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The reaction between Re,(CO),, and PPhs in refluxing xylene has been 
re-examined. The main products are 1,2-diaxia.l Re2(CO)B(PPh3)2 and mer-trans- 
HRe(CO)(PPh,),. A range of other products have been isolated by chromato- 
graphic procedures and their production rationalised. The previously reported 
isolable paramagnetic products have not been confirmed, but evidence is 
presented for their formation as unstable intermediates. 

It is now recognised that species which fall under the broad definition of 
transition metal organo-metallic tiee radicals play an important role in this area 
of chemistry [l]. T&s, it has been well established that certain oxidative addi- 
tion reactions proceed by mechanisms involving free radical intermediates [l] 
and such species have recently been demonstrated in some-hydrogenation reac- 
tions [ 21, substitution reactions of group VII metal carbonyl compounds [ 3,4] 
and alkylation reactions of metal carbonylate anions and hydrides [S] . Despite 
these studies, there still remains a paucity of isolable paremagnetic low valent 
transition metal organometallic compounds outside the early transition ele- 
merits. Stable 17electron transition metal species have been reported by a 
number of workers, however, some of these have subsequently been shown to 
be diamagnetic complexes [8,7]; While radicals such as Mn(CO)3L2 (L = PBu,, 
P(OEt),) have recently been shown to have considerable stability in solution 
[ 83, the only 17electron species for which a solid state crystal structure has 
been determined is Mn(CO)(q4-C&H& [9]. 

Our interest in such species as reactive intermediates has led us to reinvesti- 
gate the preparation of [Re(CO)@Ph&] [lO,ll]. A preliminary account of 
this study has appeared elsewhere [X?], 
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Experimental 

All reactions were performed under dry deoxygenated nitrogen. Solvents 
were purified and dried by standard techniques and were degassed by repeated 
freeze-pump-thaw cycles immediately prior to use. Preparative TLC separations 
were performed on silica gel (Merck type PFZs4), 0.3 mm thickness on glass 
plates (20 cm X 20 cm). The following solvent systems were used for elution: 
system I, 3 parts of N-100 petroleum ether to 1 part of ethyl acetate; system 
II, 9.5 parts of 86-100 petroleum ether to 0.5 parts of ethyl acetate. The 
plates were washed with methanol prior to use. 

Infrared spectra were recorded on Perkin Elmer 157 and 457 spectrometers 
as solutions in chloroform unless otherwise stated. PMR spectra were recorded 
on a Perkin ELmer R32 spectrometer operating at 90 MHz and 35°C. When 
necessarry, the FT attachment was employed. Mass spectra were recorded on 
an AEI MS9 operating at 70 eV and lOO-150°C. Microanalyses were per- 
formed by Butterworths Ltd., Teddington, Middlesex. 

The reaction of Rez(CO)lo with PPh3 
Rez(CO)10 (0.33 g; 0.57 mmol) and PPh, (1.25 g; 4.77 mmol) were dis- 

solved in xylene (15 ml) and heated under reflux for 48 h. After this time the 
solvent was removed under vacua yielding an orange residue. This was dissolved 
in boiling benzene (10 ml) and cooled to 60°C. Hexane was then added, to just 
induce crystallisation, and the mixture was cooled in ice. The cream powder 
was collected and recrystallised from benzene-hexane to give white flakes, 
(0.24 g; 45.3% based on mer-trans-HRe(CO),(PPh&; m-p. 210”C(d); y(m): 
(benzene and chloroform) 1935s cm-‘.; PMR (6, ppm): -5.06 (t, 18Hz, 1 pro- 
ton), 7.39 (m, 30 protons); mass spec. (m/e): 794 (W), 766 (Af - CO), 738 
(M - 2 CO), 710 (M - 3 CO); anal. found: C, 59.09; H, 3.86; C,&I,,O,P,Re 
calcd.: C, 58.93; H, 3.80%). 

The orange filtrate was concentrated to an oily residue. This was extracted 
with benzene (2 X 10 ml) and the solid residue, from evaporation of the 
hexane, crystallised from ether to give colourless crystals (29 mg; 5.1% based on 
Re(COj,(PPh,)(C&I,PPh,); m-p. 203°C; v(Ca): 2018s, 1993m, 1900m cm-‘; 
mass spec. (m/e) 792 (M’), 764 (M -CO), 736 (M - 2 CO), 708 (M - 3 CO)). 

If the above reaction was stopped after 16 h, the solvent removed, the resi- 
due dissolved in hot benzene and precipitation induced by addition of hexane, 
a white powder was obtained_ This was recrystallised from benzene-hexane to 
yield white plates (0.318 g; 20% based on Re2(C0)s(PPh&; m-p. 239-241°C; 
Y(C~): 201Ow, 196Ovs cm-‘; PMR (6, ppm): 7.40 (m); anal. found: C, 47.75; 
H, 2.70; C4.&,,08P2Re calcd.: C, 47.20; H, 2.68%). 

On occasions, precipitation from both 16 h and 48 h reactions led to a mix- 
ture of HRe(C0)3(PPh3), and Re,(CO)s(PPh& depending upon the composi- 
tion of the benzene-hexane solvent system and the rate of cooling. 

Other products could be isolated from the above reactions of Re,(CO)10 and 
PPhB, by the following procedure. The solvent was removed in vacua and the 
residue taken up in a minimal volume of chloroform. This solution was applied 
to 36 preparative TLC plates and eluted with mixture I. The separated bands 
were removed from the silica with chloroform which, in turn, was removed 
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TABLE 1 

THE SEPARATEDPRODUCTSFROMTHEREACTIONOFR~~(CO)~~ANDPP~~ 

Band Physical Data Identity 

la 
lb 

2a 

2b 

2c 

2d 

3 

4 

5 

6 

m- spec. inconclusive <tnce wantity) 
mass.spec.highest m-ion, m/e: 1016 

OI+=3<Co)7pph3+) 
m/e: 884.884 - 28n (n = l-9) 
v<c=o): 1963s. 1912m. 1897m. 

1880(sh) cm-1 
v<C=O): 2010a.1960vs cm-l 

m/e: 792.764. 736. 708: 
v(C=O): 2018s. 1933m. 19OOm 

m/e 794: 766.738.710 

v(C=O): 2309s. 1960s. 1900s 

m/e: 794. 766. 738.710; 
v<C=O): 1935s cm-’ 
m/e: 572.544.516.48s; 
u(C=O): 1966s. 1978~s. 1993s 

2081x1~ cm-* 
(comparison with authentic sample) 

m/e: 262. IR and TLC comparison with 

authentic sample 
m/e: 650. IR and TLC comparison with 

authentic sample 

polynuclear product 

eq. Rq(CWgPPh3 

Re2(CO)s(PPb3)2 
Re(CO)3(PPh3)(C6H4PPb2) 

fat-HRe(C0)3<PPh3)2 

mer-h-ans-HRe(CO)g(PPbg)z 

cis-HRe<CO)GPPhg 

PPh3 

Re2<CO)10 

under vacua. Six bands were resolved by this procedure. These were examined 
by infrared and mass spectroscopy, results of which are shown in Table 1. 

Separation of the components of bands 1 and 2 were effected by re-elution 
using mixture Ii, the identification of which is also shown in Table 1. 

Rez(CO)Io (0.325 g, 0.5 mmol) and PPh3 (0.131 g, 0.5 mmol) were dissolved 
in xylene (15 ml) and heated under reflux for 19 h. After this time the solvent 
was removed in vacua and the residue applied to preparative TLC plates. Elu- 
tion with mixture I yielded one major componentthat was isolated as above as 
off-white crystals (0.15 g; 33.7% based on cuc-Re2(C0)gPPh3; v(m): 21OOs, 
208Ow, 203Ow, ZOOOvs, 1940s cm-‘; mass spec. (m/e): 884 (M’), 884 - 28 pz 
(n = l-9); anal. found: C, 36.67; H, 1.7; C2,H150gPRe2 &cd.: C, 36.67; H, 
1.7%). 

The reaction of mer-tmns-HRe(C0)3(PPh3)2 and PPh3 
A mixture of HRe(C0)3(PPh& (0.3 g, 0.38 mmol) and PPh3 (0.3 g, 1.1 

mmol) was heated in a sealed evacuated tube for 3 h at 23O”C, during which 
time the melt adopted a tan colour. The tube was cooled, opened and contents 
dissolved in benzene to give an orange solution. This was filtered to remove a 
little unsoluble material and absolute ethanol added. On cooling, a cream pow- 
der was precipitated. Recrystallisation from benzene-hexane gave white flakes 
(55 mg) identified as HRe(CO),PPh, from melting point, mixed melting point 
and infrared and mass spectra. 

Preparation of cis-HRe(CO),PPh, and* its reaction with PPh3 

Freshly distilled HRe(CO)s was allowed to react with excess PPh3 in benzene 
at room temperature for 3 h. This was then concentrated in vacua to yield a 
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mixture of cis-HRe(CO)ZPh, and PPh, which was separated by preparative 
TLC (mixture I) to give cis-HRe(CO)zPhj as white crystals (v(m): 2081m, 
1993s, 1978s, 1966s cm-‘; anal. found: C, 47.88; H, 3.06, C,2H1604PRe calcd.: 
C, 47.14; H, 2.85%). 

This sample of cis-HRe(CO)ZPhS was then allowed to react with PPh3 in 
boiling xylene and the reaction followed by infrared spectroscopy. After 24 h 
the mono-phosphine hydride was completely consumed and the only product 
was mer-tmns-HRe(CO),(PPh,). 

Results and discussion 

A number of previous studies of the reaction between Re,(CO),O and PPhB 
have been published. Nyman [lo] reported that heating the reagents in reflux- 
ing xylene yielded [ Re(CO),(PPh&] _ This was found to be paramagnetic and 
was assigned a trigonal bipyramidal structure on the basis of a single infrared 
bands at 1934 cm-‘. Freni et al [ll] employed similar conditions, but isolated 
pammagnetic [Re(C0)&PPh3)J which was assigned a square pyramidal struc- 
ture on the basis of dipole moment and infrared measurements. There is one 
other brief report of this molecule [ 131. There has also been a kinetic study of 
the reaction [14] which led to a detailed scheme accounting for the formation 
of PPh3 containing dimeric products. A further kinetic study of the reaction of 
Rez(CO)8(PPh3)2 with PPh3 [15] suggests that the reaction may proceed via a 
number of mononuclear species, but none of these was isolated. 

We have re-examined the preparative scale reaction between Re,(CO),, and 
PPhB and have adhered to the conditions previously employed [ll]. We have 
been unable to isolate any pammagnetic products, but have found a wide range 
of diamagnetic compounds. The major products are 1,2-Rez(CO)&PPh& and 
mer-trans-HRe(CO).(PPh,),_ These may be isolated as pure components or as a 
mixture depending on the conditions of crystallisation. The other products are 
listed in Table 1 and were isolated by preparative TLC. These were identified 
by standard techniques. We suggest that these compounds are formed in the 
reaction sequence shown in the Scheme. The evidence for this is given below. 

It has been found that the reaction can proceed by either one of two possi- 
ble routes. Both pathways have common steps up to the formation of 1,2-Re,- 
(CO)B(PPh& This presumably arises via a stepwise substitution of Re2(CO)l,,, 
however, no ax-Re,(CO)g(PPh,), previously reported by PoG et al [ 151, was 
isolated from this reaction. The form of Re,(CO)PPh, isolated shows an infra- 
red spectrum quite different to that of the axial isomer (comparison with an 
authentic sample) and has been assigned to the equatorially substituted isomer. 
That the axial isomer is not isolated is presumably a reflection of the relative 
reactitities of the two forms_ The eqluatorial isomer is expected to be less reac- 
tive towards further substitution on the basis of both cis labilisation [16] and 
steric effects, Reactions carried out in daylight yield the full range of products 
shown in Table 1, however when light is rigorously excluded from the reaction, 
HRe(C0)4(PPh3) is not obtained. On this basis we suggest that homolytic fis- 
sion of 1,2-Rez(CO)B(PPh3)2 is a purely photo-induced process and that forma- 
tion of [Re(CO),(PPh&], the precursor of HRe(CO),(PPh& and Re(CO),- 
(PPh3)(C&UPh,), d oes not proceed by phosphane substitution into [Re(CO),- 
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SCHEME 1 

Re2(CO),0 . 

/6 k 
eq-Re2(CO)9P [ax-Re2(COlgP] 

P 

HRe(CO),P 

P = PPhj 
s = Solvent 

Compounds in square brackets were not isolated 

PPhJ. In order to account for the range of products formed by reactions per- 
formed in the dark, we invoke the intermediacy of Re2(C0),(PPh& and Re,- 
(CO)6(PPh& (Scheme I), although we have been unable to isolate either from 
the reaction mixture. Such sterically crowded molecules might be exected to be 
rather unstable, however the latter has been reported in the literature [ 11,171, 
by two preparative procedures. The first of these involves thermal reaction 
between Re2(CO)10 and PPh, (1 : 5 ratio) and, indeed, the isolated product 
shows the same h-&a-red spectrum as that reported for the expected dimer 
(1930s in C&Is) but PMR and mass spectrometry confirm it to be mer-trans- 
HRe(C0)3(PPh3)2. The alternative procedure involving a solid state reaction 
between Re2(CO)10 an6 PPh3 in a sealed tube yielded no products in our hands. 

The radical intermediates, [Re(CO),PPh3] and [Re(CO),(PPh,),] undergo 
reaction with the solvent to yield the hydrides. We were unable to confirm this 
by deuteration experiments in the case of xylene, however others ]lS] have 
shown the source of hydrogen in a similar reactions of Mn2(CO),o, yielding 
HMn(C0)3(PPh&, is not the phosphane and the {Mn(C0)3[P(OPh),] 2) radical, 
generated under mild conditions, has been shown to activate the C-H bond in 
methanol [ 191. Re2(CO)10 also reacts with PPh3 in wet, xylene to yield HRe- 
(C0)3(PPh3)2 and in this case deuteration has shown Gater to be the hydrogen 
source. Thus, although every effort has been made to exclude water from the 
reaction, thii hydrogen source cannot be totally ruled out. Separate experi- 
ments have also shown that HRe(CO),PPh, reacts with PPhJ to yield HRe- 
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tCO)&‘Ph 1 3 2 and this route cannot be excluded for reactions performed in day- 
light. As we have been unable to observe any isomerisation of either mer-frarzs- 
or fac-HRe(C0)3(PPh3)2 under the reaction conditions, we suggest isolation of 
both isomers is indicative of fluxional character for their precursor, [Re(C0)3- 
W’W,l- 

The metalated complex Re(CO),(PPh,)(C&IPPh,) is included as arising from 
[ Re(CO)3(PPh3),], but it may arise by dissociation of a dimeric molecule such 
as Re2(C0)7(PPh3)3 with elimination of HRe(C0)ZPh3 in a manner similar to 
that suggested by Alper [ZO] for the reaction between Re,(CO),, and thioben- 
zophenones. 

Some confirmatory evidence for the early substitution steps in the reaction 
scheme is provided by the following observations. Reactions of PPh3 with 
either ax-Rez(CO)gPPh3 or 1,2-Rez(CO)s(PPh& yielded the same product dis- 
tribution as that arising from the decacarbonyl. When a xylene solution of 1,2- 
Re2(CO)&PPh,), is maintained t a room temperature in daylight, cis-HRe(CO), 
(PPh,) is slowly formed. In a boiling xylene solution, with the total exclusion 
of light and in the absence of added PPh3, 1,2-Re,(CO)s(PPh& undergoes total 
decomposition_ Separate experiments in both the presence and absence of PPh3 
at lower temperatures have shown the reaction proceeds in the same manner in 
the former, however, no HRe(CO)S is observed in the latter, although the 
experiments were conducted below the decomposition point of this compound. 
This indicates that homolytic fission of the parent carbonyl is not an important 
process in this reaction and that phosphane substitution precedes radical forma- 
tion_ 

Direct evidence for the intermediacy of free radicals comes from the follow- 
ing observations. The rate of reaction is slowed considerably by the admission 
of oxygen_ The free radical trapping agent, galvinoxyl, was decolourised when 
added to the reaction mixture, the reaction being inhibited_ Control reactions 
performed under similar conditions did not lead to decolourisation and inhibi- 
tion. The reaction mixture initiated polymetiation of a 1 : 1 mixture of 
methyl methacrylate and styrene, a reaction known to proceed by a free radical 
mechanism [ 211. Finally, POE et al [ 151 have reported the observation of an 
incompletely defined ESR signal during reaction between Re2(CO)s(PPh3), and 
PPh,. 

A polynuclear complex was isolated from the reaction in quantities suffi- 
cient only for mass spectral analysis. The ion of highest mass observed corre- 
sponds to H,Re3(C0)7(PPh3)’ and as this is clearly not the molecular ion this 
product is incompletely characterised and is therefore not placed in the reac- 
tion scheme. 

In summary, this study shows the close, and expected, parallel between the 
reaction of Re2(CO)I,, and PPh, and that of Mn2(CO)10 and PPh3 [6], in that 
the formation of the products can best be accounted for by invoking the pro- 
duction of radical intermediates. The kbetic studies of certain aspects of this 
reaction 1151 are broadly in agreement with our findings. We have been unable 
to confir& the isolable radicals previously reported and believe the main prod- 
uct observed in the kinetic study 1151 and by Nyman [lo] to be mer-trans- 
HRe(C0J3(PPh& rather than Re(C0)3(PPh3),. We have been unable to confirm 
the isomeric form of Re(CO)s(PPh& reported elsewhere [Ill, as we have 
found nothing with an analogous infrared spectrum to that observed earlier. 



345 

Acknowiedgements 

We thank the Royal Borough of Kingston upon Thames for financial support 
(to D.J.C..) and acknowledge usefbl discussions with Professor A.J. PO% 

References 

l M.F. Lappert end P.W. Lednor. Adv. in Organometal. Chem.. 14 (1976) 345. 

2 H. Feder and J. Halpem, J. Amer. Chem. Sot.. 97 (1975) 7186; R.L. Sweanv and J. Halpern. J. Amer. 

Chem. Sot.. 99 (1977) 8335. 

3 B.H. Byers and T-L. Brown. J_ Amer. Chem. Sot., 99 (1977) 2527. 

4 D.R. Kidd uld T.L. Bra-. J. Amer. Chem. SOC., 100 (1978) 4095. 

5 P.J. Krusic. Pd. Fagan and J. San FiLippo. J. -Amer. Chem. Sot.. 99 (1977) 250; RJ. -es. W-D. 

Jones and R-G. Bergman. J. Amer. Chem. Sot.. 100 (1978) 635. 

6 J_R. Miller and D-H_ Myers, lnorg. Chim. Acta. 5 <1971>215. 
7 M. Laing and PM_ Reich&. J.-Chem. Sot. Chem. Commua. (1975) 746_ 

8 D.R. Kidd. C.P_ Cheng and T.L. Brown, J. Amer. Chem. Sot.. 100 <1978) 4108. 

9 G. Guttner. D. Newgebauer and A. Razui. Angew. Cbem.. Int. Ed. En& 14 (1975) 353. 

10 F. Nyman. Chem. Ind. <London). (1965) 604. 
11 M. Freni, D. Guisto and P. Romiti. J. Inorg. Null. Chem.. 29 (1967) 761. 

12 135. Cox and R. Davis. Inorg. Nuclear Chem. L&t.. 13 (1977) 301. 
13 A.G. Osborne and M.H.B. Stiddard. J. OrganometaL Chem.. 3 (1965) 340. 
14 L.I.B. H&es and AJ. Poe; J. C&em. Sot. <A). (1969) 2826. 
15 D.G. De Wit. J.P. Fawcett and A-J. P@. J. Chem. Sot. Dalton. (1976) 528- 

16 J.D. Attwood and T-L. Brown. J. Amer. Chem. Sot.. 98 (1976) 3160. 
17 M. Freti. V. Valenti and D. Guisto. J. Inorg. Nucl. Chem., 33 (1971) 4093. 

18 R. Ugo and F, Bon&i. J. Organometal. Chem.. 8 <l967) 189. 
19 J.A. Armsted and R. Davis. unpublished &ts. 

20 H. Alper. Inorg. Chem.. 15 (1976) 962. 

21 B.L. Booth. G.C. Casey and R-NJ. Haseldine. J. Chem. Sot. Dalton. (1976) 528. 


