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Preparation of Oxopentachlororhenate(VI) and Oxotetrachlororhenate(V).
The Crystal and Molecular Structure of AsPh,ReOCl,

By T. Lis AND B. JEZOWSKA-TRZEBIATOWSKA
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From a suspension of AsPh,ReO, or PPh,ReO, in various solutions such as ethanol, methanol, acetone,
chloroform, water, benzene, formic acid and others, the red compounds containing oxopentachloro-
rhenate(VI) anions were obtained on reaction with gaseous HCL AsPh,ReOCI, and PPh,ReOCI; crystal-
lize in the space group P4/n, with similar axial lengths. From solutions of these complexes in ethanol the yel-
low complexes AsPh,ReOCl, or PPh,ReOCl, could be obtained. The crystal structure of AsPh,ReOCl, has
been determined by single-crystal diffractometry. The structure was solved by the heavy-atom technique and
refined by the block-diagonal least-squares method to an R = 0-059 for 1134 reflexions. In the square-
pyramidal [ReOCI,]~ anion the Re and O atoms lie on a fourfold axis, with Re—O and Re—CI 1.63 (3) and
2.344 (4) A respectively. The AsPh?, cation has 4 (S,) crystallographic symmetry, with As—C 1-91(1) A
and two independent C—As—C angles of 107-2(5) and 110-6 (5)°. [Crystal data for AsPh,ReOCl,: space

group P4/n,a = 13-117(6), c = 1-358 (4) A.]

Introduction

The dissolution of perrhenate ions (ReOj) in con-
centrated hydrochloric acid saturated with hydrogen
chloride produced a yellow solution which turned
brown-red with increase in HCl concentration. This
reaction was studied for the first time by Jezowska-
Trzebiatowska (1951) and described as:

ReO; + 4HCI = ReO,Cl; + 2H,0.

Grove, Johnson & Wilkinson (1969) reported the pre-
cipitation of a pale-yellow solid of stoichiometry
Cs,(ReO,Cl;) from similar solutions. Sergiyenko,
Porai-Koshits, Khodashova, Babeshkina & Butman
(1975) have obtained another complex compound of
formula bpyReO,Cl, and have determined its crystal
structure. A similar oxo-compound of formula
phenReO,Cl was recently obtained by us and its crystal
structure will be published. Moreover, Yatirajam &
Singh (1975) reported that by the action of hydrogen
chloride on perrhenate in acetic acid the oxo-complexes
of rhenium(VI) could be obtained as the reduction prod-
ucts. Therefore, we decided to reinvestigate the inter-
action of HCI with ReOy ions. This paper is the first of
this series.

Experimental

The PPh,ReO, and AsPh,ReO, salts were obtained
from the reaction between NH,ReO, and phosphonium
or arsonium chloride.

The AsPh,ReO, or PPh,ReO, salts were suspended
in different liquids: acetone, ethanol, methanol,

chloroform, carbon tetrachloride, water, acetic or for-
mic acid, and a slow stream of dry hydrogen chloride
was bubbled through. The initial yellow colour of the
solutions changed to dark red. After some time, red cry-
stals were precipitated from the solutions as tetragonal
needles. The crystals were removed by filtration. Both
(arsonium and phosphonium) red complexes were quite
stable if obtained from acetone or chloroform mixtures.
The crystals were identical with those obtained by
Brisdon & Edwards (1968) and Yatirajam & Singh
(1975). Weissenberg photographs showed systematic
absences for hkO reflexions for h+ k=2n+1,
uniquely indicating the P4/n space group. Preliminary
X-ray analysis showed that the two compounds are iso-
morphous. In the ReOCI; anions the Re, O and Cl
(trans to O) atoms lie on a fourfold axis. The AsPh}
and PPh} cations have 4 crystallographic symmetry.
The structure was solved to R =0-051 and R = 0-084
for the phosphonium and arsonium salts respectively.
The detailed data will be reported later.

If the rhenium(VI) red oxo-complexes so obtained
were stood in an ethanol reaction mixture in air for a
few days, yellow crystals crystallized as tetragonal
needles for the phosphonium salt and as tetragonal
plates for the arsonium salt. Both compounds crystal-
lize in the same P4/n space group but are not iso-
morphous. The crystal data are summarized in Table 1.

A crystal of AsPh,ReOC]l, of approximate size 0-11
x 0-08 x 0-06 mm was selected. It was mounted on a
Syntex P2, automatic four-circle diffractometer and in-
tensity data to @ = 73° were measured. Cu Ka radi-
ation with a graphite monochromator was used. The in-
tensities of reflexions were measured by the 26—w scan
technique. After each group of 40 reflexions the inten-



T. LIS AND B. JEZOWSKA-TRZEBIATOWSKA

sity of a standard reflexion was measured and no
significant change in intensity was observed. 1278 in-
dependent reflexions were measured, of which 144 were
judged to be ‘unobserved’ as the net count of each was
less than 1-960(/). Reflexion intensities were corrected
for Lorentz and polarization effects but not for ab-
sorption or extinction.

Structure determination and refinement

All calculations were performed with the Syntex X7TL
structure determination system (NOVA 1200 computer
and additional external disc memory). Neutral-atom
scattering factors used were those listed in [nter-
national Tables for X-ray Crystallography (1974).

A three-dimensional Patterson synthesis gave a
straightforward solution for the Re and As positions,
and least-squares refinement gave R = 0-25. Refine-
ment with all other non-hydrogen atoms reduced R to
0.078. A few cycles of anisotropic refinement of all
non-H atoms then gave R =0-061. Five H atoms were
placed in geometrically calculated positions with a dis-
tance of 1-0 A. Further refinement reduced R to 0-056.
A final three-dimensional difference synthesis was

1249

essentially flat. The final atomic coordinates, tempera-
ture factors and their estimated standard deviations are
listed in Table 2.*

Description of the structure and discussion

The crystals of the investigated compound are com-
posed of (Ph,As)* cations and [ReOCl,]- complex
anions. The more important interatomic distances and
bond angles in the two ions are listed in Table 3.

Both the Re and O atoms lie on fourfold rotation
axes, and the square-pyramidal coordination about the
metal is completed by four Cl atoms which constitute
the base of the pyramid. The complex anion therefore
possesses 4mm (C,) symmetry. The Re atom is not
located in the Cl plane perpendicular to the fourfold
axis of the anion but on the axis 0-407 A distant from
the Cl plane on the side toward the O atom.

* A list of structure factors has been deposited with the British
Library Lending Division as Supplementary Publication No. SUP
32221 (24 pp.). Copies may be obtained through The Executive
Secretary, International Union of Crystallography, 13 White Friars,
Chester CH1 INZ, England.

Table 1. Crystal data

AsPh,ReOCl, PPh,ReOCI, AsPh,ReOCI, PPh,ReOClI,
a(A) 13-117(6) 12:702 (3) 13:210(6) 13-116 (9)
c(A) 7-358 (4) 7.707 (1) 7.411 (3) 7-412 (4)
V(A% 1266-0 12435 12932 12751

M, 7274 683-4 762-8 718-8

D.(g cm™) 191 1-83 1-96 1-87

D, (g cm™) 1.92 1-96 1-86

4 (em™) 147-2 139.3 153-8 145.7

(CuKa,A=1-5418 A)

Table 2. The final atom parameters with standard deviations in parentheses

Coordinates are in terms of an alternative unit cell in space group P4/n with origin on 1 at §, ;, 0 from 4. The hydrogen atom positions are
unrefined, and these atoms have the same numbers as the parent carbon atoms (all B = 4-5 A?). Anisotropic temperature factors are
expressed as exp [—X(B,,h%a*? + B,,k**? + By;l%c*? + 2B\ hka*b* + 2B ;hla*c* + 2B, kib*c*)).

X y z B,
Re 1 1 0-1965 (2) 321 3)
0 b i 0-4177(32) 5-5(8)
Cl 0-1901(3) 0-0845(3) 0-1412(6) 4-8(2)
As i 3 0 2-50 (6)
C(1) 0-1413(9) 0-7060(9) 0-1540(14) 2.0(5)
C(2) 0-1057 (11) 0-7755(11) 0-2853(20) 3.8(7)
C(3) 0-0289 (11) 0-7457(12) 0-3994(19) 3-8(7)
C(4) —0-0102(11) 0-6488(12) 0-3892(19) 3-0(6)
C(5) 0-0250(11) 0-5809(12) 0-2700(21) 3-2(6)
C(6) 0-1024 (10) 0-6093 (11) 0-1453(17) 3-2(6)

X y z

H(2) 0-1365 0-8467 0-2919
H(3) 0-0007 0-7948 0-4948
H(4) —0-0670 0-6269 0-4761

BZZ B'l} BIZ BH BN

3-21 2-43(4) 0 0 0

5-5 4.9(12) 0 0 0

3002 4.6 (2) —-0-8(2) 0-0(2) —-0-7(2)
2-50 3-09(11) 0 0 0

2-9(6) 1-8(5) —0-1(4) 0-2(4) 0-3(4)
3-2(6) 3-8(7) 0-2(5) 0-0(6) —0-6 (6)
4-7(8) 2:6(6) 0-9(6) 1-0(6) 0-1(6)
5-1(8) 2-6(6) 0-2(6) 0-2(5) 0-7(6)
3.8(7) 4-6(7) —0-9(5) 0-0(6) 1-1(6)
3-5(6) 2-4(6) 0-3(5) ~0-1(5) 0-1(5)

x y z

H(5) -0-0049 0-5095 0-2665
H(6) 0-1286 0-5593 0-0512
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Table 3. Interatomic distances (A) and bond angles
(°) with estimated standard deviations in parentheses

[ReOCl,|- anion

Re-0 1-627(24) Re—Cl 2-344 (4)
O—Re—Cl 100-0(5)

(Ph,As)* cation

As—C(1) 1-910(11) C(4)—C(5) 1-333(21)
C(1)-C(2) 1-408 (18) C(5)-C(6) 1-419(19)
C(2)-C(3) 1-369 (20) C(6)—C(1) 1-368 (18)
C(3)-C(4) 1:373 21) Mean C—C 1.378
C(1)—-As—C(1) 107-2(5)(x2) C(1)—As—C(1) 110-6 (5)(x4)
As—C(1)-C(2) 117-3(9) As—C(1)»-C(6) 122-0(9)
C(2)—C(1)-C(6) 120-6 (12) C(1)-C(2-C(3) 118-7(13)
C(2)-C(3)-C(4) 120-4 (14) C(3)-C(4)—C(5) 121-7(14)
C(4)-C(5)-C(6) 119-8 (14) C(5)-C(6)-C(1) 1187 (12)

Reports of crystal structures of five-coordinate com-
pounds of Re are restricted to ReOCl, (Edwards,
1972), ReNCl,(PPh,), (Doedens & Ibers, 1967) and
ReN(dtc), (Fletcher, Rowbottom, Skapski & Wilkin-
son, 1970). Comparison of the bond and angle values
in the oxotetrachlororhenate(V) ion [ReOCI;] and
rhenium(VI) oxide tetrachloride [ReOCl,] is informa-
tive. As may be seen (Table 4), the Re—O distances are
similar. This is reflected in the IR spectra: the Re—O
stretching frequency was found at 1033 cm~! (Brisdon
& Edwards, 1968) and at 1040 cm™' (Guest & Lock,
1971) in ReOCl, and at 1067 cm™! in AsPh,ReOCl,
(this work). However, the difference of 0-08 A in the
Re—Cl bonding lengths and of 5° in the O—Re—Cl
bonding angles is definitely significant. Molecular-
orbital analysis of ReOCl, by Al-Mowali & Porte
(1975) showed that the unpaired electron is in the anti-
bonding orbital. The extra electron in ReOCI; probably
goes into the same antibonding orbital, which is a mix-
ture of Re and Cl orbitals, and hence the Re—Cl bond
lengths increase.

The Re—O triple bond of 1-63 A in the investigated
compound may be compared with 1.67 A found in the
ReOCIZ~ anion (Glowiak & Jezowska-Trzebiatowska,
1976), (see Table 4). The longer Re—O distance (by 0-04
A) in K,ReOCI; gives rise to an IR absorption at a
lower frequency, 989 cm~! (Jezowska-Trzebiatowska
Hanuza & Baluka, 1971), than we observed, 1067
cm~!, for AsPh,ReOCl,. The Re—Cl distances in the
ReOCl; ions are 0-05 k shorter than the average of
equivalent distances in ReOCI}~ ions. These dif-
ferences are consistent with a shortening of bonds on
going from six to five coordination. A very similar
situation was found for a pair of OsNCl; and OsNCI2-
ions by Phillips & Skapski (1975b).

In the (AsPh,)* cation the As atom lies on a fourfold
rotation—inversion axis, and the As—C distances of
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Table 4. Comparison of bond distances (A) and angles
(°) in [ReOCl,]~ with those in ReOCl, and [ReOCI,|*~

O—Re Cl-Re O—Re-Cl Reference
[ReOCl, 1~ 1-63 2-34 100-0  This paper
ReOCl, 1-63 2.26 105-0 Edwards (1972)
[ReOCI}? 1-67 2:39 95-5  Glowiak &
Jezowska-
Trzebiatowska
(1976)

1-91 (1) A are not exceptional. Its tetrahedral geometry
is a little distorted with four C—As--C angles of 110-6°
and two of 107-2°. A least-squares calculation showed
that the phenyl ring is quite planar. The As atom lies
0-05 A out of these phenyl-ring planes. The structure
of the (AsPh,)* cation is quite similar to those observed
in Ph,AsOsNC], (Phillips & Skapski, 1975a) and in
Ph,AsAuCl, (Jones, Guy & Sheldrick, 1975).
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