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Abstract—The structural features of eleven mononuclear octahedral ¢?-Re(V) monooxo complexes with tri-
dentate chelating (O,P,0 and O,P,N) ligands, [ReO(L".)(L%;)], [ReO(L™.)Cl,], and [ReO(L™.)-

. m
CI1(PPhj)], are considered. The Re—O(Lm. )mms

tri tri tri

bond lengths are commensurable (or somewhat shorter)

with the Re—O(L’” )Cl_s or Re—O(ST) bond lengths, which is indicative of the presence of pseudo-dioxo

tri

ReO, groups with increased bond orders for both trans-arranged Re—O bonds. In the structures of two com-

pounds, the Re—O(Lzbi)

trans

bonds are, on average, 0.094 A longer than Re—O(ST) and 0.189 A longer than

Re—O(H L3bi )cis , in accordance with the structural consequences of the trans-effect of a multiply bonded oxo

ligand.

Keywords: crystal structure, X-ray diffraction analysis, six-coordinate d>-Re monooxo compounds, triden-

tate chelating (O,P,O and O,P,N) ligands
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INTRODUCTION

The structures of monomeric octahedral complexes
(MOCs) of Group 5—7 d°- and d?>-metals (Nb, V, Mo,
W, Re, Tc) with multiply bonded O(oxo) ligands are
described in detail in the literature [1—7]. More than
five hundred d?-Re(V) compounds were studied by X-
ray diffraction (see Cambridge Crystallographic Data
Centre (CCDC), version 5.38, November 2017 [8]).
Most of these complexes, ReO,,,O(Lig),,.,» contain
oxygen atoms of mono- and polydentate ligands in the
trans-position to the oxo ligands. Previously, we pub-
lished a number of integrating papers dealing with d?-
Re(V) MOC:s with ligands being represented by halo-
gen, nitrogen, sulfur, and hydrogen atoms; oxygen
atoms of monodentate anionic ligands [hydroxy,
alkoxy (methoxy, ethoxy, propoxy), OR"™ (n = 1, 2;
R= Ph, Cy, CiH,OH, C,H,OMe, P(O)(OMe),,
C(0O)(CF;), OCMe(CF;),, BF;), OER"™ (n = 1, 2;
E = Si, B, S; R = Me;, F;, O,CF;)], bidentate chelat-
ing (0,0), (0O.S), (0,C), (O,P), and (O,N) singly
charged ligands; singly and doubly charged tridentate
chelating (O,N,0) [9], (0,0,0) [10], and (O,S,0 and
S,0,S) [11] ligands; and neutral oxygen-containing

ligands (water molecules, phosphine oxides and arsine
oxides OER; (E = P, As; R; = Ph;, PhEt,), OR' mol-
ecules [DMF, R"OH (R" = Me, Et, Pr), L (ON,C -
C¢H,;, O~ (C¢H;MeCH,NH"Et,), O-(NH"CsH,)) in
trans-positions to the multiply bonded O(oxo) ligands.
Previously, we published reviews dealing with the
structural details of @°~-Re(VII) [12] and &°-, @*>-tech-
necium(V, VII) MOCs [13].

The structural consequence of the frans-effect of
the multiply bonded O(oxo) ligand, namely, elonga-
tion of the opposing Re—L,,,,, bond, is characterized
by the parameter A (the difference between lengths of
the like bonds {[Re—L,,,,,] — [Re—L,;]}). If the struc-
ture contains no ligands of the same sort in both frans
and cis positions to O(oxo), we used the parameter
{[Re—L,,,.s] — [Re—L(ST)]}, where ST is the statistical
mean standard length of the Re(V) bond with the
ligand of the same sort as L,,,,,,- As the parameter Re—
O(ST), we took (as previously [4]) the value of 2.04 A.

This communication discusses the structure of the
monomeric octahedral monooxo complexes [ReO-

(L™.)(L%;)] and [ReO(L™. ) Cl,] containing a triden-

tri tri
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(In)

Fig. 1. Structure of the complexes: [ReO(L! . ) CI(PPh3)] (I); [ReO(L2 ;) (L%;)1 .

tate chelating (O,P,O or O,P,N), bidentate chelating,
or two monodentate ligands.

Selected bond lengths for the eight structurally
studied complexes of the above-indicated types are
summarized in Table 1.

STRUCTURE OF COMPLEXES
WITH THE TRIDENTATE
CHELATING (0O,P,0) LIGAND

In each of the two complexes considered in this
chapter, all three atoms of the doubly charged triden-

tate chelating (O,P,0) ligands L, (m = 1, 2) are
located in the same face of the Re octahedron (fac-
isomer). The frans-position relative to the multiply
bonded oxo ligand is occupied, in both structures, by

m

either of the two alkoxy oxygen atoms of the L

m

ligand. The coordination of the L ; ligands to rhenium
is accompanied by closure of two similar five-mem-
bered ReOC,P rings fused at the Re—P bond.

Structure of the [ReO(L, ) CI(PPhy)] - CH;ClL, (1)
complex. In the crystal structure of I [14] (Fig. 1), the
Me;SiOC¢H, group in the tridentate bis(chelate)
((2-trimethylsilyloxy)phenyl)bis(2-phenolato)phosphine
ligand P(C¢H,0),(C4H,OSiMes(L))) is terminal. The
Re—O2(L!)) bond in the mans-position relative to
Ol(oxo) (2.047 A) is 0.028 A longer than the Re—

03(L';),,, bond (2.019 A). Of the two Re—P bonds, the

cl.
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bond with the P(1) atom of the ligand L, (2.4833 A) is
markedly longer than the Re—P2(PPh;) bond (2.4240 A).

Structure of the [ReO(Lzm)(lei)] complex (II)

with the bidentate chelating (O,P) ligand lei. In the
crystal structure of II [15] (Fig. 1), the tridentate che-
lating bis(o-hydroxyphenyl)phenylphosphine ligand

2—
(OC¢H,),PPh (Lzm) closes two five-membered
ReOC,P rings, while the singly charged bidentate che-
lating (O,P) o-(hydroxyphenyl)diphenylphosphine

ligand OC¢H,PPh, (lei) closes one such chelate ring.
Note that in complex II, as distinct from I, the Re—

O3(L2 bond (2.026 A) is somewhat shorter (by

tri )trans

0.024 A) rather than longer than the Re—O2(L2 )m

tri
bond (2.050 A), and also the Re—P1(L2,) bond
(2.391 A) is considerably shorter (by 0.092 A) than the

corresponding bond in I and 0.037 A shorter than the

P2(L2bi) bond in compound IT (2.428 A). In complex
11, the rhenium atom is, as usual, displaced from the
equatorial plane of the O,P, atoms towards the oxo
ligand: the Ay, parameter is 0.273 A.

STRUCTURE OF COMPLEXES
WITH THE TRIDENTATE CHELATING
(O,P,N) LIGAND

The crystal structures are known for six mononu-
clear octahedral complexes containing a tridentate
bis(chelating) (O,P,N) ligand.
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Table 1. Selected geometric parameters (A) of monomeric octahedral complexes with tridentate chelating (O,P,0 and

O,P,N) ligands*

Complex Re=0 Re—L,; Re—0,,,s A, (A) Reference
[ReO(L.,;)CI(PPhy)] - 1.670(3) 2.0193) o(L,;) 2.047(3) 0.028 [14]
CH,CL, (I

3CL (@ 2.4833(12) P(L..,) O(Ly;)
2.4240(12) P(PPh,)
2.3759(12) Cl
[ReO(L2,;)(L};)1 (M) 1.692(3) 2.050(3) O(13,;) 2.026(3) —0.024 [15]
1.994(2) O(L;) o(Li;)
2.391(1) P(L2,)
2.428(1) P(L),;)
[ReO(HL} ;) CL,] (IIT) 1.680(7) 2.2248)N(L3,,) 1.943(7) (=0.097) [16]
2.4142) P(HL,,) o(HL’,,)
2.453(3) Cl(trans to P)
2.353(3) Cl(trans to N)
[ReO(L3,;)Cl,] (IV) 1.695(9) 211111 N(L3,,) 1.953(9) (—0.087) [16]
2.433(4) P(L;) o(Li)
2.438(4) Cl(trans to P)
2.376(4) Cl(transto N)
[RCO(L}tri)Clﬂ . 1.702(12) £0.009 |2.123(15) + 0.014 N (L3m) 1.966(12) £ 0.005 | (—0.080) [17]
0.25CH,Cl, (V) 2.447(6) £ 0.005 P(L2.,) o(L3,)
2.438(6) + 0.007 Cl(trans to P)
2.396(6) £ 0.007 Cl(trans to N)
[ReO(HL!.)CL,]- 1.679(4) 2.1954) N (HL.) 1.976(3) (—0.064) [18]
MeOH (VD) 2.414(1) P(HLY,,) o(HL*,)
2.429(1) Cl(trans to P)
2.344(1) Cl(trans to N)
[ReO(L3, )(12,)1- 1.6680(4) 1.951(4) o(L3,;) 2.100(4) (0.060) [19]
MeOH (VII) 0.149
2.025(5) N(L3,;) o(L%;)
2.4712) P(L3,;)
2459 P(12))
[ReO(L,;)(HL,)]CI 1.667 +£0.004 [ 1.939+0.003 O(L>,;) 2.168(3) £0.003 | (0.128) [19]
(VIID) 0.229
2.012+0.017 N(L3;) o(L%))

2.465+0.017 P(L3,;)
2.455 +0.004 P(L3,,)

2
* (thri )

2—
= P(C4H,40),C4HsOSiIMe;; (L3;)

= (OCgHy,PPh; (13;)

= OC4H,CH=NH(CH,);PPhy; (HL};) =

2 _ ~
Ph,PC¢H,CH,NHC4H,0; (L;)” = OCH,NC(=0)C4H,PPhy; (L};) = OC¢H,PPhy; (13;) = OC(=0)C4H,PPhy; and
HL}; = OC{NH(CH,),0H}C4H,PPh,.
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In each of these compounds, all three atoms of the
singly charged tridentate chelating (O,P,N) ligands

LY, (m = 3-35) are located in the common face of the
Re octahedron (fac-isomer). The frans-position rela-
tive to the multiply bonded oxo ligand in all six struc-

tures is occupied by the phenolic oxygen atom of L7,.

The coordination of the LY, ligands to rhenium is
accompanied by closure of two chelate rings fused at
the Re—N bond, one of the rings being always six-
membered (RePC;N), while the other ring may differ

in the denticity (for details, see below).

Structure of the [ReO(L':'ri)Clz)] complexes (m =
3, 4). The structures were determined for four title
compounds containing singly charged tridentate
bis(chelating) (O,P,N) ligands. In all complexes, chlo-
rines are located in cis-positions relative to each other.

The complex molecules of three compounds, [ReO-
CL(HL};)] (II) [16], [ReOCL(L};)] (IV) [16]

(Fig. 2), and [ReOCL(L},)] - 0.25CH,CI, (V) [17],
have similar structures. In complex III, the nitrogen
atom of the (2-diphenylphosphinopropylamino-
methyl)phenolato ligand, OC¢H,-2-CH,NH—(CH,);-

Pth(HLSm)_, is protonated and sp*-hybridized,
unlike the sp?-hybridized N atom of the (2-diphenyl-

phosphinopropyliminomethyl)phenolato  ligand,
OC4H,-2-CH=N—(CH,);PPh, (L3,,), in IV or V with

tri

the N=C(1) double bond. The bond lengths in the
ReO,NPCI, octahedra of the three structures are sim-

ilar, with only one exception: the Re—N(L3tri ) bonds in
IVand V (2.111 and 2.123 + 0.014 A; structure V con-
tains two independent molecules) are markedly
shorter than that in III (2.224 A). It is natural that the
N=C(1) double bonds in IV and V (1.35(2) and
1.305(20) % 0.005 A) are shorter than the single bond
in III (1.504(14) A) and the ReNC1 angles in IV and
V (127.5(11)° and 126.9(13)° % 2.1°) are greater than
the angle in III (111.8(6)°). Upon coordination to Re,

(ij)a and HL3tri form two six-membered metallacy-
cles: RePC;N and ReOC;N. Note that in all three
structures, two independent Re—Cl bonds differ in
length, the Re—CI(1) bond in the trans position to P is
longer than the Re—Cl(2) bond in the frans position to
N (2.438—2.454 and 2.353-2.396 A, respectively),
evidently, due to the stronger frans-effect of phospho-
rus. Previously [17], the difference between the two
Re—Cl bond lengths was erroneously attributed to the
trans-effect of the stronger Re—N bond.

In the crystal structure of [ReOClz(HL‘tri)] (VI)
[18] (Fig. 2), the 2-(2-diphenylphosphinobenzyl-
amino)phenolato  ligand, Ph,PC4H,-2-CH,N-
HC(H,O~ (HL?%, being coordinated to rhenium,
closes two metallacycles (a six-membered RePC;N

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 45
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and five-membered ReOC,N rings fused at the Re—N
bond).

Structure of the [ReO(Lstri)(L'{)i)] complexes with
bidentate chelating (O,P) ligands. The crystal structure

was determined for two [ReO(LSm)(L'{)i )] compounds
[19] containing the doubly charged 2-(diphenylphos-
phinyl)-N-(2-oxoethyl)benzamide ligand O(CH,),-

NC(=O)C6H4PPh2(L5m). The compounds differ by
the bidentate chelating (O,P) ligands, namely, singly

charged 2-(diphenylphospanyl)benzoato ligand,
OC(=O)C6H4PPh2(L”bi), is present in the neutral

methanol solvate complex [ReO(LSm)(L'Li)] - MeOH
(VII) and neutral 2-(2-(diphenylphospanyl)-N-(2-
hydroxyethyl)benzamide, OC{NH(CH,),CO,}C¢H,-

Pth(HL3bi), is present in the cationic singly charged
complex with the chloride counter-ion

[ReO(L},;)(HL},)]C1 (VIII) (Fig. 2). The structures of

tri

the two complexes are similar. The Lsm, ligand has a
meridional (mer) geometry in VII and VIII and closes
six- and five-membered metallacycles, RePC;N (A)
and ReOC,N (B), fused at the Re—N bond upon

coordination to Re. The bidendate chelating L};
ligands in VII and VIII form five-membered ReOC;P
(C) chelate rings with metal atoms. Structure VIII,
which contains two crystallographic molecules, was
solved to a moderate accuracy, and its geometric
parameters are not discussed in [19]. In structure VII,
the six-membered metallacycle A is substantially non-
planar; the maximum deviation from the mean plane
(A,,) is 0.223 A. The five-membered chelate ring B has
an N-envelope conformation with a 0.179 A deviation
of the nitrogen atom from the ReOC, mean plane
(£0.022 A). Like ring A, rings C in both complexes of
VIII are essentially nonplanar (A,, of 0.341 A). The
trans-positions relative to the oxo ligands in VII and
VIII, unlike that in complex IlI, are occupied by the

oxygen atoms of the bidentate chelating L;; ligands
(rather than by tridentate chelating Lzm, as in II). The
Re—O(L",) bonds in VII and VIII (2.100, 2.168 A) are
considerably longer than Re—O(L’:'ri) in I-VI
(1.943—2.047 A) (for more detail, see below).

STRUCTURAL FEATURES OF MONOMERIC
OCTAHEDRAL RHENIUM(V) MONOOXO
COMPLEXES WITH TRIDENTATE
CHELATING LIGANDS (O,P,0 AND O,P,N)

Table 2 summarizes the average values for the
selected geometric parameters of I—VIII.

We will consider two stereochemical features of the
octahedral Group 5—7 metal (including rhenium)
monooxo complexes.
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(VIIT)

Fig. 2. Structures of the complexes: [ReO(L3 . ) CL,1 (IV); [ReO(H L, )Cly] (VI); and [ReO(L3 . ) (HLY,;)1* (vIID).

(1) The choice of the frans-partner (in the presence
of competing ligands) is determined by the self-con-
sistency rule [2]: the frans-position relative to the mul-
tiply bonded O(oxo) ligand is mainly occupied by the
least polarizable neutral 6-donor ligand (atom), the
bond to which is weakened more easily, rather than by
the negatively charged ligand (atom).

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 45

(2) the Re—L bonds in the frans position to O(o0xo)
are elongated because of the trans-effect of the multi-
ply bonded oxo ligand.

The first rule does not hold for any of the eight
complexes considered in the review: in compounds I—
VIII, the trans-positions to O(oxo) are occupied by
negatively charged oxygen atoms of the L,; and L;

No.6 2019
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Table 2. Selected geometric parameters (A) of the monomeric octahedral d>-Re(V) monooxo complexes with tridentate

chelating (O,P,0 and N,P,0) ligands

Parameter

Value (A)*

Re—0O(ox0)

Re—0(L",)

trans

Re_O(L’tnri )

trans
RC—O( L’:lri )c[_y
A{Re—O(L7; )}
(A){Re—O(L7, )}
(A){Re—O(L;)}

Re-N(1%),,

Re—Cl(trans relative to P)
Re—Cl(trans relative to N)
A{Re—Cl(trans to P—trans to N)}
Re—P(LY;)

Re—P(L",)
Re—P(Ph;)

1.667—1.702 {8} (1.682 + 0.020)
2.100, 2.168 {2} (2.134 + 0.034)
1.943—-2.047 {6} (2.003 £ 0.060)
1.939-2.050 {4} (1.990 + 0.060)
0.028, —0.024 {2} (0.002 + 0.026)
—0.097...—0.064 {4} (—0.082 + 0.018)
0.149, 0.229 {2} (0.189 + 0.040)

2.001-2.224 {6} (2.115 £ 0.109)

2.424-2.454 {5} (2.437 £ 0.014)
2.344-2.396 {4} (2.368 + 0.028)
0.042—0.101 {4} (0.072 % 0.030)

2.391-2.483 {8} (2.440 + 0.049)
2.428-2.459 {3} (2.442 + 0.017)
2.424 (1)

* The presented data include the ranges of values, the number of examples (in braces), and the average values with the scatter (in

parentheses).

ligands. The Re—O(L7, ) bonds (1.943—-2.047 A)

tri
in six out of eight considered complexes (I—VI) are

commensurable in length with the Re—O(L’” )m

tri

bonds in I, I, VII, and VIII: 1.939—2.050 A [but not

longer as the Re—O(L”bi ) ans 0ONds in VII and VIII

(by 0.149 and 0.229 A) and in most octahedral &2-
Re(V) monooxo complexes due to the frans-effect]. It
may seem that this fact is at variance with the “self-
consistency rule” [2]. However, in reality, the Re—
O(L,;) distances in the trans-positions relative to the
oxo ligands in compounds I—VI can be considered as
having a higher order, as they are markedly shorter
than the Re—O(ST) bond (2.04 A) [4]. In this case,
one deals with pseudo-dioxo complexes containing
two multiply bonded ligands, O(ox0) and O(L),,,s-

Recall that in the Group 5—7 d? metal dioxo com-
plexes, two multiply bonded ligands are always located
in frans-positions to each other.

It is noteworthy that in complexes III—-VI, the two
types of rhenium—chlorine bonds, located in trans-
positions relative to phosphorus and to nitrogen of the

LY, ligands, have substantially different lengths. The
former type of bonds (Re—Cl(1) 2.424—2.454 A, aver-
age, 2.437 A) is markedly (on average, by 0.069 A) lon-
ger than the latter type (Re—CI(2) 2.344—2.396 A,

average, 2.368 A).
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