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The reaction of fac-[Re(CO)3(S,CPR,)Br] with [Re(CO),l- af- 
fords the dinuclear octacarhonyl compounds [Re,(CO)&- 
S,CPR,)] (3a-b), which have been isolated arid character- 
ized by spectroscopic methods. An X-ray crystal-structure 
determination of the derivative 3a (R = Cy) shows that the 
S,CPCy, ligand acts as an ql(S);ql(S') bridge donating two 
electrons to each metal atom of a symmetrical (CO)4Re- 
Re(CO)4 unit. This unit is presumably formed through a con- 
certed process involving carbonylkulfur exchange in the 
rionsymrnetrical octacarbonyl (C0)3(S2CPR3)Re-Re(CO)5 
generated after the coupling of the bromo derivative with 
the carbonyl anion. Complexes 3a-b can be obtained more 
directly by adding S2CPR3 to [Re,(CO)&-H)(p-CH= 

CHnBu)], which is formed by irradiation of Re2(CO)10 with 3 - 
hexene. Hydride addition to the central carbon atom of the 
S2CPR:3 ligand of 3a-b occurs with loss of PR,, to give the 
anion [Re2(CO),(p-S2CH)]- which may be isolated as a salt 
with the PPN+ cation. The octacarbonyl compounds 3a-b 
can be converted into hexacarbonyl complexes [Re,(CO)&- 
S,CPR,)] (5a-b) by heating in toluene or octane at reflux 
temperature. According to an  X-ray crystal-structure deter- 
mination of the derivative 5a (R = Cy), the loss of orie car- 
bony1 ligand from each rhenium atom is accompanied by the 
rearrangement of the S,CPR, ligand which changes its 
bonding mode from q'(S);ql(S') donating four electrons to 
q3(S ,C,S');q2 (S, S' ) donating eight electrons. 

We have been interested in the use of ti-ialkylphosphaid 
carbon disulfidc adducts? S2CPR;, a s  binucleating li- 
gand~.~ ' ] [ ' ]~~][ ' ]~~]  Tn this field. wc have found that S2CPR3 
adducts, when acting as 8e bridges in the q3(S.C:S');q'(S,S') 
coordination mode, [21[31[41 are able to bind two metal-ligand 
fragments together very strongly, especially when there is 
direct metal-to-nictal intcraction. ''1 

The first example of this coordination mode was found 
in the hexacarboiiyldinianganesc complex [M1i7(C0)&- 
S2CPCy3)] which can be prepared by thermal reaction be- 
tween decacarbonyldimanganese and the free Lrialkylphos- 
phoniodithioformate adduct S2CPR3 in refluxing toluene. [?I 

Shortly after, it was found that the heterobinuclear ana- 
logs containing manganese and rhenium may be obtained 
by indirect routes which involve the attack of a carbonylme- 
tallate anion [Mn(C0)5] on the mononuclear bromo de- 
rivatives [Re(CO),(S3CPR3)Br]. L6] In these reactions it was 
observed lor the first h e  that the central carbon atom of 
the S2CPR3 adduct prefers to bond to the manganese rather 
to the rhenium center, this being a remarkable casc o f  re- 
gioseleclivity; the cxtcnt of this effect has been explored in 
subscquent studies with other combinations of metals. [41[71 

We wish to report here thc preparation of a family of 
homonuclear dirlienium complexes containing the S2CPK3 

adduct a c h g  as q'(S);q'(S') bridges. donating four elec- 
trons, and as q3(S.C,S');i1'(S,S') bridges, donating eight 
clectrons. Part of this work has already been presented in a 
preliminary cominuiiicatioii. 

Results and Discussion 

The niononuclear bromo complexes [Re(C0)3(S2CPR3)Br] 
(la-b)['l react with the anion peritacarbonylrhenate( -I) to 
atTord ullimately the binuclear octacarbonyl complexes 
[Re2(C0)x(S2CPRi)] (3a-b), which can be isolated as red 
crystals in good yields (62-78 '%). Analytical and spectro- 
scopic data (see Experimental Section) suggest the structure 
dcpicled in Schcmc 1 for complcxcs 3a-b. 

The most inforniative data, apart from IR spectra which 
were consisten1 with a dirhenium octacarbonyl unit, came 
from '3C{1HJ-NMR spectra in the region at 6 = 200. Both 
complexes exhibit the same pattern of signals correspond- 
ing to three sets of cquivalent carbonyl ligands wilh inten- 
sities 2:4:2. Additionally, the signal attributable to the cen- 
tral carbon atom of S2CPR3 appears as a doublet at 6 = 
215.3 ['J(P-C) = 40 Hz] for 3a and at CS = 218.7 
[ 'J(P-C) = 41 Hz] for 3b. This strongly indicates that the 
central carbon atom of the S2CPR3 unit is not involved in 
bonding with the metal centers since in all the cases known 
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so far, when the central carbon atom is bonded with the 
metal center, the corresponding signal is shifted to the re- 
gion 6 =- 80- 100. [2][3][4][5][6][7] An X-ray crystal-structure 
determination was carried out with a crystal of the cyclo- 
hexyl derivative 3a to confirm the structure and to study 
in detail the geometrical pardmeters of these octacarboiiyl 
complexes. A perspective view of the structure is presented 
in Figure 1. 

Figure 1. Perspective view (EUCLID Package)['"] of the structurc 
of [Re2(CO)8(S2CPCy7)] (3a). showing the atom numbering["] 

C(15) ) 

['I Selected bond lengths [A] and angles ["I: Re(l)-Re(2) 2.987(1). 
Re(1)-C(3) 1.935(9). Re(1)-C(5) 1.932(8), Re(1)-C(2) 1.958(8), 
Re(l)-C(4) 1.988(9), Re(1)-S(1) 2.464(2), Re(2)-C(8) 1.944(8), 
Re(2)-C(7) 1.943(11). Rc(2)-C(9) 1.954(8), Ke(2)-C(6) 1.978(8), 
Re(2)-S(2) 2.442(2), S(l)-C(l) 1.690(7), S(2)-C( I )  1.671(7). 
C(1)-P( 1)  1 822(8): C(2)-Re( 1)-C(4) 173.1(3), C(5)-Re( I)-S( 1) 
173.4(3), C(3) -Re(l) - Re(2) 177.2( 3). C(9) - Re(?)- C(6) 1 h7.8( 3), 
C(7)-Re(2)-S(2) 176.7(3). C( 8)-Re( 2)- Re( 1) 173,7(3). S(2)- 
C( I)-S(1) 128 6(5), S(2)-C( I)-P(I) 1 16.0(4), S( 1)-C( 1)-P( 1) 
I 15.1(4). 

Each molecule of 3a consists of two L i,y-tetracarbonylrhe- 
nium fragments held together by a tricyclohexylphospho- 
niodithioformate ligand which is bonded through one sulfur 
atom to each rhenium atom, thus acting as an qi(S);q'(Sr)- 
S2CPR3 bridge donating four electrons (i.e. two electrons to 
each rhenium atom) to the bimetallic unit. The 
Re(l)-Re(2) distance of 2.987(1) A is shorter than that of 
3.041(1) A found in [Re2(CO)10],~y~ and is thus consistent 
with the existence of a direct Re-Rc bond, as required by 
the EAN rule. Each rhenium atom is surrounded by four 
carbonyl groups, one sulfur atom of S2CPR3, and the other 
rhenium atom, forming a slightly disilorted octahedral coor- 
dination, with interligand angles ranging from 81.5(2) to 
97.0(3) '. Two features of the structure of 3a are rcniiniscent 
of those observed in the parent Re2(CO)lo. First. the sub- 
stituciits on each rhenium atom adopt a staggered dispo- 
sition with respect to those of the other rhenium atom, the 
pertinent torsion anglcs ranging from 26.47(7)' for S( 1 ) - 
Re( 1)-Re(2)-S(2), to 34.1(4)' for C(4)-Re(l)-Re(2)- 
C(6). Additionally, the ligands on the egzicitorzul positions 
of each rhenium atom move towards the other rhenium 
center [angles C(carbony1)-Re-Re' or S-Re-Re' range 
from 81.5(2) to 88.9(3) "1, with the only exception being 
the carbonyl ligand tmns to S(2) [angle C( 7) -Re(2) - Re( 1) 
94.2(3) "1. 117 both ca5q the deviations from the more reg- 
ular geometry found in the parent [Re2(CO)lo] can be as- 
cribed to the constraints imposed by the formation of the 
Re-S-C-S- Re ring in 3a. Nevertheless, the flexibility of 
the ligand when acting as an q'(S)-q'(S') bridge is remark- 
able. I n  thc few cxamples rcportcd so far, the ligand has 
been found to span distances of 2.1384(8) A, between two 
quadruply bonded molybdenum atoms in [Mo2(S2CPE- 
t3)(02CCH3),(0PEt3)](BF4),[L01 or 2.452( 1) A between two 
singly bonded cobalt atoms in [ C O ~ ( C O ) ~ ( ~ ~ - C H ) -  

The symmelric bis(tetracarbony1rhciiium) moiety (CO),- 
Re-Re(CO), of 3a is formed from the Re(CO)? fragments 
of l a  and Re(CO)5 fragments of the anion. Additionally, 
the S2CPR3 ligand, which was inilially bonded as an 
q2(S,S') chelate towards one rhenium atom, changes its co- 
ordination mode to q'(S);q'(S') as described above for 3a. 
This means that the reaction should involve the migration 
of one carbonyl ligand from one rhenium atom to the other, 
while one of the sulfur atoms of S2CPR3 must migrate 111 

the opposite dircction to rcach the final structure. Due to 
their complexity, the IR spectra recorded during the reac- 
tion are not informative about the possible intermediates. 
According to the mechanism proposed for the related reac- 
tion of [M~I(CO)~(R-DAB)(B~)] (R-DAB = substitutcd di- 
azabutadiene) with [CO(CO) , ]~ ,~ '~~  the attack of the penta- 
cai-bonylrlicnatc anion on the bromo complexes la-b 
should produce initially an asymmetric octacarbonyl com- 
plex, [(CO),(S2CPR3)Re-Re( CO),]. From this, the final 
symmetric octacarbonyl compound could bc reached in a 
concerted step involving the siinultancous migration of the 
sulfur and the cai-bonyl ligands. The well-known ability of 
both CO and sulfur to act as bridges between two metal 
centers supports this proposal. In any case, the relatively 

(p2S2CPCy3)l. " '1 

1508 Chmz BerlRecueil 1997, 130, 1507-1511 



FULL PAPER Dirhenium Complexes with S2CPR3 Bridges 

high yield of isolated 3a-b suggests that the rearrangement 
could not involve dissociation of CO since, due to the low 
solubility of free CO, a significant amount would be lost, 
especially in the case of 3b which may be prepared in rc- 
fluxing THE 

Once the structure of 3a was established, we searched for 
a more straightforward route for the preparation of these 
octacarbonyl compounds. Quite surprisingly, the trcatmcnt 
of eq,eq-[Re(CO)8(NCMe)2][1'] with S2CPR3, in CH2C12 or 
THF, failed lo render the desired compounds 3a-b. Appar- 
ently such reactions give a niixturc of compounds contain- 
ing PR3 ligands directly bonded to rhenium, even when ex- 
cess CS2 was added to avoid the dissociation of the S2CPR3 
adduct. In contrast, complexes 3a-b could be obtained by 
trealing [Re2(CO),(p-H)(p-CH=CHnBu)] (2)[141 with 
S2CPR1 in a mixture of THF and CS2. This seems to be a 
convenient route since the starting complex 2 can be prc- 
pared directly from [Rez(CO)io] by irradiation with 1 -hex- 
ene, thus avoiding the multistep synthesis involving: ( 1) bro- 
mination of Re2(CO)lo to [Re(CO)&], (2) refluxing in 
acetonitrile to give [Re(CO),(iVCMe)&]. (3) reaction with 
S2CPR3 to give the tricarhonyl compounds la-b, and (4) 
treatment with [Re(CO)J, which is in turn prepared from 
[Re,CO),,] and Na[Hg]. It must be considered, however, 
that the successful preparation of the alkenylhydrido com- 
plex 2 requires careful control of the conditions of the ir- 
radiation reaction. 

It has becii shown recently that some binuclear complexes 
containing S2CPR, bridges are able to undergo hydride ad- 
dition at the metal-metal bond, thus producing car- 
bonylhydrido anions which are able to react further with 
nucleophiles. r31 We have explored this reactivity on the octa- 
carbonyl complexes 3a-b with limited success. Thus, the 
reaction of complexes 3a-b with [PPN][BH,] affords the 
dithioformate anionic complex 4, which was isolated as a 
PPN salt, and characterized by analytical and spectroscopic 
methods (see Experimental Section). The 31P{ 'H)-NMR 
spcctra only show the signal of the PPN cation at 6 = 21.6 
and no signal for the phosphane. I3C{'HI,-NMR spectra 
display the expected pattern of CO signals (4:2:2) for the 
(C0)4Re-Re(CO)4 fragment, and the signal attributable to 
the central carbon atom of dithioformate at 6 = 236.2, 
which was confirmed as arising from a C-H group by a 
DEPT experiment. Additionally, the 'H-NMR spectrum 
shows a singlet, corresponding to one hydrogen atom at 6 = 

12 36, attributable to the hydrogen atom of the dithiofor- 
mate ligand. 

The production of 4 suggests that the addition of hydride 
goes directly to the central carbon atom of the S2CPR3 li- 
gand. Therefore, the reactivity of the q1;qi-S2CPR3 bridge 
is similar to that observed for thc ligands acting as q2-che- 
late in mononuclear complexes. [1bl[151 

Decarbonylation of octacarbonyl compounds 3a- b leads 
to the production of hexacai-bony1 complexes [Re2(CO)6(y- 
S2CPRj)I (5a-b in Scheme I), which have been isolated and 
charactcrizcd by analytical and spectroscopic methods (see 
Experimental Section). The structure of these hexacarbonyl 
compounds have been confirmed by an X-ray crystal-struc- 
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lure determination with a crystal of the derivative 5a (R = 

Cy) and will be discussed below. The conversion from octa- 
carbonyl compounds 3a - b to hexacarbonyl compounds 
5a-b, which can be considered as an intramolecular re- 
placement of onc CO on each rhenium atom by a sulfur 
atom of the S2CPR3 group, is somewhat difficult. and re- 
quires temperatures of boiling toluene or n-octane. Ad- 
ditionally, the reaction is not clean, and the yield is dimin- 
ished by the appearance of a by-product, 6, which resisted 
all our attempts at characterization. The separation of 
hexacarbonyl conipopunds 5 from the reaction mixture is 
very easy due to the greater solubility of the by-product 6, 
and it can be best achieved when the reaction is performed 
in 17-octane, in which the desired compounds 5a-b precipi- 
tate out of the solution. The IR spectra of the by-product 
6 exhibit six bands in the carbonyl region, with frequencies 
(2041 cm-' rn, 2012 vs, 1950 s, 1939 s, 1914 m, 1907 ni; for 
R = Cy; octane solution) which are between those of the 
starting octacarbonyl compound 3a, and the hexacarbonyl 
compound 5a. This led us to think that compound 6 could 
be an intermediate heptacarbonyl compound. However, 6 
could not be convcrtcd into the hexacarbonyl compound 5 
even after prolonged heating in toluene. Therefore, if 6 is a 
heptacarbonyl compound, it cannot be an intermediate in 
the conversion from 3 to 6. Unfortunately, we have not been 
able to grow crystals of 6 suitable for an X-ray study. 

As has been pointed out in the introduction, the anal- 
ogous dimanganese compounds [Mn2(C0)6(p-S2CPR3)] 
(R = Cy, iPr) can be obtained directly from the parent de- 
cacarbonyl complex Mn2(CO)lo and thc free ligand S2CPR3 
by thermal reaction in refluxing toluene. ['I This contrasts 
sharply with the behavior of the dirhenium compounds de- 
scribed here, since Re2(CO)lo rails to react with S2CPR3 
even after heating the mixture overnight in refluxing xylene. 
The use of a decarbonylating agent such as Me7N0, at 
room temperature; or to promote CO replacement by ir- 
radiation, led to the formation of ax-[Rez(C0)9(q'- 
S2CPR3)], which was identified by comparison of its IR 
spectra in solution [C(CO) = 2095 cm-' w, 2036 ni, 1986 vs, 
1954 in. 1904 m in CH2C12] with those of the dimanganese 
analogue. [2b] Heating this nonacarbonyl compound in tolu- 
ene led to extensive decomposition within 5 h,  apparently 
to give mononuclear fac-tricarbonyl complexes. Neither the 
octacarbonyl cornpound 3a, nor the hexacarbonyl com- 
pound 5a, were observed in the monitoring of the reaction. 
The dificulty of  achieving the direct substitution of CO by 
S2CPR3 in Re2(CO)lo may reflect the greater inertness of 
the Re-CO bond, when compared with Mn-CO. this bc- 
ing a well-known feature in carbonyl substitution reactions. 

The result of the X-ray determination carried out  on 5a 
is presented in Figure 2. 

The geometric parameters are close to those encountered 
for the analogous complexes [Mn2(C0)6(p-S2CPCy3)][21 and 
1MiiKe(CO)&-S2CPCy3)], the main differences coining 
from the greater atotnic radius of rhenium when compared 
to manganese. Thus, the Re-Re dijtance of 2.975(1) A is 
consistent with thc existence of a direct Re-Re bond of 
order 1 .  The Re(l)-S(l)-S(2)-C(l) ring is close to planar. 

1509 



FULL PAPER B. Alvarcz. J. Li, D Migucl. M. D. Morales. V. Riera, S. Garcia-Granada 

Figure 2. Perspective view (EUCLID of the structure 
of [ReL(CO)6(S2CPCy,)] (Sa), showing the atom numbering["] 

1"JSelected bond lengths [A] aiid angles ["I: Re(l)-C(103) I 882(5), 
Re(l)-C(102) I .918(5), Re(1)-C(I0I) 1.929(5). Re(1)-S(I) 
2 4106(13). Re(l)-S(2) 2.4250(33). Re(lj-Re(2) 2.975(1). 
Re(2)-C(201) 1 9 l4(5), Re(2)-C(203) I.Y28(5), Re(2)-C(202) 
1.930(5), Re(2)-C(1) 2 176(4). Re(2)-S(2) 2 494(2), Re(2)- S(l) 

C(103)-Re(l)-C(102) 92.7(2), C(103)-Rc(l)-C(101) 87 9(2). 
C(102)-Re(l)-C(I0I) 89 4(2), C(102)-Re(I)-S(l) 160 6(2), 
C(IOI)-Re(l)-S(2) 163.1(2), S(I)-Re(l)-S(2) 71 86(4). 
C( 103)-Re( 1)-Re( 2) I53 7(2), C(102)-Re( I)-Re(2) 106 6(2), 
C( I0 1)-Re( I)-Re(2) 109.3 2). C(201)-Re(2)- C(203) 92 8(2),  
C(20 I)-Re(2)-C(202) 86 3(2), C(203)-Rc(2)-C(202) 90.9(2), 
C(202)-Re(2)-C(lj 152 2(2), C(203)-Re(2)-S(S) 151 84(13), 
C(201)-Re(2)-S(l) 157 4(2), S(2)-Re(2)-S(l) 69 3319, 
C(ZOl)-Re(Z)-Re(l) I3  1.79( 14), C(203)-Rc(S)-Re( 1) 
133.48( 13). S(2)-Re(2)-Re(l) 51.73(4), S(2)-C(I)-S(I) 104.0(2). 

2.4955(13). S(l)-C(I) 1 804(4), S(?)-C(l) 1 798(4). 

the maximum deviation affecting C(1), at 0.056(4) A from 
Lhc bcst plane. As was observcd for the dimanganese com- 
pound, the plane of the ring is nearly parallel to the plane 
formed by the three carbonyl ligands of Re(2) {angle 
betweeii planes 3.3(1) [cf. 2.3 (2) O for Mn2(C0)&- 
S2CPCy,)]} .[2b] Similarly. the whole molecule can be de- 
scribed as a pseudo-cymeiitrene derivative in which the 
nearly planar rhenadithiabutene ring, donating 5e: acts as a 
pseudo-cyclopentadienyl ligand towards a Re(CO).3 frag- 
ment. 

A comparison of the structure of 5a with some related 
coniplcxcs reveals again, as with the 11';q' complexes dis- 
cussed above, a remarkable geometric flexibility of the 
S2CPCy3 ligand when acling as $;q2 bridge bctwecn two 
directly bonded metal atoms. Thus, the intermetallic dis- 
tances found range from 2.599(1) A in [MnCo(CO)S(p- 
S?CPCy,)], 2.737( 1) A in [Mn2(CO)&-S2CPCy3)], 2.830( 1) 
A in [MnRe(CO)&-S2CPCy3)], to 2.975(1) A in 5a. Ad- 
ditionally, q3;q2-S2CPR3 bridges have been found spanning 
intermetallic nonbonding distances up to 3.636(2) A in 
[Mo(CO),(PCy3)(p-C1)(p-S2CPCy3)(BuSnC1Z)].~"~ 

We thank the DGICYT (Project PB 94-1332) for financial sup- 
port, and the Mnistcrio & Edumcion for the concession of a graiil 
lo .I. L. 

Experimental Section 
Gen~ral; Reactions and workup were carried out under nitrogen. 

- Infrared spectra were recorded with a Perkin-Elmer FT 1720-X 
instrument. - N M R  spectra were recorded using a Rruker AC-300 
spectrometer (300.1 MHz for 'H. 121.5 MHz for jlP. 75.5 MHz for 
I3C). - Analyses were carried out with a Perkin-Elmer 240B ana- 
lyzer. - Literature procedurcs for the preparation of starting mate- 
rial are quoted in each case. 

[Re2[CO)cy (~ i -Hj  {p-CHC(H)nBu/J (2):  This was prepared ac 
described by Nubel and Brown["] with some modifications. 
[Re2(CO),,,] (0.3 g, 0.46 nimol) was dissolved in a mixture of tolu- 
ene (9 ml) and I-hexene (3 nil). The mixture was cooled to 5°C. 
and irradiated, while a slow stream of dry N 2  (ca. one bubble per 
second) was passed through the solution. The reaction was com- 
pleted after 3.5 11, when IR monitoring (toluene solution) showed 
the bands of 2 at 2111 cn- '  w, 2080 ni, 2015 vs, 1970 s, and 1956 
ni. The color of the solution was yellow-brown. Evaporation of the 
solvent gave 2 as an oil which was redissolved in THt' to be em- 
ployed in subsequent rcactioiis. 

[ R E ~ ( C O ) ~ ~ J S ~ C P C J ~ ~ )  (3a). - Method A ,  ,ji.om (ReZjCO),yi,u- 
H j  {/i-CHC(H)iiBu)/ (2): To a solution of 2 (ca. 0.46 mmol) in 
THF (20 ml) was added CS2 (3 ml) and S2CPCy3 (0.164 g, 0.45 
mmol), and the mixture was stirred for 8 h .  After evaporation of 
the solvent, the dry residue was dissolved in CH2Cl,/hexane (1:l) 
and separated by chromatography through a column of Alox-111. 
A red band was clutcd which; 011 slow cvaporatioii of the solvcnt. 
gdve 0.28 g of 3a (65 $4) as red microcrystals. - C2iH3308PReZS7 
(953.05): calcd. C 34.03. H. 3.49; found C 33.92, H 3.56. 

[Re,(  CO),ylS,CPC~.,) J (3a). - Method B, j h i  [ R e (  CO).{- 
(S2CP<1.,)Br/ (la): A solution of Na[Re(CO),] (ca. 0.17 minol) 
was prepared from [Re2(C0),,,] (0.11 g, 0.17 mniol) and sodium 
amalgam ( 1  %I w. 10 g, excess) in I'HF (20 ml), aiid was filtered 
through a cannula under nitrogen, into a slurry of [Re(- 
CO)?(S,CPCy;)Br] ( la)  (0.2 g. 0.283 mmol) in THF (20 ml). The 
mixture was stirred for 10 h at room temperature, and then filtered 
through kieselguhr. The solvent was evaporated in vacno, and the 
dry residue was washed with hexane (3 X 15 id) to remove somc 
[ R C ~ ( C O ) ~ ~ ]  and then rccrystallized from CH2ClZ/hcxaiic at -20°C. 
to obtain 0.21 g of 3a (78 %) as red microcrystals. - 

C27H3708PRe2SZ (953.05): calcd. C 34.03, H, 3.49; found C 33.80, 
H 3.34. - 1R (THF): O(C0) = 2064 em-' m, 2007 s: 1969 vs, 1939 
m. 1935 m, 1908 s. - ' H  NMR (CDCI,): 6 = 2.58 [m, 3 H, C H  of 
Cy]. 1.93-1.42 [in, 30 H, and CH2 of Cy]. - j 'P('H} NMK 

207.7 1s; 4 CO]. 199.8 [s, 2 COI. 193.1 [s, 2 CO]. 32.3 [d (33) ,  C' of 
Cy], 26.9 [d ( 1  I ) ,  Ci and C' of Cy], 26.8 [s, C-' and @ of Cy], 25.5 

CrystaI-Striicim Determinution of /Rc2( C O ? , y i ~ - s 2 C ' P C ! : ~ ) j [ ' ~ ]  
(3a): C2,H,,08PRe2S2. (953.02), a = 13.287(4); b = 11.401(4). C' = 

11.276(2) A. a = 100.17(2), p = 74.53(2), y = 96.78(2) O ,  v = 
1615.9(6) A?, d = 1.96 g/cm3. Z = 2; triclinic, Pi, crystal size 0.3 
X 0.2 X 0.1 nun, p = 77.07 cin-', scan range 1 5 R 5 25 ", 
4657 reflections collccted, 3992 observed [I 2 2r3(1)]. Bnraf-Nonius 
CAD4 diffractoinetcr. radiation (Mo-K,). X = 0.71073. Unit-cell 
parameters were determincd from the lcast squares refinement of 
25 centered rellections in the range 20 ' < 0 < 24 ". Three reflec- 
tions were measured every 2 11 a s  an orientation and intensity con- 
trol. Significant decay was not observed. The structure  as solved 
with DIRDIF["' by Patterson methods, phase expansion, and sub- 
sequent Fourier maps. A semi-empirical absorption correction was 
made with DIFABS. [I8]  Full-niatrix least-squares refinement on E2 
(359 parameters) was made with SIIELXY3.['91 All non-hydrogen 

(CDCl3): 6 = 43.9 - I3C( ' H }  NMR: S = 215.3 [d (40), SlCl'], 

[s, d 01' Cy]. 
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atoms were refined anisotropically. Hydrogen atoms were geometri- 
cally positioncd. and they were given an overall isotropic lhermal 
parameter which was refined. Final residues were R = 0.032 (for 
observed reflections) and wR2 = 0.091 (for all reflections, 

Re2(CO),(S2CPiPr.,)] (3h). - Melliod 4 :  The procedure was as 
described for 3a (Method A) above, starting from 2 (ca. 0.46 
mmol). PiPr, (91 PI. 0.46 mmol). and CS1 (2 nil, excess), in THF 
(30 nd). to obtain 0.24 g of 3b (62 % based on [RC~(CO)~,]) as red 
microcrystals. - Ci8H2108PRe2S2 (832.85): calcd. C 25.96, H 2.54: 
found C 25.72, H 2.79. 

Re2(COis(S2CPiP~,)] (3b). - Method B: The procedure was as 
described for 3a (Method B) above, starting from N~[Rc(CO)~]  (ca. 
0.17 mmol), and [Rc(C0)3(SZCPiPr3)Br] (1b) (0.15 g. 0.212 inmol) 
in THF (40 nil). The mixturc was heated for 1.5 h at the reflux 
temperature. The workup was as described for 3a above to obtain 
0.14 g of 3b (79 '%I) as red microcrystals. - CISH2104PReZS2 
(832.85): calcd. C 25.96. H 2.54: found C 25.64, H 2.39. ~ IR 
(THF): C(C0) = 2064 c n - l  in. 2008 s, 1969 vs, 1941 in, 1936 ni. 
1907 s. - 'H NMR (CDCI,): F = 2.84 [m, 3 H, C H  of iPr]. 
1.63-1.29 [m. 18 H, CH, of iPr]. - 31P(1HJ (CDC13): F = 53.6. 
- "C{'H) NMR: 6 = 218.7 [d (41), S2CP]. 207.5 [s, 4 CO], 199.8 
[s. 2 CO], 193.0 [s. 2 CO], 23.34 [d (40), CH of iPr], 17.0 [s. CI1 
of iPr]. 

(PP~][Re2!COiSC~-S,CH,\] (4): To a stirred solution of 3a (0.1 
g, 0.105 mmol) in THF (20 nil) was addcd [PPNIBH, (0.056 g, 
0.105 mmol). After stirring for 2 h at room temperature, the sol- 
vents werc evaporated in vacuo. The dry residue was dissolved in 
diethyl ether and filtered through kieselguhr. The filtered solution 
was evaporated and the residue was recrystallizcd from a iixtui-c 
of CH2C12/hexane at -20°C to obtain 0.06 g of 4 (45 %I) as red 
microcrystals. - C45H31N08P2Re2SZ (1212.21): calcd. C 44.59, H 
2.58,N1.16;foundC44.91.H2.80.N1.23.-TR(THF):~(CO)= 
2059 cn-' w, 2007 s, 1998 s, 1959 vs. 1950 s, 1926 m, 1905 ni. 1888 
s. - IH NMR (CDCI?): 6 = 12.36 [s. 3 H; S 2 C q .  7.70-7.26 [in, 
20 H. CbH, of PPN]. - "P{'HJ NMR (CDC1;): 6 = 21.6. - 
13C{lH} NMR: 6 = 236.2 [s. S2CH], 209.4 [s? 4 CO], 199.9 [s, 2 

g.0.f. = 1.14). 

CO], 193.6 [S, 2 CO], 133.8- 127.0 [in. C6Hj Of PPN]. 

[Rez(Co),(l*-s2CPc:I-i)j (5a): Compound 3a (0.2 g. 0.21 
mmol) was heated in refluxing octane (25 nil) for 30 niin. A yellow 
solid separated from the solution. The mother liquors were de- 
canted and the yellow solid was rcdissolvcd in CH2Cl2 and chroina- 
tographed in alumina (activity 111, 2.5 X 15 cni column). Elution 
with CHzC12 gwe a bright-yellow band which was concenlrated in 
vacuo to give 0.11 g of 5a (56 %I), as yellow crystals. - 
C2,H3,06PRe& (897.03): calcd. C 33.48, H 3.71: found C 33.21, H 
3.54. - 1R (CH2CI2): C(C0) = 2028 cm-' s, 199917s. 1923s. 1895m. 

Crystul-Strircture Determination of [Re2 i CO) {pS2  CP Cy3 J ] ['  '1 

11.679(2) A, a = 84.01(4), 13 = 77.90(3), y = 85.99(2) O ,  i' = 

1446.6(9) A3, d = 2.06 glcm', Z = 2, triclinic, Pi, crystal size 0.2 
X 0.2 X 0.1 mm. p = 86.0 cn-',  1 5 8 5 25 '. 5089 reflections 
collected, 4387 observed [ I  2 20(1)]. Noniiis CAD4 diffractometer, 
radiation (Mo-Kn), h = 0.71073. Unit-cell parameters were deter- 
mined from the least squares refinement of 25 centered reflections 
in the range 15 < 8 < 20 ". Three reflections were measured every 
2 h as orientation and intensity control. Significant decay was not 
observed. The structure was solved with DIRDIF["] by Patterson 
methods, phase expansion, and subsequent Fourier maps. A semi- 
empirical absorption correction was made with DIFAHS.[i*l Full- 
matrix least-squares refinement on F' (326 parameters) was made 
with SHELX93. [''I All non-hydrogcn atoms wcrc refined aniso- 

(5a): C ~ ~ H ~ ~ O ~ P R C Z S ~  (897.03). (7 = I1.154(3). h = II.434(5), C = 

tropically. Hydrogen atoms were geometrically positioned. and they 
were given an ovcrall isotropic thermal parameter which was re- 
fined. Final residues werc K = 0.029 (for observed reflections) and 
wR2 = 0.052 (lor all reflections, g.0.f. = 1.03). 

[ Re2(' C0ln(p-S2CPiPr3)] (3): The procedure was as  described 
for 5a above. by refluxing 3b (0.2 g. 0.24 mmol) in octane (25 ml). 
Subsequent workup gave 0.095 g of 5h (51 'YO), as yellow crystals. 
- C16H210$RC& (776.83): calcd. C 24.74, H 2.73; found C 24.95. 
H 2.45. - IR (CH2CI2): 5(CO) = 2029 cni-' s. 1999 vs, 1926 s, 
1900 m. - 'H  NMR (CDCI3) 6 2.80 [m, 3 H, CHofiPr], 1.56-1.45 
[in, 18 H. CH? of iPr]. - "P{lH) (CDCI,): 6 = 45.9. - I3C{'H 

[d (44). C'H of iPr], 18.5 [s, C71 of iPr]. 
NMR: 6 = 195.6 [s, 3 CO], 192.2 [s, 3 CO]. 73.4 [d (45),S2CP], 24.3 

- 
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