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The reactions of the unsymmetrical, coordinatively unsaturated dirhenium(ll) complex&s{redppm}(CO)-
(CNXyN]Y (XyINC = 2,6-dimethylphenyl isocyanide; ¥ O3;SCF; (33a), PFs (3b)) with XyINC afford at least
three isomeric forms of the complex cation pRe;(u-dppmy(CO)(CNXyl)]*. Two forms have very similar
bis(u-halo)-bridged edge-sharing bioctahedral structures of the type [(CO)B#BR®{(«-dppmlRe(CNXyl)]Y

(Y = OsSCK; (4a/4d), PR (4b/4b)), while the third is an open bioctahedron [(XyINBJRe(-dppmReBr(CO)]Y

(Y = OsSCR; (5a), PR (5b)). While the analogous chloro complex cation jRE(«-dppmy(CO)(CNXyl)]*

was previously shown to exist in three isomeric forms, only one of these has been found to be structurally similar
to the bromo complexes (i.e. the isomer analogouSa@nd5b). The reaction ofda with CO gives the salt
[RexBr3(u-dppm)(CO)X(CNXyl)]OsSCHR; (7), in which the edge-sharing bioctahedral cation [(XyINC)Brire(
Br)(u-CO)(u-dppm)}ReBr(CO)} has an all-cis arrangement mfacceptor ligands. The RdRe distances in the
structures ofdb’, 5a, and7 are 3.0456(8), 2.3792(7), and 2.5853(13) A, respectively, and accord with formal
Re—Re bond orders of 1, 3, and 2, respectively. Crystal data for,BR&:-dppmy(CO)(CNXyl),]-
(PRs)o.7ReQy)o.2> CH2Cl (4b') at 295 K: monoclinic space group2:/n (No. 14) witha = 19.845(4) Ab =
16.945(5) A,c = 21.759(3) A5 = 105.856(13), V = 7038(5) &, andZ = 4. The structure was refined ®

= 0.060 Ry = 0.145) for 14 245 dataF(? > 20(F,?). Crystal data for [ReBrs(u-dppmp(CO)(CNXyl);]Os-
SCHR-CsHs (5a) at 173 K: monoclinic space grotg2./n (No. 14) witha = 14.785(3) Ab = 15.289(4) Ac =
32.067(5) A8 = 100.87(23, V =7118(5) B, andZ = 4. The structure was refined ®= 0.046 R, = 0.055)

for 6962 data l( > 3.00(1)). Crystal data for [RgBr3(u-dppmh(CO)R(CNXyl)]JO3SCR-Me,CHC(O)Me (7) at

295 K: monoclinic space group2;/n (No. 14) witha = 14.951(2) A,b = 12.4180(19) Ac = 40.600(5) A3
=89.993(113, V = 7537(3) &, andZ = 4. The structure was refined B= 0.074 R, = 0.088) for 6595 data

(1 > 3.00(1)).

Introduction

The triply-bonded dirhenium(ll) complexes Ra(«-dppm)
(dppm= Ph,PCH,PPh) react in a stepwise fashion with carbon
monoxide to afford the mono- and dicarbonyl complexes®@e
(u-dppm}(CO) (La, X = CI; 1b, X = Br) and ReX4(u-dppm}-
(CO) (2a, X = CI; 2b, X = Br).22 While the monocarbonyls
exist in two isomeric form&;4 the dicarbonyl complexes have
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bioctahedral structurk is found in the cases where=X Cl or

been found to possess only the edge-sharing bioctahedralgr when R= t-Bu or xylyl.14 To date, only in the case of

structure depicted ih(L = CO). In contrast, mixed carbonyl
isocyanide complexes of composition Re(u-dppm)(CO)-
(CNR) (i.e. L= RNC), which are formed by the reactions of
isocyanide ligands witha and 1b, exist in two quite distinct
structural forms; when %= Cl and R= xylyl or mesityl2 the
edge-sharing bioctahedral structuiie adopted, while the open

T This article is dedicated to Lord Lewis on the occasion of his retirement
as Professor of Inorganic Chemistry from the University of Cambridge,
U.K. Various aspects of this work were presented at a Symposium, Metal
Metal Bonds in Chemistry, which was held in honor of Professor Lewis
and sponsored by the Dalton Division of the Royal Society of Chemistry,
Sept 14-15, 1995, Cambridge, U.K.
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Re,Cly(u-dppm)(CO)(CNXyl) have any of these compounds
been isolated in both of the isomeric forrhand 1l .13 The
particular isomer which is obtained when the monocarbaayl

is reacted with 1 equiv of XyINC depends entirely upon the
choice of reaction solvent; isoméris formed when dichlo-
romethane or acetone is the solvent, while isothés formed

in acetonitrile.

In the presence of Tland additional equivalents of a ligand
L', one of the Re-X bonds of the complexes of structure types
I andll is labilized and salts of the [R¥3(u-dppm}(CO)(L)-
(L")]* cations can be isolated £ CO, RNC; L' = CO, RNC,
RCN, PR), in which the same basic edge-sharing or open
bioctahedral geometries of the parent species are retainéd.
However, when the reactions betweer &hd ReX4(u-dppm})-
(CO)(CNR) are carried oun the absence of 'L then quite

(5) Cotton, F. A.; Dunbar, K. R.; Falvello, L. R.; Walton, R. korg.
Chem.1985 24, 4180.
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different behavior is observed from that cited above. The at 25°C for 3 h and then filtered. The volume of the filtrate was
isomers with the open bioctahedral structliréX = Br) react reduced to 2 mL, and ca. 20 mL of diethyl ether was then added to
to afford the unsymmetrical, coordinatively unsaturated com- induce precipitation. A brown solid was collected by filtration, washed

plexes of typelll 4 these result from the labilization of the with diethyl ether (2 mLx 3), and dried under vacuum. Since an IR
spectrum of this crude product showed it to be a mixture, attempts

were made to separate the possible components. The recrystallization

P/\P T* of the solid from a CHCI,/C¢Hs solvent mixture (2/1) was partially
| “\\.«CO l WX successful; this gave a crop of yellow-brown platelike crystals, which
X —/Re E/R e’ 1] was a mixture of structurally similar isomerda(4a) of composition
NC I x7l [RezBr3(_u—dppm)g(CO)(CNXyI)z]Ogsc5, along with.a s_,mall qgantity
P\/P of red diamond-shaped crystakaj, which was a third isomeric form

of this complex. We were unable to cleanly separateltiidd mixture,

. . the components of which were reproducibly obtained in a 95/5 ratio
Re—X bond that is trans to the RNC ligand, followed by transfer 55 judged by*H NMR spectroscopy) by the use of this procedure.

of CO from the adjacent Re center to give a trans disposition vields: 4a/4d, 25.1 mg (42%)5a, 1.2 mg (2%). Additional runs

of CO and RNC ligands in the final produft. gave yields forda/4d in the range 46-65%, while for5a the yields
In the present report we describe the reactions of salts of aranged from 0 to 10%. Anal. Calcd forgEs:BrsFsN.OsPsReS: C,
representative complex cation of typd , viz. [ReBra(u- 46.19; H, 3.43; N, 1.54. Found fdr/4d: C, 46.31; H, 3.35; N, 1.63.

dppm}(CO)(CNXyD]Y (Y = PFRs, OsSCF;), with carbon Found for5a: C, 46.56; H, 3.55; N, 1.40.
monoxide and xylyl isocyanide. This work has led to the Our attempts to determine the single-crystal X-ray structure&aof
formation of a variety of isomeric forms of the complex cation and4d have to date been unsuccessful; a disorder problem thwarted

} + . . : our attempts to solve the structure 4d, while good-quality crystals
g??ﬁ]Ber?I’?\(;ue—dlggnk%ch(:j(s))t(h%lt\lég)zgrésvéult(:h differ in the nature of 4 were not obtained from théa/4d mixtures. The structure of

5a was solved successfully.

Experimental Section @iy = OgSCF_g in (C_H3)2CO._ A_ samp_le of3a (140 mg, 0.083
mmol) was combined with a stoichiometric amount of XyINC (11.0
Starting Materials and General Procedures. The compounds [Re mg, 0.084 mmol) and the mixture stirred in 25 mL of (§#€O at 25

Br3(dppm}(CO)(CNXyl)]OsSCHR;, 3a,* Re;Bra(dppm)(CO)(CNXyl),* °C for 1.5 h. A brown solution formed, and 133 mg of a brown solid
ReBri(dppm)(CO)2 and TIOSCR!? were prepared according to the  was collected following the addition of an excess of diethyl ether. As
literature procedures. 2,6-Dimethylphenyl isocyanide, XyINC, was described above, the IR spectrum of this brown solid showed it to be
purchased from Fluka Chemical Corp., CO gas from Matheson Gas a mixture. Recrystallization from a GBI/CsHs solvent mixture
Products Co., and TIRFrom Strem Chemicals. These reagents were afforded4a/4d (ca. 95/5) andba: yields, 4a/4d, 100 mg (66%)5a,
used as received. Solvents were obtained from commercial sourcesg.5 mg (6%).

and were deoxygenated by purging with nitrogen gas prior to use. Al (jii) Y = PFgin CH.Cl,. A mixture comprising equimolar amounts
reactions were performed under an atmosphere of dry nitrogen. Infraredof 3p (70.0 mg, 0.042 mmol) and XyINC (5.5 mg, 0.042 mmol) in 15
spectra,'H and ¥P{*H} NMR spectra, and cyclic voltammetric  mL of CH,Cl, was stirred for 24 h. The reaction solution was then

measurements were determined as described previbuBlgmental reduced in volume to ca. 3 mL, and a very small quantity of yellow-
microanalyses were performed by Dr. H. D. Lee of the Purdue prown solid was filtered off. This product is believed to be an isomeric
University Microanalytical Laboratory. form of [ReBra(u-dppmy(CO)(CNXyl),]PFs, 6, that had not been
A. Synthesis of [ReBr3(dppm)2(CO)(CNXyl)]PFs, 3b. (i) From obtained as its analogous triflate salt (see sections B(i) and Bii)).
RexBr4(dppm)(CO)(CNXyl). A mixture of ReBry(dppm)(CO)- Because of the poor solubility properties 6fand the very small

(CNXyl) (200 mg, 0.123 mmol) and TIRR45.0 mg, 0.129 mmol) in - amounts obtained, this product was not fully characterized. The identity
20 mL of CHCI, was stirred at 23C for 4 h. The white precipitate  of 6 is based upon its IR spectral properties (see Results and
(TIBr) was filtered off, and the green filtrate was reduced in volume to  piscussion). Following the removal of the small amoun6othe red

ca. 3 mL. An equal volume of isopropyl ether (3 mL) was then added reaction filtrate was treated with ca. 3 mL BPr,O and the solvent

to the solution, and the mixture was allowed to evaporate slowly at 25 mixture allowed to evaporate slowly at 26. This afforded a crop of

°C to afford a crop of green crystals; yield 202 mg (96%). IR spectrum yellow crystals, which was a mixture of isomers of pRey(u-dppm}-

(v, cm™): 2160 (m, CN), 2028 (s, CO)H NMR spectrum ¢ in (CO)(CNXyl)]PFs, 4b/4b (ca. 95/5), admixed with a very small
CDCl): 7.80-6.90 (m, 43H, Ph), 6.17 (m, 2H, Gtof dppm), 5.87 quantity of red crystals of another isomeric forsi, The yellow and
(m, 2H, CH of dppm), 2.03 and 1.98 (s, 6H, Glaf xylyl). 3P{*H} red crystals could be separated by hand. Yields/4l, 48.2 mg
NMR spectrum § in CDCl;): —9.0 (m),—14.5 (m). (64%);5b, (<2%). Anal. Calcd for GHeBrsFsN.OPsRey: C, 45.63;
(i) From Re2Br4(dppm)z(CO). A mixture of ReBr4(dppm}(CO) H, 3.44; N, 1.54. Found fobb: C, 45.70; H, 3.47; N, 1.39.
(250 mg, 0.168 mmol), XyINC (23.0 mg, 0.175 mmol), and TJk85.0 (iv) Y = PFs in (CH3),CO. A procedure similar to that described
mg, 0.186 mmol) was stirred in 30 mL of GEl, for 6 h to give a in section B(iii), involving the reaction a8b (65.0 mg, 0.039 mmol)
pale green suspension. The workup was similar to that described inith XyINC (5.0 mg, 0.038 mmol) in 10 mL of acetone and a reaction
part A(i); yield 241 mg (84%). time of 17 h, afforded an isomeric mixturb/4b (ca. 95/5), along
B. Reactions of [ReBr3(dppm)(CO)(CNXYN]Y (Y = O3SCH;, with trace amounts obb and 6 (which were identified spectroscopi-

3a; PFs, 3b) with XyINC. (i) Y = O3SCFszin CHCl,. A mixture of cally); yield of 4b/40 46.3 mg (66%).

3@(56 mg, 0.033 mmol) angi XyINC (5.0 mg, 0.038 mmol) was treated C. Reactions of ReBr 4(dppm)(CO)(CNXyl) with XyINC in the
with CH.Cl (20 mL) at 25°C. A color change from green to red-  prasence of TIY (Y= PFs, OsSCFy). (i) Y = OsSCFs. A suspension
brown was observed immediately. The resulting solution was stirred ¢ ReBr(dppm)(CO)(CNXyl) (75.0 mg, 0.046 mmol), TISCR (17.0

) mg, 0.048 mmol), and XyINC (6.0 mg, 0.046 mmol) in 20 mL of £H
(6) Anderson, L. B.; Cotton, F. A.; Dunbar, K. R.; Falvello, L. R.; Price,  c|, was stirred at 25C for 20 h. The white precipitate (TIBr) was

A. C,; Reid, A. H.; Walton, R. Alnorg. Chem.1987, 26, 2717. ) ) :
(7) Fanwick, P. E. Price, A. C.: Walton, R. Anorg. Chem.1988 27, filtered off, the volume of the red-brown filtrate was reduced to ca. 2

2601. mL, and 20 mL of diethyl ether was then added to induce precipitation
(8) Qi, J.-S.; Fanwick, P. E.; Walton, R. Aorg. Chem199Q 29, 457. of a brown solid. This product was found to be the isomeric mixture
(9) Fanwick, P. E.; Price, A. C.; Walton, R. Anorg. Chem.1987, 26, 4a/4d (ca. 50/50); yield 72.5 mg (86%). A trace of the isorbawas
10) 3\’,830\,\/ . Farwick, P. E.; Walton, R. Aqorg. Chim, ACt1996 242, also present in the crude products (as detectetHbMMR spectros-

81 copy). Attempts to separatkta and4a were unsuccessful.

(11) Wu, W.; Walton, R. A. Unpublished results, 1995. (i) Y = PFs. A procedure very similar to that in section C(i), but
(12) Woodhouse, M. E.; Lewis, F. D.; Marks, T. J. Am. Chem. Soc. ~ With TIPFs in place of TIQSCF, afforded a mixture o#b/4b (ca.
1982 104, 5586. 50/50); yield 73%. Recrystallization of this mixture using a/ZCH/
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CeHe solvent mixture allowed for the separation 46 and 4b'; the
yellow crystals ob were very unstable, while the red-brown crystals
of 4b" were quite stable.

D. Reaction of [ReBr3(dppm)(CO)(CNXyl)]O sSCK; with CO.

A solution of3a (60 mg, 0.036 mmol) in CkCl, (15 mL) was treated
with CO (slow purge through the solution) for ca. 30 s. The resulting
mixture was then stirred at 2& for 24 h. The volume of the solution
was reduced to 2 mL, ca. 2 mL ofls was added, and the crystalline
product was obtained by the slow evaporation of the solvent mixture
at 25°C. The complex [RéBrz(dppm(COX(CNXyl)]OsSCF;, 7, was
collected as brown crystals; yield 49.2 mg (81%). Anal. Calcd for
CsHssBrsFsNOsPsReS: C, 43.37; H, 3.11; N, 0.82. Found: C, 43.24;
H, 3.08; N, 0.82.

E. Attempts To Interconvert Isomers. Various attempts to
convert one isomeric form of [RBrs(u-dppm}(CO)(CNXyl),]Y to
another were carried out. When the isomeric mixtutagld (ca. 95/

5) and4b/4l (ca. 50/50) and purBawere stirred at room temperature
in CH:Cl,, or refluxed in CHCI, for several hours, the original materials
were recovered unchanged.

F. X-ray Crystallography. Suitable single crystals of compounds
4b', 53, and7 were obtained by slow evaporation of solvents af@5
from solutions of4b' in CH,Cl,/i-Pr,O (2/1),5ain CH.Cl,/C¢Hs (1/1),
and7 in CH.Cl,/(CHs),CHC(O)CH; (1/1).

The data collections were performed on an Enraf-Nonius CAD4
computer controlled diffractometer; graphite-monochromatized Mo K

Wu et al.

refinement parameters improved frdR= 0.077 andR, = 0.194 toR
= 0.060 andR, = 0.145 and the remaining highest peak in the
difference Fourier map decreased from 7.00 to 1.73.e/fhe atoms
of these two groups were located and refined satisfactorily to the
occupancies of 0.777(4) for [RF and 0.223(4) for [Re@)~, respec-
tively. The octahedral [Pf group and the tetrahedral [RgO group
were found to be partially overlapped, so that two sets of the fluorine
and oxygen atoms, F(1)/O(1) and F(2)/0(2), occupy the same positions.
The structure was refined in full-matrix least squares where the function
minimized was3yw(|Fo|> — |F¢|?)? wherew is the weighing factor
defined asw = 1/[0%(F,?) + (0.0668)? + 129.475P] and P = (F?
+ 2FA)/3. The final residuals fo4b' wereR = 0.060 andR,, = 0.145
with GOF = 1.05. The highest peak in the final difference Fourier
was 1.73 e/A

For compounda, a molecule of @Hs from the crystallization solvent
was found to be present in the asymmetric unit. This solvent molecule
was included in the analysis and was satisfactorily refined. The
structure was refined in full-matrix least squares where the function
minimized wasy w(|Fo| — |F¢|)?, wherew is the weighing factor defined
asw = 1/0%(|Fo|). The final residuals foba wereR = 0.046 andR,
= 0.055 with GOF= 1.299. The highest peak in the final difference
Fourier was 2.66 e/fA

In the case of compound a molecule of the crystallization solvent
(CH;3),CHC(0O)CH; was found in the asymmetric unit during the latter
stages of the refinement. However, only four of the non-hydrogen

radiation was used in all cases. Data collections on the Crysta|s Wereatoms of this solvent molecule were located and refined Satisfactor”y.

carried out at 295- 1 K for 4b' and7 and at 173+ 1 K for 5a. The

Due to a disorder problem, the carbon atoms of the two methyl groups

cell constants were based on 25 reflections obtained in the ranges 18°f the isopropyl group as well as the hydrogen atoms of this solvent

< 0 < 25° for 4b', 17 < 6 < 20° for 5a, and 16< 6 < 20° for 7, as

measured by the computer-controlled diagonal-slit method of centering.

molecule were not included in this analysis. As a result, the final
residuals for7, R=0.074 andR, = 0.088, were fairly high and GOF

Three standard reflections were measured after every 5000 s of beani= 1.791. The highest peak in the final difference Fourier was 2.63

time during data collection to monitor the crystal stability. Lorentz

e/A3. The structure was refined in full-matrix least squares where the

and polarization corrections were applied to the data sets. An empirical function minimized wasy w(|Fo| — |F¢l)> wherew is the weighing

absorption correctidfwas also applied, but no correction for extinction
was made. Calculations for structure solving were performed on VAX
computers using the program MolEN. F&a and 7, structure
refinements were also done using MolEN, while &', the structure
refinement was finished by use of the SHELXL-93 progtdam a PC
with a Pentium processor.

All three compounds crystallized in the monoclinic crystal system,
with the space group2,/n. The structures were solved by use of the

Patterson heavy-atom method, which revealed the positions of the Re,

atoms. The remaining non-hydrogen atoms were located in succeedin
difference Fourier syntheses. Fl' and5a all non-hydrogen atoms
were refined anisotropicall?. Only atoms heavier than oxygen were
anisotropically refined for7;!> all other non-hydrogen atoms were

9

factor defined asv = 1/0%(|Fo|).

The crystallographic data for compountls, 5a, and7 are listed in
Table 1. The intramolecular bond distances and angles for these
structures are given in Tables-2.

Results and Discussion

We have established previously that the reactions of the mixed
carbonyt-isocyanide complexes Ré4(u-dppmp(CO)(CNR),
where X= CI or Br and R= t-Bu or xylyl, which possess the
open bioctahedral structutlg react with Ti salts in theabsence
of additional equivalents of CO or RNC to afford the unsym-
metrical halide-deficient species of structure type*11 This

refined with isotropic thermal parameters. For all three structures, the iS represented as step A in Scheme 1. When these reactions
positions of the hydrogen atoms were calculated by the use of idealizedare carried out in the presence of an additional 1 equiv of RNC,

geometries with €H = 0.95 A and B(H) = 1.3Biso(C). Their

they proceed according to step B (Scheme 1) in the case of X

contributions were added to the structure factor calculations, but their = CI.17 In the present report we have established the follow-

positions were not refined.
During the course of the structure refinement4df, it became
apparent that the anion could not be refined asg][PRvith full

occupancy. This was reflected by unusually small thermal parameters
for the P atom and very large parameters for the F atoms and by the
presence of several very large peaks in the remaining difference Fourier

ing: (1) step B in Scheme 1 is not followed when,Rey(u-
dppm}(CO)(CNXyl) (i.e. X = Br) is reacted with TIY (Y=
O3SCR or PR); (2) the reactions of [R8ra(u-dppm)-
(CO)(CNXyD]Y (Y = OsSCR; (3a); PR (3b)) with XyINC
afford at least three isomeric forms of the complex cation{Re

map. Since the IR spectrum of the crystals showed a band of moderateBr3(-dpPPMA(CO)(CNXyD]*; (3) [ReBrs(u-dppmi(CO)-

intensity at 904 cmt, which is characteristic of the(Re—0) mode of

the [ReQ]~ anion, in addition to the expectedP—F) mode of [Pk]~

at 846 (s) cm?, the formation of [Re@]~ is presumably due to the
degradation of a very small quantity of the dirhenium cation through
its reaction with @ which diffuses into the system during the slow

(CNXyl)]O3SCF; (3a) reacts with CO to give the all-cis isomer
of [RexBrs(u-dppmi(CO)%(CNXyl)]O3SCF. This chemistry is
summarized in Scheme 2.

Synthesis, Spectroscopic Characterizations, and Structural
Studies. The primary focus of our work has been the reactions

crystal-growing process. We modeled the anion site as containing of the salts [ReBra(u-dppmy(CO)(CNXyN)]Y (Y = OsSCFR

disordered [P~ and [ReQ]~. With this model, theR factors of the

(13) Walker, N.; Stuart, DActa Crystallogr., Sect. A983 39, 158.

(14) Sheldrick, G. M. SHELXL-93: A Program for Crystal Structure
Refinement. University of Gtingen, Germany, 1993.

(15) (a) Creagh, D. C.; McAuley, W. International Tables for Crystal-
lography; Kluwer Academic Publishers: Dordrecht, The Netherlands,
1995; Vol. C, Table 4.2.6.8. (b) Maslen, E. N.; Fox, A. G.; O'Keefe,
M. A. International Tables for Crystallographyluwer Academic
Publishers: Dordrecht, The Netherlands, 1995; Vol. C, Table 6.1.1.4.

(3a), PFs (3b)) with XyINC. Reactions in dichloromethane and
acetone gave similar results; the major product{40% yield)

is a mixture of isomerga/dd (Y = O3SCHR) or 4b/4b (Y =

PFs) along with a small quantity dba (Y = O3SCHFs) or 5b (Y

= PFKs). The structures of these isomeric forms of {Be(u-
dppmX(CO)(CNXyI),]Y are represented in Scheme 2. The ratio
of isomers in the mixtureda/4d and4b/4b was reproducibly
close to 95/5; while we were unable to effect a clean separation
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Table 1. Crystallographic Data for [R8rs(u-dppmy(CO)(CNXyl);](PFe)o.7 ReQy)o 22CH:Cl, (4b'),
[RexBrs(u-dppmp(CO)(CNXyl)]OsSCRrCsHs (58), and [ReBrs(u-dppmp(CO)(CNXyl)]OsSCRMe,CHC(O)Me (7)

4b' 5a 7
empirical formula RgzzBl’3C|2P4A7d:4,5601.8d\12C70H54 RezBl’35P4F304N2C51H53 RegBr3SP4F305NC57H53
fw 1924.67 1898.48 1803.33
space group P2:/n P2:/n P2i/n
a A 19.845(4) 14.785(3) 14.951(2)

b, A 16.945(5) 15.289(4) 12.4180(19)
c A 21.759(3) 32.067(5) 40.600(5)

p, deg 105.856(13) 100.87(2) 89.993(11)
vV, A3 7038(5) 7118(5) 7537(3)

A 4 4 4

Pcalca 9/CNP 1.816 1.771 1.589

u, et (Mo, Ka) 54.85 52.87 49.90
transm factors, min/max 0.11/0.25 0.59/1.00 0.04/0.37
Re/R,P 0.060/0.145 0.046/0.055 0.074/0.088
largest shift/error 0.06 0.02 0.02

GOF 1.046 1.299 1.791

AR = Y |Fo| — |Fel/3|Fol With F2 > 20(F?) for 4b'; R= S |Fo| — |Fel/3 |Fol With Fo > 30(F,) for 5aand7. b Ry = [SW(F2 — FAZ S W(F2)FY?,
w = 1/[o3(F?) + (0.0668)2 4+ 129.475P] whereP = (F?2 + 2FA)/3, for 4b'; Ry = [SW(|Fo| — |Fe|)¥IW(IFo?)]¥2 w = 1/03(F,), for 5aand?.

Table 2. Selected Bond Distances (&) and Bond Angles (deg) for
the Dirhenium Cation of
[ResBra(u-dppmp(CO)(CNXyl)](PFs)o.7dReQi)o 2> CH:Cl, (4b')2

Table 3. Selected Bond Distances (A) and Bond Angles (deg) for
the Dirhenium Cation of
[Re:Bra(u-dppmy(CO)(CNXyl):]JO3SCRCeHs (58)2

Distances Distances
Re(1)-Re(2) 3.0456(8) Re(2P(2) 2.423(3) Re(1>-Re(2) 2.3792(7) Re(2P(4) 2.480(3)
Re(1)-C(10) 2.01(2) Re(2yP(4) 2.423(3) Re(1)-Br(11) 2.699(1) Re(2YC(20) 2.05(1)
Re(1)-P(1) 2.426(3) Re(2)Br(2) 2.5905(15) Re(1)-Br(12) 2.547(1) Re(2}C(30) 2.06(1)
Re(1)-P(3) 2.442(3) Re(2)Br(3) 2.533(2) Re(1)-P(1) 2.493(3) o(BC(1) 1.15(1)
Re(1)-Br(1) 2.556(2) O(10)-C(10) 1.02(2) Re(1)-P(3) 2.490(3) N(20}C(20) 1.18(2)
Re(1)-Br(2) 2.5038(14) N(20YC(20) 1.15(2) Re(1)>-C(1) 1.91(1) N(20%-C(21) 1.42(2)
Re(1)-Br(3) 2.498(2) N(203-C(21) 1.38(2) Re(2)-Br(21) 2.629(2) N(30}-C(30) 1.16(2)
Re(2)-C(20) 1.991(12) N(30)C(30) 1.133(15) Re(2)-P(2) 2.494(3) N(30¥C(31) 1.38(2)
Re(2)-C(30) 2.018(12) N(303C(31) 1.39(2) Angles

Angles Re(2)-Re(1)-Br(11) 161.71(4) Re(tyRe(2-C(20) 92.5(3)
C(10)-Re(1)-P(1) 88.3(4) Br(3rRe(1-Re(2) 53.28(5) Re(2-Re(1)-Br(12) 106.51(4) Re(BRe(2-C(30) 106.2(3)
C(10-Re(1)-P(3) 89.9(4) Br(2}Re(1}-Re(2) 54.60(3) Re(2)-Re(1)-P(1) 96.53(8) Br(2LyRe(2-P(2)  77.80(8)
P(1>-Re(1>-P(3)  176.51(11) Br(1)Re(1}-Re(2) 144.46(5) Re(2-Re(1)-P(3) 97.90(8) Br(21yRe(2)-P(4)  88.32(8)
C(10-Re(1)-Br(3) 167.9(4) ~ C(20yRe(2)-C(30) 89.8(5) Re(2)-Re(1)-C(1) 84.2(4) Br(21yRe(2)-C(20) 82.7(3)
P(1>-Re(1)}-Br(3)  88.20(10) C(20}Re(2)-P(4)  89.5(4) Br(11)-Re(1)-Br(12) 91.67(5) Br(21)}Re(2)-C(30) 79.3(3)
P(3)-Re(1)>-Br(3)  94.15(10) C(30)Re(2)-P(4)  90.2(3) Br(11)-Re(1-P(1)  82.02(8) P(2)Re(2)-P(4) 162.4(1)
C(10)-Re(1)-Br(2) 83.7(4) C(20yRe(2)-P(2)  90.5(4) Br(11)-Re(1-P(3)  84.66(8) P(2)Re(2)-C(20)  87.5(3)
P(1)-Re(1>-Br(2)  90.65(9) C(30¥Re(2-P(2)  89.2(3) Br(11)-Re(1-C(1)  77.6(4) P(2yRe(2-C(30)  96.1(3)
P(3-Re(1)-Br(2)  86.17(9) P(4rRe(2-P(2)  179.46(11) Br(12)-Re(1-P(1)  87.45(9) P(4yRe(2)-C(20)  80.0(3)
Br(3)—Re(1)-Br(2) 107.88(6) C(20}Re(2)-Br(3) 86.4(4) Br(12)-Re(1-P(3)  87.28(9) P(4YRe(2)-C(30)  91.8(3)
C(10)-Re(1)-Br(1) 77.3(4) C(30%-Re(2)-Br(3) 176.1(3) Br(12)-Re(1-C(1) 169.3(4) C(20}Re(2)-C(30) 160.4(5)
P(1-Re(1)}-Br(l)  94.07(9) P(4rRe(2)-Br(3)  88.77(10) P(1)-Re(1)-P(3) 165.5(1) C(20¥N(20)-C(21) 172(1)
P(3-Re(1)}-Br(1)  88.46(9) P(2}Re(2}-Br(3)  91.76(10) P(1)-Re(1)}-C(1) 91.0(4) C(30¥N(30)-C(31) 175(1)
Br(3)—Re(1)-Br(1) 91.42(7) C(20YRe(2-Br(2) 169.4(4) P(3)-Re(1)-C(1) 91.7(4) Re(1}C(1-O(1)  176(1)
Br(2)—-Re(1)-Br(1) 160.27(6) C(30}Re(2)}-Br(2) 79.5(3) Re(1Re(2)-Br(21) 172.39(4) Re(2}C(20-N(20) 172(1)
C(10)-Re(1)}-Re(2) 138.2(4) P(4Re(2)-Br(2)  91.05(8) Re(1>-Re(2)-P(2) 96.14(8) Re(2)C(30)-N(30) 174(1)
P(1>-Re(1>-Re(2)  89.23(9) P(2}Re(2}-Br(2)  88.92(9) Re(1>-Re(2)-P(4) 96.70(8)
E((EE)_RSS(E?SS&) 123%%4(?) Eg%};?(%tgre(é)) 1(;231%((% aNumbers in parentheses are estimated standard deviations in the
C(30)-Re(2-Re(1) 131.5(3) C(20)N(20)-C(21) 171.1(15) least significant digits.
P(4-Re(2-Re(l)  89.65(8) C(30)N(30)-C(31) 173.1(13)
P(2)-Re(2)-Re(1)  90.76(8) O(16)C(10)-Re(l) 176.5(14) 1736 (m) cnl. These spectral properties closely resemble those
Br(3)—Re(2)-Re(1) 52.23(6) N(20yC(20)-Re(2) 178.5(12) of the chloro analogue ob, i.e. [ReCls(u-dppm)(CO)-
FBQL((Zl))—Fé?((ZZ)):SZgg %:2?8; N(30YC(30)-Re(2) 173.0(11) (CNXyl)2]OsSCFR;, which we recently isolated as a major

product in the reaction between [RH;(u-dppm}(CO)-
aNu_mb_grs in p_ar_entheses are estimated standard deviations in thq CNXyl)]JO3SCF; and XyINC!! and whose dirhenium cation is
least significant digits. believed to have an unsymmetrical structure [(XyINC)CJRe(

of the components of the bulk material, individual crystals of CN(#-CO)@-dppmpReCICNXyN]*. This chioro complex has
the isomeric forms could be separated by hand. In the case ofteMinal»(CN) modes at 2170 (s) and 2114 (vs) thand a
the reaction between [RBrs(u-dppmy(CO)(CNXyl)]PFs (3b) bridging »(CO) mode at 1722 (s) cm.

and XyINC in dichloromethane, a small quantity of a yellow- In contrast to the relative complexity of the reactions of
brown product was obtained, which we believe may be a fourth XyINC with 3a and 3b, the analogous reaction involving CO
isomeric form of [ReBra(u-dppmy(CO)(CNXyl)]PFs (6). is quite straightforward. A single isomer of [FB¥s(u-
Unfortunately,6 has very poor solubility in solvents such as dppmi(COR(CNXyN)]OsSCF; (7) is formed upon reactinga
CH,Cl, and CHC}, so its characterization is based on its Nujol With CO (Scheme 2).

mull IR spectrum, which shows two termina|CN) modes at An alternative procedure for the preparation4ai/4d and
2162 (vs) and 2104 (vs) crh and a bridgingy(CO) mode at 4b/4b is to react the neutral complex BB (u-dppm)-
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Table 4. Selected Bond Distances (&) and Bond Angles (deg) for
the Dirhenium Cation of
[ResBra(u-dppmp(CO)(CNXyl)]SOsCR*Me,CHC(O)Me (7)2

Distances
Re(1)-Re(2) 2.5853(13) Re(2)P(2) 2.477(10)
Re(1)-Br(1) 2.554(3) Re(2yP(4) 2.468(9)
Re(1)-Br(12) 2.579(2) Re(2yC(12) 2.111(18)
Re(1)-P(1) 2.457(9) Re(2)C(21) 1.85(3)
Re(1)-P(3) 2.478(10) o(1Cc@12) 1.11(2)
Re(1)-C(1) 2.012(18) 02y C(21) 1.17(3)
Re(1)-C(12) 2.11(2) N(1)>C(1) 1.11(2)
Re(2)-Br(2) 2.536(3) N(1}-C(2) 1.47(3)
Re(2)-Br(12) 2.569(3)

Angles

Re(2-Re(1)-Br(l) 148.86(6) P(3)yRe(1)-C(1) 85.4(10)
Re(2;-Re(1)-Br(12) 59.67(7) P(3YRe(1)-C(12)  94.5(9)
Re(2;-Re(1)-P(1)  96.54(18) C(HRe(1)-C(12)  74.1(9)
Re(2-Re(1-P(3)  95.63(17) Re(BRe(2-Br(2) 152.66(9)
Re(2-Re(1)-C(1) 126.3(7) Re(tyRe(2)-Br(12) 60.05(6)
Re(2;-Re(1-C(12) 52.2(5) Re(BRe(2-P(2)  95.10(17)
Br(1)-Re(1)-Br(12) 89.25(9) Re(yRe(2-P(4)  94.80(18)
Br(l)-Re(1-P(1)  86.1(2) Re(BRe(2-C(12) 52.3(7)
Br(l)-Re(1-P(3)  84.0(2) Re(HRe(2-C(21) 121.4(7)
Br(l)-Re(1)-C(1)  84.8(7) Br(2yRe(2-Br(12) 92.61(10)
Br(1)-Re(1)-C(12) 158.9(5) Br(2yRe(2-P(2)  84.74(18)
Br(12-Re(1)-P(1)  92.79(16) Br(2yRe(2-P(4)  85.51(18)
Br(12)-Re(1)-P(3)  94.19(16) Br(2yRe(2)-C(12) 155.0(7)
Br(12)-Re(1)-C(1) 174.0(7) ~Br(2yRe(2}-C(21)  86.0(7)
Br(12)-Re(1)-C(12) 111.9(5) Br(12yRe(2-P(2)  90.9(2)
P()-Re(1-P(3)  167.8(2) Br(12yRe(2-P(4) 92.28(19)
P(1-Re(1)-C(1)  86.7(9) Br(12yRe(2)-C(12) 112.3(6)
P(1-Re(1-C(12)  92.1(9) Br(12yRe(2-C(21) 176.6(11)
P(2-Re(2-P(4)  169.9(2) C(IIN@1L)-C(2)  169(3)
P(2-Re(2)-C(12)  92.3(9) Re()C(1)-N(1)  177.0(18)
P(2-Re(2)-C(21)  85.9(11) Re(BHC(12-Re(2) 75.5(7)
P(4-Re(2-C(12)  95.4(9) Re(HC(12-0(12) 140.4(17)
P(4-Re(2)-C(21)  90.7(11) Re(2)C(12-0(12) 143(2)
C(12)-Re(2)-C(21) 69.1(9) Re(2)C(21)-0(21) 167(3)
Re(1)-Br(12)-Re(2) 60.29(6)

aNumbers in parentheses are estimated standard deviations in th

least significant digits.

Scheme 1. Reactions between the
RexX 4(u-dppm)(CO)(CNR) Complexes of Structure Type
and Thallium(l) Salts

R
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(CO)(CNXyl) with 1 equiv of XyINC in the presence of T
SCF; (for 4a/4d) or TIPF; (for 4b/4b) (see Scheme 2). There
are two consequences of using the BRe(u-dppm)(CO)-
(CNXyN)/TIY mixtures as starting materials in place & and
3b. First, the ratio of isomers in the isomeric mixtuds/4d
and4b/4l is ca. 50/50, compared to ca. 95/5 wiaand3b
are used. Seconda (and 5b) are obtained at best in trace
amounts €1%) as detected by IR arith NMR spectroscopy.
In the case ofib/4b/, we were able to effect a clean separation
of the 50/50 mixture of isomers by recrystallization from £H

Wu et al.

Scheme 2. Reactions of ReBra(u-dppm)(CO)(CNXyl) and
the Halide-Deficient Complexes
[Re;Bra(u-dppmh(CO)(CNXYN]Y (Y = OsSCK; (3a), P
(3b)) with Xylyl Isocyanide and Carbon Monoxide

Xyl Xyl
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(Y = O 3SCF 3 (4a/4a’) (Y =0 3SCF 3 (5a)
or PF g (4b/4b')) or PF g (5b))

electrochemical properties of the different isomeric fodas
4d, 4b, and4b'. These properties, along with those for the
other isomeric forms of these complexBa,and5b, as well as
those for [ReBrs(u-dppm}(CO)R(CNXyl)]OsSCR (7), are
summarized in Table 5.

The electrochemical and spectroscopic properties of analogous
[OsSCR]~ and [PR]~ salts are essentially identical to one
another. The principal spectroscopic differences are the pres-
ence of characteristic bands at ca. 1265 (vs) ‘tr(for
O3SCHR;]~ salts) and ca. 840 (vs) crh(for [PRg] ™ salts) in the

ujol mull IR spectra and a binomial heptet centered ag.
—143.5 in the’’P NMR spectra of the [P~ salts. The other
important spectroscopic characteristics are given in Table 5.

The mixtures of isomerda/4d and4b/4b’ differ only in the
identity of the anions. The similarity in their electrochemical
and spectroscopic properties is clear from the data in Table 5.
The electrochemical properties, as measured by the CV tech-
nigue, reveal two accessible one-electron oxidations and two
one-electron reductions in the potential rargk.50 to—0.90
V vs Ag/AgCl. These characteristics differ from the analogous
electrochemical data reported for chloro complexes which have
the same stoichiometry ds, 44, 4b, and4b', viz., [Re;Cla(u-
dppm)(CO)(CNR}]Y (Y = CI, ReQ, OsSCF;, or PR; R =
t-Bu, Xyl)®710.11pyut which possess edge-sharing bioctahedral
structures with one bridging Cl and a bridging CO or RNC
ligand. These chloro compounds possess one oxidation and two
reductions within the larger potential range-61.50 to—1.30
V.610Support for the conclusion thdg, 4a, 4b, and4b’ differ
structurally from the chloro complexes [&s(u«-dppm}(CO)-
(CNXyl)2]Y is apparent from an examination of their IR spectra
(Table 5), which show the presence of terminally bound XyINC
and CO ligands only. This conclusion has been confirmed by
a single-crystal X-ray structure determination on a crystal of
4b', which we obtained from a solution of this complex in £H
Cl/i-Pr,O. Although the slow crystal-growing process led to
the decomposition of a small quantity of the dirhenium complex
and the incorporation of some [RgO anion into the complex,
thereby complicating the structure refinement (see Experimental
Section), the identity of the cation as [RRe-Br)(u-dppm)Br-

Cl,/CsHs. This enabled us to confirm the spectroscopic and (CO)(CNXyl)]* was firmly established.
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Table 5. Electrochemical and Spectroscopic Data for Isomers ofBR&:-dppm}(CO)(CNXyl)]Y (Y = OsSCHR, PF; 4a, 44, 4b, 4b, 53,
5b) and for the Complex [R8rs(u-dppm}(CO)(CNXyl)]OsSCK (7)

CV half-wave potentials, ¥ IR, cnrte
compd Ep(0x)(2P EpAox)(1P Eu(red)(1P Ey(red)2P  v(CN) v(CO) IH NMR, ¢9%¢ 31P{1H} NMR, &%
4a  +1.45(130) +0.65 (120) +0.11 (125) —0.84 (120) 2102 (vs) 1964 (s, br) +2.30(s),+1.76 (s) —28.8 (m, br),—134.1 (m, br)
[CH3 of xylyl]
2078 (sh) +3.64 (m),+2.93 (m)
[CH; of dppm]
4a  +1.43(120) +0.64 (120) +0.13 (120) —0.81 (120) 2108 (s) 1998 (vs) +2.40(s)+1.65(s) —30.1(m, br),—163.7 (m, br)
[CH3 of xylyl]
2056 (s) +3.64 (m),+2.57 (m)
[CH; of dppm]
4b  +1.45(120) +0.64 (110) +0.12 (120) —0.81 (120) 2102 (vs) ~1965 (s, br) +2.30 (s),+1.77 (s) —29.3 (m, br),—134.7 (m, br)
[CH3 of xylyl]
2082 (vs) +3.64 (m),+2.91 (m)
[CH; of dppm]
4’  +1.44 (130) +0.64 (120) +0.13 (120) —0.84 (130) 2102(s) 1996 (vs) +2.40(s),+1.67(s) —29.7 (m, br),—160.2 (m, br)
[CH3 of xylyl]
2060 (s) +3.66 (m),+2.58 (m)
[CH; of dppm]
5a -0.53" —1.00 (120) 2144 (m) 1956 (s, br) +1.80 (m) —15.2 (m),—16.5 (m)
[CH3 of xylyl]i
2110 (vs) ~+6.25 (m)
[CH; of dppm]-¥
5b —0.5¢ —0.98 (110) 2146 (m) 1954 (s) +1.83 (m) —15.2 (m),—16.8 (m)
[CH3 of xylyl]
2106 (vs) ~+6.25 [CH; of
dppmf
7 +0.11 (130) —0.90 (130) 2164 (s) 2014 (vs) +3.00 (s, br), —19.2 (m),—24.2 (m)
+1.15 (s, br)

1734 (m)  +4.90 (m),+4.45 (m)

aMeasured in 0.1 M TBAH-CH_CI, solutions and referenced to the Ag/AgCI electrode with a scan satef 00 mV/s at a Pt-bead electrode.
Under our experimental conditior&y, = +0.47 V vs Ag/AgCI for the ferrocenium/ferrocene coupldE, (E,a — Ep¢ values are given in
parentheses at a scan rate of 200 mVIR spectra recorded as Nujol mulisSpectra recorded in CDglinless otherwise statetiPhenyl group
resonances occur within the range+8.1 to 6 +6.6." Chemical shifts are those of the centers of complex multipteEsc value." These
electrochemical properties resemble those for the chloro analogbe (se ref 1), which has this same structure, the principal difference being
the appearance of a second irreversible process in the CV e€[Re-dppm)(CO)(CNXyl),]OsSCFs, data for which have not been reported
previously €pc = —0.56,E,c = —0.79, andE;(red) = —1.10 V vs Ag/AgCl withu = 200 mV/s).! Some samples of this complex showed a
splitting of this peak (1974 (s) and 1952 (s) ©n ! Spectrum recorded in Gl,. ¥ Two overlapping multiplets.

An ORTEP®representation of the structure of the dirhenium
cation of4b', as present in a crystal of composition jRes-
(u-dppm}(CO)(CNXyl)](PFs)o7d R€Qy)o 22 CHoCly, is shown
in Figure 1. The key crystallographic data and important
structural parameters are given in Tables 1 and 2. The structure
is that of unsymmetrical edge-sharing bioctahedra, with.tviy
ligands and the two XyINC ligands bound to one of the Re
centers. This same structure is also believed to be present in
the triflate salt4d. This is demonstrated by the similarity
between the spectroscopic and electrochemical propertéss of
and4b’ (Table 5). The compoundéa and4b' are the first
examples of mixed halide/isocyanide and/or carbonyl complexes
which are derived from the triply bonded synthons,Reu-
dppm} and have big(-halo) edge-sharing bioctahedral struc-
tures.

The bisf:-bromo) bridge is unsymmetrical, with the distances
to the formally higher oxidation state rhenium center (Re(1))
being significantly shorter (2.504(1) and 2.498(2) A) than those
to Re(2) (2.591(2) and 2.533(2) A). The distances Re(1)
Br(2) and Re(lﬁ.Br(g) are also shorter (by ca. 0.05 A) than FIgUre 1. C)RTEF16 representatlon of the structure of the dirhenium
that of the terminal ReBr bond (Re(1}-Br(1) = 2.556(2) A). cation [ReBrs(u-dppm}(CO)(CNXyl),]* as present idb'. The thermal

. - . . - . ellipsoids are drawn at the 50% probability level except for the phenyl
The two xylyl isocyanide ligands are bound in a linear fashion, group atoms of the dppm ligands and the xylyl group atoms of the

as signified by values of 173.0(1) and 178.5(1&2y N(30)— XyINC ligands, which are circles of arbitrary radius.
C(30)-Re(2) and N(20) C(20)-Re(2), respectively. The Re ) )
a[Re2Xs(u-dppmp(CO)(CNRY]* (X = CI, Br), which contain

Re distance of 3.0456(8) A is consistent with the presence of al" . )
metatmetal single bond. This distance is much longer than €ither edge-sharing b|octaheflrl%I structures of the type({Re
Re—Re distances in other dirhenium cations of composition *)(“-CO)(u-dppm}Xo(CNR),]™ *° or open bioctahedral struc-
tures such as that found in complexXgsand5b (vide infra).
(16) Johnson, C. K. ORTEP II. Report ORNL-5138: Oak Ridge National [N the two latter structure types, the formal-Ree bond orders
Laboratory: Oak Ridge, TN, 1976. are 2 and 3, respectively. In the structure 4# and 4b',
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electron-counting procedures would lead to the prediction of a
Re—Re single bond if we invoke the EAN rule and assume
that each bridging bromide contributes three electrons. How-
ever, with such an unsymmetrical molecular structure4@r
and4b’, we are loath to speculate further as to the details of
the electronic structure of the dirhenium cation.

The close similarities between the electrochemical and
spectroscopic properties of the padia/dd and4b/4b’ (Table
5) imply that4a and 4b must have very structures similar to
those of4d and4b'’. The electrochemical properties of all four
complexes are essentially identical, and tH8R{'H} NMR
spectra not only show similar patterns but have one of the two
multiplets of an AABB' type pattern at an unusually high
field: 6 ca.—135 for4a and4b; ¢ ca.—160 for4d and4b'.
We had previously reported a similar high-field resonance in
the 31P{'H} NMR spectrum of the symmetical dirhenium(lll)
complex Re(u-Cl).Cla(u-dppm) (6 = —140.6)17 Although
the explanation for this phenomenon is uncertain, it may be
characteristic of a “Re(lll)-like” center in big{halo)-bridged
dirhenium complexes. In the case 4&/4d and 4b/4b, a

bonding description in terms of Re(It)Re(l) centers is not . . . .
implausible, with the upfield resonance then being assigned to Eﬁi‘é}f[IZQ'Q;EJ_%E;r;irzgeé)e('gﬁfﬁ);]’zt:Se psrglsjgmrieﬁgfmg t%'é?ﬁglum
the pair of phosphines which are bound to the Re(lll) center. A gjjipsoids are drawn at the 50% probability level except for the phenyl
formal description in these terms for the structurally character- group atoms of the dppm ligands and the xylyl group atoms of the
ized cation of4d and 4b', with a dative metatmetal bond XyINC ligands, which are circles of arbitrary radius.

(Re''—Ré€), is represented iV (dppm ligands omitted).

The other isomers of [RBr3(u-dppm}(CO)(CNXyl)]Y, 5a

+

Br_ BNy I/CNXV'T and 5b (see Scheme 2), while possessing terminal CO and
P Rei—/Re\ v XyINC ligands just likeda/4band4ad/4b', have very different

oc Br CNxyl electrochemical properties (Table 5) and, therefore, possess

different molecular structures. This has been confirmed by an
X-ray crystal structure determination é&fa. An ORTER®
representation of the dirhenium cationgatis shown in Figure

2, while important crystallographic data and structural param-

Two structures are plausible for the catiordafand4b (see
V and Vl), both of which maintain a formal Re(IH)Re(l)
description and accord with their possessing a very close

« Ij* + eters are given in Tables 1 and 3. This structure, which is an
WiNe A oMY INIPLN Cny|_| open bioctahedron, is the same as that of the chloro complex
Re—Re v /Re\—/Re/\ vi [(XyINC) 2CIRefu-dppm}ReCh(CO)]0sSCF; (8).! Complex8
Br Br Co NC Br Co is one of at least four different structural isomers of {Rig(u-
Xyl dppm}(CO)(CNXyl)]Y (Y = CI, ReQ, O;SCR);161011the
electronic and molecular structural similarity4e and4b’ (as others which have been structurally characterized possess edge-

implied by their electrochemical and spectroscopic properties). sharing bioctahedral geometries witl+Cl)(u-CO) or u-Cl)-
However, an alternative, and rather intriguing, possibility is that («-CNXyl) bridging ligands, and they are therefore quite
the pairs4a/4d and 4b/4b differ structurally only in the different structurally from the bromo complexéa/4band4a/
conformation of the two fused five-membered rings which 4b'. The Re-Re distance foba (2.3792(7) A) is essentially

_ o _ 1 identical to that in8 (2.3833(8) A} and thet-BuNC analogue
comprise the bridging unit PCH,—P—Re—Re—P—CH,—P. of 8, viz. [RexCla(u-dppmy(CO)(CN1-Bu)]PFs (2.3787(5) AY
The structure determination @b’ has established that this unit  €omplex 5a, like 8, has a partially staggered rotational
possesses a “boat (tub)” conformation (Figure 1). If a “chair” geometry, WhICh is not unexpected since there is no electronic
conformation is present ida and4b, this could well explain ~ Darrier to rotation about the R&Re bondi® However, the
the very minor differences in the properties4sf/4b and 4a/ values for the torsional angles P¢IRe(1)-Re(2)-P(2), P(3)-
4b' (Table 5). While we were able to grow single crystals of Re(1)-Re(2)-P(4), C(1)-Re(1)-Re(2)-C(30), and Br(12}
4a (from a toluene/1,2-dichloroethane solution at &% the Re(1)-Re(2)-C(20), which are 17.9(1), 7.1(1), 10.0(5), and
complete structure solution and refinement were hindered by a 16-4(3), respectively, are on average less than are thosé for
disorder problem. It was found that a crystallographic 2-fold (20-2(1), 10.6(1), 17.8(6), and 24.3{}plthough the trend is
axis, which is coincident with the ReRe bond, existed in the ~ the same.
cation of4a, the consequence of which would be a disorder  In contrast to the products that are formed upon reacting [Re
between the CO and the terminal bromide ligand4if is Brs(u-dppm)(CO)(CNXyD]Y (Y = OsSCK (38), PFs (3b))
structurally very similar tada. Such a 2-fold disorder would ~ With XyINC (Scheme 2), the product of the reaction3afwith

. 1 ) CO is an edge-sharing bioctahedral complexBRgu-dppm)-

system possessem'ormation. Further work is!S @#-CO ligand. This is clearly implied by the IR spectrum

underway to try to definitively establish the structuresdaf  ©f t_hlis complex, which shows a bridgingCO) mode (1734
and4b. cm 1) as well as terminak(CO) andv(CN) modes (Table 5),

(17) Barder, T. J.; Cotton, F. A.; Lewis, D.; Schwotzer, W.; Tetrick, S. (18) Cotton, F. A.; Walton, R. AMultiple Bonds Between Metal Atoms
M.; Walton, R. A.J. Am. Chem. S0d.984 106, 2882. 2nd ed.; Oxford University Press: Oxford, U.K., 1993.
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isomeric forms of the complex cation [BBr3(u-dppmy(CO)-
(CNXyl);]* are produced, we do not yet know the mechanism
of these reactions. Nonetheless, some general conclusions are
possible.

Complexesba and 5b, which contain an open bioctahedral
structure, are very minor products of these reactions. ltis clear
that these complexes ar®t formed by the same high-yield
route which is used to obtain the analogous chloro comlex
(i.e. [(XyINC).CIRe{u-dppm}ReCL(CO)]OsSCF),! namely, the
reaction of ReXa(u-dppm}(CO)(CNXyl) (X = CI) with XyINC
in the presence of TIY (Y= PR, OsSCFs). The difference
between the chloro and bromo systems can be explained by
the supposition that, following labilization of the R bond
that is trans to the XyINC ligand of R¥4(u-dppm)(CO)-
(CNXyl), CO migration to form3a and3b is much more rapid
than coordination of the second XyINC ligand wher=XBr.

The reverse situation holds when=XCI.! It is also apparent
that5a and5b are not formed by isomerization d&a/4d and
4b/4b; in fact, we find no evidence for interconversions between

Figure 3. ORTEPS representation of the dirhenium cation [Res- any of the three isomeric forms of [Brs(u-dppmp(CNXyl),-
(u-dppm}(COR(CNXyl)]* as present iff. The thermal ellipsoids are (CO)]Y.
drawn at the 50% probability level except for the phenyl group atoms )
of the dppm ligands and the xylyl group atoms of the XyINC ligand,  In the case of the reactions of fe4(u-dppmp(CO)(CNXyl)/
which are circles of arbitrary radius. TIY mixtures with XyINC and [ReBrs(u-dppmy(CO)(CNXyN)Y

) _ with XyINC (see Scheme 2), the structural isoméaia and
and has been confirmed by an X-ray crystal structure determi- 4,4y predominate. However, the product ratéa4a (and
nation. An_OR_TEFﬁ representation of the dirhenium_cation of 4b/4b") change from ca. 50/50 to ca. 95/5 depending upon which
71s shown in Figure 3, and important crystallographic data and dirhenium starting material is used. One explanation for this

structural parameters are given in Tables 1 and 4. The edge'diﬁerence may lie in the presence of a much more heterogeneous
haring bioctahedron, in which all threeacceptor ligands are ) .
snanngbi ron, 1n wh ptor iganas reaction system in the case of the ;Be(u-dppm)(CO)-

located on the same side of the Reskeleton in an all-cis CNXYIVTIY mi “th fih ¢ q oz
arrangement, is a common geometry for dirhenium complexes (CNXYD/TIY mixtures; the use of the preformed comple

of this general typd® The Re-Re distance ifY of 2.5853(13)  and 3D (i.e. [R&Bra(u-dppm:(CO)(CNXyI)]Y) gives a more

A is in the range observed for other complexes that contain Soluble and homogeneous starting material. This difference may

Re=Re bonds, such as [Rels(u-dppmy(CO)(NCEL)]PFR influence the relative rates of formation 44 and4d (and4b

(2.586(1) Ay and [ReCls(u-dppm)p(CO)(CNXyl)]ReOy and4b’).

(2.576(1) A)1%in which there is also an all-cis arrangement of A further point to be emphasized is the large range of metal

mr-acceptor ligands. metal bond orders that can be accommodated within the various

Previous work has showfithat the chloro complexes [Re isomeric forms of the complex cations of the type JRe{u-

_C|3(”'dpp”:jk(coe]2(c,NRET (Rh:d t"|3“' Xyl) e|>;|st in two dppm)(CO)(CNXyl),]*. For those chloro species which have

I:r?gq\%:c) Zn%et-r?at?/rlllr:gis Iﬁzamis{?h::&lgggr?anﬁgﬁy(\:g(z)le already been reported, we have seen both the retention of the
Re—Re triple bond in salts of the open bioctahedral cation

[(XyINC) .CIRe(u-dppm}ReCL(CO)]* * and the presence of a

R +

NC\ /N /x T SN2 P formal double bond in an edge-sharing bioctahedral isomer of
/Re\_ AN vii /Re — /Re\ v the type [(XyINC)CIReg-Cl)(u-CO)(u-dppmpReCI(CNXyl)[+.10
X S B /NG ¢ o In the case of the bromo species pRe(u-dppmp(CO)-

(CNXyl);]*, we find that a Re-Re triple bond is present iba

form of the two. In the case of the bromo componly the and 5b but that the edge-sharing biqctahedral _ison@lﬂb
isomer with structuré/Ill was isolated, in spite of the mild ~ @nd4a/ab’ possess the unexpected pigfomo)-bridged struc-
reaction conditions used; the other isomeric fovith may be ~ tures in which a ReRe single bond is present. The search for
very unstable when X Br. In view of the known structure of ~ bis{u-chloro) complexes of the latter type is underway.

the precursor complega (see structurdll ), attack by CO at ) _
either Re center on the same side of the molecule as the Acknowledgment. We thank the National Science Founda-

terminally bound CO would be expected to give the edge-sharing tion, through Grant No. CHE94-09932 to R.A.W., for support
bioctahedral complex [RBrs(u-dppm}(CO)(CNXyl)]OsSCH of this work.
with structureVIl . This isomer must undergo a facile isomer-

ization to the thermodynamically stable isomeric fokftl . Supporting Information Available: Tables giving full details for
Such a process is well established in the case of the analogoughe crystal data and data collection parameters (Tables S1, S7, and S13),
chloro complexe§® atomic positional parameters (Tables S2, S3, S8, S9, S14, and S15),
anisotropic thermal parameters (Tables S4, S10, and S16), bond
Concluding Remarks distances (Tables S5, S11, and S17), and bond angles (Tables S6, S12,

and S18) fordb', 5a, and7 (33 pages). Ordering information is given

In contrast to the reaction betwe8&a and CO in which a
on any current masthead page.

single isomer is formed, the reactions of XyINC wigla and
3b are decidedly more complicated (Scheme 2). While three 1C960270B





