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Summary 

Carbonylation of tertiary phosphine complexes under reducing conditions 
is shown to be a reliable and direct route to rhenium mono- and poly-carbonyl 
complexes. 

Most routes to tricarbonylhalidorhenium complexes with tertiary phos- 
phines involve the reactions of mono- and di-tertiary phosphines with carbonyl 
h&do complexes, which are usually difficult to prepare. Typical preparative 
reactions are shown below: 

[ReCl(CO), 1 + BPPh, ‘?? fat-[ReCl(CO), (PPh,), ] + 2C0 (ref. 1) 

[Re(CO), ] ClO, + 5PPha z” trans-[ReCl(CO), (PPhs)s ] + 3PPhs 0 + 

CO, + 2C0 (54%) (ref. 2) 

[ ReCl(CO), I+ Ph, PCH, CH, PPh, z fat-[ReCl(CO)s(PhpPCHzCH,PPh,)] 

(ref. 3) 

Other methods involve carbonylation of tertiary phosphine halido complexes 
and often proceed in low yield. 

HCO 2H 
mer-[ReCl,(PMe,Ph)a] hen,’ [ReCl(CO),(PMe,Ph),] (18%) (ref. 4) 
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co. 1 atm 
mm--[ReCl, (PMe,Ph), 1 hleOCH2CH20H~ t’ac-IReCUCO), W’bPhM (43%) , 

reflux 

(ref. 4) 

co, 1 atm 
trans-[ReCl, (PMe,Ph)2 ] MeOcH2cH20;~ tram-[ReCUCO), (PMe2Ph)21 (15%) 

reflus 

(ref. 4) 

Mono- and dicarbonyl complexes have also been obtained by carbonylation of 
tertiary phosphine halido complexes or treatment of carbonyl halido complex- 
es with mono- or di-tertiary phosphines under forcing conditions, e.g. : 

[ReCl,(PMe,Ph),] Et2NCH2CHZO; trans- [ReCl(CO) (PMe,Ph),] (10%) (ref. 4) 

[ ReCl, (PMe, Ph), ] cE mer-cis-[ReCl(CO), (PMesPh), ] (43%) (ref. 4) 

trek, 1 - 
2iO" 

cb-[ Re(CO), (Ph, PCH, CH, PPh, )s ] I z 

Ph2PCHZCHzPPh2 

cis-[Re(CO), (Ph, PCH, CH, PPh, )2 ] Cl l 

270° 

[ReCl(CO) (Ph,PCH,CH,PPh,), (ref. 3) 

We now report that the complexes trczlzs-[ReX(CO)s (PPha)a] (X = Cl, 
Br or I) can be prepared more easily and in satisfactory yields by the action 
of carbon monoxide at 1 atm on a suspension in refluxing toluene of 
[ ReOXs (PPhs )2 ] or [ ReO(OEt)X, (PPhs )2 ] in the presence of triphenylphos- 
phine. Yields are much lower in the absence of triphenylphosphine, which is 
probably functioning as a reducing agent. In the presence of triphenylarsine 
and under similar conditions [ReOCls (AsPhs )2] yielded no characterisable 
products_ The complexes prepared in this manner are summarised in Table 1. 

The tricarbonyl complexes are obtained from the reaction mixture as 
pinkish-red or blue crystalline solids which after recrystallisation in the pres- 
ence of potassium hydroxide become a very pale cream colour. 

The IR spectra in the 1800 - 2100 cm-’ region (see Table 1) suggest the 
meridional-configuration (V) [2] ; 

TABLE 1 

RHENIUM(I) TRICARBONYL COMPLEXES 

NO Complex v<C=O) (cm-’ 1” 

<w tmns-CReCI(CO)3(PPh3)21 2049w. 1954s. 1904s 
<VI) bons-CReBr(C0)3<PPh3)~15 2060~. 1960s. 1910s 
(VII) tmns-LReI(CO)3<PPh3)21 2040~. 1940s. 1890s 
(VIII) trans-[ReCl(C0)3<PPh2Et)23b 2060~. 1960s. 1905s 

%I CHCl3 solution, w = weak. s= strong. bNot previously reported. 
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cod”, 

PPh, 

Re 

P%PJ i-a,, 
Cl 

(V) 

The presence of three car-bony1 groups was confirmed by oxidising 
[ReCI(CO)s (PPhs )z ] with a large excess of dichlorine, measuring the volume of 
liberated gas, and then oxidising it quantitatively to carbon dioxide. Complex 
(V) is inert to refluxing acetonitrile, but loses one carbonyl ligand on heating 
under reflux in benzonitrile. The product contains no benzonitrile, is mono- 
meric, a non-conductor in nitrobenzene and yields two moles of carbon mon- 
oxide on exhaustive chlorination, confirming the stoichiometry deduced from 
analysis, [ReCl(CO), (PPhs )z ] _ The IR spectrum in chloroform solution shows 
Y(CEO) at 1840 and 1920 cm- ‘. This same dicarbonyl has been claimed [ 51 as 
the product from the high-pressure carbonylation of [ ReOCl, (PPh, )Z ] in the 
presence of copper powder, but our repetition of this procedure gave truns- 

[ReCl(CO)s (PPhs )z 1, from which exhaustive chlorination yielded three moles 
of carbon monoxide. Unfortunately, no IR spectra are contained in the original 
report of the dicarbonyl complex. It was also claimed therm that the products 
from high-pressure carbonylation of [ReO(OEt)Brs (PPh, )z ] and [ReO- 
(0Et)Iz (PPhs )z] are [Re,Br(CO)z (PPhs )z] and [ReI(CO)(PPh, )z ] respec- 
tively. Our results show that these should be reformulated as trans-[ReBr- 
(CO), (PPha )s] and frans-[ReI(CO)s (PPh, )s] _ 

We also report a facile two-stage synthesis of mono- and dicarbonylrheni- 
urn(I) complexes from a N-benzoyihydrazido(3-)-O,N’-rhenium(V) complex 
[6] (I) (Scheme 1). The preparative routes are summarised in Scheme 1, and 
the products detailed in Table 2. 

TABLE 2 

RHENIUM(I) AND RHENIUM(I1) hlONO- AND DI-CARBONYL COhlPLEXES 

NO Complex v(CEO) (cm-’ ) (in CHC13 
solution) 

(IX) 

W) 

CReCl(Cq) (Ph;?PCH2CH2PPh2)2] 

(XI) 
CReCl(C0) PhzPCH = CHPPh2)2] 

(XII) 
CReCl<CO) h2PGH2)3PPh2}2] c 
CReCKCO) <PhzAsCH2CH2AsPhZ)21 

(XIII) LReCIGO) (PMeZPh)4] 

(XIV) CReCI(CO)2 {CH3C(CH2PPh2)3)] 
cf.+[ReCI(CO)2 (PhZPCHZCHZPPh2) (PPh3)] b (XV) 

(XVI) IReWC0)2W’h3)21 
(Xvm IReCI(CO) (Ph2PCH2CHZPPh2)Z] FeC4 
(XVIII) tReCXC0) <PhzPCH2CH2PPh2)2] Br3 

<XIX) CReWCO) (Ph2PCHZCH2PPh2)2] I3 

(XX) CReCXCO) (PhZPCH2CH2PPhZ)lPFg 
(XXI) [ReCWO) (PMe2Ph)ql FeC14 

CReCI(C0)2{CH3C(CH2PPh2)3}] ~rgb (XXII) 

“Recorded as Nlijol mu&.. bNot isolated ana.IyticaIIy pure. 

1820s 

18408 
1790s 

1805s 
1790s 
1895s. 1920s 

1860s. 19 10s 

1840s. 1920s 

1890s 

1890s 
1870s 

1890s 
186oe 
1990s. 2040s 
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Complex (I) is converted to the dicarbonyl benzoylazo complex (II) by a 
stream of carbon monoxide in refluxing benzene during 15 min. Complex (II) 
then reacts readily with mono- and di-tertiary phosphines to give rhenium(I) 
mono- and dicarbonyl complexes. This reaction probably proceeds via 

CReCl(CO)z (Nz )(PPh3 )z 3 (III) 173 which has. been shown to react with 
Ph2 PCHz CHz PPhz in three stages [ 81: 

Ph,P\ i*,Co 

/RIe \ 
oc ’ I “ml3 

Cl 
oc ’ I ‘PPh3 

Cl 

cut) 

co 

_I 
- PPARe 

/=O 
c I 

- Pm3 

Cl 

cis 

am 

Pans 

ml) 

Ph2PCH2CH2PPh2 

n 
P P = Ph2PCH2CH2PPh2 

The truns-dicarbonyl (IV), though observable, cannot be isolated, as it 
rapidly isomerises to the &s-isomer (XIV) which is obtained from the reaction 
mixture. It was not possible to prepare cis-[ReC1(CO)2(Ph2PCH2CH2PPh, j- 
(PPh,)] from [ReCl(CO)a (PPh3 )2] and the diphosphine, only [ReCl(CO)- 
(Ph2 PCH2 CHz PPhz )z ] was isolated. However, the complexes cis-[ ReCI(CO)z - 
CPhz P(CH2 )3 PPh, 1 (PI%, )I and cis-[ReC1(CO)a(PhzPCHzPPhz)(PPh3)] are 
isolable from reaction of the tricarbonyl with the appropriate diphosphine. 

The dicarbonyl complex [ReC1(C0)2 (PEt2Ph), ] is obtained by the reac- 
tion of (II) or (III) with .diethylphenylphosphie. Under similar conditions 
dimethylphenylphosphine yields [ReCl(CO)(PMe,Ph),] (Scheme 1). Some- 
what better .yields of [ReCl(CO)(PMe2Ph)4] are, however, derived from the 
carbonylation at 1 atm of the product of the reaction of complex (I) with 
dimethylphenylphosphine in refluxing benzyl alcohol [9]. The complex mer- 
ci.s-[ReC1(CO)2(PMe2Ph)3] can be obtained by carbonylation of [ReCl(CO)- 
(PMez Ph)4 ] in refluxing benzene. 

The reactions of the rhenium(I) monocarbonyl complexes with oxidising 
agents are summaria ed in Scheme 2 together with reactions of the analogous 
rhenium(I) dinitrogen complexes [lo]. No oxidation reactions were observed 
for tricarbonyl complexes other than those involving total loss of carbon mon- 
oxide. 
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SCHEblE 2 

[IReCI(& )P,] 
&so, or CUCI, 

c [ ReCl(Nt )P.: ] 

I 
or FeC13 ; RT. 

-+ [RsClPa]-- 

purple (for 7^P = Dpe only) 

(P = PMe~ PJI) 

[Re’& P; ] - (1P = Dpe) 

[ReCI(CO,P,7 s [RrCI(CO)P; ] * (P = PJle2 Ph or 1P = Dpe) 

I - gwen 

wJ* 

L [ReCl(CO)Pa] 
(P = PMczPh only) 

(Stable only for 1P = Dpe) kReC,;PJ 
(3P = Dpe only) 

Dp? = Ph~PCIIICIi:PPhz or other ditertia? phosphines 

The cationic tetrakisphosphine rhenium(U) complexes are generally less 
stable thermally than their bis(diphosphine) analogues. Also, carbonyl deriva- 
tives are less easily oxidised and more readily reduced than their dinitrogen 
analogues. Thus [ReCl(CO)(Ph2 PCH2 CHs PPh2 )2 ] Brs is reduced by sodium 
tetraphenylborate to [ReCl(CO)(Ph, PCH, CH2 PPh, )a ] whereas [ ReCl(N2 )- 
(Ph2 PCH2 CHs PPh2 )2 ] Brs undergoes simple anion exchange. The reaction of 
[ReCl(CO)(Ph2PCH2 CH2PPh2 )s ] with halogens is different from that of the 
analogous his-o-phenylenebisdimethylarsine (Diars) complexes which yield 
seven-coordinate cations under similar conditions [ 113 . 

[ReCl(CO) (Diars),] % [ReBr2 (CO) (Diars)2] Bra 

The products obtained from chlorination of the carbonyl and dinitrogen 
compIexes reflect the reIatively stronger binding of carbon monoxide to rheni- 
um in its higher oxidation states. The lability of dinitrogen coordinated to 
rhenium(III) is shown by the formation of [ReC14(PMe2Ph)2 ] by treatment of 

IReCl(N2 )(PMesPh), I Cl01 with dichlorine. The carbonyl analogue forms the 
stable rhenium(II1) complex [ReCls (CO)(PMeaPh)s ] . 

Experimental 

All preparations involving free tertiary phosphines were carried out under 
dinitrogen. Unless otherwise stated reagent grade solvents were used through- 
out. Infrared spectra were recorded on a SP 1200 Unicam spectrophotometer, 
molecular weights were determined on a Hitachi-Perkm-Elmer osmometer, 
and analyses were performed by A.G. Olney at the University of Sussex. 

trans-TricarbonyIchlorobis(triphenyIphosphine)rhenium(l), (V) 

Oxotricblorobis(triphenylphosphine)rhenium(V) [12] (2.0 g) and triphe- 
nylphosphine (2.0 g) were heated in toluene (150 ml) under reflux for 3 h 
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while passing a stream of dry carbon monoxide through the solution. The 
pinkish-red solution was evaporated to 10 ml at 15 mmHg and the complex 
precipitated as a pink solid by the addition of ethanol. The complex was 
recrystallised as pink plates from benzene/ethanol (1.5 g, 78%). (Found: C, 
56.4; H, 4.0. CB9HaO03P2ClRe calcd.: C, 56.4; H, 3.6%) Recrystallisation 
from benzene/methanol in the presence of potassium hydroxide gave the prod- 
uct as pale cream crystals. 

trans-BromotricarbonyIbis(triphenylphosphine)rhenium(I), (VI) 

Prepared analogously to the chloro complex using [ ReO( 0Et)Brz (PPhs )z ] 
[12] and was isolated as a pink solid. This was recrystallised as pale yellow 
plates from benzene/methanol in the presence of potassium hydroxide (71%) 
(Found: C, 54.3; H, 3.9. CssHscOsPzBrRe calcd.: C, 53.6; H, 3.5%.) 

tran~Tricarbonyliodobis(triphenylphosphine)rhenium(I), (VII) 

Prepared analogously to the chloro complex using [ ReO(OEt)Iz (PPh, )z ] 
[12] and was isolated as a blue solid. This was recrystallised as yellow plates 
from benzene/methanol in the presence of potassium hydroxide (66%). 
(Found: C, 51.3; H, 3.3. Cs s Hs cOs Pz IRe calcd.: C, 50.9; H, 3.2%.) 

trans-Tricarbonylchlorobis(ethyldiphenylphosphine)rhenium(I), (VIII) 

Prepared analogously to complex (V) using [ReO(OEt)Clz (PPhEtz )z ] [ 121 
and was isolated as a purplish solid. This was recrystallised as above from 
benzene/methanol as pale yellow plates (68%). (Found: C, 49.9; H, 4.4. 
Ca1Hao0aP2ClRe c&d.: C, 50.5; H, 4.1%) 

Carbonylchlorobis[l,2-bis(diphenylphosphino)ethane] rhenium(I), (IX) 

[N-Benzoylhydrazido( 3 )-N’,O]dichlorobis(triphenylphosphine)rhenium (V) 
[ 63 (2.0 g) in benzene (60 ml) was heated under reflux for 20 min with passage of 
carbon monoxide through the reaction mixture. Addition of 1,2_bis(diphenyl- 
phosphino)ethane (2.0 g) to the resulting brown solution and heating under 
reflux for a further 30 min caused the complex to precipitate as a pale yellow 
solid. This was recrystallised as pale yellow plates from benzene/methanol 
(1.6 g, 70%) and had an identical IR spectrum to a sample prepared according 
to ref. 3. (Found: C, 61.1; H, 4.8; Cl, 3.8. Cs3H4sC10PaRe calcd.: C, 60.9; H, 
4.6; Cl, 3.4%.) 

Cdrbonylchlorobis[l,2-bis(diphenylphosphino)ethylene] rhenium (I), (X) 

Prepared analogously to (IX) above, using l,Zbis( diphenylphosphino)- 
ethylene and recrystalhsed from 1,2-dichloroethane/methanol as yellow plates 
(64%). (Found: C, 60.7; H, 4.8; Cl, 3.5. Cg3H44C10P4Re calcd.: C, 61.1; H, 
4.2; Cl, 3.4%) 
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Carbonylclzlorobis[l,2-bis(diphenylphosphino)propaneJ rhenium(I), (XI) 

Prepared analogously to (IX) above, using 1,2-bis(diphenylphosphino)- 
propane, and recrystallised from chloroform/diethyl ether as pale cream crys- 
tals, (67%). (Found: C, 50.9; H, 4.8. Cs ,HscC10P4Re c&d.: C, 51.5; H, 
4.8%) 

Chlorocarbonylbis[l,2-bis(diphenylarsino)ethane] rhenium(I), (XII) 

Prepared analogously to (IX) above using 1,2-bis(diphenylarsino)ethane 
and recrystallised as white plates from cbloroform/diethyl ether (66%). 
(Found: C, 51.9; H, 4.2. Cs3H4sAs40ClRe calcd.: C, 52.3; H, 3.9%) 

Chlorocarbonyltetrakis(dimethylphenylphosphine)rhenium(I), (XIII) 

(a). Prepared analogously to complex (IX) using dimethylphenylphos- 
phine, and recrystallised as white prisms from ethanol. 

(b). [N-Benzoylhydrazido(3-)-N’,O] dichlorobis(triphenylphosphine)rheni~=.: 
urn(V) (6.2 g), dimethylphenylphosphine (9.6 g) and benzyl alcohol (5 ml) 
were heated to 190” in an oil bath for 20 min. A stream of carbon monoxide 
was then passed through the cooled solution at room temperature for 2.5 h. 
The resulting orange-brown solution was treated with a l/l/l mixture of meth- 
anol, ethanol and 60 - 80 petroleum ether (150 ml) and the complex precipi- 
tated as a pale yellow solid. This was recrystallised as off-white prisms from 
benzene/methanol (2.5 g, 48%). (Found, C, 49.6; H, 5.7. Cs3H44P40ClRe 
calcd.: C, 49.4; H, 5.5%) 

Cl~lorodicarbonyl~1-(diphenylphosphino)-2,2-bis[(diphenylphosphino)methyl] 
propane )rhenium(I), (XIV) 

Prepared analogously to complex (IX) using 1-(diphenylphosphino)-2,2- 
bis[(diphenylphosphino)methyl] propane and recrystallised as yellow prisms 
from benzene/methanol (62%). (Found: C, 57.1; H, 4.4; Cl, 4.8. Cq3H3sP3 
OzClRe &cd.: C, 57.2; H, 4.3; Cl, 4.0%) 

cis-Chlorodicarbonyl[l,2-bis(diphenylphosphino)ethane] triphenylphosphine- 
rhenium(I), (XV) 

Dicarbonylchloro(dinitrogen)bis(triphenylphosphine)rhenium(I) (1.0 g) 
and 1,2-bis(diphenylposphino)ethane (2.0 g) in benzene (40 ml) were stirred at 
40°C for 1 h. The resulting yellow solution was evaporated at 10m2 mm and 
the complex precipitated as a yellow solid by the addition of methanol (40 ml). 
This was recrystallised as yellow prisms from benzene/hexane. This complex 
had a dipole moment of 4.4 D compared with the estimated value of 4.5 D. 
The trans-isomer could be identified in solution by IR spectroscopy [v(C = 0) 
189Os, 2020~ cm-‘] but could not be isolated. 
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Dicarbonylchlorobis(triphenylphosphine)rhenium(I), (XVI) 

trans-Tricarbonylchlorobis(triphenylphosphine)rhenium(I) (0.50 g) was 
heated under reflux in benzonitrile (30 ml) for 12 h. The resulting pale yellow 
solution was evaporated to 5 ml at 10m2 mm Hg and the complex precipitated 
as a pale cream solid by the addition of ethanol (30 ml). This was recrystallised 
as white needles from chloroform/ethanol and was monomeric in 1,2_dichloro- 
ethane and a nonconductor in nitrobenzene. (Found: C, 56.8; H, 3.7; Mol.wt., 
940. Cs8H3c02P2ClRe calcd.: C, 57.0; H, 3.7%. Molwt., 773.) 

Carbonylchlorobis[l,2-bis(diphenylphosphino)ethaneJ rhenium(II) tetrachloro- 
ferrate (XVII) 

Complex (IX) (0.1 g) and anhydrous ferric chloride (0.1 g) were heated 
under reflux in ethanol (10 ml) for 1 min, and cooled to give the complex as a 
green solid, which was recrystallised as green needles from chloroform/diethyl 
ether. (60 mg, 51%). (Found: C, 50.2; H, 3.9. C5 s H1s Cls FeOPaRe calcd.: C, 
51.2; H, 2.9%) The molar conductivity of a 10m3 M nitrobenzene solution was 
23.0 reciprocal ohms. 

Carbonylchlorobis[l,2-bis(diphenylphosphino)ethane] rhenium(D) tribromide 
(XVIII) 

Complex (IX) (0.1 g) in chloroform (5 ml) was exposed to bromine va- 
pour, forming a green solution. Addition of diethyl ether (20 ml) precipitated 
the complex as green needles from chloroform/diethyl ether. (Found: C, 50.1; 
H, 4.0. C,,HqsBrsC10P4Re calcd.: C, 49.5; H, 3.7%) 

Carbonylchlorobis[l,2-bis(diphenylphosphino)ethaneJ rhenium(II) triiodide, 
(XIX) 

Was prepared analogously using iodine. The triiodide salt was rather unsta- 
ble and decomposed to complex (IX) on attempted recrystallisation. 

Carbonylchlorobis[l,Z-bis(diphenylphosphino)ethaneJ rhenium(II) hexafluoro- 
phosphate (XX) 

Was prepared by addition of a saturated ethanolic solution of ammonium 
hexafluorophosphate to a chloroform solution of complex (XVIII) and was 
recrystallised as green needles from chloroform/diethyl ether. (Found: C, 52.6; 
H, 4.1. Cs3H4sClFsOPsRe calcd.: C, 53.4; H, 4.0%) 

Addition of sodium tetraphenylborate to solution of complex (XVIII) 
caused quantitative regeneration of the rhenium(I) complex. 

Carbonylchlorotetrakis(dimethylphenylphosphine)rhenium(II)’tetrachloro- 
ferrate, (XXI) 

(XXI) was prepared by reaction of complex (XIII) with anhydrous ferric 
chloride in ethanol as a purple solid, and was recrystallised from dichljro- 
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methane/hexane (Found: C, 39.7; H, 4.5. Cs s H4 4 Cl5 FeOP* Re calcd.: C, 39.6; 
H, 4.4%) 

Reactions of chlorocarbonyl complexes with an excess of dichlorine 

The experimental technique employing sealed tubes has been previously 
described [lo]. 

(i). tmns-TricarbonyIchIorobis(triphenylphosphine)rhenium(I). 81.8 mg of 
complex yielded 6.50 ml of carbon monoxide (91%) on treatment with dichlo- 
r-me. Oxidation of this liberated gas with hot cupric oxide yielded 6.30 ml of 
carbon dioxide (97%). 

(ii). Dicarbonylchlorobis(triphenylphosphine)rhenium(l). 109.5 mg of 
complex yielded 6.02 (94%) ml of carbon monoxide on treatment with excess 
of dichlorine. 
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