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Abstract 

The reaction of the hydride niobocene complexes, Nb( $-CSH4SiMe3)r( H) (CNR) (R = 2&dimethylpbenyl (Xylyl) orcyctobexyl (Cy) ) 
and Nb( $-C,H,SiMe,),( H)(CO) with the heterocumulenes PhN=C=X (X=0 or S) &fords the new formamidn snd thioformsmido 
complexesNb($-C,H$iMe3)2(CNR)(r)’-XC(H)NPh) (R=Xylyl,X=O(1);R=Xylyl,X=S (2);R=Cy.X=0(3);R-Cy.X=S 
(4)) and Nh( $-CsH,SiMe,),(CO)( r)‘-XC( H)NPh) (X=0 (5); X=S (6)). The protonation of these derivativesusing HCP$IWyields 
the trifluoroacetato complexes Nb( $-C,H$iMeo)J CNR) ( r)‘-OOCCP,) (R = Xylyl(7); R = Cy (8)) and Nb( $-CsH.,Sie&(CO) (*I- 
OOCCF~) (9) and the imine derivatives HOC(H)=NPh and HSC(H)=NPh. Thermal treatment of 5 gives the #-formamido complex 
Nb( $-CsH,,SiMe,),( $-OC( H)NPh) (10). All these complexes have been chsrscterised by spectroscopic methods. 

Keyworh: Insertion reactions; Heterocumutenes; Niobium complexes; Niobocenecomptexes; Hydride complexes; tsucyasi&cumptexes;Carbouyl cumptexes 

1. Introduction thioformamido niobocene complexes and the study of tbeii 
protonation with trifluoroacetic acid. 

Hydride complexes of transition metals represent one of 
the most impcrtant classes of compounds due to their chem- 
ical reactivity and importance in catalysis [ 11. In this field 
insertions of unsaturated molecules into the metal-hydride 

2. Experimental 

bond are considered as fundamental chemical steps in several 
catalytic cycles and frequently lead to reactive intermediates 
[ 21. Thus in connection with our studies of metal-promoted 
activation of heterocumulenes, such as ketene and keten- 
imine, with niobocene complexes [ 31, we have recently stud- 
ied the insertion processes of the niobium-hydride bond of 
several niobocene derivatives of carbon disulfide [4], carbon 
dioxide [ 51 and activated alkynes [ 61 which has allowed the 
preparation of thioformato. format0 and atkenyl derivatives, 
respectively. These results encouraged us to explore the 
reactivity of the niobium-hydride bond with other hetero- 
cumulenes such as isocyanate and isothiocyanate whose 
metal-activation processes by tbe sixteen-electron species 
Nb( ~s-CsH.$iMeJ)2Cl have been previously described [ 71. 
This paper will focus on the synthesis of new formamido and 

* Comespondtng author. 

2.1. General procedures 

All reactions were performed using standard Schlenk-tube 
techniques in an atmosphere of dry nitrogen. Solvents were 
distilled from appropriate drying agents and degassedbefore 
use. The complexes Nb( a-CsH$iie&.(H) (cN(C&s- 
(Meh-2.6). Nb(~-C~~Sipule,),(H)(~~,,) PI 4 
Nb(~-C~I&SiMe3MH)(CO) PI were prepared as 
described earlier. HCFsCOO was purchased t&n Fhrka and 
used without further purification. PbNCO and PbNCS were 
purchased from Aldrich and distilled before use. IR spectra 
were recorded on a Perkin-Elmer PE 883 IR spectrophtom- 
eter. ‘H and 13C spectra were recorded oil Varian m-300 and 
Varian Gemini m-200 spectrometers and referenced to the 
residual deuteriated solvent. Microanalyses were carried out 
with a Perk&-Elmer 2400 microanalyser. 
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2.2. Nb($-CTHJiMej),(CNR)(q’-XC(H:NPh) (R = Xylyl, 
X=O(I);R=Xylyl, X=S(2);R=Cy,X=O(3);R=Cy, 
x=s (4)) 

The isocyanate, PhNCO (0.164 ml, 1.20 mmol), was 
added to a solution of Nb( $-CSH,$iMe&(H) (CN(2,6- 
(Me),-(C,H,)) (0.60 g, 1.20 mmol) in THF (-50 ml). 
The resulting mixture was stirred for 30 min at room temper- 
ature and the solvent was removed in vacua to give a green 
oily solid which was washed with cold hexane (20 ml at 
- 30°C) to yield the green solid 1 (0.66 g, 88%). 2-4 were 

prepared in a similar manner to 1 (80-90% yields). 
1: IR (Nujol): u(CNR) 2038, v(C=N) 1623 cm-‘. ‘H 

NMR (200MHz,C6Da): 60.21 (s, 18H,SiMe,),4.83 (2H), 
5.18 (2H), 5.51 (2H). 5.83 (2H) (m. C,H,), 1.89 (s, 6H, 
Me-CNR), 6.66 (m, 3H, C,JI,-cNR), 8.37 (s, IH, N=C- 
H). ‘3C{‘H) NMR (300 MHz, CeD,): S 0.32 (SiMe,), 
95.17, 97.23 (C’), 98.61, 106.16, 108.50 (C,H,), 18.78 
(Me-CNR), 252.97 (CNR), 170.90 (N=C-H). ‘“C NMR 
(300 MHz, C,D,): ‘J(C-H) 160.27 Hz. Anal. Calc. for 
C32H,‘N2NbOSi2: C, 62.12; H, 6.68; N, 4.53. Found: C, 
61.99; H, 6.58; N, 4.46%. 

2: IR (Nujol): u(CNR) 2045, v(C=N) 1597 cm-‘. ‘H 
NMR(200MHz,C~D,):S0.10(s,18H,SiMe3),4.99(2H), 
5.03 (2H). 5.42 (2H), 5.57 (2H) (m, C,H,), 2.55 (s, 6H, 
Me-CNR), 6.77 (m, 3H, CJf3-CNR), 9.14 (s, lH, N=C- 
H). ‘3C(‘H) NMR (300 MHz, C,D,): 6 0.45 (SiMe3), 
94.75, 98.45 (Cl), 100.46, 103.61, 104.51 (C,H,), 19.40 
(Me-CNR), 217.11 (CNR), 173.70 (N=C-H). 13C NMR 
(300 MHz, C,D,): ‘J(C-H) 164.30 Hz. Anal. Calc. for 
C32H,,‘N,NbSSi,: C, 60.54; H, 6.51; N, 4.41. Found: C, 
60.76; H, 6.54; N, 4.54%. 

3: IR (Nujol): v(CNR) 2034, u(C=N) 1645 cm-‘. ‘H 
NMR (200 MHz, C,D,) : SO.24 (s, 18H, SiMe,) ,4.73 (2H), 
5.04 (2H), 5.49 (2H), 5.75 (2H) (m, C,H,), 0.91-1.43, 
3.00 (m, llH, CNCJf’,), 8.26 (s, lH, N&-H). 13C(‘H) 
NMR (300 MHz, C,D,): S 0.74 (SiMe,), 93.01, 94.61, 
95.40 (Cl), 97.25,99.19 (C,H,), 23.24,24.78,26.92,35.01, 
57.06 (Cl), 67.69 (CNCeH,,), 252.50 (CNCeH,,), 171.03 
(N=C-H). 13C NMR (300 MHz, C,D,) : ‘J( C-H) 166.42 
Hz. Anal. Calc. for C3eI-143NJVbOSiz: C, 60.38; H, 7.26; N, 
4.69. Found: C, 60.35; H, 7.30; N, 4.62%. 

4: IR (Nujol): v(CNR) 2096, u(C=N) 1593 cm-‘. ‘H 
NMR(200MHz,CeDe):60.16(s,18H,SiMe3),4.86(2H), 
4.93 (2H). 5.42 (2H), 9.51 (2H) (m, C,H,), 0.83-1.60, 
3.24 (m, llH, CNC,H,,), 9.20 (s, lH, N&-H). “C( ‘H) 
~R(300MHz,CeDe):60.99(SiMe3),90.00(C’),94.51, 
100.81, 103.26, 104.70 (C,H,), 24.54,25.73,26.17,34.02, 
59.02 (C’), 68.21 (CNCeH,,). 254.53 (CNC,H,,), 175.34 
(N=C-H). 13C NMR (300 MHz, C,D,): ‘J(C-H) 17O.Oi 
HZ. Ad. Calc. for C3eH,,N,NbOSi2: C, 58.80; H, 7.07; N, 
4.57. Found: C. 58.53; H. 6.97; N, 4.48%. 

2.3. Nbfd-CJHJiMe,),(CO)(q’-XC(H)NPh) (X = 0 (5); 
X=S (6)) 

5 and 6 were prepared in a similar manner LO 1 in yields of 
80-90%. 

5: IR (Nujol): u(C0) 1937, u(C=N) 1619 cm-‘. ‘H 
NMR(200MHz,CeDe):60.09(s,18H,SiMe3),4.65(2H), 
4.79 (2H), 5.38 (2H), 5.51 (2H) (m, C,H,), 8.19 (s, lH, 
N=C-H). 13C( ‘H) NMR (300 MHz, C,D,): 6 - 0.08 
(SiMe3), 94.88.96.29 (Cl), 98.62, 103.50.106.60 (C,H,), 
253.83 (CO), 171.17 (N=C-H). “C NMR (300 MHz, 
CeD&: ‘J(C-H) 167.76 Hz. Anal. Calc. for C24H32- 
NNbO&: C, 55.91; H, 6.26; N, 2.72. Found: C, 55.73; H, 
6.19; N, 2.78%. 

6: IR (Nujol): u(C0) 1919, u(C=N) 1594 cm-‘. ‘H 
NMR(200MHz,CbD6): SO.15 (s, 18H,SiMe,),4.77 (2H), 
4.86 (2H), 4.90 (2H), 5.47 (2H) (m, C,H,), 8.96 (s, lH, 
N=C-H). 13C( ‘H) NMR (300 MHz, C6D6): 6 0.19 
(SiMe,),94.35,95.10 (Cl), 97.99, 105.04, 105.30 (C,H,), 
255.62 (CO), 172.09 (N=C-H). 13C NMR (300 MHz, 
C,De): ‘J(C-H) 159.85 Hz. Anal. Caic. for CZ4H32- 
NNbOSSi2: C, 54.22; H, 6.07; N, 2.63. Found: C, 54.40; H, 
6.14; N, 2.71%. 

2.4. Nb(q’-C,H,SiMe,),(CN(2,6-(Me),-(CdHj)- 
(q’-OOCCF,) (7) 

HCF,COO (0.082 ml, 1.07 mmol) was added to a solution 
of Nb($‘-CS&SiMe3)2(CN(2,6-(Me)2-(C6H3) (q’-OC- 
(H)NPh) (1) (0.66 g, 1.07 mmol) in ‘II-IF ( -50 ml) at 
- 78°C. ‘Ihe resulting solution was allowed to warm to room 

temperature whilst stirring for 2 h. The solvent was removed 
in vacua to give a purple oily solid which was washed with 
cold hexane (20 ml at - 30°C) to yield the purple solid 7 
(0.48 g, 74%). The title complex was also prepared using 
compound 2 instead of 1. 

7: IR (Nujol): u(CNR) 2075, u,,,(COZ-) 1670, 
u,,,(COz- ) 1405, A = 265 cm-‘. ‘H NMR (200 MHz. 
&De): S -0.02 (s, 18H. S’Me,), 4.62 (2H), 4.77 (2H), 
5.03 (2H), 5.29 (2H) (m, C,H,), 2.16 (s, 6H, Me-CNR), 
6.42 (m, 3H, C,H,-CNR). ‘3C(‘H) NMR (300 MHz, 
C,D,): S 0.32 (SiMe,), 95.41, 96.70 (Cl), 98.98, 100.47, 
104.31 (C,H,), 192.30 (02CCF3), 163.41 (O,CCF,) 
(‘J(C-F) 58.04 Hz), 242.17 (CNR). Anal. Calc. for 
Cz7H35F3NNb02Si2: C, 53.02; 
53.12; H, 5.89; N, 2.20%. 

H, 5.77; N, 2.29. Found: C, 

2.5. Nb($-CjHJiMe,),(CNC6H,,)(q’-OOCCFj) (8) 

8 was prepared in a similar manner to 7 from the reaction 
of 3 or 4 with HCF,COO (yield 68%). 

8: IR (Nujol): u(CNR) 2041, u,,,(COZ-) 1645, 
u,,,(C02-) 1408, A=237 cm-‘. ‘H NMR (200 MHZ, 
CeDe): 6 -0.03 (s, lSH, SiMe,), 4.54 (2H), 4.63 (2H), 
4.97 (2H), 5.38 (2H) (m,C5H4), 0.83-1.80,3.84 (m, llH, 
CNCr$I,,). ‘3C(1H) NMR (300 MHz. C,D,): 6 0.49 
(SiMe3), 92.41 (Cl), 94.49,99.99, 100.37,106.42 (C,H,), 
24.13, 25.25, 33.55, 38.01, 56.50 (Cl), 68.04 (CNC,H,,), 
190.24 (O,CCF,), 162.10 (O,CCF,) (‘J(C-F) 53.24 Hz), 
243.78 ( CN&,H’ ’ ) . And. Calc. for CZH3,F3NNb0,Si,: C, 
50.92; H, 6.32; N, 2.38. Found: C, 50.70; H, 6.21; N, 2.29%. 
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2.6. Nb($-C&!We3)~(CO)(q’-OOCCFd (9) 

9 was prepared in a similar manner to 7 from the reaction 
of5or6withHCF+ZOO(yield71%). 

9: lR (Nujol): v(C0) 1946, u,,(COz-) 1688. 
u,,(C02-) 1403, A =285 cm-‘. ‘H NMR (200 MHz. 
&I&): 6 -0.05 (s, 18H, SiMe,), 4.71 (2H), 4.96 (2H). 
505(2H).512(2H) (m,C~,).‘3C(‘H)NMR(300MH7. 
C6Ds): 60.21 (SiMes),97.21 (Cl), 100.41.105.00.105.09, 
107.23 (C&), 195.23 (O,CCF& 164.81 (O,CCF,) 
(‘J(C-F) 60.17 Hz). 253.18 (CO). And. Calc. for 
C1.,H2&Nb03Si2: C. 44.88; H, 5.15. Found: C, 44.95; H. 
5.14%. 

HOC(H) =NPh: ‘H NMR (200 MHz, C,D,) : S 7.70 (d, 
lH, HO-CH=NPh), 9.45 (cl, 1H. HO-CH=NPh) (3J( ‘H- 
‘H) 8.02 Hz), 7.02 (m, SH, HO-CH-NPk). “C( ‘H] NMR 
(300 MHz, C,D,): S 110.41 (Cl). 115.25, 122.34, 123.32, 
130.41,137.21 (HO-CH=NPk), 168.60 (HO-C.H=NPh). 

HSC(H)=NPhz ‘H NMR (200 MHz, Cd&): S 7.20 (d, 
1H. HS-CH=NPh), 9.90 (d, lH, H!Z-CH=NPh) (3J(‘H- 
‘H) 7.97 Hz), 6.94 (m, 5H, HS-CH=NPk) . 13C( ‘H) NMR 
(3UO MHz, C,&): 6 108.51 (Cl). 114.48, 120.24, 122.28, 
129.69,138.82 (HS-CH=NPk), 164.12 (HS-CH-NPh). 

2.7. Nb($-C,H&Me,),($-OC(H)NPk) (10) 

A solution of Nb( $-C,H$iMe,),(CO) ($-CC(H)- 
NPh) (5) (0.50 g, 0.97 mmol) in toluene ( -50 ml) was 
refluxed for 10 h. The solvent was removed in vacua to give a 
brown oily solid which was washed with cold hexane (20 ml 
at - 30°C) to yield the brown solid 10 (0.32 g, 83%). 

10: JR (Nujol): V( q2-O&H-NPh) 1552 cm-‘. ‘HNMR 
(2OOMHx,C,D,): 60.01 (s. 18H,SiMe3),4.36(2H),4.58 
(2H), 5.12 (2H). 5.97 (2H) (m, C.&), 8.20 (s. lH, 
O&H-NPh). r3C(‘H) NMR (300 MHz, C,D,): S 0.83 
(SiMeJ).95.70(C’),99.47, 101.11,104.10,109.73 (C,H,), 
176.01 (O&H-NPh). Anal. Calc. for CuH32NNbOSi,: C, 
56.66; H, 6.61; N. 2.87. Found: C. 56.43; H, 6.54; N. 2.77%. 

3. Results and discussion 

We recently prepared the hydride-isocyanide niobocene 
complexes, Nb( $-C,H.,SiMe,),( H) (CNR) (R = Xylyl or 
Cy) from the reaction of Nb( $-C&,SiMe3)2(H)3 with the 
appropriate isocyanide [ 81 and these complexes along with 
Nb( Tj-CsH.,SiMe3)2( H) (CO) [ 91 have been used in study- 
ing the behaviour of hydride complexes with PhNCO and 
PhNCS. 

One equivalent of PhNCO reacts smoothly with the 
hydride niobocene complexes Nb( $-C,H&Me3)2( H) (L) 
(L=CN (Xylyl), CN (Cy) or CO) in THF at room tem- 
perature to afford the corresponding formamido niobocene 
complexes Nb($-C&SiMe3)2(CNR) (q’-OC(H)NPh) 
(R=Xylyl (l), Cy (3)) and Nb($-C&$iie3)2- 
(CO)(r)‘-OC(H)NPh) (5) (Scheme 1). 

w 0 
ScheIIE 2. 

The reaction carried out under the same conditions with 
PhNCS as tbe heterocumulene gives rise to the corresponding 
thioformamido niobocene complexes Nb( $-C,H$iie,), 
WJWt7’-WHPW 
t $-GHS~e3)2(W t 

CY (4)) and Nb- 
(6) (Scheme 1). 

The different complexes were isolated as air-sensitive solids 
after appropriate work-up (see Section 2). Other similar for- 
mamido and thiofotmamido niobium or tantahuu derivatives 
have previously been described [ lo]. The structural charac- 
terisauon of the new formamido and thioformamido com- 
plexes was carried out by JR and NMR spectroscopy. The IR 
spectra of 1-6 show a characteristic band at - 1600 cm-‘. 
which has been assigned to v(C=N) of the formamide or 
thioformamide ligand (Scheme 2(a) ), although this could 
alternatively correspond to u(C=O) in an alternative struc- 
tural situation for < 3 and 5 (Scheme 2(b) ) resulting from 
the insertion of the N=C bond of PbNCO in the Nb-H bond. 

Additionally, JR spectra show characteristic bands at 
- 2000 cm-’ which correspond to ) u(C=N) and u(C=O) 

of the isocyanide and carbonyl ancillary ligands, respectively. 
‘H and r3C NMR spectra of 16 show four and five signals, 
respectively, for the cyclopentadienyl rings in accordance 
with a lack of symmetry in the structure of these complexes. 
Carbon and proton resonances for the formamide or thiofor- 
mamide liga& appear at - 170 (X-C( H)NPh) and - 8.50 
W-c(H)~) 
of ‘J(C-H) of 

ppm,respectively (seeSection2).Thevalue 
- 165 Hx is significant as it is concurs with 

the value expected for the sp’ h&ridisation of the formamide 
or thioformamide carbon atom [ 111. Jn addition, 13C NMR 
spectra show additional characteristic signals for the ancillary 
ligands. namely at - 230 and 250 ppm for the isocyanide and 
,arbonyl carbon atoms bound to the niobium centre. 

Protonation of l-6 was carried out using trifluor~etic 
acid as a protonating agent. Wben THF solutions of these 
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Scheme 4. 
Scheme 3. 

complexes were treated with stoichiometric amounts of 
HCF,COO at low temperature and after 2 h of stirring, the 
corresponding trifluoroacetato complexes Nb( $-C,H$i- 
Mes)2(L)($-OOCCF,) (L=CN(Xylyl) (7). CN(Cy) 
(S), CO (9)) and the imines HX-C(H)=NPh (X=0, S) 
were obtained (see Scheme 3). After appropriate work-up 
the different products were isolated and characterised (see 
Section 2). 

In the reaction of the complexes containing isocyanide as 
the ancillary ligands 1-4, the protonation gave quantitatively 
and exclusively the aforementioned products. The alternative 
protonation of the nitrogen atom of the isocyanide ligand was 
not observed. This result contrasts with that found in the 
protonation of various hydride-isocyanide niobocenes, 
Nb($-C5H,SiMe&(H)(CNR) (R =Bu’ or Cy), where in 
addition to the major product, [ Nb( $-CsH$iMe,)~( Ijz-H2)- 
(CIWI +v a minor product, resulting from the protonation 
of the nitrogen isocyanide atom, [ I%( $-CSH4SiMe3) *( H)- 
(CNW)R)I +I was formed [ 121. 7-9 have been spectro- 
scopically characterised. IR spectra show the characteristic 
bands which correspond to u(C=N) at -2100 cm-’ in 7 
and 8 and v(C=O) at 1946 cm-’ in 9. For the acetate ligand 
the CO*- stretching frequencies are usually the most prom- 
inent feature and the normal approach has been to relate the 
values of A (the separation between u,,(C02-) and 
v,,.,(CO,-)) with the mono- or bidentate character of the 
ligand [ 131. The IR spectraof 7-9 show two bands at - 1650 
and 1410 cm-’ which correspond to u,,,(C02-) and 
u,,,(C02-), respectively; the value of A =240 cm-’ is 
significantly much greater than the ‘ionic’ value of A = 164 
cm- ’ [ 131, indicating that the acetate ligand acts in these 
complexes as a monodentate ligand. ‘H and 13C NMR spectra 
support this proposal; four and five signals, respectively, for 
tbe cyclopentadienyl rings confirm that an unsymmetrical 
structure for these complexes exists in solution (see Scheme 
3). The ‘3C resonance for the acetate ligand appears at - 190 
ppm and those for the isocyanide carbon bound to the niobium 
centre and the carbonyl carbon atom are observed at - 250 
and 230 ppm, respectively. The isolated organic imine deriv- 
atives have also been characterised by NMR spectroscopy 
(see Section 2). 

Finally the thermal behaviour of 5 has been studied. When 
a solution of 5 in toluene was refluxed, evolution of CO took 
place and the resulting q*-formamido complex I%($- 
CsI-bSiMeS)2( q*-OC( H)NPh) ( 10) was isolated after 
appropriate work-up (Scheme 4). 

The IR spectrum of 10 shows a band at 1552 cm-’ which 
is indicative of a chelating formamido ligand [ 13 1. ‘H and 
13C NMR specba of 10 show four and five signals, respec- 
tively, for the cyclopentadienyl rings in accordance with an 
unsymmetrical structure for 10. Additionally, resonances 
assignable to the v*-formamide group have also been 
observed in both ‘H and 13C NMR, the formamido hydrogen 
appearing at 8.2 ppm and the formamido carbon at 176.1 
ppm, shifts which are comparable to those found for related 
formamido complexes [ lOa.c.141. 
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