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The complex ReOClS(PPh3)2 reacts with bis(trimethylsilyl)-N,N’-ethylenebis- 
(salicylideneiminato) to give a complex in which the “salen” ligand bridges two 
rhenium atoms, viz. dioxotet~achloro(N,N’-ethylenebis(salirylideneiminato)bis- 
(triphenylphosphine)dirhenium(V). Its crystal and molecular structure have 
been determined by a single crystal X-by diffraction analysis. The crystals are 
monoclinic space group P2Jc with four molecules in a cell of dimensions a 
l&609(4), b 16.286(4), c l&600(4) aland @ 105.00(2)“. Least squares refine- 
ment of 5867 observed 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-kystallographic 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 
[l-9]. In particular, crystal structure determinations have been carried out on 
Co3(3 MeOsale& [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-ReOCIJ(PPh& (which has previously 
been the subject of several investigations IlO-23]), reacts with the new salen 
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1.63 g cmm3. The struc.ture was solved by conventional Patterson and Fourier 
methods and refined by full-matrix least squares techniques. Throughout the 
refinement the function minimized was ZZ w(lF,I - lF,1)2 and a unitary weight- 
ing scheme was used. 

Atomic scattering factors were taken from ref. 15 and allowance was made 
for f’ and f” terms of rhenium atoms [ 16 ] _ The phenyl rings were refined as 
rigid groups of symmetry DSh (C-C 1.395 A). At the end of the Fourier refine- 
ment the R (= ZIIF,,] - ]F,]I/CIF,,l) 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 A_3 were found, together with two minor peaks of 
ca. 2 electrons As3. 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 CH2C& mole- 
cule. 

The Cl and C (from CH,CI,) 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 of 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 [ 181. 

Results and discussion 

Final positional and thermal parameters of the non group atoms are given ln 
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 (ReC120PPhs)2- 
salen where the “salen” group acts as bis-bidentate ligand bridging two rhenium 

(Con tinuad on p. 58) 
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horns. :The mole&es. are separated by Van der Waals contacts and their pack- 
ing diagr@n is presented ]in Fig.- 1:. The pa.cking is an efficient one, &z evidenced 
by the- “graphitic” packing of the pheny! rings and by the relatively low solu- 
bility of-the‘compound in various solvents. A view of. the molecule with the 
a~~ic~Ia~elli;ig.sche_rne (in the phenyls rings only the carbon bonded to the 
phosphorous atom are labelled) is given in Fig 2_ Bond distances.and angles are 
listed in Table 3.. 
‘. Thetwo rhenium atoms display the same octahedral coordination configura- 
tion in both halves of the molecule. A chlorine and the oxygen (0x0) atoms are 
coordinate&in the plane of the bidentate ligand while the second chlorine and 
the phosphorous atom of the PPhS 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 streehing vibration in the Y( Re=O) region, at 968 cm-‘, suggests a 
similar configuration and geometry of the two octahedral groups. Its position, 
equal to the v(Re=O) 969 cm-’ found for the &ens-ReOC13(PPh& complex 
[13], predicts similar chemical behaviour of their Re=O bonds. 

Bridging by the salen ligand is achieved by twisting the two “sal” moieties 
[N(l), 0(12), C(ll), - - - C(17) and N(2), 0(22), C(21), - - - C(27)] about the 
ethylene bridge C(18)-C(28) which presents a torsional angle of 84.3”, the “sal” 

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 A, 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(l) and 2.15(l) A) are signif- 
icantly longer (0.22 A) than Re(l)-O(12) and Re(2)-0(22) (1.92(l) and 1.93(l) 
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 TilVClzsalen 
[20] and in Fe’nClsalen [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 
122,231. Since the nitrogen is a softer base than oxygen, weaker bonds are 
formed with nitrogen by rather hard acids Tirv, Fen1 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 
0 of the “sal” ligand, Cl and 0 (0x0) atoms, show deviations of the atoms from 
planarity of 1-0.09 A. 

(Con tinted OR p_ 62) 
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TABLE3 

WTERA'iOMICDIj?ZT~CES(~) AND ANGLE9e)WITHes.d.'sIN-PARENTHESES .. 

.Dista- .. 
-m-c1w) 2.416(4) 
Re(lFcI(lz) 2.367<3) 

.-=a)--P<l) 2466(4) 
Re<iFo(ii~ 1.68(l) 
Re<lH<i2) 1.92(l), 
Rtil)-NW 2.15(l) 
0(12~--c<11) l-35(2> 
N<l)--C(17> l-30(2) 
Wl)--c(18) 1.48<2> 
C(17)-c(16) l-47(2) 
C(16)-C<ll) l-42(2) 
C(ll)-c(12) 1.43(2) 
C(12)-C(13) 1.3412) 
al3)--c(l4) 1.38<2) 
C(14)+m5) l-35(2) 
C<15)--c<16> l-37(2) 
Pm-c(l9) 1.83<1) 
pw--a115) 1.84Uf 
Pm-al21~ 1.83(l) 
C(l8)--c<22) l-53(2) 
c<l)--c1<14~ 1.70<2) 

AngLes 
N(l)-Re<l)-Cl<l2) 172.9(3> 
O(ll)-_Re(l)--0<12) 168.7(4) 
0(12)-Re<l)-N(1) 83-O(4) 
O(l%)_Re(l)-C1(12) 90.9<3) 
cl(12)-Ee(lbo(11) 93.8<3) 
O(ll)-Re:l)--N(1) 87.7(4) 
Cl(Il)-Re(l)_N(l) S-7.8(3> 
OUl)-Re(l)-Cl(ll) 98.0(3) 
0(12)_Re<l)~l<11) 88.1<3) 
CKll)-Re<l)--Cf(l2) 88.5(l) 
P(P)-Re<l)-_c1(12) 90.7(l) 
P(1)-Re(l)-O(ll) 87.9<3) 
P(l)_Re(l)-N(1) 925<3) 
P(l)-Re(lFO(12) 86-l(3) 
Cl(U)-Re(i)-P(l) 174.1(l) 
Rc<U---NC1)--C<l8~ 118(l) 
Rti1)-N<l)-C(1?) 128(l) 
C(17)_N<l)--c(18) 114(l) 
Re<l)~O(12j-C(11) 141(l) 
N(l+C<lS)--C<28) 111(l) 
N(1)--c<l7)--c(l6) 127(l) 
C<17)--c<l6)--c(l1) 121(l) 
0(12)-C<ll)-C(16) 120(l) 
C<17~-CU6)--c<15> 120<1) 
C<15~(16)-C<ll) 119(l) 
0(12)--c<11)--c<12) 121(l) 
C<16)--c<11)--c(12) 119(l) 
CCW-C<12)--c<13~ llS<l) 
C(12)~(13)+z<14) 12112) 
6(13bcx14)~(15) 12232) 
C(B4)-C(15)-C(16) 120(2) 
R~1)-P(lFC(19) 115.7<3) 
Ref1W(l)--C(115) 113-O(3) 
BeCl)-P(l)-C(121) 111.6(4) 
C(19)-P<1~<116) 103.6<5) 
c<19)_P<1+c(121) 103.8(5) 
cx115FP(1)-c(121) 108.3(4) 
cx14wxg--c1(~3) 9Yl) 

Re(2)-C1(21) 
Re<2+C1(22) 
Re<2$-P<2) -. 
=ea-cx21) 
Ret2)-0(22j 
Re(2)_N(2) 
0(~2F-c(21, 
w2)-cv7) 
N(2>-C(28) 
C(27)-C(26) 
C(26)--c<21) 
C(21)--c(22~ 
C(22b’323) 
C<23)--c(24) 
C(24)-C(25) 
C(25)-C<26) 
P(2)--c(29) 
P(2)--c(215) 
P<2+c<221) 
C<1t-a<13) 

2_4ti(4) 
2.365<3) 
2.472(4) 
l.qKl, 
1.93(l) 
215(l) 
1.3X2) 
1.29<2) 
1.51(2) 
l-41(2) 
1.41<2) 
l-38(2) 
l-38(2) 
1.34<2) 
1.38<2) 
1.39(2) 
1.81(l) 
1.82(l) 
1.83(l) 
l-86(2) 

N(2)-Re<2)+1<22) 
0<21)-Re<2)-0(22) 
0<22)-Re<2)-N(2) 
0<22?-Re(2)-C1<22) 
Cl~22)-lze<2)-_0<21) 
0(21)-Re<2)-N(2) 
C1<21)-X&(2)-N(2) 
0<21)-Re<2)<1(21) 
0<22)-Re<2)-_C1(21) 
C1(21)-Re(2)*1(22) 
P(2)_Re(2)--C!(22) 
P<2)_Re<2)-0(21) 
P(2+Re(2)-N(2) 
P(2)-ReC2)--0(22) 
C1(21)-Re(2)-P(2) 
Re<2)_N<2)--C<28) 
Re<2)-N(2)--C<27) 
C(27)-N(2)--c(28) 
Re(2FO(22)--C(21) 
W2)--C(28)--C(l8) 
W2)+x27)+x26) 
C<27F-C<26)+X21) 
0<22)-C(21)--c<26) 
C(27)-C(26)-_c(25) 
C(25)-c(26)-C(21) 
0(22)--c(2l)-c(22) 
C<26FC(21)-C(22) 
C<21)-C<22~<23) 
C(22)-;c(23)-%(24) 
C<23)--c<24)<<25) 
C<24FC<25)--c(26) 
Re(2+P(%)+X29) 
Re<2FP(2)+Z(215) 
Re(2)--P(2)--C(221) 
Ct29FP<2)+(2i5) 
c<29J-P(2)+X221) 
C<215)-P(2~<221) 

172a3) 
168.4<4) 
81.9(4) 
91.8(3) 
98.8(3) 
87.9(4) 
87.8<3) 
96.3(3) 
89.0<3) 
88.2(l) 
88.4(l) 
87.8(3) 
95.3<3) 
87.6(3; 

175.0(l) 
117(l) 
128(l) 
115(l) 
140(l) 
113(l) 
127(l) 
122(l) 
120(l) 
120(l) 
118(l) 
119(l) 
121(l) 
119(l) 
121(2) 
121(2) 
120(2) 
116.1<3) 
111.5<4) 
113.8(3) 
10+.2<5) 
103.1<5) 
106.1<5) 
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TABLE4 

LEAST-SQUARESPLANES~HTHEDEVIATIONS(A)OFTHERELEVANTATOMSINSQUARE 
BRACKETS(Theequationsoftheplanes~nectspacearegi~enbyPX+QY+ RZ=S) AND ANGLES 
BETWEENTHEPLANES 

P Q R s 

Plane1: 
Re(1~,0(12).N~1).C1(12).0(11) 
[R~<1)~.013,0(12)0.083,N<1)-0.086. 
C1<12~-0.068.0(11) O.O84,Cl<ll)-2.421, 
P(1)2.453] 

Plane21 
Bc~2),0(22),N(2),C1(22),0(21) 
CRe<l) 0.003.0(22)-0.077.N(2) 0.085. 
Cl(2) 0.067.0(21)-0.078.C1(21)2.408 
P<2) -2-4651 

Plane 3; 
0(12~.C(11~,C(13~.C~14~.c~15~, 
C(l6).C(l7).N(l) 
C0~12)-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& 
G(22).C(2l),C(22).C(23).C(24).C(25), 
C(26),C(27.N(2) 
CO<22) 0.057.C<21) O.OlO.C(22)~.018. 
C(23)-0.059.C<24)-0.008.C<25) 0.044, 
C(26) 0.06O.C(27) O.OlO.N<2) -0.0863 

Plane5: 
c(19)=. c(11o).c(111),c<112).c(113). 
C(114) 

Plane 6: 
ZWo". C(l~6).C(ll7).C(l18), C(119). 

Pkme7: 
z;;;;, C(122),C(123).C(124).C(125), 

Planes: 
C(29),C(21O),C(211).C(212),C(213), 
C<214) 

5.2665 14.9572 3.6172 9.7934 

17.1826 3.7492 1.0758 4.9871 

3.4520 15.0571 5.0877 9.3935 

16.9194 2.4499 2.5980 4.9769 

-9.9481 4.9088 16.7585 1.3538 

-1.3706 15.3011 -5.6546 9.3013 

11.7494 12.4916 -0.9880 12.4811 

-11.9725 7.5037 14.0814 6.0341 

Planes: 11.0054 1.0033 11.5981 4.4598 
C(215) C(216).C<217),C(218).C(219), 
co 

12.8013 11.7426 -4.8049 3.1732 PlanelO: 
C(22l).C<222).C<223).C<224),C<225). 
C(226) 

Angles (deg.) between the pkznes 
m-m 56.1 (l)-_(3) 
(5)-_(6) 86.6 <6)-W 
<8H9) 82.0 <S)-uO) 
(5)-_(3) 63.7 <6)-t3) 
W)-_(4) 73.8 (S)-(4) 
(9)-i6) 75.3 

6.4 
50.5 
67.4 
42.0 
30.8 

(3)-_(4) 64.1" 

(s)-_(5) 15.1 
(lOH7) 12.1 

(2)--<4) 6.6 
(5)--<7) 89.1 
(8)+10) SO.'? 
(7)-t3) 30.2 

(lOH4) 45.4 
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-: 
-_ .~&f~.&+j,, bond lengths’tie t& s+me &.~j 1.68(l) A, and the value is 
indica$re: of.+ F$eb&d; as reporkcSforoth@ Octahedral rhenium(V). com- $&~$<.&. .:_: 

,ch as the’[R@(jH,Q)C&tk; 1’ titioh-[1S654(iO) A]- [24]-afld 
~~e-~~~Reo~iSj~~_~8gi10)-Af 1253;. I_ -~'. : ; 

c Xz+cl$i&n ihe two bond Sstances Re(ljO(12) [1.92(l) A] Ad Re(.$- 
q(s2) -[l-93(1 j +p’ each &runs to tl-ie multiply bonded 0x0 l&and, are shorter 
thati-t‘he shortest: R&-O(Z) -bond distance, viz. 1.99(l) A, found in [ReOC&- 
(CS~7~2)~(&&)3] [26] - Th& excludes bonding weakening due to the strong 
~&&ding~Of the-&a& R&a 0X0 group postuk@d by JohnSub et al. [27], but 
is consistent tith Bright and Ibers’ explanation- [ 281 that ‘tiy leri&hening of 
th$ bond-& essent&.Uycaused bystericrepdsionofother 1igands;in otica~e. 
no significant inter- and intra-molecular contact involves the two.O(lZ) and 
O(2i) atoms. 

The two incepeqdent Re-P distances of 2.466(5) and 2.472(5) A agree 
szkis~ac~orily -with those of ,2.442, 2.469 and 2.490 A found in the [ReMC12- 
(P(C,H&C&H&] [29] and witk; those of 2.45 and 2.48 A found in [ReOCI,- 
(p(c2%hc6H5)2~ 1301. 

The Re-Cl bond length tram to the triphenylphosphine ligz+nd is slightly but 
significantly longer than the Re-Cl bond length trans ti the nitrogen by (on 
average) 0.05 A, reflecting once again the Travis influence of a coordinated 
tertiary phosphine &and on a M<Cl bond length in an octahedral complex- 
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