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Abstract 

Mononuclear complexes fac-[Re(CO)3(S2CPR3)Br] (R = cyclohexyl (Cy) (la) or isopropyl (!Pr) (lb)) react with [Mo(CO)3(NCMe) 3] 
to afford dinuclear complexes of formula [ReMo(CO)6(/.~-Br)(/~-S2CPR3)] (R = Cy (2a) or ~Pr (2b)). Treatment of complexes 2 with 
monodentate phosphorus donors such as  PEt 3 o r  P ( O M e )  3 displaces one carbonyl ligand from the molybdenum atom, to afford 
pentacarbonyls [ReMo(CO)5(/~-BrX/~-S2CPR3XL)] (3a-3d). Reactions of 2 with bidentate phosphorus donors displace one CO 
group from molybdenum and cleave one Re-S bond to give pentacarbonyls [ReMo(CO)5(p.-BrX/~-S2CPR3X/z-L-L)] (4a-4d) 
(L-L = tetraethylpyrophosphite or bis(dimethylphosphino)methane), in which the S 2 C P R  3 bridges have changed their coordination 
mode from ,12(S,S'),13(S,C,S ') to ~1(S)713(S,C,S'). 
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1. Introduction 

In recent studies we have found that complexes 
containing S2CPR 3 groups acting as ~72(S,S')@(S,C, 
S ' )  bridges [1-4] are markedly more stable than the 
previously known complexes in which the S2CPR 3 
bridges r / l (S) r / l ( s ' )  [5-7], @(S)~72(C,S ') [8] or @(S)  
713(S,C,S ') [9]. This allowed us to undertake a system- 
atic study of the reactivity of complexes with SECPR 3 
bridges, which had not been  possible before. We found 
that complexes containing rlE(s,s')rl3(S,C,S ') SECPR 3 
bridges across an M n - M n  or an R e - M n  bond undergo 
nucleophilic addition reactions which are qualitatively 
different from those previously known for mononuclear  
complexes containing chelating S2CPR 3 ligands [10]. 
All this p rompted  us to design a rational syntheses of 
stable binuclear complexes with S2CPR 3 bridges which 
could serve as substrates to explore the chemistry of  
coordinated SECPR 3 ligands. We have recently pub- 
lished a facile high yield synthesis of heterodinuclear 
carbonyl complexes containing one bridging bromide 
and one S2CPR 3 bridge between Mn I and Mo o other- 
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wise not directly bonded, using the(S ,C,S ' ,Br)  donor 
set of  [Mn(CO)3(S2CPRa)Br] as a polydentate ligand 
donating six electrons to an Mo°(CO)3 fragment  [2,3]. 
We have also given a preliminary account of the use of 
the same method to obtain heterodinuclear complexes 
containing Ru and Mo, or Ru and W [4]. Here  we wish 
to report  the application of the synthetic procedure to 
the p repa ra t ion  of heterodinuclear hexacarbonyl com- 
plexes containing rhenium and molybdenum, and also 
the preparat ion of pentacarbonyl derivatives by re- 
placement  of CO. 

2. Results and discussion 

Complexes fac-[Re(CO)3(S2CPR3)Br] (R = cyclo- 
hexyl (Cy) ( l a )  or isopropyl ( ipr)  [11] readily react with 
[Mo(CO)a(NCMe) 3] in dichloromethane to give pur- 
p l e - r ed  solutions from which air-stable, deep-red crys- 
talline solids [ReMo(CO)6(/x-Br)(/.t-SECPR3)] (2a and 
2b) (Scheme 1) can be isolated with high yields. Com- 
parable with M n - M o  analogues [3], the spectroscopic 
data of  the reaction mixtures showed the formation of 
2, with the central carbon atom of the S2CPR 3 bonded 
to Mo, as the only products. No significant amount of 
the corresponding isomers with a C - R e  bond where 
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CO 

la cy 
R L 

lb i- Pr 3a CY P(OMc), 
3b i-R P(OMe), 

3c cy PEt3 

3d ~-PI PEt, 

Scheme 1. 

4c cy dtn~m 
4d i-R dmpm 

detected. This indicates a stronger preference of the 
central carbon atom of S,CPR, to bind MO rather than 
Re. No isomerization was observed upon heating solu- 
tions of 2 in tetrahydrofuran (THF) for several days; so 
this preference cannot be a kinetic effect. As proposed 
for Mn-MO analogues [3], this can be rationalized by 
assuming that the S,CPR, ligand prefers low oxidation 
state centres when the central carbon atom is involved 
in the coordination. 

The analytical (see Section 3) and spectroscopic 
data (Tables 1 and 2) indicate that 2a and 2b are 
isostructural with their analogues containing Mn and 
MO [3]. The IR spectra of 2 contain six bands, one 
more than their Mn-MO counterparts. This may be 
due to the accidental degeneracies for the Mn com- 
pounds of two normal modes which occur as two 
separate bands for the Re species. In the 13C{iH] 

NMR spectrum, the signals attributable to the carbonyl 
groups bonded to molybdenum fall within a range of 
f 1.5 ppm in both series of complexes (Mn-Mo and 
Re-Mo), whereas the signals assigned to carbonyl 
groups bonded to rhenium are shifted upfield by 15-20 
ppm from those bonded to manganese. 

The reactivity of the hexacarbonyls 2a and 2b to- 

wards phosphorus donors closely parallels that previ- 
ously found for their Mn-Mo analogues [31. Thus, the 
reaction of hexacarbonyls 2 with monodentate P donors 
causes substitution of one carbonyl ligand on the 
molybdenum atom, yielding pentacarbonyls [ReMo- 
(CO),(LX~-BrXCL-S,CPR,)I (3a3d> (Scheme l), while 
reactions with potential bidentate ligands such as 
tetraethylpyrophosphite (tedip) or bis(dimethylphos- 
phinohnethane (dmpm) afford pentacarbonyls [ReMo- 
(CO),&-BrXp-S,CPR,) &-L-L)] (4a-4d) (Scheme 1) 

TABLE 1. IR and 31P{‘H) nuclear magnetic resonance data for the new ComPkxeS 

Compound 

2a [ReMdCO)&BrXpS2CPCy3)1 
2b [ReMdCO&-BrXp-SrCP’Prs)] 
3a [ReMdCO),WOMe)3Xp-BrXp-SrCP~s)1 
3b [ReMdCO),{P(OMe)3Xp-BrXp-S1CPiPrs)l 

3c [ReMdCO)s(PEt,Xp-BrXp-S2CPCY,)I 
3d [ReMdCO),(PEt,XC1-BrX~-S2CP’Pr,)l 
4a [ReMdCO&-BrXp-SaCPGsXp-tedip)] 
4b [ReMdCO)&BrXp-S&PiPr3Xp-tedin)] 
4c [ReMdCO),(~-BrXC1-SzCPCy3XCL-dmpm)l 
4d [ReMdCO&-BrXp-SzCPiPr3Xpdmpm)l 

= d, J(P-P) = 38 Hz. 
b d, J(P-P) = 37 Hz. 
= d, AP-P) = 3 Hz. 
d d, J(P-P) = 11 Hz. 
e dd, J(P-P) = 11 and 3 Hz. 
f d, J(P-P) = 4 Hz. 
g d, J(P-P) = 11 Hz. 
h dd, J(P-P) = 11 and 4 Hz. 

IR (CH,Cl,), v(CO) 
km-‘) 

2037m, 2018vs, 1953s, 192Sm, 1895m, 1869~ 
2038m, 2019vs, 1956s, 1929m, 1897m, 187oW 
2022s, 1924vs, 1891m, 1830m 

2023s, 1923vs, 1892m, 1832m 
2021s, 192Ovs, 188Sm, 1805m 
2021s, 192Ovs, 1889m, 1807m 
2038s, 1954s, 1918sh, 1909s, 1798m 

2039s, 1955s, 1920sh, 191Os, 1797m 
2027s, i937s, 1908sh, 1895s, 1771m 
2028s, 1938s, 1911sh, 1896s, 1773m 

31P{1HXCD,Cl,), 6 (ppm) 

(S&P) MO-P Re-P 

38.48 

50.43 
37.79 163.35 
49.61 163.11 
37.53 29.76 

49.16 30.00 
38.22 164.44 a 105.43 = 
47.67 165.10 b 105.76 b 
37.57 c 12.96 d - 25.71 e 

47.19 f 12.43 s -25.80 h 
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through CO replacement on the molybdenum atom 
and the cleavage of an S-Re bond. 

The 31p{1H} NMR chemical shifts of the phospho- 
rus ligand in 3a-3d are very close to those observed for 
Mn-Mo analogues, as expected after the substitution 
of one Mo-bonded CO in both cases. No further substi- 
tution was observed when an excess of donor or a 
higher reaction temperature was used. In contrast, in 
the 31p NMR spectra of 4a-4d, which contain biden- 
tate ligands, the chemical shifts of the bands corre- 
sponding to P bonded to Mo are not significantly 
different from those of the Mn-Mo, while the signals 
of P bonded to Re (narrower peaks) are shifted upfield 

to more than 40 ppm compared with those of the 
Mo-Mn compounds (broader bands). 

In the 13C{IH} NMR spectra of the pentacarbonyl 
compounds 3 and 4, the signals of Mo-bonded CO are 
nearly unchanged compared with those of the Mn-Mo 
analogues, whereas the bands attributed to carbonyl 
groups bonded to rhenium are shifted upfield, by 15-20 
ppm, from those of carbonyl groups bonded to Mn. 
The hexacarbonyl complexes 2 show a similar phe- 
nomenon. 

The preparation of the hexacarbonyls 2a and 2b 
demonstrates the applicability of the synthetic method, 
and the reactions to produce the derivatives with mon- 

TABLE 2. 1H and 13C{iH} nuclear magnetic resonance data for the new complexes a 

Compound IH NMR, 8 13C{IH} NMR, 6 
ppm (ppm) 

2a 2.56 (m, 3H, CH of Cy); 
1.95-1.33 (m, br, 30H, CH 2 of Cy) 

2b 

3a 

3b 

3c 

3d 

4a 

4b 

4e 

4d 

2.86 (m, 3H, CH of ipr); 
1.50 (m, 18H, CH 3 of ipr) 

3.79 (d(ll), 9H, POCH3); 
2.52 (m, 3H, CH of Cy); 
2.16-1.33 (m, br, 30H, CH 2 of Cy) 

3.80 (d(ll), 3H, POCH3); 
2.84 (m, 3H, CH of ipr); 
1.49 (m, 18H, CH 3 of ipr) 

2.51-1.14 (m, br, Et and Cy) 

2.85 (m, 3H, CH of ipr); 1.93 (m, 6H, 
CH 2 of Et); 1.49 (m, 18H, CH 3 of  iPr); 
1.19 (m, 9H, CH 3 of Et) 

4.28 (m, 8H, CH 2 of tedip); 
2.60 (m, 3H, CH of Cy); 
2.03-1.29 (m, br, 42H, CH 2 of Cy and 
CH 3 of tedip) 

4.24 (m, 8H, CH 2 of tedip); 
2.89 (m, 3H, CH of ipr); 
1.56-1.33 (m, 30H, CH 3 of ipr and tedip) 

3.37 (m, 1H, PCH2P of dmpm); 2.63 (m, 
4H, CH of Cy, and PCH2P of dmpm); 
2.18-1.18 (m, br, 42H, CH 2 of Cy and 
CH 3 of dmpm) 

3.35 (m, 1H, PCH2P of dmpm); 
2.89 (m, 1H, PCH2P of dmpm); 
1.93-1.36 (m, 30H, CH 3 of dmpm 
and iPr) 

242.5 (d (6), 2xMoCO); 217.3 (s, MoCO); 191.3 (s, ReCO); 
190.0 (s, 2x ReCO); 101.7 (d (38), S2CP); 33.3 (d(40), C O) of Cy); 27.3 
(s, C (2) and C t6) of Cy); 26.7 (d(12), C t3) and C ¢5) of Cy); 25.1 (s, C (4) of Cy) 

242.2 (d (6), 2xMoCO); 218.1 (s, MoCO); 191.5 (s, ReCO); 
190.7 (s, 2x ReCO); 102.0 (d (39), S2CP); 23.7 (d(41), CH of ipr); 
18.0 (s, CH 3 of ipr) 

249.0 (dd (32 and 6), MoCO); 227.6 (d(8), MoCO); 191.1 (s, ReCO); 
189.8 (s, ReCO); 189.3 (s, ReCO); 96.3 (dd (41 and 6), S2CP); 51.4 (d(3), 
POCH3); 32.2 (d(37), C 0) of Cy); 26.3 (s, C t2) and C t6) of Cy); 25.8 (d(11), 
C (3) and C (5) of Cy); 24.3 (s, C t4) of Cy) 

249.8 (dd (32 and 6), MoCO); 228.1 (d (8), MoCO); 192.0 (s, ReCO); 
190.7 (s, ReCO); 190.3 (s, ReCO); 96.8 (dd (42 and 8), S2CP); 52.4 
(d(3), POCH3); 23.3 (d(41), CH of ipr); 17.9 (s, CH 3 of iPr) 

254.9 (dd (28 and 5), MoCO); 231.3 (d(6), MoCO); 192.3 (s, ReCO); 
191.0 (s, ReCO); 190.5 (s, ReCO); 95.4 (dd (42 and 4), S2CP); 33.4 (d(35), 
C O) of Cy); 27.4 (s, C t2) and C f6) of Cy); 26.8 (d(11), C f3) and C °) of Cy); 
25.3 (s, C (4) of Cy); 17.9 (d(23), CH 2 of PEt3); 7.8 (s, CH 3 of PEt 3) 

254.4 (dd (22 and 6), MoCO); 231.0 (s, MoCO); 192.2 (s, ReCO); 190.9 (s, 
ReCO); 190.5 (s, ReCO); 95.2 (dd (43 and 4), SECP); 23.4 (d(42), CH of iPr); 
18.0 (d (3), CH 3 of ipr); 17.9 (d(23), CH 2 of PEt3); 7.8 (s, CH 3 of PEt 3) 

245.5 (dd (25 and 5), MoCO); 229.5 (d(9), MoCO); 194.1 (d(106), ReCO); ' 
187.3 (d(12), ReCO); 185.9 (d(12), ReCO); 79.9 (ddd (58, 13 and 7), S2CP); 
63.8-61.4 (m, CH 2 of tedip); 34.9 (d(40), C (l) of Cy); 28.2 (s, C (2) and C (6) of Cy); 
27.3 (d(ll), C O) and C (s) of Cy); 26.1 (s, C (4) of Cy); 16.8-16.2 (In, CH 3 of tedip) 

245.8 (dd (26 and 5), MoCO); 229.4 (d(9), MoCO); 193.9 (d(106), ReCO); 187.9 
(d(13), ReCO); 185.8 (d(13), ReCO); 78.9 (ddd (59, 12 and 7), S2CP), 63.4- 
61.6 (m, CH 2 of tedip); 25.1 (d(42), CH of ipr); 18.4 (s, CH 3 of ipr); 16.2 (m, 
CH 3 of tedip) 
248.9 (dd (18 and 5), MoCO); 232.5 (d(7), MoCO); 194.6 (d(68), ReCO); 189.5 
(d(7), ReCO); 187.9 (d(7), ReCO); 77.1 (ddd (60, 11 and 5), S2CP); 37.9 (dd 
(21 and 10), CH 2 of dmpm); 34.8 (d(40), C (1) of Cy); 28.2 (s, C (2) and C <6) of Cy); 
27.3 (d(ll), C ¢3) and C (5) of Cy); 26.1 (s, C ¢4) of Cy); 20.5-16.2 (m, CH 3 of dmpm) 

249.0 (dd (18 and 5), MoCO); 232.3 (d(7), MoCO); 194.5 (d(67), ReCO); 189.4 
(d(7), ReCO); 187.9 (d(7), ReCO); 76.6 (ddd (62, 12 and 4), S2CP); 37.8 
(dd (21 and 10), CH 2 of dmpm); 25.1 (d(42), CH of ipr); 18.4 (s, CH 3 of ipr); 
20.7-16.3 (m, CH 3 of dmpm) 

a From CD2CI 2 solutions. 
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odentate (3a-3d) or bidentate (4a-4d) ligands are good 
proof of the stability of the S,CPR, bridges in these 
families of complexes. 

3.5. ~ReMo(CO),(p-Br)(~-SzCPCy3)(PEt3)J (3~) 

3. Experimental details 

Compound 3c was prepared by the method de- 
scribed for 3a, using 2a (0.177 g, 0.20 rnmol) and PEt, 
(30 ~1,0.20 mmol), (yield, 0.16 g, (84%)). Anal. Found: 
C, 36.5; H, 5.1. C,,H,sBrMoO,P,ReS, talc.: C, 36.9; 
H, 4.9%. 

All reactions were carried out in dry solvents under 
dinitrogen. Starting materials and donors were pur- 
chased and used without purification IR spectra were 
recorded on a Perkin-Elmer FI 1720-X spectrometer. 
‘H NMR (300.1 MHz, 6 (ppm> from internal Si(Me),), 
and 31P{1H} NMR (121.5 MHz, G(ppm) to higher fre- 
quencies from external 85% H,PO,) spectra were 
recorded on a Bruker AC-300 spectrometer. Elemental 
analyses were carried out on a Perkin-Elmer 240 B 
analyser. 

3.4. [ReMo(CO),(p-Br)(p-S2CPiPrj)(PEt3)J (3d) 
Compound 3d was prepared by the method de- 

scribed for 3a, using 2b (0.153 g, 0.20 mmol) and PEt, 
(30 ~1, 0.20 mmol), (yield, 0.17 g (85%)). Anal. Found: 
C, 29.9; H, 4.2. C,,H,,BrMoO,P,ReS, talc.: C, 29.4; 
H, 4.2%. 

3.7. [ReMo(CO)&Br)(p-SzCPCy&-tedip)J (4a) 

3.1. [ReMo(CO),(p-Br&SZCPCyJ)J (2a) 
A solution of [Mo(CO),(NCMe),l was prepared by 

heating [Mo(CO),] (0.066 g, 0.25 mm00 in acetonitrile 
(15 ml) for 3 h at reflux temperature. The solvent was 
evaporated in uacue and [Re(CO),(S,CPCy,)Brl [ll] 
(0.177 g, 0.25 mm00 was added to the dry residue. The 
mixture of solids were dissolved in CH,Cl, (15 ml), 
and the resulting solution was stirred for 15 min and 
then filtered. The filtrate was concentrated in uucuo to 
about 5 ml. The addition of hexane (10 ml) and slow 
concentration gave 2a as a red microcrystalline solid 
(yield, 0.19 g, (86%)). Anal. Found: C, 33.7; H, 3.6. 
C,H,,BrMoO,PReS, talc.: C, 33.9; H, 3.7%. 

A mixture of 2a (0.177 g, 0.20 mm00 and tedip (49 
~1, 0.20 mm011 in CH,Cl, (15 ml) was stirred at room 
temperature for 20 min. The solvent was evaporated 
under reduced pressure to about 5 ml. The addition of 
hexane (10 ml) gave 4a as a red solid which was 
recrystallized from CH,Cl,-hexane (yield, 0.17 g, 
(78%)). Anal. C,,H,,BrMoO,,P,ReS, talc.: C, 34.4; 
H, 4.8. Found: C, 34.4; H, 4.8%. 

3.8. [ReMo(CO),(p-Br)(p-S,CPiPrj)(p-tedip)] (4b) 
Compound 4b was prepared as described above for 

4a, using 2b (0.15 g, 0.20 mmol) and tedip (49 ~1, 0.20 
mrnol) (yield, 0.14 g (72%)). Anal. Found: C, 28.0; H, 
4.1. C,,H,,BrMoOi0P3ReS, talc.: C, 27.7; H, 4.1%. 

3.9. [ReMo(CO),(p-Br)&-SzCPCy&-dmpm)] (4~) 
3.2. [ReMo(CO),(p-Br)(p-S,CP’Pr,)J (2b) 

Compound 2b was prepared by a method similar to 
that described above, using [Mo(CO),l (0.066 g, 0.25 
mmol), and [Re(CO),(S,CP’Pr,)Br] 1111 (0.147 g, 0.25 
mmol). The product 2b was obtained as red microcrys- 
tals, (yield, 0.15 g, (78%)). Anal. Found: C, 25.6; H, 2.7. 
C,,H,,BrMoO,PReS, talc.: C, 25.1; H, 2.8%. 

3.3. [ReMo(CO),(~-Br)(~-S,CPCy,){P(OMe),}J (3a) 
To a solution of 2a (0.177 g, 0.20 mm00 in CH,Cl, 

(15 ml) was added P(OMe), (24 ~1, 0.20 mmol). The 
mixture was stirred for 15 min, and then hexane (10 
ml) was added. Slow evaporation in U~CUO gave 3a as 
deep-red microcrystals (yield, 0.17 g (85%)). Anal. 
Found: C, 32.9; H, 4.3. C,,H,,BrMoO,P,ReS, talc.: 
C, 33.0; H, 4.3%. 

To a cooled (-78°C) solution of 2a (0.177 g, 0.20 
mmol) in THF (20 ml>, was added dmpm (30 ~1, 0.19 
mmol). After stirring at -78°C for 5 min, the mixture 
was allowed to warm slowly to room temperature (about 
20 min). The solvent was evaporated in uacuo, and the 
residue was taken in CH,Cl, (5 ml), and filtered. The 
addition of hexane (15 ml) to the filtrate produced 4c 
as a red solid (yield, 0.15 g (75%)). Anal. Found: C, 
34.6; H, 4.8. C,H,BrMoO,P,ReS, talc.: C, 35.0; H, 
4.8%. 

3.10. [ReMo(CO),(p-Br)(p-S2CPiPr3)(p-dmpm)] (4d) 
Compound 4d was prepared as described for 4c, 

using 2b (0.153 g, 0.20 mmol), and dmpm (30 ~1, 0.19 
mmol), (yield, 0.12 g (71%)). Anal. Found: C, 27.9; H, 
4.1. C,H,,BrMoO,P,ReS, talc.: C, 27.5; H, 4.0%. 

3.4. [ReMo(CO),&Br&-S,CP’Pr,){P(OMe),)J (3b) Acknowledgments 
Compound 3b was prepared by the method de- 

scribed for 3a, using 2b (0.153 g, 0.20 mm00 and 
P(OMe), (24 ~1, 0.32 rnmol), (yield, 0.14 g (82%)). 
Anal. Found: C, 25.4; H, 3.4. C,,H,,BrMoO,P,ReS, 
talc.: C, 25.1; H, 3.5%. 
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