 1(X),%2 2(X),52 and B, deg 111.41(4) 100.59(3)
pyridine-2-carboxaldimin@&were prepared by reported methods. The V, A3 2252.4(1.7) 5375.4(4.0) 2055.3(1.3)
purification and drying of dichloromethane and acetonitrile for synthesis £ _ 4 8 4
as well as electrochemical and spectral work were done as described!: °C 22 22 22
in an earlier work® Toluene was distilled over sodium before use. 3 0.71073 0.71073 0.71073
All other chemicals and solvents were of reagent grade and were used”s 9 €™ 1.919 1.730 1.960
! gentg calca g CT3 1.913 1.735 1.968
as received. _ _ 1, et 59.98 48.47 63.19
Physical Measurements. Spectra were recorded with the following  Rag 2.90 3.63 2.86
equipment: electronic spectra, Hitachi 330 spectrophotometer; infrared R,,,> % 3.15 3.81 3.00

spectra (KBr disk, 4000300 cnt?), Perkin-Elmer 783 spectropho- . . !
tometer; X-band EPR spectra, Varian E-109C spectrometer (calibrantv\rell R:—0§(|||FF "“) _+|F°”:/z|2|_':°|' bszo_oo[gqug?ls(_cll 'Z:Cll))zl %Vg('):(gi]l%r
DPPH,g = 2.0037). Electrochemical measurements were performed 6(0Me OMe)o and 306’0’1 %T(Me Me) A

by using a PAR model 370-4 electrochemistry system as described ’ ' ’ ’ ’

elsewheré! All experiments were performed at a platinum working ) .

electrodce under dinitrogen atmosphere, the supporting electrolyte beingt®!U€ne; along with an excessthloroaniline (150 mg, 1.18 mmol),
tetraethylammonium perchlorate (TEAP). The potentials are referred and the solution was refluxed for 2 h. The resulting violet sol_utlon

to the saturated calomel electrode (SCE) and are uncorrected for junctionVaS evaporated to dryness under reduced pressure, the solid mass
contribution. Magnetic susceptibilities were measured on a PAR-155 dissolved in 5 mL dichloromethane, and the solution subjected to
vibrating-sample magnetometer. Microanalyses were performed using chromatography on a silica gel column (201 cm; 60-120 mesh,

a Perkin-Elmer 240C elemental analyzer. All compounds afforded BDH). A violet band eluted with apenzeﬁacetonltrlle (20:1) mixture
satisfactory elemental analyses, and only some representative instance&@s collected. Solvent evaporation afforded 56 mg (72%) of dark

will be cited. crystalline5(Cl,Cl) Anal. Calcd for5(Cl,Cl), ReGgH1sNsCls: C, 35.16;
Synthesis of 4(X,Y). The complexes could be prepared frafx) H, 2.31; N, 6.48. Found: C, 35.60; H, 2.39; N, 6.40.

or 2(X) in 70—75% yields. The route frorg(X) is more convenient. Synthesis of 6(X,X). The complexes were prepared by the same

Details are given for one representative case. general procedure. Details are given for one representative case. Yields
(Trichlorophenylimido)( N-phenylpyridine-2-carboxaldimine)rhe- were in the range 7580%.

nium(V), 4(H,H). a. From 1(X). To a solution ofL(X=H) (50 mg, Trichloro-(( p-methoxyphenyl)imido)(2-benzoylpyridine p-meth-

OlO mmol) suspended in 10 mL of toIL_Jene was added an excess ofgxyphenyl)imine)rhenium(V), 6(OMe,OMe). A mixture of 2-ben-
aniline (1.50 mg, 1.61 mmol), and the mixture was refluxed for 1.5 h. zoylpyridine (35 mg, 0.19 mmol) angtanisidine (23 mg, 0.19 mmol)
Evaporation of the solvent under reduced pressure gave a dark productyas heated in the absence of any solvent for 10 min. The yellow oil
and this was dissolved in a minimum volume of dichloromethane and thys obtained was added to a suspension of R¢©Bh), (100 mg,
subjected to chromatographic workup. The violet band obtained by a 9.12 mmol) in 20 mL of toluene, along with an excesgeinisidine
using benzeneacetonitrile (10:1) mixture as eluent was separated from (150 mg, 1.22 mmol), and the solution was refluxed for 2 h.
the mixture, and the required complex was obtaine¢@d% yield by Chromatographic workup of the resulting violet solution (as described
slow evaporation of the eluate. in the case 0B(X,X)) afforded dark crystalliné§(OMe,OMe) in 78%

b. From 2(X). A 100 mg (0.13 mmol) sample d{(X=H) was (66 mg) yield. Anal. Calcd foB(OMe,OMe), ReGH2aN:0.Cls: C,
suspended in 10 mL of toluene, and the suspension was warmed to 6044 47: H, 3.28: N, 5.99. Found: C, 44.53; H, 3.35: N, 5.89.

°C. To it was added 160 mg (1.72 mmol) of aniline, and the mixture

was refluxed for 2 h. The resulting violet solution was evaporated to

dryness under reduced pressure. The solid mass thus obtained Wag s are g f tati vield iedin th

dissolved in 5 mL of dichloromethane and the solution subjected to given forone representative case. Yields varied in the range
o ) 80—85%.

chromatography on a silica gel column (201 cm; 60-120 mesh, ) o o . ]

BDH). Upon elution with benzene, a small yellow band separated out Trichloro-( p-tolylimido)( N-p-tolyl-2-picolinamido)rhenium-

which was rejected. The violet band that followed was eluted with a (V1), 7(Me,Me). A 100 mg (0.16 mmol) sample &(Me,Me) was

benzene-acetonitrile (10:1) mixture. The required complex was dissolved in 20 mL of acetonitrile, and 0.2 mL of 0.5 N nitric acid

obtained from the eluate as dark shining microcrystals by slow Was added. The solution was stirred for 1 h, during which the color

Synthesis of 7(X,Y). The same general method was used to
synthesize the above complexes frd(X,Y) as well as from5(X,X).

evaporation. Yield: 58 mg, 72%. Anal. Calcd fé(H,H), ReGe turned brown. Solvent evaporation afforded a dark product, which was
HisNsCls: C, 38.19: H, 2.65: N, 7.43. Found: C, 37.90: H, 2.60; N, repeatedly washed with water and dried in vacuo ovéh§ Yield:
7.51. 85 mg (85%). Anal. Calcd for(Me,Me), ReGoH1gNsOCls: C, 39.44;

Synthesis of 5(X,X). The complexes were prepared by the same H. 2.96; N, 6.90. Found: C, 39.50; H, 2.88; N, 6.99.
general method. Details are given for one representative case. Yields X-ray Structure Determination. Dimensions of the parallelepiped
were in the range 7075%. crystals were 0.14 0.16 x 0.22 mn? for 5(CI,Cl), 0.54 x 0.46 x
Trichloro(( p-chlorophenyl)imido)(2-acetylpyridine (p-chlorophe- 0.40 mn? for 6(0OMe,OMe), and 0.406«< 0.18 x 0.40 mn# for 7(Me,-
nyl)imine)rhenium(V), 5(CI,Cl). A mixture of 2-acetylpyridine (21 Me). All three crystals were dark, and similar procedures were used
mg, 0.17 mmol) angb-chloroaniline (22 mg, 0.17 mmol) was heated for all of them. Single crystals of complex&€Cl,Cl), 6(OMe,OMe),
in the absence of any solvent for 10 min. This mixture was then added and 7(Me,Me) were grown by slow diffusion of hexane into dichlo-
to a suspension of ReO{PPh), (100 mg, 0.12 mmol) in 20 mL of romethane solutions of the complexes.

Cell parameters were determined by a least-squares fit of 30 machine-

(28) Chatt, J.; Rowe, G. Al. Chem. Sacl962 4019. centered reflections 2= 15-30°). Data were collected by the
(29) Bahr, G.; Thamlitz, HZ. Anorg. Allg. Chem1955 282 3.

(30) Basu, P.. Bhanja Choudhury, S.; Chakravortylsrg, Chem1989 scan technique in the range 3 26 < 45° on a Siemens R3m/V four-
28 2680, T e circle diffractometer with graphite-monochromated Ma. Kadiation.
(31) pr,amanik’ A.; Bag, N.; Lahiri, G. K.; Chakravorty, forg. Chem Two check reflections after each 198 reflections showed no intensity

1991, 30, 410. reduction. All data were corrected for Lorentgolarization effects
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and absorptio? Totals of 3388 %(Cl,Cl)), 4026 6(OMe,OMe)), and of Scientific and Industrial Research, New Delhi, for financial
3139 (/(Me,Me)) reflections were collected, of which 2964, 3499, and  support. Affiliation with the Jawaharlal Nehru Centre for

2701 were respectively Unique; of these, 1998, 2013, anq 2149 WereAdvanced Scientific Research’ Banga'ore’ is acknow'edged
respectively taken as observdd> 3o(l)) for structure solution and

refinement. The metal atoms were located from Patterson maps, and Supporting Information Available: Listings of crystal data (Table

the rest of the non-hydrogen atoms emerged from successive FourierS1), complete atomic coordinates (Tables S2, S7, and S12), bond lengths
syntheses. The structures were then refined by full-matrix least-squaregTables S3, S8, and S13), bond angles (Tables S4, S9, and S14),
procedures. All hydrogen atoms were included in calculated positions anisotropic thermal parameters (Tables S5, S10, and S15), and hydrogen

with fixed U = 0.08 2. Calculations were done on a Micro VAX Il atom positional parameters (Tables S6, S11, and S16%(fkCl),
computer using the SHELXTL-PLUS Program Pack&gsignificant 6(0OMe,OMe), and/(Me,Me) (17 pages). Ordering information is given
crystal data are listed in Table 6. on any current masthead page.
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