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Abstract

Thereactionsof [Cp’,M0,(CO) ,( u-SR),] (BF,),with azido compoundsproceedsviaamechanism anal ogousto the Curtiusrearrangement
to afford isocyanate species [Cp’,M0,(NCO) (CO)3(u-SR),]1(BF,) (Cp’=CsHs, R=Me 1, Ph 2; Cp’ =CsMe;, R=Me 3). Thermal
subgtitution of CH;CN or R'NC (R’ =t-Bu, xylyl, benzyl) for CO in 1-3 results in the formation of monosubstituted derivatives
[Cp’,M0,(NCO) (CO) (L) (u-SR),] (BF,) (L=CHiCN: Cp’ =CgHs, R=Me4, Ph5; Cp’ =CsMe;, R=Me6; L =R'NC: Cp’ = CsMe,

R=Meg, R'=t-Bu 7, xylyl 8, benzyl 9).
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1. Introduction

We haveinvestigated for someyearstheinfluence of metal
centresand of thesulfur substituentsR or the Cp’ rings (CsHs,
CsMes) on the electrochemical behaviour and the reactivity
of complexes possessing {Cp’,M,(u-SR),} core (n=1-3,
M=Mo, W, V) [1,2]. We were particularly interested to
generate substrate-binding sites and to control their selectiv-
ity. Very recently we have reported that the substitution of
CsHs (Cp) rings by the CsMe; (Cp*) ligands in the series
of complexes [Cp’';M0,(CO)4(u-SR),] (BF,), (Cp'=
CsHs, CsMes) affectsthelifetime of intermediatesproduced
in the reduction processes [2b] and lowers the reactivity of
these complexes [2]. Cp* compounds show greater resis-
tance to decarbonylation than their Cp anal ogues, no substi-
tution of carbonyl by acetonitrile is observed when
[Cp*,M0,(CO) ,(u-SR),] (BF,), is stirred in refluxing
MeCN [2a]. A way to activate suchinert carbonyl complexes
istointroduceinto the metallicframework ahalideor pseudo-
halide ligand [3]. We have tried to activate toward carbonyl
substitution the inhibited pentamethyl cyclopentadienyl com-
plex [Cp*,M0,(CO) 4( u-SR),] (BF,), by transformingone
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carbonyl group into an isocyanate ligand. Here we report the
reaction of the dicationic compound [Cp’,M0,(CO) (-
SR) .1 (BF,),withnatrium azide NaN, giving theisocyanate
products [Cp';,M0,(NCO) (CO)s(u-SR).]1(BF,) (Cp'=

CsHs, R=Me 1, R=Ph 2; Cp' =C;Me;, R=Me 3). The
reactivity of nitrile (CH3;CN) and isocyanide (-BuNC,
xylyNC) towardstheseisocyanate complexeshasbeeninves-
tigated and compared to that with the dicationictetracarbonyl

precursor [Cp’,M0,(CO)4(u-SR),]1%*. We show that the
presencein the complexes of apseudo-halideligand labilises
these dinuclear compounds to carbony! substitution.

2. Results

A red solution of [Cp’',M0,(CO)4(u-SR),](BF,), in
acetonitrile reacted instantaneousdly with one equivalent of
NaN; in ethanol to give a brown solution from which were
isolated the isocyanate products [Cp’,M0,(NCO) (CO)5-
(u-SR).](BF,) (Cp'=CeHs, R=Me 1, R=Ph 2
Cp’' =CsMe;, R=Me3) 1-3inquantitativeyields (Reaction
1).
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These new compounds have been characterised by various
spectroscopic methods (*H and *CNMR, IR) (Table 1) and
elemental analyses. *H and **C NMR spectroscopy of 1-3
shows the presence of inequivalent Cp’ rings and SR groups,
respectively. Theinfrared spectraof these complexesdisplay
three strong bands, between 2500 and 1900 cm™*, which are
attributed to carbonyl and isocyanate ligands. The *3C{*H}
patterns of 1-3 show three peaks between 240 and 210 ppm,
and a resonance at about 137 ppm, which are assigned to
carbonyl and NCO groups, respectively. A cis—syn formwas
proposed for complexes 1-3 onthebasis (i) of the geometry
of the dicationic precursor [Cp’,M0,(CO),(u-SR),1%+,
which is cis—syn, and (ii) of the observation that the
substitution of one CO by an acetonitrile ligand does not
dter the arrangement of the {Cp,Mo,(u-SR),} core
[2a4].

On warming in acetonitrile, complexes 1-3 lost carbon
monoxide and converted into compounds 4—6 which contain
an acetonitrile group (Reaction 2).

[Cp':Mo,(NCO)(CO)3(n-SR),|(BF,)
1-3

refluxing acetonitrle | o1 Mo,(NCO)(CO),(CH;CN)(u-SR),](BF,)
-CO
Cp'=Cill, R=Mc 4
Cp'=Cdl, R=Ph 5§
Cp' = CeMeg, R=Me 6

The reaction of 3 with R’'NC in refluxing THF afforded
the brown solids 7-9 (Reaction 3).

[Cp*,Mo0,(NCO)(CO);(n-SMe),](BF ) + RINC
3

(T%(,—g [Cp*zMoz(NCO)(CO)z(R'NC)(u-SMc)z](BF4)

R'=Bu 7

R'=Xylyl 8

R' = Benzyl 9

Complexes 4-9 have also been characterised by standard

spectroscopic (Table 1) and analytical techniques. *H and
13C NMR spectra of 4-9 show resonances corresponding to
one R’NC ligand for one {Cp’,M0,(u-SR),} frame, with
twoinequivalent Cp’ groupsand two inequivalent SR groups.
IR spectra display the »(CN) vibration of the isocyanide
ligand as a strong band between 2100 and 2150 cm™*. *3C
NMR patterns show resonances assigned to CH;CN and
R’NC: for acetonitrile two resonances were noted at about
140 ppm (8(CN)) and 5 ppm (8(CHs)), and for the iso-
cyanide ligand the resonances of the R groups (#-Bu, xylyl,
benzyl) and of the carbon of the CN group ( between 160 and
190 ppm) were observed. Only two peaks were noted in the
carbonyl region, this confirms the loss of one CO in the
reaction.

3. Discussion

The reaction of N5 with the dinuclear tetracarbonyl com-
plexes [Cp’,M0,(CO) 4(u-SR),]1%* leadsto the isocyanate
productsviaamechanism analogousto the Curtiusrearrange-
ment which has been proposed by Beck and coworkerswith
carbonyl monometallic compounds [LnM—-CO] [5]. Some
examples of di- or polymetallic isocyanate products have
been reported. Gladfelter et al. have described the trinuclear
ruthenium complex [ Ruz(NCO) (CO),] ~ obtained by reac-
tion of [Ruz(CO) 4,] with N3~ [6]. Other polynuclear NCO
species have been reported: they have been formed by reac-
tion of reagents such as diazoalkanes CqHqoN», (CH3) N,
or HNCO and azide [PPN]N; with [Rus(CO),] [7]1,
[(CsMes),M0,(CO),] [8], [Os3(CO)10(CHZCN),] [9]
and [Os;(CO) 1,(u-CH,) ] [10], respectively.

Unlike in their dicationic precursor [Cp’',M0,(CO) (-
SR),]?*, carbonyl substitution by unsaturated substrates
such as acetonitrile or isocyanide was easily madein NCO—
cyclopentadienyl complexes 1-2 under mild conditions
(RT). Temperature or electrochemical activation were
reguired to achieve a similar CO labilisation process in the
tetracarbonyl complex [Cp,M0,(CO),(u-SR),1%* [1a].
With pentamethylcyclopentadienyl ligandswehaveobserved
an inhibition of the carbonyl substitution and only electro-
chemical activation allows us to carry out this reaction with
CH4CN or RNC [2]. The transformation of one carbonyl
ligand into an NCO group activates carbonyl substitution on
metal. Therole of the isocyanate ligand can be explained by
its hemi-labile character. NCO can act as a three-electron
donor bridging [6], and then it movesto aterminal position



119

P. Schollhammer et al. / Inorganica Chimica Acta 261 (1997) 117-120

‘pa|dnoosp T-usbopAH ,

"NOFQ@Q Ul paunsesw () SHIUS [eoIWeyD
““ONEQD Ul painseawl (@) SHIUS eaILBYD 4
"uonN(os “OfHO Ul Y1 q
‘uoinjos NOFHO Ul dl e

(5(®HD)%D) €6°0T ‘'60°2T ' (*HO-S) 80'ST '90'8¢
‘(ONPHO—°H%D) 860G ' (°(EHD)%D) /8'90T ‘LT°20T
(ONFHO—H"D) 65'82T-6S€ET ‘(ODN) /8'/ET

(ECHD)SD 'HST ') 94T
(G(CHD)®D 'HST ') 9L'T 'S6'T
(CHOS'HE'S) T2 '(*HDOS 'HE 'S) €2¢

09,4

(s) 06T ‘(S) 0002

Noa (s) 05Te

(ONPHO—H"D) 28'69T (0D) L0'0EZ '69°LE2 ‘(ONPHO—H®D 's) €£'G ' (ON°HO—"H®D ‘W) S/ ONa (s) Ozze pq 6
(5((HD)%D) 96°0T ‘0£°2T ' (ON*((HD )¥H®D) S5'6T
‘(|HO-S) 9T'9T 'v5'22 '(S(PHD)%D) 8€°20T ‘0S°20T ((CHD)D 'HST 'S) 68'T ' (S(EHD)D 'HST 'S) /6T
(ONC(BHD)EH®D) 9t'62T ‘02 TET (CHOS'HE'S) €12 '(*HO-S 'HE 'S) ¥ ©24 (s) 0G6T *(S) 0002
(ODN pue DN*(]HD)EHD) 0S'9€T ‘22'8ET (ON?(PHD)EH®D 'H9 ‘s) 82 Noa (s) 0012
(ON-d) TZ¥8T *(0D) 25622 '60°LEC (ON®((HD)EH®D *HE ‘W) 92°L '62°L O9Na (s) 0zez pq 8
(((°HD)®D) €6°0T ‘€T'CT
‘(’HO-S) €291 '19'22 '(E(*HD)D) 25°0€ (E(EHD)D 'H6 ') 09°T ©2a (s) 0S6T ‘(S) 0002
(((°HD)D) S0°T9 ' (((®HD)%D) T9'90T ‘9T°L0T ‘(S(°HD)®D 'HST 'S) 28'T '(C(CHD)®D ‘HST 'S) 96°T Noa (s) ovTe
‘(0ON) 88°2€T '(ONNg-?) 16'%9T ‘(0D) ¥0'922 ‘2€'0€2 (EHO-S 'HE 's) €12 '(CHO-S 'HE 'S) 0£C OoNa (s) Ozge pql
(NO®HD) T2'S '(S(BHD)%D) vL'TT 'TT'2T (S(CHD)D 'HST 'S) T8'T ' (S(EHD)®D 'HST 's) 902
(®HOS) 00'6T ‘2T°T2 ‘(°(*HD)%D) 85°20T ‘TS'80T ‘(NO°HD *HO-S *HO-S) ©2a (s) 0G6T ‘(S) 0002
“(0ON) ¥8°2€T '(ND®HD) LS'THT '(0D) ¥6°2€2 '9€'6€2 ‘(HE'S) v0'2 "(HE'S) 222 '(HE'S) 822 ONa (s) 00gZ 0q9
(NOBHD) €9 ' (°H%D) 8'96 '00°TOT ' (ND°HD (NO®HD 'HE 's) T2'Z '(SHD 'HG 'S) 61°S ©2a (s) 086T ‘(S) 0202
‘OON pUe SH%D-S ‘W) 00'82T-00°0VT (0D) Si'eEge ‘22 eee (GH®D 'HS 's) 02'9 *(CHD ‘W) ¥'/—09°L ONa (s) Ovze oq G
(NO®HD *HO-S ®HO-S)
(NOPHD) S0°S *(EHOS) 88'TZ ‘822 ' (*H%D) 09'S6 '08'66 ‘(HE'S) 9p'z "(HE'S) €52 "(HE 'S) 99°C ©24 (s) 086T '(S) 0202
‘(0ON) 02'2€T '(ND®HD) Ov'T¥T *(0D) 02°222 ‘'00¥E2 ‘(°H%D 'HS 'S) €v'S ' ((H®D 'HS 'S) /6'G OoNa (s) ogze oq¥
(G(CHD)®D) SE'TT '2L'TT
‘(°HO-S) 28'9T '29'8z ‘(°(°HD)%D) 9T'80T ‘18'80T (G(CHD)®D 'HST ') 06°T ‘(S(FHD)*D 'HST 'S) T0C ©2a (ys) 0S6T ‘(S) 000Z ‘(S) OV0C
(0ODON) €8°2€T '(0D) Tv'vee '18'2eC ‘T0'9€C (CHO-S 'HE ') 6T°C '(BHO-S 'HE 'S) 9£C ONa (s) OvZe 2e €
(°HD) 91’26 '69'66 (SH*O 'HS 's) €T'9 ' ("H®D 'HG 'S) TE'9 ©2a (Us) Ov6T ' (S) 020 *(S) 0902
‘(OON pue “H°D-S) ¥8'82T-€5'6€T (0D) 61'LT¢ '2€'922 '99'8¢2¢C (SH°D-S 'HOT ‘W) 2€'/-L'L O2Na (s) ovee oel
(EHO-S) ¥5'6T ‘er'TE ' (SH%D) 08'S6 ‘02'86 (EHO-S 'HE ') 262 '(CHOS 'HE 'S) 19C 2a (ys) 026T ‘(S) 0202 ‘(S) 0902
‘(0OON) Si°2€T “(0D) 00'6TC ‘L¥'82¢C ‘8L 622 (SH®D 'HS 's) €8'S '(°H®D ‘'HG 'S) 0T'9 ONa (s) OpZz oeT
o JIAIN Dg; HIN H e dl soxe|dwoD

6—T Soxa|dwoo Jo erep 21doosol10ads

Taldgel



120 P. Schollhammer et al. / Inorganica Chimica Acta 261 (1997) 117-120

concomitantly with the coordination of a substrate (CO,
CH4CN or R'NC); this parallels the motion observed for
halide bridges in some dinuclear complexes [11].

In conclusion, these results are an illustration of the effect
of the pseudo-halide ligand NCO on the reactivity of the
dinuclear carbonyl framework [Cp’,M0,(CO),(u-SR),]1%".
The transformation of a carbonyl group into a NCO ligand
labilises the remaining carbonyl groups in this bimetallic
system.

4, Experimental
4.1. General procedures

The reactions were performed under either a nitrogen or
an argon atmosphere using standard Schlenk techniques, and
solvents were deoxygenated and dried by standard methods.
Literature methods were used for the preparation of [Cp’,-
M0,(CO)4(u-SR).1(BF,), (Cp'=Cp [4], Cp'=Cp*
[2a]).

Infrared spectra were obtained with a Perkin-Elmer 1430
spectrophotometer. NMR spectrawere recorded on a Bruker
AC300 spectrophotometer. Peak positions were relative to
tetramethylsilane asan interna reference. Chemical analyses
were performed by the * Centre de microanalyses du CNRS,
Vernaison'.

4.2. Preparation of [ Cp’,M0,(NCO)(CO)4(u-SR),] (BF,)
(Cp'=Cp, R=Me 1, Ph2; Cp' =Cp*, R=Me 3)

In atypical preparation, a solution of NaN; (0.65 mmol,
in 50 ml EtOH) was added to a solution of [Cp’',Mo0,-
(CO)4(u-SR),)1(BF,), (0.65 mmoal, in 20 ml CH,CN).
The mixture was stirred for a few minutes, and the solution
changed from red to brown. The solvents were removed to
drynessand theresiduewasrecrystallised from CH;CN—ether
(1:1) mixture. Na(BF,) precipitated and evaporation of the
filtrate afforded 1-3 in quantitative yields as abrown powder
which was washed with ether (5 ml) and pentane (5 ml).

3 (brown solid), Anal. Found: C, 39.7; H, 4.6; N, 1.9.
Cy6Hss MO,NO,S,BF, Calc.: C, 40.5; H, 4.7; N, 1.8.

4.3. Preparation of [ Cp’,M0,(NCO)(CO),(CH;CN)-
(u-SR)2] (BF,) (Cp’ =Cp, R=Me4, Ph 5; Cp' =Cp*,
R=Me6)

A solution of [Cp’,M0,(NCO)(CO);(u-SR),](BF,)
(0.65 mmol, in 30 ml CH;CN) was stirred at 90°C for 12 h,
and then the sol vent was removed under vacuum. Theresidue
was washed with ether (5 ml) and pentane (5 ml) and was
identified by spectroscopic data as 4—6, which were obtained
in quantitativeyields.

6 (brown solid), Anal. Found: C, 41.7; H, 5.0; N, 3.5.
C,7H3s MO,N,O;S.BF, Calc.: C, 41.4; H, 5.0; N, 3.5.

4.4. Preparation of [ Cp*,M0,(NCO)(CO),(R'NC)-
(u-SMe),] (BF,) (R'=t-Bu 7, xylyl 8, benzyl 9)

A suspension of [Cp*,M0,(NCO) (CO);(u-SMe),]-
(BF,) (0.65 mmol) in 30 ml of tetrahydrofuran was stirred
a 66°C for 12h in presence of 0.65mmol of ~BuNC,
xylyINC or benzyINC. Filtration of the mixture and removal
of the solvent gave in quantitative yields the ionic brown
complexes [Cp*,M0,(NCO) (CO),(R'NC) (u-SR).] (BF,)
7-9 which were washed with pentane (2Xx5ml).

7 (brown solid), Anal. Found: C, 42.7; H, 5.4; N, 3.2.
CsoHas MO,N,O5S,BF, Calc.: C, 43.7; H, 5.5; N, 3.4.

9 (brown solid), Anal. Found: C, 45.8; H, 5.0; N, 3.3.
CssHisMo,N,O5S,BF, Calc.: C, 46.1; H, 5.0; N, 3.3.
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