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Further Studies of the Isomeric 1,2,7- and 1,3,6-R€Ils(PMes); Compounds
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New studies of compounds containing,R&(PMe;); molecules have been carried out on products prepared by
one-electron oxidation of Re(H)Re(Il) compounds as well as by one-electron reduction of Re(RB(l1l) species.
The action of PhICl, on ReCls(PMes)4 in 2:1 mole ratio, in the presence of free Pigives red 1,3,6-/1,2,7-
ReCls(PMes)s (1) containing two isomers in its unit cell. It was also shown that some additional 1,3@sRe
(PMe)s, isolated as itd/,CH,Cl, solvate(2), is always present in the reaction product. The reaction of the
quadruply bonded complex {Bu)sN],ReClg with PMe; in propanol at room temperature leads to 1,2,7-
ReCls(PMes)s-(n-Bu)sNCI (3). Heating a dichloromethane solution of compo@@sults in pure 1,2,7-R€ls-
(PMey)s. All molecules are characterized by afRecore with as?7%920* bond of order 3.5 and ReRe distances
within the range 2.2162.227 A. Crystal data are as follows: fbymonoclinic space group2i/c, a = 14.936-

(5) A, b=8.8206(8) A,c = 34.29(1) A, = 90.77(2}, V = 4517(2) B, Z = 8; for 2, monoclinic space group
P2i/n, a = 8.907(1) A,b = 16.112(1) A,c = 16.683(3) A,p = 94.751(63, V = 2385.9(5) B, Z = 4; for 3,
triclinic space grougPl, a = 8.911(2) A,b = 10.686(2) A,c = 10.979(3) A,a = 101.12(23, 8 = 106.82(23,

y =91.29(2), V= 978.5(4) B, z = 1.

Introduction co— P Cl
The title compounds have the structures shown in Figure 1. pd———m/ P//5 («l/

It is already well knowh that they can be madéy treatment AN / AN /

of ReCly(PMes), with Cl, (or PhECLy). In the absence of excess R\ Re R'\ "“\

PMe; the 1,3,6-isomer is obtained, while in the presence of about ) S— \Cl o — LoD P

1 molar equiv of added PMehe 1,2,7-isomer is produced. / /

There has been no explanation for the latter result, but since ¢c———ci ———i

the 1,3,6-isomer would be expected to be more stable and is .

the only one ever seen with other phosphines (e.gs)PEts 1,3,6- (trans-) 1,2,7- (cis-)

to be presumed that the formation of the 1,2,7-isomer is due to Figure 1. 1,3,6- (trans-) and 1,2,7- (cis-) isomers in the compounds

a kinetic (mechanistic) influence by the excess BMe containing molecules of the Rels(PMey)s type.

In this paper we report some new results, with several novel ;,athane was stirred at room temperature for 15 min. An excess of
features, obtained in further studies of the reaction leading to pp.cy, (0.08 g) was added to the solution. A white powder (R®lg
the 1,2,7-isomer. In one case, we obtained a crystalline productor Me;PO?) immediately precipitated, and the solution gradually turned
that contains both isomers in the same unit cell, a substancebrown. The mixture was left to stir at room temperature for 12 h,
we designate 1,3,6-/1,2,7-Rés(PMe3)s (1). We have also after which it was filtered. The solvent was then removed from the
obtained the 1,2,7-isomer by a new reaction which gives it filtrate by vacuum distillation to leave a brown residue. This was

initially in the unusual form of crystalline 1,2, 7-Rels(PMey)s(n- redissolved in 5 mL of dichloromethane, and the solution was carefully
Bu)sNCI (3). layered with 5 mL of isomeric hexanes. After 1 week, large, red,

needle-shaped crystals @fgrew on the walls of the Schlenk tube;
Experimental Section yield 0.06 g (63%).

(ii) 1,3,6-ReCls(PMes)s/,CH,Cl; (2). The compound 1,3,6-Re
Cls(PMes)s+Y/,CH,Cl, was obtained when a dichloromethane solution
of 1 was kept at about 40C overnight. It was then observed that a
small amount of green, platelike crystals of compo@naere always

Starting Materials. General literature methods were used to prepare
ReCly(PMes)s,3* [(n-Bu)sN].ReCls,® and PhiCl,.6* PMe was pur-
chased from Strem Chemicals. Common solvents were obtained from
commercial sources and were dried and deoxygenated by refluxing over, oseny in the solid product of reaction (i) together with the main
appropriate reagents before use. All manipulations were carried out product,1
under a nitrogen or an argon atmosphere by using standard vacuum- (ii) 1'2 7-ReCls(PMes)s(n-Bu)aNCI (3). [(n-Bu)NJ-ReCls (0.10
line techniques. o : y ;-

. . . g) was added to a mixture afpropyl alcohol (8 mL) and trimeth-
) S%/nihese;s.R(l) Il'sl;&'/l’z’;bB@L5(l:}M§33 (@) 'S‘SGOIUtI'_O”ngmﬁ;n' ylphosphine (1 mL). The reaction mixture was stirred at room
ing 0.1 g of ReCl{(PMey)s, 30 uL of PMes, and 6 mL of dichlo- temperature for 12 h, resulting in a brown solution. The solvent and
- : the excess phosphine were then removed by vacuum distillation to leave
® Abstract published ifAdvance ACS Abstractsuly 15, 1996. . : . ) -
(1) For a full review of previous work and complete references, see: a brown reS|due: This was dissolved in 5 m_L of dichloromethane, _the
Cotton, F. A.; Walton, R. AMultiple Bonds Between Metal Atoms red-brown solution was filtered, and the filtrate was layered with

2nd ed.; Oxford University Press: New York, 1993; pp-6®. isomeric hexanes. After a few days, dark red, block-shaped crystals
(2) Cotton, F. A.; Price, A. C.; Vidyasagar, Knorg. Chem 199Q 29, of 3 were found on the bottom of the Schlenk tube; yield 0.08 g (86%).
5143. Refluxing a dichloromethane solution 8for 24 h and then cooling

(3) Ebner, J. R.; Walton, R. Anorg. Chem 1975 14, 1987.

(4) Root, D. R.: Blevins, C. H.; Lichtenberger, D. L.- Sattelberger, A. P.: effected a nearly quantitative conversion to the pure 1,2;GCRe

Walton, R. A.J. Am. ChemSoc 1986 108 953. (PMe&s)s? compound, which crystallized out.
(5) Barder, T. J.; Walton, R. Anorg. Chem 1982, 21, 2510. Physical Measurements. Electrochemical measurements were
(6) Lucas, H. J.; Kennedy, E. Rorg. Synth 1955 3, 482. carried out on dichloromethane solutions that contained 0.1 M tetra-
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1,2,7- and 1,3,6-R€l5(PMe;3)s

Table 1. Crystallographic Data for 1,3,6-/1,2,7-Rds(PMey)s (1),
1,3,6-RQC|5(PM€3,)3'1/2CH2C|2 (2), and

1,2,7-ReCls(PMey)a+(n-Bu)NClI (3)

formula

fw

space group
a,
b, A

c A
a, deg
B, deg
v, deg
v, A3

z

Pcalc g/CFT?

w, mmt
radiation ¢, A)

temp,°C

transm factors

final Rindices
[I'> 20()]:
R12wR2

Rindices (all data): 0.071, 0.154

R12wR2
quality-of-fit
indicatof

RQC|5P3-
CoHa7
777.87

RZ (No. 14)

14.936(5)
8.8206(8)
34.29(1)

90.77(2)
4517(2)
8
2.288

11.501
Mo Ka

(0.710 73)

20+ 2

1.060.79
0.045, 0.116

1.072

Regclepg-
CosHas

820.33

P2:/n (No. 14)

8.907(1)

16.112(1)

16.683(3)

94.751(6)
2385.9(5)
4

2.284
11.002
Mo Ka
(0.710 73)
2042
1.06-0.36
0.049, 0.132

0.072,0.148

1.058

RezCIeP3-
NCasHe3
1055.77
P1 (No. 1)
8.911(2)
10.686(2)
10.979(3)
101.12(2)
106.82(2)
91.29(2)
978.5(4)
1

1.792
6.729
Mo Ka
(0.710 73)
204+ 2
1.06-0.52
0.057,0.139

0.061, 0.144

1.125

AR1= 73 [|Fo| — |Fdll/Z|Fol. "WR2 = [F[W(Fe? — F&)Z/ 3 [W(F)F] 2
¢ Quality-of-fit = [Y[W(Fo? — Fc?)?)/(Nobserns— Nparamd]*% based on

all data.
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Table 2. Selected Bond Lengths (A) and Angles (deg) for 1,3,6-/
1,2,7- ReCls(PMey)s (1)

Re(1)}-Re(2)
Re(1)-CI(2)
Re(1)-CI(1)
Re(1)-P(1)
Re(1)>-P(2)
Re(2)-CI(3)
Re(2)-Cl(4)
Re(2)-CI(5)
Re(2)-P(3)
Re(3)-Re(4)

Re(2)-Re(1)-CI(1)
Re(2)-Re(1)-CI(2)
Re(2)-Re(1)-P(1)
Re(2)-Re(1)-P(2)
Cl(1)-Re(1)-CI(2)
Cl(1)-Re(1)-P(1)
Cl(1)-Re(1)-P(2)
CI(2)-Re(1)-P(1)
CI(2)-Re(1)-P(2)
P(1)-Re(1)-P(2)
Re(1)-Re(2)-CI(3)
Re(1)-Re(2)-CI(4)
Re(1)-Re(2)-CI(5)
Re(1)-Re(2)-P(3)
CI(3)-Re(2)-CI(4)
CI(3)-Re(2)-CI(5)
CI(3)-Re(2)-P(3)
CI(4)—Re(2)-CI(5)
Cl(4)-Re(2)-P(3)
CI(5)-Re(2)-P(3)
Re(4)y-Re(3)-CI(6)

2.2183(8)
2.331(3)
2.341(3)
2.437(3)
2.449(3)
2.329(3)
2.331(3)
2.386(3)
2.427(3)
2.2261(5)

115.30(8)
108.67(8)
100.55(8)
103.05(9)
136.0(1)
87.7(1)
86.7(1)
84.0(1)
83.8(1)
155.9(1)
110.68(8)
110.71(9)
104.35(8)
98.82(7)
138.3(1)
86.6(1)
83.8(1)
87.8(1)
85.4(1)
156.8(1)
117.15(8)

Re(3)CI(6)
Re(3}P(5)
Re(3)CI(7)
Re(3)P(4)
Re(4)CI(10)
Re(4)CI(9)
Re(4yCI(8)
Re(4yP(6)
Re(5)Re(6)
PC(av)

Re(4yRe(3)-CI(7)
Re(4yRe(3)-P(4)
Re(4)Re(3y-P(5)
Cl(6yRe(3)-CI(7)
Cl(6)Re(3-P(4)
Cl(6)Re(3)-P(5)
Cl(7yRe(3)-P(4)
Cl(7yRe(3)-P(5)
P(4yRe(3)-P(5)
Re(3)Re(4)-CI(8)
Re(3yRe(4)-CI(9)
Re(3yRe(4)-CI(10)
Re(3yRe(4)-P(6)
CI(8)yRe(4)-CI(9)
Cl(8)-Re(4)-CI(10)
CI(8)-Re(4)-P(6)
Cl(9)-Re(4)-CI(10)
Cl(9)-Re(4)-P(6)
CI(10yRe(4)-P(6)
C-P—-C(av)

2.376(3)
2.385(3)
2.391(3)
2.397(3)
2.303(3)
2.339(3)
2.363(3)
2.428(3)
2.23(3)

1.81(1)

108.24(8)
98.00(7)
98.11(7)
82.7(1)

144.6(1)
82.4(1)
82.3(1)

153.4(1)
97.6(1)

111.85(7)

112.37(8)

102.04(8)
95.91(7)
86.3(1)
88.7(1)

152.2(1)

144.6(1)
84.2(1)
84.1(1)

103.4(6)

n-butylammonium hexafluorophosphateBu,NPFs) as the supporting
electrolyte. A stream of nitrogen was bubbled through the solution tgpie 3. Selected Bond Lengths (A) and Angles (deg) for
during the measurements,/, values, determined a&(a + Ep /2, 1,3,6-ReCls(PMes)s*/2.CH:Cl> (2)

were referenced to the silver/silver chloride (Ag/AgCl) electrode at room

temperature. Under our experimental conditiofig; = +0.47 V vs Re(l)—RIe(Z) 2.211(1) Re(2)C:(4) 2.336(4)
Ag/AgClI for the ferrocenium/ferrocene couple. Voltammetric experi- 228)):883 gigggzg Sggggés)) éi‘éi((i))
ments were done with the use of a Bioanalytical Systems Inc. ! :
; Re(1)>-P(1) 2.442(4) Re(3)Re(4) 2.210(2)
electrochemical analyzer, Model 100. The scan rate was 100 mV/s at Re(1-P(2) 2.392(4) P-C(av) 1.79(2)
a Pt disk electrode. X-Ba}nd ESR spectra of dichloromethane solutions Re(2)-CI(3) 2.'378(4) C(105-CI(6)(av) 1:70(3)
were recorded at 10 K with a frequency of 9.4 GHz on a Bruker ESP
300 spectrometer. Re(2)-Re(1)-Cl(1) 112.4(1) Re(lyRe(2)-Cl(4) 106.6(1)
X-ray Crystallographic Procedures. Crystallographic data for ge(g%ge(i)—g(lz) 11%235;(11) RRe(l‘)Se(g)—g(;) 13‘;-%3(3)
1,3,6-/1,2,7-ReCls(PMey)s (1), 1,3,6-ReCls(PMey)s,CH:Cl2 (2), and R2§2)):R2§1)):PE23 103'1% (2;) Cle(g)—)R eﬁ((2 ))——CI((4)) L 2() )
1,2,7-ReCls(PMes)s+(n-Bu)sNCI (3) were obtained using general CI(l)—Re(1}-CI(2) 144 '7(2) CI(3}-Re(2)-CI(5) 87.7(2)
procedures that have been fully described elsewhdrgensity data ’ '
. ; Cl(1)—Re(1)-P(2) 85.9(2) CI(3yRe(2)-P(3) 82.7(2)
were collected at ambient temperature on an Enraf-Nonius CAD-4 _
. . : Cl(1)—Re(1)-P(2) 90.5(2) Cl(4yRe(2)-CI(5) 87.9(1)
diffractometer by using graphite-monochromated Ma KA, = _

A Y X Cl(2)—Re(1)-P(1) 84.9(2) Cl(4rRe(2)-P(3) 89.1(2)
0.71073 A) radlatl_on. All calculations were performed on a DEC_300_O- Cl(2)-Re(1)-P(2) 82.3(2) CI(5FRe(2-P(3) 157.3(1)
800 AXP workstatlo_n. Data were correct_ed for Lorentz and polarlgatlon P(1)-Re(1)-P(2) 152.2(1) GP-C(av) 104(1)
effects. The coordinates of Re atoms in each case were obtained byRe(1)-Re(2)-CI(3) 105.8(2) CI(§—C(10)-CI(6) 112(3)

Patterson and direct methods in SHELXS®@inal least-squares

refinement for each structure was performed using the SHELXL-93 parameters were obtained by indexing 25 reflections found randomly
structure refinement progratnCrystallographic parameters and basic  and refined by centering another 25 reflections in the range<28
information pertaining to data collection and structure refinement are < 36°. Axial oscillation photographs were taken to confirm the Laue
summarized in Table 1. Listings of positional and isotropic thermal group (2fn) and the axial lengths. The—26 scan method was used
parameters for compounds—3 will be found in the Supporting  to collect a total of 8255 data in the range 4 26 < 50°. Periodic
Information. Selected bond distances and angles are listed in Tablesmonitoring of three representative reflections revealed no loss in crystal
2—4, and the atom-numbering schemes are defined in Figure 2. Tablesjntegrity throughout data collection. An absorption correction based
of anisotropic displacement parameters as well as complete tables ofon azimuthal scans of 6 reflections with the Eulerian angtear 90
bond distances and angles and coordinates of hydrogen atoms argyas applied to the data. From the systematic absences the space group
available as Supporting Information. was uniquely assigned #2;/c (No. 14).

1,3,6-/1,2,7-RgCls(PMes)s (1). A needle-shaped crystal with ap- The positions of four Re atoms were located using the direct-methods
proximate dimensions 0.25 0.08 x 0.05 mn¥ was covered with a  program in SHELXS-86. The chlorine, phosphorus, and carbon atoms
thin layer of epoxy resin and placed on the tip of a glass fiber. Cell were found from the subsequent least-squares refinements and difference
Fourier maps. After anisotropic refinement, the second orientation of
the Re-Re unit (Re(5) and Re(6)) in the 1,2,7-molecules was located.
These atoms were included in the refinement, and their site occupancy
factors (sof's) were allowed to vary against those of Re(3) and Re(4)
but were constrained so that the sum for the Re atoms in the molecule
equaled 2. The sof’'s converged to final values of 0.982 for Re(3),
Re(4) and 0.018 for Re(5), Re(6). A total of 350 parameters were

(7) (a) Bino, A.; Cotton, F. A.; Fanwick, P. Enorg. Chem 1979 18,
3558. (b) Cotton, F. A.; Frenz, B. A.; Deganello, G.; Shaver, Al J.
Organomet. Cheml979 50, 227.

(8) Sheldrick, G. M. SHELXS-86. Instituf' fuAnorganische Chemie der
Universitad Gottingen, Germany, 1986.

(9) Sheldrick, G. M. SHELXL-93. Institut fuAnorganische Chemie der
Universita Gottingen, Germany, 1993.
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CI(1) P(3) P(S)—-——-Cl@) P(‘Z) Cl(4)
P(1)4/—CI(3) P(4)4//§_CI(8)// PQ )4/5_0 3)
\Re(l)—— —R(2) \Re(3) —\Re(4) \Re({) \Re(2)
B(2)- o frrereeen ) '__clits)---- -------------- P(6) c1(1)/ --------- 6
ad= aG) Aoy ot ab
a) b) <)

Figure 2. Atom-numbering schemes for the 1,3,6-isomers ffband2 (a)
units and their coordination spheres are shown.

Table 4. Selected Bond Lengths (A) and Angles (deg) for
1,2,7-ReCls(PMes)s(n-Bu)sNCI (3)

Re(1)-Re(2) 2.2274(8) Re(3)CI(4) 2.337(5)
Re(1)-Cl(1) 2.395(5) Re(2)CI(5) 2.307(6)
Re(1)-CI(2) 2.382(5) Re(2}P(3) 2.430(5)
Re(1)-P(1) 2.397(5) P-C(av) 1.81(2)
Re(1)-P(2) 2.386(6) N(1)-C(av) 1.53(3)
Re(2)-CI(3) 2.368(5) C-C(av) 1.51(3)
Re(2-Re(1)-Cl(1) 118.7(1) Re(1yRe(2)-CI(5) 103.4(2)
Re(2-Re(1)-Cl(2) 107.4(2) Re(LyRe(2-P(3)  95.9(1)
Re(2-Re(1-P(1)  98.9(1) CI(3}Re(2)-Cl(4)  86.2(2)
Re(2-Re(1-P(2)  96.9(2) CI(3}Re(2-CI(5)  89.8(2)
Cl(1)-Re(1)-CI(2)  82.9(2) CI(3)Re(2)-P(3)  153.5(2)
C(1)-Re(1-P(1)  142.2(2) Cl(4yRe(2)-CI(5) 142.4(2)
Cl(1)-Re(1-P(2)  84.2(2) CI(4yRe(2-P(3)  83.6(2)
Cl(2-Re(1-P(1)  81.7(2) CI(5yRe(2-P(3)  83.6(2)
Cl(2)-Re(1-P(2)  155.6(2) CP—C(av) 103(1)
P(1)-Re(1)-P(2) 96.2(2) GN(1)-C(av) 110(2)
Re(1-Re(2-CI(3) 110.6(2) N(1}C—C(av) 117(2)
Re(1)-Re(2)-Cl(4) 113.0(1) GC-C—C(av) 113(2)

varied in the final anisotropic refinement for all atoms except Re(5),
Re(6), and hydrogen atoms of the methyl groups, to §ve 0.045
(for 6377 reflections with>20(1)) andR = 0.071 (for all 7926 data).
The highest peak in the final difference map was 3.4elfing 1.08
A from the Re(2) atom.

1,3,6-ReCls(PMes)s-/,CH.CI, (2). A plate-shaped crystal having
dimensions 0.2G« 0.20 x 0.05 mn¥ was selected and glued to the tip

of a glass fiber with epoxy cement. Least-squares refinement of 25

carefully centered reflections in the range® 28 26 < 34° resulted in
cell parameters consistent with a monoclinic lattice. From axial

, the 1,2,7-isomer frorh (b), and the 1,2,7-isomer frofi(c). Only Re

A solution was initially made in the space groi (No. 2), but
without success by the refinement. In space grieugNo. 1), a three-
dimensional Patterson synthesis provided the positions of the two Re
atoms. Subsequent alternating difference Fourier maps and least-
squares refinements gave the positions of all non-hydrogen atoms. No
metal-metal disorder was observed. Full refinement of 337 parameters
led to residuals oR = 0.057 (for 3492 reflections with>20(l)) and
R = 0.061 (for all 3686 reflections). The highest peak in the final
difference map was 3.5 e?Alying 0.97 A from the Re atom. The
Flack parameter refined to 0.01(2) for the enantiomer chosen, thus
confirming the choice for the crystal used. After several attempts, we
have managed to pick up the crystal of another enantiomer and refined
its structure.

Discussion

Chemical Aspects. The method by which the crystals bf
containing an equimolar mixture of the 1,3,6- and 1,2,7-isomers,
were obtained is qualitatively very similar to the method
previously usedito obtain the pure 1,2,7-isomer. However, the
relative amounts of the of the reactants were different. The
molar ratios associated with the reactions (two from ref 2 and
the present reaction leading 19 are as follows:

ReCly(PM&)s; PMe; PhI-Cl; product ref
1 0 1 1,3,6-isomer 2
1 1.25 1 1,2,7-isomer 2
1 2.50 2.40 1,3,6-/1,2, % this work

some 1,3,6-isomer

photographs and analysis of systematic absences, the space group wakne Preparation of compourgilentails a type of reaction not

determined to bé2;/n (No. 14). A total of 3370 reflections in the
range 4 < 260 < 45° were measured using tle—26 scan technique.

previously observed, namely the use of a very basic phosphine,
PMe;, to attack [ReClg]?~ to yield a ReCls(PMes)s product

During data collection, no decay was observed. Azimuthal scans of 5 instead of RgCl,(PMes),. It was previously reportédhat the

reflections were used for an empirical absorption correction.
The positions of four Re atoms, i.e., the main and one of the two

reaction of PMgwith [(n-Bu)aN]2[RexClg] in propanol yielded
ReCly(PMey)4, but this was the product after a 10-day reflux.

possible secondary orientations, were determined from the Patterson the present work, the reaction was done at room temperature
map. During least-squares refinement the sof’s of the two pairs of Re for only 0.5 day '

atoms (Re(1), Re(2) and Re(3), Re(4)) settled to values 0.617 and 0.383,

respectively. Foll_owing Ieast-sq.uares refinements on the metal atom [("-Bu)N]:ReCls PMe; 1-propanol conditions
parameters, a difference Fourier map revealed the atoms of the

coordination sphere of the Reunit and also the Cl atoms of the 3 0.209g 1.0mL 10mL  10-day reflux
dichloromethane molecule. Subsequent least-squares refinement andhis work 0.10¢g 1.0mL  8mL  12h, roomtemp

a difference Fourier map then showed carbon atoms of the Fjdeds
and also disordered C atoms in @H, molecule. All non-hydrogen

atoms were refined with anisotropic thermal parameters. Final least-

squares refinement of 211 parameters resultd®l#n0.049 (for 2489
reflections withl >20(1)) andR = 0.072 (for all 3137 data). The highest
peak in the final difference map was 2.9 &/fying 0.96 A from a Re
atom.

1,2,7-ReCls(PMe3)s (n-Bu)sNCI (3). A blocklike crystal with
dimensions 0.35¢< 0.25 x 0.20 mn?¥ was coated with epoxy cement
and mounted on the tip of a glass fiber.
reflections with 12 < 26 < 25° resulted in a triclinic cell. The cell
parameters were further refined on the basis of 25 reflections With 2
from 32 to 38. A total of 3688 reflections were collected by the

scan technique. An empirical absorption correction was made on the

basis ofy-scans of 5 reflections.

Indexing based on 25

We observed that, immediately after the addition of the
phosphine to the suspension afiBu)sN].ReClg in propanol,
without heating, the reaction mixture turned brown. Its EPR
spectrum (Figure 3) showed that some paramagnetic compound
was present in solution. Evidently, even the most basic
phosphines can provide the intermediate product if conditions
are sufficiently mild. The real surprise, however, is that the
isomer of ReCls(PMes); so formed is the 1,2,7- rather than
1,3,6-. Again, the question of kinetic versus thermodynamic
control is raised, but in a reaction that proceeds by reduction
of Re,Clg(PMe;), rather than oxidation of RE€I4(PMe;)a.
Structural Aspects. Although all three compounds reported
here consist of R€Ils(PMes)s molecules of known geometry
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Figure 3. X-Band ESR spectrum in a frozen dichloromethane solution
at 10 K for 1,2,7-ReCls(PMe;)s:(n-Bu)sNCI (3).

Table 5. Main Distances (A) and Angles (deg) in fds(PMey)s
Molecules

a2 Re atom coordinates two PMkgands; Récoordinates one PMe

ligand.

Inorganic Chemistry, Vol. 35, No. 16, 199@741
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Figure 5. Cyclic voltammogram of 1,3,6-/1,2,7-R&s(PMe&); (1) in
dichloromethane solution at room temperature. The half-wave potentials
(V) are +0.52 (ox),+0.75 (ox) and—0.70 (red),—0.44 (red). The
corresponding values (V) for pure 1,3,6-R&(PMe;); and+0.46 (0x)
and—0.75 (redj and for pure 1,2,7-R€ls(PMe;); are+0.68 (ox) and
—0.48 (redy?

1,3,6-ReCls(PMes)s from ref 2 2 1
Re—Ré€ 2 2.218 2.211 2.2183
Re—ClI 2.340,2.356  2.368,2.430 2.331,2.341 Q
Re-P 2.425,2.440 2.392,2.442 2.437,2.449
R€—Clians to P 2.373 2.347 2.368
Re—ClI 2.324,2.336  2.336,2.378 2.329, 2.331
Re—P 2.444 2.461 2.427
P—Re-P 154.7 152.2 155.9
1,2,7-ReCls(PMes)s from ref 2 1 3
Re—Ré 2.226 2.2261 2.2274
Re—Cl 2.379,2.401 2.376,2.391 2.382,2.395
Re—-P 2.396,2.400 2.385,2.397 2.386, 2.397 4
RE€—Clansor  2.368 2.363 2.368 Q/ ‘
Re—ClI 2.314,2.338 2.303,2.339 2.307, 2.337
Reé—P 2.435 2.428 2.430
P—Re-P 96.6 97.6 96.2

Figure 6. ORTEP drawing showing how the two orientations of the
Re unit in the 1,2,7-molecule of 1,3,6-/1,2,7-R&5(PMe;)s (1) both
conform to the same arrangement of ligands. Atoms are represented
by thermal ellipsoids at the 50% probability level. Carbon atoms are
shown as spheres of arbitrary radii.

Table 6. Orientational Disorder in MCIs(PRs); Type Molecules

1st 2nd 3rd
complex orientation orientation orientation ref
1,3,6-ReCls(PMes)s 100.0 0.0 0.0 2
from 1 100.0 0.0 0.0 this work
from 2 61.7 38.3 0.0 this work
1,3,6-ReCls(PEg)3 64.2 32.1 3.7 2
| | 1,3,6-WCls(PMey)3 98.2 1.8 0.0 11
. 1,3,6-TeCls(PMePh) 96.7 1.8 15 12
Figure 4. Packing diagram of 1,3,6-/1,2,7-Rds(PMe;s); (1) showing 1,2,7-ReCls(PMes)3 100.0 0.0 2
4 molecules of the 1,3,6-isomer and 4 molecules of the 1,2,7-isomer from 1 98.2 1.8 this work
in the unit cell. from 3 100.0 0.0 this work

(Table 5), each of them displays novel structure features.

Comp_oundl contains four moleculgs eachl .Of th? l.’2’7' and a small disorder of the dimetal unit in both of the two possible
1,3,6-|somers that occupy alternatmg positions in its crystal orientations for 1,2,7-molecules. This was not observed for the
structure (Figures 4 and 5). This presents an example of thepure 1,2,7-isom@mor for this molecule ir8 (Table 6).

rare situation in which two isomers cocrystallize. Another The 'fo'rmation of2, 1,3,6-ReCls(PMey)s4>CH,Cl, (Figure
example in the realm of multlply-b.onQed dimetal cpmpounds 7), is a little surprising since 1,3,6-Rals(PMes)s was previously
was reported a fev‘i years ago (cisoid an(_j transoic(1e obtained from CHCI, solution in a different crystal form
CCR)2LI(NCCHs).™), but generally speaking, such crystals containing no solvent of crystallization. The main difference
are uncommon. [t is interesting to compare the partial volume j, 4, crystal structures of these two forms is a disorder in two
for both isomeric molecules in compoufid1129 A3) with the orientations of the Reunit in compouna (Figure 8), whereas

sum of partial volumes per formula unit for pérg,3,6- and disord found for th 1.36-i aamble 6). Th
1,2,7-complexes (11213} This clearly indicates that there is no disorder was found for the pure 1,3,6-isoff{@able 6). The

no problem in mutual packing of different isomerslin Another

unexpected feature for this structure, illustrated in Figure 6, is

(11) Cotton, F. A.; Dikarev, E. Vinorg. Chem 1995 34, 3809.
(12) Cotton, F. A.; Haefner, S. C.; Sattelberger, Alrfarg. Chem1996
35, 1831.

(10) Agaskar, P.; Cotton, F. Anorg. Chim Acta 1984 83, 33.
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Figure 9. Packing diagram of 1,2,7-R€ls(PMe;)s:(n-Bu)sNCI (3)

Figure 7. Packing diagram of 1,3,6-R€ls(PMey)3+%>,CH.Cl (2). Only showing the arrangement ai-Bu);N* cations and Cl anions around
the major orientation of Reunits is shown. the 1,2,7-ReCls(PMe;)s molecule.
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in itself, is rather unusual. Moreover, the unit cell contains only
one asymmetric formula unit. It should be noted that we verified
that the correct enantiomer was refined for the crystal used to
collect data. It is interesting to note that the crystals of the
pure 1,2,7-isomércontained equal numbers of the two enan-
tiomers. This is in accord with the usual behavior of racemic
compounds, for which better packing is obtained when both
enantiomers are present. What allows the separation of the
enantiomers in the case 8fis that the 1,2,7-R€I5(PMe;)3
molecules are isolated from each other by théB(1);N* and

Cl~ ions that lie between them (Figure 9). It may also be noted
that interconversion of the enantiomeric molecules (1,2,7- and
1,2,8-) can occur easily by rotation about the-#e bond so
that solutions of this geometric isomer, no matter how made or
treated, will always be racemic.

Figure 8. ORTEP diagram of the disordered Renit in 1,3,6-Re-
Cls(PMes)3/2CH,Cl, (2) showing 50% probability ellipsoids. Carbon Acknowledgment. We thank the National Science Founda-
atoms are shown as spheres of arbitrary radii. tion for support.

reason for that may be that molecules of dichloromethane Supporting Information Available: Tables of crystal data and

separate molecules of the dimeric complex, resulting in no short structure refinement parameters, complete bond lengths and angles,

contacts between the second-RRe orientation and ligands of ~ anisotropic displacement parameters, and all atomic coordinates and

the neighboring 1,3,6-molecule. !sotl"opic displacement parameters (23 pages). Ordering information
Compound presents a case of cocrystallizing the 1,2,3-Re 'S 9"Ven on any current masthead page.

Cls(PMe3)3 isomer with tetrabutylammonium chloride. This, 1C951473N



