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STUDIES ON THE DICYCLOPENTADIENYL HYDRIDES OF RHENIUM AND
TUNGSTEXN

R. L. COOPER", M. L. H. GREEX" axp J. T. MOELWYXN-HUGHES""
Usiversity Chemical Laboratory, Lensfield Road, Cambridge {England)
{Received July 2oth, 1964)

The hydrides (-z-CH;).ReH, (I)?, and (=-CsH;).WH,, (I1)2, exhibit properties
atvpical of the M-H system in that they are basic and do not add M-H to diazome-
thane ortetrafluoroethyvlene asdo many other hydrides3. Since {7z-C H;) . Re’~ is isoelec-
tronic with (z7-C;H;)»0s, and In view of the basic properties of the hydride (I), the
formation of the first anionic dicvclopentadienyl complex might have been expected
by abstraction of a proton from complex (I) using s#-butyllithium. We have found,
however, that the reaction leads to metallation of the cyclopentadienyl rings whilst the
metal-hydrogen system is unaffected.

RESULTS

Treatment of an ethereal solution of the complex (I} with s#-butyllithium initially
eads to a darkening of the vellow colour but the solution finally: lightens to a pale
cellow. This ethereal solution 1s much more readilyv oxidised than that of the pure
wdride (I}, and removal of the ether leaves an involatile white solid (III), (no
sublimate after 4 h at 15071073 mm Hg) which is very readily hvdrolysed and which
aurns purple immediately on contact with air. Similarly, treatment of an ethereal
sjolution of the complex (IT) with #-butvllithium gives a precipitate of golden crystals
IV which are insoluble in or decomposed by all common organic solvents. When dryv
‘he crystals are spontaneously inflamable In air; purification of both lithiated products
vas not achieved but analvsis of the washed precipitate obtained from the dihvdride
IT) gave a LifW ratio of ~ 2:1.

Because of the difficulty in handling these lithiated dericatives they were
‘haracterized by a spectroscopic study of the products of their hyvdrolvsis and
leuterolvsis.

Tvdrolvsis and deuterolvsts of the lithiated species
Treatment of the involatile white lithiated salt (III) with water, followed by
ublimation of the dried products, recovers (7-C;H;1.ReH, (I), in very high vield. Sim-
larly hyvdrolvsis of the lithiated salt (IV) affords the parent hvdride (11). The deuterated
somers, (V) and (VI), prepared by treatment of the lithiated species (III) and (IV)
vith deuterium oxide, have also been studied. The infra-red spectra of the complexes
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TABLE 1
INFRA-RED SPECTRA

(C H\) ReH<= {CsH,)IVH.2 {C H HzCl).- (CsH HgCl . ReH, - (CCHMCHLCH,)-
ReHY Ci~t Re(CHy).2
3100 W< 3060 W€ 3100 we 3070 w¢ 300 m¢
3040 s/
2030 s?
2900 ST
2817 m9
{2310 w}id 2000 vw
20235 W€ 1918 ms*
15350 VW
113 m 1320 m 1452 s
I4co m Iglow [g00 m Ij03 m I420 s
1345 W 1360 w 1305 v 1350 m
1255 v 1357 S
1527 s
1262 m 1252w I '.p m, sh
12265
1183 vw 1zozm
1609 3 rc83 w 1100 vwh 1105 vwh 1103 S
10go m
1063 w, b 1065 m
1to23 w, sh 1o3s m
[003 5 1000 sh 1000 vwh 1003 vwh I00L Vs
992 s 930 m Q30 v 9335 vw 3a3 s, sh
S35 m ¥935 sh Qo w 933 viv 330 vs
33T m 370w Ss0m 920 viv 795 Vs
So7 s 313 m 316w ST3 v FEFILY
700 s TTrm S50 m
S25 w
2 Measuvred in carbon dlsu!phldc solution. ® Measured in nujol and hexachlorobutadizne mulls.
¢ C~H stretck of 7-C;H,. 7 This band is present only in the spectrum of the deaterated complex (VD
and i> assigned to a C-D streteh. 7 M<H stretch. 7 Olefinic C-H siretch. 7 C—H stretch of methvi

up, measured in CCI, solution. » Extremely weak bands.

3

(I) and (II) anz given in Table 1; the proton magnetic resonance data for benzene
solutions of the complexes (1), {1}, (V) and (V1) is given in Table 2. Comparing the
proton magnetic resonance spectrum of the rhenium complex (I} with that of its
deuterated isomer (V) shows that the high-field resonance due to the M-H syvstem
(23.3 7} in the complex (I} iz essentiallv unchanged in the spectrum of the cemplex
{\) but that the doublet assigned to the cvclopentadienyl protons in the spectrum of
the complex (I} has chﬂnged to a broad singlet in the spectrum of the complex (V).
The infra-red spectrum of the complex (V) confirms the presence of the Re-H svstem
{r = 2023 cm™!) but no band at ~ 2300 cm™! expected for the C-D stretching mode
of a deuterated cyclopentadienyl ring is observed. Comparison of the proton magnetic
resonance spectrum of the tungsten complex (II) with that of its deuterated isomer
(V1) shows that the W-H system is uachanged and that the triplet dee 10 the cyclo-
pentadicayvl ring protons in the complex (II) has changed to a broad singlet in the
spectium of the complex (VI}. The infra-red spectrum of the complex (\'I) confirms
the presence of the \W~H svstem (¢ = 1915 cm™!} and a band at 2310 cm™1, absent
from the spectrum of the complex (I}, is assigned to the C-D stretching mode.
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E2
IAR MAGNETIC RESCNANCE DATA
rund o Band pos. (r) Rei. Mutteplicity Separa- _dssignment
tntensity tion (cps)

1aReH 6.10 10 Doublet 1.0 a-CHy
i 23.3 I — — Re-H
rated
D).ReH 3.95 9 Not detected — z-C;H,D
1gand CS, 23.3 1 — — Re-H
}a\WH, 5.70 ~ 5 Triplet o.7 -CsHg
1 224 1 -— — W-H
rrated
DLWH, 5-72 ~ 5 Not detected — -C;H, D

22 3 — — W-H
YCH,CH)- 5.75 5 1 - <-GH;
‘CH,)s Centre 6.15 2 Complex band — H, and H; or Hyand H,

(b components)
Centre 7.31 3 Complex band — H,. H. and H; or H;, H,
{9 components) and H,
9.50 3 2 5.8 CH; group of C;H,CH,
9.66 o X — CH, groups bonded to Re

her reactions of the lithiated species

) With sercuric chloride. Treatment of an ethereal solution of the complex (I11)

mercuric chloride in tetrahvdrofuran affords a vellow precipitate which is in-
sle in all the common organic solvents; it may, however, be purified by reprecipi-
n from dimethyl sulphoxide. Analysis indicates the empirical stoichiometry
[,ReHg.Cl. {VII). The proton magnetic resonance spcctrum cbtained from a
¢ but saturated selution of the complex (VII) In dimethyl sulphoxide shows a
netrical doublet at J.30 T (separation = 3.2 ¢ps) but no resonance peak was ob-
:d to the high-ficld side of tetramethyvlsilane. The infrared spectrum of the com-

(VII) (Table 1) shows bands tvpical of 7-C;H; species but bands at 1100 and
vem~! are unusually weak.

The complex (VII) dissolves slightly in hot concentrated hydrochloric acid and
ng precipitates vellow cryvstals for which analvses indicate the formulation
[oReHg Cl, (VILI). Both the mercury derivatives (VII} and (VIII) are stable
r for several weeks and are very m=oluble. Vers dilute, saturated solutions of the
plex (VIII} in concentrated hydrochlorice acid showed no proton resonance of the
plex; it was also difhcult to obtain satisfactory mulls for infra-red studies on the
plexes (VII}) and (VIII).

Treatment of the lithiated complex (III) with mercuric cvanide in tetrahvdro-
n gives a disubstituted derivative which was not fully: characterized due to
culty in purification. Treatment of this “cyvano-mercury” derivative with dilute
mceentrated hvdrochloric acid vields the complexes (VII) and (VIII) respectively.

i) With mecthyl iodide. Treatment of an ethereal solution of the lithiated com-

{(III) with a larze excess of methyvl iodide affords vellow crystals for which
vses and moleckjar weight data indicate the formulation C ;H gRe (IX). The
plex (IX) is stable in the absence of air but decomposes on sublimation at 607
acuo; it is readily soluble in all the common organic solvents but decomposes
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fairly rapidly in carbon tetrachloride. The infra-red and proton magnetic resonance
spectra are given in Tables 1 and 2.

The lithiated tungsten complex (IV) did not give a similar complex when treated
with excess methyl iodide, but only a small vield of green crystals of the diiodide
(7 CH;) WLt

DISCUSSION

The ready hvdrolysis of the lithiated derivatives (IH) and (IV) and the high re-
covery vields thereby of the parent hydrides (I) and (II) show that the cyclopentadi-
enyl-metal system is not destroyved by »-butyilithium.

The proton magnetic resonance and infra-red spectra of the hydrides (I) and
(iI) and of the hydrolysis and deuterolvsis products of the complexes (I1I) and (IV)
show that the M-H systems are unaffected by the metallation reaction, but in the
proton magnetic resonance spectra of the deuterolvsis products there is a broadening
of the band at ~ 6 7 assigned to the protons of the cyvclopentadienvl ring. In addition
the fine structure present in this band in the spectra of the pure hydrides (I) and (II)
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which arises from coupling with the M-hyvdrogens is absent from the spectra of the
deuterated products. The broadening of the band and the absence of fine structure
may be explained by the presence of deuterium in the z-cyclopentadienyl ring. The

J. Orzaromztal. Chzm., 3 (1963) 261-268



THE DICYCLOPENTADIENYL HYDRIDES OF Re AXD W 265

infra-red spectrum of the deuterated tungsten complex {(VI) shows a C~D stretch at
2310 cm~! in support of this suggestion and the absence of the corresponding C-D
stretch in the spectrum of the deuterated rhenium complex (V) may be due to the low
intensity of the band. Thus the Li/\W ratio of 2:1 found for the complex (IV) and the
stoichiometry of the mercury derivatives (VII} and (VIII) indicate that the pure
hvdrides (I) and (IT) undergo dilithiation when treated with #-butyllithium. It remains
to decide whether the substitution of the two lithium atoms is homo- or hetero-
annular. The marked reduction in the relative intensity of bands at ~ 1000 and 1100
cm~! in the spectra of complexes (VII) and (V1I1) is consistent with substitution of
both t-C;H; rings®; also it has been shown that for other dicyclopentadienyl com-
plexes electrophilic monosubstitution enhances hetero-annular disubstitution and for
ferrocene affords 1,1’-disubstituted productsS. It seems reasonable, therefore, that
lithiation of the complexes (I) and (II) gives 1,1’-dilithiated denivatives (see also
Fig. 1).

Although the Re—H proton resonance is not observed in the spectrum of the
complex (VII) due to low solubility, the splitting of the band assigned toz-C;H HgCl
at 150 7 indicates coupling with an Re-H hydrogen; the separation between the
components of 3.2 cps is of the same order of magnitude as that observed for the pure
hydride (I)1. By analogy with the chemistrv of the pure hydride (I)?, the complex
(VIII) is formulated as the dihuvdride cation (see Fig. 1). Again low solubility pre-
vented determination of the proton magnetic resonance spectrum; no Re—-H band
could be observed.

Structure of the complex (IX)

The stoichiometry- of the complex {IX) is shown to be C,;H, Re. The infra-red
spectrum and the singlef band at 5.75 7 in the proton magnetic resonance spectrum con-
firm the presence of a sr-cyclopentadient] ring and the absence of coupling with an
Re-H hyvdrogen; in support of this, no bands assignable to Re-H hvdregen were ob-
served in the region 10—30 7. The hydrogen resonance band at relatively high fields

Re /CHB
\CH3
H H
H
H
(CH,,H)
ax)
Fig. 2.

{0.66 7) of intensity 6 is assigned to two methyl groups attached to the rhenium. The
remainder of the proton magnetic resonance spectrum shows a marked resemblance to
that of the methvlcyvclopentadiene system found inz-C;H .CoC;H ,CH ;7 and is assigned
to the same svstem. The infra-red spectrum of the complex (IX) is consistent with
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the above assignment, and we formulate the complex (IX) as z-cvclopentadieny
dimethylrhenium methyleyvcloperntadicne (see Fig. 2). It mayv be noted that th
infra-red spectrum of the complex (IX) shows no band assignable to C-H
However, the factors which cause the anomalous C-H. band and whether Hx 15 1
the ¢ndo- or exo-position are not vet clear® 3, and we are unable, therefore, to decid
between an endo- or exo-position for the methvl group of the methvicyvclopentadien
higand.”

EXPERIMENTAL

Microanalvses were carried out in the Microanalytical Laboratory, Lenshield Roac
Cambridge. All preparations, reactions and purifications were performed under nitrc
gen or In a vacuum unless otherwise stated; solvents and reagent solutions wer
degassed before use. Filtered sclutions of a-butyllithium were standardized usin,
Gilman’s benzyl chloride method immediately: before use.

Reactioir of di-r-cvclopentadienvirkeniuss hvdride with a-buivilithion

A rapidly stirred solution of di-z-cyclopentadienvirhenium hyvdride (.27 g, 1.0
* 10~3 moles) in ether {100 ml} was treated with #-butvilithium (10~ moles}. Durin
the addition of n-butvilithium the colour of the solution changed from pale vellow t
dark orange (0.3 mole-equivalents of #-butyllithium) and later lightened to pal
vellow (z mole-equivalents of zz-butvilithium). The ether was evaporated from thi
solution to glve a white involatile solid which was extremelyv unstable in air. Thi
white solid was divided into two portions: the first portion was treated with wate
(5 ml) and the product extracted into ether; separation of the ether laver, followed bs
evaporation of the ether and sublimation (1zo”, 1073 mm Hg) of the vellow solic
produced, afforded di-z-cvclopentadienvirhenium hydride which was identified by it
proton magnetic resonance and infra-red spectra. The second portion of white solic
was treated with deuterium oxide (5 mlj and the products isolated as above affording
the complex (V), whose identification 1s described In the text.

Reuction of di-x-cvclopentadicnyitusngsten dilivdride with n-butvllithinm

A rapidly stirred solution of di-z-cyvclopentadienyltungsten dihyvdride {x.0 g, 3.
% ro~*molel in ether izoo mi! was treated with excess (3 mole-equivalents: of s-butyl
lithium. The pale vellow solution deepened in colour during the addition and aftes
half the z-butyllithium had been added fine vellow crystals began to separate. The
solution was stirred for a further 1 h and then filtered. The buff-vellow crystallineg
precipitate was washed thoroughly with cther and light petroleum. ‘Found: C, 30.9
H, 2.9, Li’\W ratio (average of three analyvses), 1.85:1. C, o H,,L1.W caled.: C, 36.6
H, 3.05°, Li/\V ratio, 2:1.° Hvdrolvses were performed on this compound a:
described above.

 Notz added in prosf. By three-dimensional X-ray analvsis Dr. N. W, Arcock of Cambridge
has confirmed the structure proposed for the complex (IX), and has shown that the ring-sub-
stituted methyl group is in the cro-position. The inira-red spectrum of the complex (IX) shows:
no anomalous C-He stretch, in contrast with the spectrum of the exo-methylcyclopentadient
complex z-CsH,CoC;H CH, . This difference may be due to 2 greater bending away of the >CHCH,
system from the meztal atom, as shown for the complex 7-CiH CoCsH;-exo-C Hg®.
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Reaction of the lithiated rheninm complex

t) Witk mercuric chloride. A fresh solution of the lithiated rhenium compound
(I1I), prepared as described above from 0.62 g of the rhenium hydride, was treated
with a solution of mercuric chloride (1.10 g) in tetrahydrofuran (23 ml). Immediately
a vellow precipitate was formed; this was filtered, washed thoroughly with tetra-
hyvdrofuran and finally dried 752 vacuo. This crude product was purified by reprecipita-
tion with ether from a saturated solution in dimethvl sulphoxide affording a pale
vellow powder. (Found: C, 15.9; H, o0.93. C,(HCl.Hg,Re caled.: C, 15.3; H,
1.36°%.)

The crude dichloride (0.25 g) was dissolved in hot concentrated hydrochloric
icid (30 ml) and the solution filtered. On cooling fine vellow crystals separated which
were filtered, washed with water, alcohol and ether and finallv dried in vacuo. Yield
0.05 g. (Found: C, 14.5; H, 1.08. C,,H,,Cl,Heg.Re caled.: C, 14.6; H, 1.239%,.)

Treatment of the lithiated rhenium complex with mercuric cyanide afforded a
vellow powder which could not be purified. Analysis of the thoroughly washed product
showed a RefHg ratio of 1:2.2. Treatment of this “cvano-mercury” complex with
hot concentrated hydrochloric acid afforded on cooling a yvellow crystalline solid.
(Found: C, 15.1; H, 1.42; Cl, 12.9; Re, 21.1. C,(H,,Cl,;Hg.Re caled.: C, 11.6; H, 1.23;
Cl, 12.9; Re, 22.6°,)

1) With sncthyl iodide. Di-t-cvclopentadienvirhenium hydride (0.635 g) in ether
was treated with a large excess of s-butvilithium (34.8 > 1073 moles). Methyl iodide
(x5 ml} was added to the solution which was then stirred for 20 min. The solvent was
removed £z vacite and the residue extracted with light petroleum (roo mi) and water
(50 mi). The vellow petrol layver was separated and filtered and the solvent removed
i vacuo.

The orange residue was dissolved in petrol (5 ml) and chromatographed on an
alumina column made up in light petroleum. Elution with a 10 9, ether/light petro-
lenim mixture gave a vellow band which was collected and evaporated. The vellow
residue was finally recrystallised thrice from light petroleum at —350°, giving large
sellow needles, m.p. 73-74%. (Found: C, 43.4; H, 5.17; Re, 31.0; mol. wt. ¢rvoscopic
in dioxane, 362. C;;H gRe caled.: C, 43.2; H, 5.31; Re, 31.5°%,; mol. wt. 362.) The
pure compound decomposed in air: the surface of the crystals turned purple-black
after 4 h.

High-resolution nuclear smagnetic resonaice spsctra

Measurements were made on a Perkin-Elmer spectrometer at 40 Mc/sec. The

data and conditions of measurement are given in Table z.

Infra-red spectra

Measurements were made with a Perkin-Elmer model 21 spectrometer. The data
and conditions of measurement are given in Table 1.
ACKNOWLEDGEMENTS

We thank the Shell International Petroleum Company Limited (for financial

support to J.T. M.-H.}, and D.S.1.R. (for financial support to R.L.C.).

J. Organometal. Ckem., 3 (1965) 261268



268 R. L. COOPER, M. L. H. GREEX, J. T. MOELWYXN-HUGHES
SUMMARY

The hyvdrides {C;H.)sReH and (C,;H;).\WH. have been treated with z-butyvllithi-
um affording dilithiated species. Nuclear magnetic resonance and infra-red studies on
the products of hvdrolvsis, denterolvsis and mercuration of these dilithiated species in-
d.lcate their formulation as 1,1 ‘-dilithiodicvclopentadienvl complexes. The complexes
(C;H HgCh.ReH and {(C;H HgCl),ReH.!*Cl~ are described.

The reaction between the lithiated rhenium complex and methyvl iodide affords
a complex which, on the basis of analyses, nuclear magnetic resonance and infra-red

data, is formulated as z-cvclopentadienyldimethyilrhenium methyvicyveclopentadiene.
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