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Summary

The complex ReOCl;3(PPhj), reacts with bis(trimethylsilyl)-N,N'-ethylenebis-
(salicylideneiminato) to give a complex in which the “salen” ligand bridges two
rhenium atoms, viz. dioxotetrachloro(V,N'-ethylenebis(salicylideneiminato)bis-
(triphenylphosphine)dirhenium(V). Its crystal and molecular structure have
been determined by a single crystal X-ray diffraction analysis. The crystals are
monoclinic space group P2,/c with four molecules in a cell of dimensions a
18.609(4), b 16.286(4), c 18.600(4) A'and B 105.00(2)°. Least squares refine-
ment of 5867 cobserved reflections measured on a diffractometer reached R =
0.045. The “‘salen” ligand bridges two rhenium atoms which present a distorted
octahedral coordination. The two halves of the molecule are approximately
related by a non-crystallographic two fold axis perpendicular to the C—C bond

of the ethylenic group.

Introduction

The ability of the ethylenebis(salicylideneiminato) ligand (salen) and its
derivatives to bridge two metal centers has been demonstrated by several authors
[1—9]. In particular, crystal structure determinations have been carried out.on
Co3(3 MeOsalen); [2] and (ApoPd).salophen [9] (Apo = acetophenone oxime),
but no studies have been reported on salen derivatives of rhenium.

* 'We have found that the complex trans-ReOCl;(PPh;), (which has previously
‘been the subject of several investigations [10—13]), reacts with the new salen
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: denvahve (SlMea)salen [14] to give the compound Re204CI4(sa1°n)(PPh3)2,
Whlch is the subject of this paper. )

Expenmental

Preparation

1.5 g of trans-oxotrichlorobis(triphenylphosphine)rhenium(V), 0.580 ml of
bis(trimethylsilyl)-N, N'-ethylenebis(salycilideneiminate) ((SiMe;),salen) were
refluxed together for one hour in THF. The green powder was filtered hot under
nitrogen and washed with THF and pentane. The powder was recrystallized from
dichloromethane/ethanol and crystals suitable for X-ray analysis were formed.

Elemental analysis of the crude product (Found: C, 46.78; H, 3.48; Cl, 11.30;
N, 2.28, mol. wi. (in 1,2-dichloroethane) 1438. C,,H,;CI;N,O,P,Re, calcd.: C,
46.71; H, 3.32; Cl, 10.61; N, 2.10%; mol. wt. 1337.07) was in agreement ‘with
the formulation without dichloromethane of solvation. The analysis carried out
after structure determination on the recrystallized product confirmed the pres-
ence of the dichloromethane molecules (Found: C, 44.13; H, 3.37; Cl, 14.60;
N, 2.09. (353H%CIGN204P2Re2 caled.: C, 44.76; H, 3.26; Cl, 14.96; N, 1.97%).

Crystal data

The crystal used was a regular prism with dimensions 0.09 X 0.17 X O 18 mm.
All X-ray experiments were performed using a single-crystal PW 1100 Philips
diffractometer with graphite monochromated MoX, radiation (A = 0.7107 A).
The monoclinic unit cell was determined on the basis of 25 strong reflections
found by mounting the crystal at random in a reciprocal space position defined
by 4° < 6§ <12°,6° < x< 55° and 0° < ¢ < 90°.

For the subsequent determination of precise lattice parameters twenty reflec-
tions with 15° < 6 < 20° were considered, and the precise diffraction angles 6
were evaluated as centres of gravity of their profiles I = £(6) averaged over positive
and negative 6 values. Integrated intensities for the hkl reflections with 2, [ > 0
and 2° < 6 < 23° were measured using the /26 scan method with a scan speed
of 1.8° min~! a scan width of 1.30° and two background counts of duration
equal to half the peak scanning time taken at each end of the scan. Of the 7540
reflections collected, the 5867 having a net intensity greater than 3c¢(I) (o(J) is
the standard error based on count statistics) were used in structure determina-
tion and refinement. Every hour three standard reflections were monitored to
check the stability of the crystal, and only statistical variations were observed.
fo() = [CT + (t./t,)*(B, + B,) + (pI)*1'/? where CT is the total integrated peak
count obtained in scan time ¢, B, and B, are background counts each obtained
in time 3¢, and I = CT — (t./tp)*(B, + B,). A value of 0.04 was assigned to the
factor p in the formula to calculate o(J) to allow for other error sources]. The
values of I and o(I) were corrected for Lorentz and polarization effects and for
absorpiion by use of the program ORABS.

Structure determinaiion and refinement

. The crystals are monoclinic, space group P2,/c. Cell parameters are a 18.609(4),
b 16.286(4), ¢ 18.600(4) A § 105.00(2)° and the calculated density for Z = 4 is
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1.63 g cm 3. The structure was solved by conventional Patterson and Fourier
methods and refined by full-matrix least squares techniques. Throughout the
refinement the function minimized was X w(|Fyl — [F,.1)? and a unitary weight-
ing scheme was used. .

Atomic scattering factors were taken from ref. 15 and allowance was made
for ' and " terms of rhenium atoms [16]. The phenyl rings were refined as
rigid groups of symmetry D, (C—C 1.395 A). At the end of the Fourier refine-
ment the R (= Z||1Fo| — | F|/Z1F,|) value was 0.20. After a few cycles in the iso-
tropic mode for all the carbon atoms and anisotropic for rhenium, chlorine,
oxygen and phosphorous atoms belonging to the rhenium coordination spheres
the R value was 6.7%.

A difference Fourier synthesis calculated at this point showed the positions
of several hydrogen atoms; in addition, two very broad peaks with electron
densities ca. 5—6 electrons A3 were found, together with two minor peaks of
ca. 2 electrons A3, The two stronger peaks and one of two minor peaks form a
roughly isosceles triangle with two edges of 1.7 A and one of 2.7 A which corre-
spond well to the C—Cl and Cl - - - Cl distances in dichloromethane. Since the
compound was recrystallized from this solvent, the residuals of electron density
were attributed to a dichloromethane molecule in the crystal. The second minor
peak could be accounted for by an alternative orientation of the CH,Cl, mole-
cule.

.The Cl and C {(from CH,(l,) atom positions were refined isotropically. Their
high thermal parameters (Table 1) as well as the broad peaks in the difference
Fourier indicate the presence of some positional disorder as well as high thermal
vibration. The introduction of occupancy factors less than one and the refine-
ment of the two alternative orientations of the molecule did not give reliable
results and was abandoned. Two final cycles of full-matrix least-squares refine-
ment, isotropic for the chlorine and carbon atoms cf the dichloromethane mole-
cule and for the non-coordinated atoms but anisotropic for the atoms belonging
to the two coordination polyhedrons, together with introduction of the hydro-
gens of the phenyl rings at the calculated positions (assuming C—H 0.95 A and
C—C—H 120°), and of the hydrogens belonging to the carbon atoms of the
salicylaldimine ligand and of the ethylenic bridge (some in calculated positions
and some in the position shown by the difference map) lowered the R factor to
the final R value of 0.045.

All data processing and computation were carried out on a CDC 6600 machine
using the X-Ray ““73”’ system of programs [17], together with the SHELX pack-
age for the rigid groups refinement [18].

Results and discussion

Final positional and thermal parameters of the non group atoms are given in
Table 1, along with their standard deviations estimated from the inverse matrix.
Similar results for the carbon and hydrogen atoms are listed in Table 2 with the
rigid-body coordinates derived from the final group parameters. Tables of observed
and calculated structure factors may be obtained from the authors.

The crystal structure is composed of discrete molecules of (ReCl,OPPh;),-
salen where the “‘salen’’ group acts as bis-bidentate ligand bridging two rhenium

(Continued on p. 58)
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atoms The molecules are separated by Van der Waals contacts and their pack-
ing dlagram is presented in Fig.-1. The packing is an efficient one, as evidenced
‘ by the “graphitic” packmg of the phe‘ay’ rings and by the relatlvely low solu-
'bxhty of the compound in various solvents. A view of the molecule with the
atomic labellmg scheme (in the phenyls rings only the carbon bonded to the
phosphorous atom are labelled) is given in Fig. 2. Bond d1stances and angles are
listed in Table 3.

‘The two- rheniurm atoms dlsplay the same octahedral coordination configura-
tion in both halves of the molecule. A chlorine and the oxygen (0xo) atoms are
coordinated in the plane of the bidentate ligand while the second chlorine and
the phosphorous atom of the PPh; group are in apical positions.

The two halves of the molecule are approximately related by a non crystallo-
graphic two fold axis perpendicular to the C—C bond of the ethylenic group.

The IR stretching vibration in the v(Re=0) region, at 968 cm™!, suggests a
similar configuration and geometry of the two octahedral groups. Its position,
equal to the v(Re=0) 969 cm™' found for the trans-ReOCl;(PPh;), complex
[18], predicts similar chemical behaviour of their Re=0 bonds.

Bridging by the salen ligand is achieved by twisting the two ‘“sal’ moieties
[N(1), O(12), C(11), - - - C(17) and N(2), 0O(22), C(21), - - - C(27)] about the
ethylene bridge C(18)—C(28) which presents a torsional angle of 84.8°, the “sal”

2feras

% A o A o = t\. (] d
o\ J A X i/ NG
Py (S AN

X
N Ny
a “:0
.
g

Fig. 1. Unit cell content viewed down the b axis,
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Fig. 2. Perspective view of the molecule.

units being inclined each other at 60.9°. The bridging arrangement gives an
intramolecular Re - - - Re distance of 5.99 &, which excludes any metal—metal
bonding interaction.

The most significant differences in the coordination polyhedra do not appear
in the inner sphere, where bond distances and angles are the same whether the
limit of the error, but in the outer sphere. Thus the relative orientations of the
phenyl rings in the two triphenylphosphine moieties are different, as shown in
Table 4, where the values of the angles between phenyl rings as well as between
the ‘“‘sal” planes are listed.

The Re—N(1) and Re—N(2) bond distances (2.15(1) and 2.15(1) A) are signif-
icantly longer (0.22 A) than Re(1)—0O(12) and Re(2)—0(22) (1.92(1) and 1.93(1)
A) and much greater than suggested by the difference in covalent radii {19]. This
fact has been noticed in several “salen” compounds, for example in Ti!V Cl,salen
[20] and in FeClsalen [21], with a difference of 0.25 and 0.20 A, respectively,
this has been explained in terms of Pearson’s hard and soft acid—base concept
[22,23]. Since the nitrogen is a softer base than oxygen, weaker bonds are
formed with nitrogen by rather hard acids Ti'V, Fe!'! and ReV.

The coordination octahedra are rather irregular, as indicated by bond angles
and least squares planes. In particular the basal plane constituted by Re, N and
O of the “sal” ligand, Cl and O (oxo) atoms, show deviations of the atoms from
planarity of £0.09 A.

(Continued on p. 62)



L TABLEa _ , s
B INTERATOMIC DISTANCES (A) AND ANGLES ©) WITH es. d.’s IN PARENTHESES

7 '.Dutance: L ST T )
Re(l)—Cl(ll) ) 2.416(4) RE(2)—CI(21) 2;409(4)

Re(1)—Cl(12) 2.367(3) Re(2)—Cl(22) 2.365(3)

. Re(1)—P) . . 2.466(4) - ~ Re(2)—P(2) . 2.472(4)

" Re(1)—0(11) - 1.68(1) Re(2)—0(21) - - .1.68(1)
Re(1)—0O(12) . - 1.92(1) Re(2)—0(22) - 19%1)

Re(1)—N(@) 2.15(1) Re(2)—N(2) C 2.15(1) -

T o@a2)y—ca) T 1.35(2) . o(22—c(21) . - 1.35(2)

N@1)>—<Qa7) 1.30(2) N(2)—C(2T) 1.29¢2) .
N(1)—C(18) . 1.48(2) N(2)—C(28) 1.51(2) &
C(17)—C(16) - 1.47(2) C(27)—C(26) 1.41(2) -
caesy—ca@l) 1.42(2) C(26)—C(21) | 1.41(2)

€(11)—c12) 1.43(2) C(21)—C(22) 1.38(2)

<@12)—CcQ13) 1.34(2) C(22)-C(23) 1.38(2)

c@as3—cad - 1.38(2) c(23)—C(24) 1.34(2)

C@14)—C@5) 1.35(2) C(24)—C(25) 1.38(2)

C(15)—C(i6) 1.37(2) C(25)—C(zZ6) 1.39(2)

P(1)—C(@19) . 1.83(1) B(2)—C(29) 1.81(1)

P(1)—C(115) 1.84(1) P(2)—C(215) 1.82(1)

P(1)—C(121) 1.83(1) P(2)—C(221) 1.83(1)

C(18)—C(23) - 1.53(2) C(1)—Cc1(13) 1.86(2)

C(1)—CI(14) 1.70¢2) :

Angles .

N(1)—Re(1)—CK12) 172.9(3) N(2)—Re(2)—Cl(22) T 172.5(3)
0(11)—Re(1)—0A12) 168.7(4) 0(21)—Re(2)—0(22) 168.4(4)
0(12)—Re(1)—N(1) 83.0(4) 0(22)—Re(2)—N(2) 81.9¢(4)
0(12)—Re(1)—CL(12) 90.9(3) 0(22)—Re(2)—CH22) 91.8(3)
CI(12)—Re(1)—0(11) 98.8(3) Cl22)—Re(2)—0(21) 98.8(3)
0(11)—Re{1)—N(1) 87.7(4) 0(21)—Re(2)—N(2) 87.9(4)
CI(11)—Re(1)—N(1) 87.8(3) CK21)—Re(2)—N(2) 87.8(3)
0(11)—Re(1)—Cl(11) 98.0(3) 0(21)—Re(2)—CI(21) 96.3(3)
0(12)—Re(1)—CI(11) 88.1(3) 0(22)—Re(2)—CK21) 89.0(3)
Cl(11)—Re(1)—CU12) _88.5(1) CI(21)—Re(2)—C1(22) 88.2(1)
P(1)—Re(1)—C1(12) 90.7(1) P(2)—Re(2)-—C}22) 88.4(1)
P(1)—Re(1)—0(11) 87.9(3) P(2)—Re(2)—0(21) 87.8(3)
P(1)—Re(1)—N(1) 92.5(3) P(2)—Re(2)—N(2) 95.3(3)
P(1)—Re(1)—0(12) 86.1(3) P(2)—Re(2)—0(22) 87.6(3)
CI(11)—Re(1)—P(1) 174.1(1) CI(21)—Re(2)—P(2) 175.01)
Re(1)—N¢1)—C(18) 118(1) Re(2)—N(2)—C(28) 117¢1)
Re(1)-N(1)—CQ7) 128(1) Re(2)—N(2)—C(27) 128(1)
CAT)—N(1)—C(18) 114(1) C(27)—N(2)—C(28) 115(1)
Re(1)—0(12)—C(11) 141(1) Re(2)—0(22)—C(21) - 140D
N(1)—C(18)—C(28) 111(1) N(2)—C(28)—C(18) 113(1)
N@)—C(17)—C@16) . 127(1) N(2)—C(27)—C(26) - 127¢1)
C(17)—C(16)—C(11) 121(1) C(27)—C(26)—C(21) - 122(1)
0({12)—C(11)—C(16) 120(1) 0(22)—C(21)—C(26) 120(1)
C(17)—C(16)—C(15) 120(1) C(27)—C(26)—C(25) 120(1)
C(15)y—C(16)—C(11) - 119(1) C(25)—C(26)—C(21) 118(1)
0(12)—C(11)—C(12) 121(1) 0(22)—C(21)—C(22) 119(1)
C(16)—C(11)—C@a2) 119(1) C(26)—C(21)—C(22) 121{1)
C(11)—-C(12)—C(13) -119(1) C(21)—C(22)—C(23) 119(1)
C(12)—CT(13)—C(14) 121(2) C(22)—C(23)—C(24) 121(2)
c(3)--Cc(14H)—i15) 122(2) C(23)—C(24)—C(25) 121(2)
C(E4)—C(15)—-C(16) 120(2) C(24)—C(25)—C(26) 120(2)
Re{1)—P(1)—C(19) 115.7(3) Re(2)—P(2)—C(29) 116.1(3)
Re/1)-P(1)-C(115) 113.0(3) - Re(2)—P(2)—C(215) 111.5(4)
Red1)—P(1)—C(121) 111.6(4) Re(2)—P(2)—C(221) 113.8(3)
C(19)—P(1)}—C(1158) ~ 103.6(5) = C(29)—P(2)—C(215) | 105.2(5)
C(19)—P(1)—C(121) 103.8(5) C(29)—P(2)—C(221) 103.1(5)
C(115)-P(1)—C(121) 108.3(4) C(215)—P(2)—C(221) 106.1(5)

CU14)—C(1)—C1(13) 95(1)
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TABLE 4

LEAST-SQUARES PLANES WITH THE DEVIATIONS (A) OF THE RELEVANT ATOMS IN SQUARE
BRACKETS (The equations of the planes in direct space are given by PX + QY + RZ = S) AND ANGLES .
BETWEEN THE PLANES

P Q R S
Plane 1: v 5.2665 14.9572 3.6172 9.7934
Re(1), 0(12), N(1), CI(12), 0(11) .
[Re(1) —0.012, O(12) 0.083, N(1) —0.086,
CI(12) —0.068, O(11) 0.084, C1(11) —2.421,
P(1) 2.453]
Plane 2: 17.1826 3.7492 1.0758 4.9871

Re(2), 0(22), N(2), CI(22), O(21)
[Re(1) 0.003, O(22) —0.077, N(2) 0.085,

CK(2) 0.067, O(21) —0.078, CI(21) 2.408

P(2) —2.465]

Plane 3; 3.4520 15.0571 5.0877 9.3935
0(12), C(11), C(1.8), C(14), C(15),

C(16), C(17), N(1)

[O(12) —0.064, C(11) —0.021, C(12) 0.061,

C(13) 0.025, C(14) —0.021, C(15) —0.011,

C(16) —0.024, C(17) —0.011, N(1) 0.0661

Plane 4: 16.9194 2.4499 2.5980 24.9769
0(22), C(21), C(22), C(23), C(24), C(25),

C(26), C(27, N(2)

[0(22) 0.057, C(21) 0.010, C(22) —0.018,

C(23) —0.059, C(24) —0.008, C(25) 0.044,

C(26) 0.050, C(27) 0.010, N(2) —0.0861

Plane 5: —9.9481 4.9088 16.7585 1.3538
C(19) %, C(110), C(111), C(112), C(113),

C(114)

Plane 6: —1.3706 15.3011 —5.6546 9.3013
€(115), C(116), C(117), C(118), C(119),

C(120)

Plane 7: 11.7494 12.4916 —0.9880 12.481i1
C(121), C(122), C(123), C(124), C(125),

C(126)

Plane 8: —11.9725 7.5037 14.0814 6.0341
C(29), C(210), C(211), C(212), C(213),

C(214) .

Plane 9: 11.0054 1.06033 11.5981 4.4598
T(215), C(216), C(217), C(218), C(219),

C(220)

Plane 10: 12.8013 11.7426 —4.8049 3.1732
C(221), C(222), C(223), C(224), C(225),

C(226) R

Angles (deg.) between the planes

1—2) 56.1 m—3) 6.4 (2)—(4) 6.6 (3A—4) 64.1°
(5)—(6) 86.6 6)—7) 50.5 BY~7) 89.1

(8)—(9) 82.0 (9)—(10) 67.4 (8)—10) - 80.7

(5)—3) 63.7 6)>—3) 42.0 (71)—3) 30.2 (8)—(5) 15.1
(8)—(4) 73.8 (9)—(4) 30.8 (10)—4) 45.4 10)—(7) 12.1
(9)—(6) 75.3

9 The underlined carbon atoms are attached to the phosphorous.



The two Re—Ooxo bond lengths are the Same v1z., 1 68(;) A and the value is -
mdlcative of 2 triple bond, as reported for other octahedral rhemum(V) com- -
: pf ds'such’as the’ [ReO(H,O)Clztuz] catlon [1 654(10) A] [24] and

, [(enHz')ReOCIS][l 689(10) AT [251.

" -in-addition the two bond d1stances Re(l)—O(l‘?) [1 92(1) A] a.nd Re(2)—

(‘72) 11.93(1) .&], each trans to the multiply bonded oxo ligand, are shorter
than- the shortest Re——O(Z) bond distance, viz. 1.99(1) A, found in [ReOCl,-
(CSH-,Oz)P! Céh5)3] [26]. Th1s excludes bonding weakening due to the strong
w-bonding of the trans Re—0, 5, group postulated by Johnson etal. [27], but
is consmtent with Bright and Ibers’ explanation’ [28] that any lengthening of
thls bond is essentlally caused by steric repulsion of other ligands; in our case
no SIgmt“ icant inter- a.nd mtra-molecular contact mvolves the two O(12) and
O(21) atoms. .

"~ The two mdependent Re—-P distances of 2. 466(5) and 2. 472(5) A agree
satisfactorily with those of 2.442, 2.469 and 2.490 A found in the [ReNCl,-
(P(C,H;):CsH;)5] [29] and with those of 2.45 and 2.48 A found in [ReOCl3
(P(C;H5),C6Hs),1 [30].

The Re—Cl bond length #rans to the tnphenylphosphme ligand is slightly but
mgmﬁcantly longer than the Re—Cl bond length trans to the nitrogen by (on
average) 0.05 A, reflecting once again the trans influence of a coordinated
tertlary phosphme ligand on a M—Cl bond length in an octahedral complex-
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