
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

SYNTHESIS, CHARACTERIZATION AND REACTIONS OF THE
TETRAHEDRAL MCoFeS CLUSTERS CONTAINING A
FORMYLCYCLOPENTADIENYL LIGAND η5-CHOC5H4MCoFeS(CO)8

(M=Mo, W). THE SINGLE CRYSTAL STRUCTURE OF η5-
CHOC5H4WCoFeS(CO)8
Li-cheng Songa; Yan-Kun Lia; Qing-Mei Hua; Jie Sunb

a Department of Chemistry, Nankai University, Tianjin, China b Laboratory of Organometallic
Chemistry, Shanghai Institute of Organic Chemistry, Shanghai, China

To cite this Article Song, Li-cheng , Li, Yan-Kun , Hu, Qing-Mei and Sun, Jie(1998) 'SYNTHESIS, CHARACTERIZATION
AND REACTIONS OF THE TETRAHEDRAL MCoFeS CLUSTERS CONTAINING A FORMYLCYCLOPENTADIENYL
LIGAND η5-CHOC5H4MCoFeS(CO)8 (M=Mo, W). THE SINGLE CRYSTAL STRUCTURE OF η5-CHOC5H4WCoFeS(CO)8',
Journal of Coordination Chemistry, 45: 1, 1 — 14
To link to this Article: DOI: 10.1080/00958979808027140
URL: http://dx.doi.org/10.1080/00958979808027140

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958979808027140
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J .  Coord. Chem., 1998, Vol. 45, pp. 1 14 
Reprints available directly from the publisher 
Photocopying permitted by license only 

C, 1998 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in Malaysia. 

SYNTHESIS, CHARACTERIZATION AND 
REACTIONS OF THE TETRAHEDRAL MCoFeS 

CLUSTERS CONTAINING A 
FORMYLCYCLOPENTADIENYL LIGAND 

q5-CHOC5H4MCoFeS(CO)8 (M = Mo, W). 
THE SINGLE CRYSTAL STRUCTURE OF 

q5-CHOC5H4WCoFeS(CO)8 

LI-CHENG SONG".*, YAN-KUN LI", QING-ME1 HU" and JIE SUNb 

Deyarfment of' Chemistry, Nankai University, Tianjin 300071, China; 
Laboratory of Organornetallic Chemistry, Shanghai Institute of Organic 

Chemistry, Shanghai 200032, China 

(Receivt>d 9 December 1996, In final form 12 March 1997) 

The tetrahedral formyl-substituted cyclopentadienyl clusters q5-CHOC5H4MCoFeS(CO)8 ( la ,  
M = Mo, lb, M = W) were successfully prepared by isolobal displacement reactions of mono- 
anions T, ' -CHOC~H~(CO)~M- with a tetrahedral cluster Co2FeS(C0)9. The formyl sub- 
stituents of la  and l b  could undergo interesting transformation reactions to give ;i series of 
cluster derivatives containing various functionally substituted cyclopentadienyl ligands. Clus- 
ters l a  and l b  reacted with NaBH4 or with MeMgl followed by hydrolysis to give, respectively, 
primary alcohol clusters qS-H0CH2CSH4MCoFeS(C0)8 (2a, M = Mo, 2b, M = W) and sccond- 
ary alcohol clusters $-HOCHMeC5H4MCoFeS(C0)8 (3a, M = Mo, 3b, M = W), whereas 
those with semicarbazide or with 2,4-dinitrophenylhydrazine afforded semicarbazone clusters 
rt-NH2C(0)NHNCHC5H4MCoFeS(CO), (4a, M = Mo, 4b, M = W) and phenylhydrazone 
clusters $-2,4-(N02)2C6H3NHNCHC5H4MCoFeS(C0)8 (Sa, M = Mo, Sb, M = W), 
respectively. Further treatment of 2a and 2b with Et30BF4 produced single clusters 17'- 
CzH50CH2C5H4MCoFeS(C0)8 (6a, M = Mo, 6b, M = W) and double clusters 
[MCoFeS(CO)&[q5-C5H4CH20CH2C5H4-q5] (7a, M = Mo, 7b, M = W). All the new clusters 
have been characterized by elemental analysis and spectroscopic methods, as well as, for Ib, by 
X-ray diffraction analysis. 

Keywords: Formylcyclopentadienyl; MCoFeS (M = Mo, W); isolobal displacement; 
functional transformation; X-ray structure 

*Corresponding author. 
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2 L.-C. SONG et al. 

INTRODUCTION 

Recently there has been growing interest in the subject of transition metal 
cluster complexes containing functionally substituted cyclopentadienyl 
l igand~. ' -~ This is mainly owing to the fact they could be potentially used as 
homogeneous catalysts or as models for organic species adsorbed on the 
solid surface of heterogeneous catalysts and thus to facilitate understanding 
of heterogeneous catalytic Through functional transforma- 
tion of organic functionality on the cyclopentadienyl rings numerous novel 
transition metal cluster derivatives may be obtained, and which would be 
difficult to prepare by other We now report the synthesis of 
two tetrahedral clusters containing a formylcyclopentadienyl ligand $- 
CHOC5H4MCoFeS(C0)8 (M = Mo, W) and the functional transformation 
of their formyl substituents, as well as the single crystal molecular structure 
of $-CHOC5H4WCoFeS(CO)8. 

EXPERIMENTAL 

All reactions were carried out under a dry nitrogen atmosphere. Diglyme, 
THF and diethylether were distilled from sodium benzophenone ketyl. 
Dichloromethane, petroleum ether, methanol, ethanol and distilled water 
were bubbled with nitrogen for 10min prior to use. Mo(CO)~ and W(CO)6 
were purchased from Strem Chemicals Inc. CHOC5H4Na,12 Co2Fe(CO), 
(p3-S),I3 Et30BF414 and MeMgI" were prepared according to literature 
methods. NaBH4, semicarbazide and 2,4-dinitrophenylhydrazine were C.P. 
grade reagents. Chromatographic separation was carried out on a silica gel 
(300-400 mesh) column under nitrogen. IR and 'H  NMR spectra were 
recorded on a Nicolet FT-IR 5DX spectrophotometer and a Jeol FX 90 Q 
spectrometer. C/H analysis, MS and melting points were obtained by using 
a 240 C model analyzer, an HP 5988 A spectrometer and a Yanako MP-500 
instrument, respectively. 

Preparation of l a  

A solution of 0.290g (1.1 mmol) of Mo(CO)~ and 0.162g (1.4mmol) of 
CHOC5H4Na in 30 cm3 of THF was stirred at reflux for I6 h. Upon cooling 
to room temperature, 0.458 g (1 .O mmol) of CO,F~(CO)&~-S) was added 
and the reaction mixture was stirred for 30 min at 45-50°C. Solvent was re- 
moved at reduced pressure and the residue extracted with 4 : 1 (v/v) CH2C12/ 
petroleum ether. The extracts were subjected to column chromatography. 
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TETRAHEDRAL MCoFeS CLUSTERS 3 

A brown-red main band was eluted with 4 :  1 CH2C12/petroleum ether fol- 
lowed by evaporation of the solvents to give 0.349 g (62%) of la, as a brown- 
black solid. M.p. 95-96°C; anal., calcd. for C14H5CoFeMoOgS: C, 30.03; H, 
0.90%; found: C, 30.45; H, 0.75%; IR (KBr disc): I / C = ~ ,  2082(s), 2032(vs), 
1975(s), 1950(s), 1918(s), 1877(s)cm-'; vcz0, 1688(s)cm-'. 'H NMR 
(CDC13, 6): 5.52-5.68, 5.72-5.84 (m, m, 2H, H3, H4), 5.96-6.12 (m, 2H, H2, 
H'), 9.80 (s, IH, CHO) ppm; MS(EI), mjz ( M O ~ ~ ,  relative intensity): 450 
(M+-4CO, 0.25X), 247 (SFeCoMo', 0.27). 

Preparation of 1 b 

A solution of 0.422g (1.2mmol) of W(CO)6 and 0.162g (1.4mmol) of 
CHOCSH4Na in 30cm3 of diglyme was stirred at reflux for 5 h. After 
diglyme had been removed, 30cm3 of THF and 0.458g (1.0mmol) of 
C O ~ F ~ ( C O ) ~ ( ~ ~ - S )  were added and the reaction mixture was stirred for 
15 min at 45-50°C. After the same workup as that for la, 0.432 g (67%) of 
l b  was obtained as a brown-red solid. M.p. 105-106°C; anal., calcd. for 
C14H5CoFe09SW: C, 25.95; H, 0.78%; found: C, 25.95; H, 0.69%; IR (KBr 
disc): m-0, 2082(s), 2024(vs), 1975(s), 1942(s), 1901(s), 1877(s) cm-I; vc=o, 
1688(s)cm-'. 'H NMR (CDC13, 6): 5.56-5.70, 5.74-5.84 (m, m, 2H, H3, 
H4), 5.90-6.08 (m, 2H, H2, H'), 9.74 (s, lH,  CHO) ppm; MS(EI), mjz 
(WlS4, relative intensity): 648 (M+, 0.1  YO), 592 (M+-2CO, 0.22), 331 
(SFeCoWf, 0.09). 

Preparation of 2a 

To a solution of 0.14 g (0.25 mmol) of la  dissolved in 10 cm3 of MeOH was 
added 0.009 g (0.25 mmol) of NaBH4 and the mixture was stirred for 40 min 
at room temperature. Solvent was removed at reduced pressure and the 
residue was extracted with CH2Cl2. The extracts were subjected to column 
chromatography. A brown-red main band was eluted with CH2C12 followed 
by evaporation of the solvent to give 0.039g (28%) of 2a, as a brown-red 
viscous oil; anal., calcd. for C14H7CoFeMo09S: C, 29.92; H, 1.25%; found: 
C, 29.77; H, 1.99%; IR (KBr disc): VOH, 3411(m)cm-'; V C ~ O ,  2073(s). 
2024(vs), 1930(vs), 1893(s)cm-l; 'H NMR (CDC13, 6): 1.84-2.16 (m, lH, 
OH), 4.40-4.70 (m, 2H, CH2), 5.20-5.68 (m, 4H, C5H4) ppm. 

Preparation of 2b 

The same procedure as that for 2a was followed, but 0.162 g (0.25 mmol) 
of Ib  was used instead of la  to give 0.064g (40%) of 2b, as a brown-red 
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4 L.-C. SONG et al. 

viscous oil; anal., calcd. for CI4H7CoFeO9SW: C, 25.87; H, 1.09%; found: 
C, 26.24; H, 1.23%; IR (KBr disc): U O H ,  3443(m)cm-'; VC-O, 2073(s), 
2024(vs), 1975(vs), 1885(m)cm-'; 'H NMR (CDC13, 6): 1.88-2.24 (m, lH, 
OH), 4.48-4.92 (m, 2H, CHz), 5.28-5.78 (m, 4H, C5H4) ppm. 

Preparation of 3a 

To a stirred solution of 0.14g (0.25mmol) of l a  in 10cm3 of diethylether 
was added 0.2 cm3 (3.65 M, 0.73 mmol) of MeMgI/Et20 solution at room 
temperature. After stirring for about 5 min, 10 cm3 of distilled water and 
1 cm3 (1.5 M) of dilute HCl were added. The ether phase was separated and 
the aqueous phase was extracted with IOcm3 of diethylether. The extracts 
were combined with the ether phase. Ether was removed under reduced 
pressure and the residue was extracted with 5 : 1 CH2C12/petroleum ether. 
The extracts were subjected to column chromatography. A brown-red main 
band was eluted with 5 :  1 CH2C12/petroleum ether, followed by evapora- 
tion of the solvent, to give 0.033 g (23%) of 3a, as a brown-red viscous oil; 
anal., calcd. for CI5H9CoFeMoO9S: C, 31.28; H, 1.57%; found: C, 31.26; 
H, 1.56%; IR fKBr disc): U O H ,  3427(m)cm-'; vC=o, 2073(s), 2024(vs), 
1975(vs), 1885(m)cm-'; 'H NMR (CDCI3, 6): 1.53 (d, 3H, J=5.4Hz, 
CH3), 2.00-2.28 (m, lH,  OH), 4.60-4.92 (m, lH,  CH), 5.20-5.72 (m, 4H, 
C5H4) PPm. 

Preparation of 3b 

The same procedure as that for 3a was followed, but 0.162 g (0.25 mmol) of 
l b  was used instead of la;  0.033 g (20%) of 3b was obtained as a brown-red 
viscous oil, which was identified by comparison of its IR and 'H NMR 
spectra with those of an authentic samplt2 

Preparation of 4a 

To a solution consisting of 6 cm3 of ethanol and 1 cm' of water were added 
0.2 g (0.27 mmol) of semicarbazide, 0.034 g (0.41 mmol) of NaOAc and 
0.14g (0.25mmol) of l a .  Then, to the reaction mixture was added about 
0.1 cm3 of 37% concentrated HC1 to make its pH = 6. After the reaction 
mixture had been stirred for an additional 30 min at room temperature, sol- 
vent was removed at  reduced pressure and the residue was extracted with 
CH2C12. The extracts were subjected to column chromatography. A yellow- 
brown main band was eluted with CH2C12, followed by evaporation of the 
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TETRAHEDRAL MCoFeS CLUSTERS 5 

solvent, to give 0.092g (60%) of 4a, as a yellow-brown solid. No m.p. 
observed; anal., calcd. for C15H8CoFeMoN309S: C, 29.20; H, 1.31; N, 
6.81%; found: C, 28.70; H, 1.25; N, 6.36%; IR (KBr disc): Y N H ,  

3468(m) em-'; VC-0, 2073(s), 2024(vs), 1975(vs), I885(m) cm- I ;  

1696(s); VC=N, 1581(m); 'H  NMR (DMSO-d6, 6): 4.84-4.98, 5.24-5.40 (m, 
m, 2H, H3, H4), 5.64-5.84 (m, 2H, H2, H5), 6.04-6.64 (m, IH, NH), 7.80 (s, 
lH,  CH=N), 8.33 (s, 2H, NH2) ppm. 

Preparation of 4b 

The same procedure as that for 4a was followed, but 0.162 g (0.25 mmol) of 
l b  was used instead of la; 0.093g (53%) of 4b was obtained as a yellow- 
brown solid. No m.p. observed; anal., calcd. for C15H9CoFeN309SW: C, 
25.56; H, 1.14; N, 5.96%; found: C, 25.36; H, 1.12; N, 5.46%; IR (KBr 
disc): Y N H ,  3476(m) cm-l; vc-0, 2073(s), 2024(vs), 1983(vs), 1885(m) em-'; 
vc=o, 1696(s)cm-'; E/C=N, 1573(m)cm-'; 'H NMR (DMSO-d6, 6): 5.83 (s, 
lH,  NH), 5.88-5.98, 6.00-6.14 (m, m, 2H, H3, H4), 6.44-6.66 (m, 2H, H', 
H5), 7.80 (s, lH,  CH=N), 8.14, 8.41 (s, s, 2H, NH2)ppm. 

Preparation of 5a 

To a solution consisting of 5 em3 of ethanol and 0.07 g (0.125 mmol) of l a  
was added 1 em3 of 2,4-dinitrophenylhydrazine solution, prepared by dis- 
solving 1 .O g (5 mmol) of 2,4-dinitrophenylhydrazine in 7.5 cm3 of 98% con- 
centrated H2SO4 followed by diluting to 250cm3 with 75cm3 of 95% 
ethanol and sufficient water. The reaction mixture was stirred for 30 min at  
room temperature to give a brown precipitate. The precipitate was filtered 
off and washed with ethanol until the filtrate was colourless. The washed 
precipitate was extracted with CH2C12. The extracts were subjected to col- 
umn chromatography. A yellow-brown main band was eluted with CH2C12, 
followed by evaporation of the solvent to give 0.066g (71%) of 5a, as a 
yellow-brown solid. No m.p. observed; anal., calcd. for GoH9CoFeMo- 
N4OI2S: C, 32.46; H, 1.22; N, 7.57%; found: C, 32.50; H, 1.19; N, 7.37%; 
IR (KBr disc): VNH, 3288(m) cm-I; vcE0, 2073(s), 2032(vs), 1991(vs), 
1967(s), 1877(m)cm-'; V C = N ,  1614(s)cm-l; 'H NMR (CDCI3, 6): 5.40- 
5.54, 5.56-5.68 (m, m, 2H, H3, H4), 5.80-5.96 (m, 2H, H2, H5), 7.84 
(s, lH,  CH=N), 7.88-8.00 (m, lH, H6 of benzene ring), 8.24-8.48 
(m, lH, H5 of benzene ring), 9.12 (s, lH, H3 of benzene ring), 11.30 (s, lH, 
NH) PPm. 
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6 L.-C. SONG rt d. 

Preparation of 5b 

The same procedure as that for 5a was followed, but 0.081 g (0.125mmol) 
of lb  was used instead of la; 0.079 g (77%) of 5b was obtained as a yellow- 
brown solid. No m.p. observed; anal., calcd. for C20H9CoFeN4012SW: C, 
29.01; H, 1.09; N, 6.77%; found: C, 28.96; H, 0.80; N, 6.68%; IR (KBr 
disc): v N H ,  3288 (m) cm-'; uc-0, 2073(s), 2032(vs), 1991(vs), 1877(s) cm-'; 
v C = N ,  1614(s)cm-'; 'H NMR (CDC13, 6): 5.52-5.66, 5.68-5.80 (m, m, 2H, 
H3, H4), 5.88-6.04 (m, 2H, H2, Hs), 7.91 (s, lH,  CH=N), 7.93-8.04 (m, 
lH, H6 of benzene ring), 8.30-8.56 (my lH,  HS of benzene ring), 9.20 (s, 
lH, H3 of benzene ring), 11.40 (s, lH,  NH) ppm. 

Preparation of 6a and 7a 

A solution consisting of 0.333 g (0.59 mmol) of 2a, 0.337 g (1.77 mmol) of 
Et30BF4 and 20cm3 of CH2C12 distilled from P2O5 was stirred for 10h at 
room temperature. Solvents were removed at reduced pressure and the resi- 
due was extracted with 2 : 3 CH2Cl2/petroleum ether. The extracts were sub- 
jected lo colurnn chromatography using 2 : 3 CH&Jz/petroleurn ether as 
eluant. Nine brown-red bands were developed. The fourth main band was 
collected to give 0.044 g (13%) of 6a as a brown-red viscous oil; anal., calcd. 
for C16HIICoFeMo09S: C, 32.57; H, 1.88%; found: C, 32.94; H, 2.05%; 
IR (KBr disc): ucE0, 2073(s); 2016(vs), 1975(vs), 1893(s) cm-'; v ~ - ~ ,  
1122(s)crn-', IH NMR (CDC13, 6): 1.28 (t, 3H, CH3), 3.67 (9, 2H, 
CH2Me), 4.55 (s, 2H, CH2C5H4), 5.31-5.82 (m, 4H, C5H4)ppm. The third 
main band was collected to give 0.242 g (74%) of 7a, as a brown-red viscous 
oil; anal., calcd. for C28H12C02Fe2M02017S2: C, 30.41; H, 1.10%; found: C, 
30.80; H, 1.40%; IR (KBr disc): vcE0, 2073(s), 2016(vs), 1983(vs), 
1885(s)cm-'; V C - ~ ,  1114(m)cm-'; 'H NMR (CDC13, 6): 4.44 (s, 4H, 
2CH2), 5.25-5.57 (m, 8H, 2C5H4) ppm. 

Preparation of 6b and 7b 

The same procedure as that for 6a and 7a was followed, but 1.130g 
(1.74mmol) of 2b, 1.656g (8.7mmol) of Et30BF4 and 40cm3 of CHzC12 
were used instead of the corresponding reactants for preparing 6a and 7a. 
The third main band was collected to give 0.433 g (39%) of 6b, as a brown 
viscous oil; anal., calcd. for CI6HIICoFeO9SW: C, 28.35; H, 1.63%; found: 
C ,  27.99; H, 1.61%; IR (KBr disc): vcI,0, 2073(~), 2024(vs), 198O(vs), 
1893(s) cm-'; V C - ~ ,  11 14(s) cin-'; 'H  NMR (CDCl,, 6): 1.26 (t, 3H, CH3), 
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TETRAHEDRAL MCoFeS CLUSTERS 7 

3.66 (9, 2H, CH2Me), 4.43 (s, 2H, CH2C5H4), 5.33-5.83 (m, 4H, 
C5H4)ppm. The fourth main band was collected to give 0.592g (50%) of 
7b, as a brown-red viscous oil; anal., calcd. for C28H12C02Fe2017S2W2: C ,  
26.24; H, 0.94%; found: C, 26.55; H, 0.96%; IR (KBr disc): vcGo, 2073(vs), 
2024(vs), 1975(vs), 1893(s)cm-’; vc-o, 1106(s)cm-’. ‘H NMR (CDCl3, 6): 
4.57 (s, 4H, 2CH2), 5.27-5.87 (m, SH, 2C5H4)ppm. 

Single-crystal Structural Determination of l b  

Single-crystals of l b  suitable for X-ray diffraction were obtained by slow 
evaporation of a CH2C12/petroleum ether solution. A single crystal measur- 
ing 0.2 x 0.3 x 0.3 mm was mounted on a glass fibre and placed on a Rigaku 
AFC7R diffractometer with graphite-monochromated M o K a  radiation 
(X=0.71069A) and a 12kW rotating anode generator. A total of 4595 
independent reflections was collected at 20°C by the w-9 scan mode, of 
which 3805 independent reflections with Z2 34Z) were considered to be 
observed and used in subsequent refinement. The data were corrected for 
Lp factors. Crystal data are listed in Table I. 

The structure was solved by direct methods and Fourier techniques. 
Non-hydrogen atoms were refined anisotropically. Hydrogen atoms were 
included but not refined. Final refinement by full-matrix least-squares 
methods converged to give agreement factors of 0.042 (R)  and 0.051 (&). 

TABLE I Crystal data and details of structure refinement for l b  

Form u 1 a C ~ X H I O C O ~ F ~ ~ O I X S ~ W Z  
Formula Weight 1295.76 
Crystal Colour, habit black, prismatic 
Crystal System triclinic 
Space Group PW) 

( 4 )  12.858(4) 
h (4) 15.826(3) 
c (A) 9.097(3) 

(“1 98.95(2) 
P (“I 104.09(2) 
Y (“I 94.46(2) 
z 2 
Dc (g . cm-’) 2.444 
F(000) 1216.00 
P (cm-’) 84.34 
Data collected 4843 
Unique data 4595 
Data with I >  3 4 1 )  3805 
R 0.042 
R,, 0.051 
(p)max ( e k ’ )  2.36 
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8 L.-C. SONG rt al. 

The highest peak in the final difference Fourier map had a height of 2.36 
e A-3. All calculations were performed on Micro-Vax I1 computer using the 
TEXSAN program system. 

RESULTS AND DISCUSSION 

We have found that sodium salts of formylcyclopentadienyl molybdenum 
(tungsten) tricarbonyl anions, V ~ - C H O C ~ H ~ ( C O ) ~ M N ~  (M = Mo, W) gen- 
erated from M(C0)6 and $-CHOCSH4NaI2 react in situ with cluster com- 
plex Co2Fe(C0)9(p,3-S) in THF at 4 0 4 5 ° C  to afford the expected cluster 
complexes l a  and lb, as shown in (1). 

l a  M=Mo62% 
l b  M=W 67% 

Clusters l a  and l b  may be regarded as the products of an isolobal 
displacement reaction16-17 of Co(CO)3(dyML3) in the starting cluster 
Co2 F ~ ( C O ) & L ~ - S )  by $-CHOC5H4(C0)2M (dSML5) produced in sitzr from 
the sodium salts V ~ - C H O C ~ H ~ ( C O ) ~ M N ~ .  I t  is worth noting that since l a  
and l b  contain a sensitive functional group, CHO, the reaction should 
be carried out at lower temperatures. If the reaction was carried out in 
refluxing THF for about 0.5 h, most of la  and l b  would be destroyed. Clus- 
ters l a  and Ib are the first tetrahedral MCoFeS clusters containing the 
formylcyclopentadienyl ligand, and are somewhat air-sensitive and deep- 
coloured solids. In their I R  spectra there are six absorption bands at about 
2082- 1877cm- ' and one absorption band at  1688cm-', characteristic of 
CO ligands attached to transition metals and of the aldehyde CO in the 
formyl substituent, respectively. Their '€1 NMR spectra exhibit three multi- 
plets between 5.52-6.12 ppm, of which the upfield two multiplets are 
assigned to H' and H4 protons and the downfield one to H2 and H5 protons 
of the substituted cyclopentadienyl ring (since the formyl substituent is an 
electron-withdrawing group). In addition, the 'H NMR spectra of l a  and 
l b  have one singlet at 9.74ppm attributed to one proton of the CHO group. 
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TETRAHEDRAL MCoFeS CLUSTERS 9 

The MS spectrum of l b  shows a molecular ion M+ at m/z 648, whereas that 
of l a  exhibits the largest fragment (M+-4CO) at  m/z 448. 

In the course of studying the properties of l a  and l b  we found that the 
tetrahedral cluster core MCoFeS showed a stability difference towards 
various reagents. For example, treatment of clusters l a  and l b  with a 50% 
aqueous NaOH or with NH,OH.HCl in dilute aqueous NaOH at room 
temperature failed to produce the products of a Cannizzaro reaction and 
corresponding oxime derivatives, respectively. Instead, the reactions led 
to decomposition of the starting clusters, due to the instability of the 
tetrahedral cluster core MCoFeS towards such strong alkaline conditions. 
However, treatment of l a  and l b  in neutral media with NaBH4 or with 
MeMgI followed by acidic hydrolysis yielded hydroxyl derivatives 2a, 2b 
and 3a, 3b, whereas those with semicarbazide or with 2,4-dinitrophenyl- 
hydrazine under weak to strong acidic conditions afforded corresponding 
semicarbazone derivatives 4a, 4b and phenylhydrazone derivatives 5a, 5b. 
In addition, under the action of Et,OBF, the hydroxymethyl derivatives 2a 
and 2b could be converted to both ethylation and dehydration products 6a, 
6b and 7a, 7b, respectively. The reactions mentioned above are summarized 
in Scheme 1. 

It is worth pointing out that although reactions of l a  and l b  with semi- 
carbazide occur at about pH = 6 by adding an approximate 0.1 cm3 of con- 
centrated HCI to give quite high yields of 4a and 4b, they do not take place 
at all without adding 0.1 cm3 of concentrated HCI. The reactions are actu- 
ally reversible, since resulting 4a and 4b could be completely converted to 
l a  and l b  when the pH was adjusted from 6 to 2-3. 

Clusters 2a-7a and 2b-7b are deep-coloured viscous liquids or solids. 
While clusters 6a, 7a and 6b, 7b are quite air-stable, clusters 2a-5a and 2b- 
5b are more air-sensitive than their parent clusters l a  and lb.  With the 
exception of 3b' all the cluster derivatives mentioned above are new and 
elemental analyses, IR and 'H NMR data are in good agreement with their 
respective structures. For example, the IR spectra of 2a, 2b and 3a, 3b show 
hydroxyl group absorption bands at  341 1-3443 cm-'; those of 4a, 4b and 
5a, 5b exhibit absorption bands characteristic of C=O at 1696cm-' and 
C=N at 1573-1614cm-', respectively; those of 6a, 6b and 7a, 7b show 
C-0-C absorption bands at 1105-1 121 cm-I. IH NMR spectra of 4a, 4b 
and 5a, 5b display three multiplets between 4.84-6.66 ppm, of which the 
upfield two multiplets are attributed to H3 and H4 and the downfield multi- 
plet is attributed to H2 and H5 of the substituted cyclopentadienyl 
ring, since the functional substituents are both electron-withdrawing. For 
the other derivatives the 'H NMR spectra exhibit only one multiplet 
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10 L.-C. SONG et al. 

4s M=Mo60% 5a M=Mo71% 
4b M=W 53% 5b M=W 77% 

?a, 2b 6a M=Mo13% l a  M=Mo 74% 
6b M=W 39% 7b M=W 50% 

SCHEME: 1 

between 5.22-5.87 ppm assigned to all protons on the cyclopentadienyl 
ring. 

The single-crystal molecular structure of l b  has been studied by X-ray 
diffraction methods. Atomic coordinates with equivalent isotropic thermal 
parameters are given in Table 11. Figure 1 represents its two crystal- 
lographically independentmolecules l b  and l b '  in the unit cell. Since the 
bond lengths and angles of l b  and l b '  are essentially the same, only those 
of l b  are given in Table I11 and Table IV, respectively. 

As seen in Fig. 1, l b  consists of a distorted tetrahedral core, WCoFeS, 
which carries a $-CHOC5H4 ligand bound to the W(1) atom and eight 
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TETRAHEDRAL MCoFeS CLUSTERS 11  

TABLE TI Atomic coordinates and equivalent isotropic thermal parameters for lb” 

0.19832(4) 
0.26782(4) 
0.3231(1) 
0.2660( 1) 
0.2235(2) 
0.1887(2) 
0.1467(3) 
0.1223(3) 

0.3552(10) 
0.377( 1) 
0.5293(10) 
0.234( 1) 
0.3995( 10) 
0.0550(10) 
0.38 54(9) 
0.0503(9) 
0.5409(9) 
0.3532(9) 
0.149(1) 
0.457( I )  
0.1033(10) 
0.3733( 10) 
0.024( 1) 
0.2286(9) 
0.4970(8) 

0.072( 1) 
0.137(1) 
0.24 1( 1 ) 
0.243( 1) 
0.1352( 10) 
0.106( 1) 
0.319(1) 
0.341( 1 ) 
0.355(1) 
0.449( 1) 
0.233(1) 
0.333( 1) 
0.120( 1) 
0.451(1) 
0.354( I) 
0.359( 1) 
0.250( 1) 
O.I80( 1) 
0.243( 1)  
0.242( 1) 
0.411(1) 
0.316(1) 
0.383( 1) 
0.196(1) 

-0.0998(9) 

-0.043( I) 

0.20288(3) 

0.3516(1) 

0.2586( 1) 

0.3254(2) 

0.1007(7) 
0.4308(7) 
0.5 122(8) 
0.2802(9) 
0.401 O(8) 
0.1723(8) 
0.1616(10) 
0.1020(7) 
0.0635(7) 

-0.18396(3) 

-0.2928(1) 

-0.3577( 1) 

-0.2596(2) 

-0.0426(7) 
-0.1466(7) 
-0.4052(8) 

-0.5 173(7) 
-0.4245(7) 
-0.3870(9) 
-0.2473(7) 
-0.2455(7) 

-0.3821(8) 

0.1669( 10) 
0.1749(8) 
0.2528(9) 
0.2310(9) 
0.1418(9) 
0.1075(8) 
0.1 182(9) 
0.1397(9) 
0.4000(9) 
0.450( 1) 
0.306( 1) 
0.345( 1) 
0.2038( 10) 
0.1995( 10) 

-0.0523(9) 
-0.0539(8) 
-0.0565(9) 
-0.0570(8) 
-0.0587(9) 
-0.0557(9) 
-0.2327(9) 
-0.2285(9) 
-0.2025( 10) 
-0.3479( 10) 
-0.3619(10) 

0.0 1439(5) 

0.0091 (2) 
-0.50466(5) 

-0.7755(2) 
-0.2525(2) 
-0.5753(2) 
-0.0862(4) 
-0.7001 (4) 

0.002( I) 
0.332( 1) 

0.042(2) 
-0.095( 1) 

-0.421 (1) 
-0.341(1) 
-0.512(1) 
-0.056( 1) 
-0.246( 1) 
-0.246( 1) 
-0.890(1) 
- 1.067( 1) 
-0.711(1) 
-0.798(1) 
-0.386( 1) 
-0.409( I )  
-0.214( 1) 
-0.411(1) 

0.061(2) 
0.144( 1) 
0.226( 1) 
0.286( 1) 
0.241( 1) 
0.150( 1) 

-0.158(1) 
-0.035( 1) 

-0.061(2) 

-0.354( 1) 
-0.303( 1) 
-0.409(2) 
-0.232(2) 
-0.364(2) 
-0.517(2) 
-0.604(2) 
-0.502(2) 
-0.361(2) 
-0.329(2) 
-0.452( 1) 
-0.846( I )  
-0.732(2) 
-0.955(2) 

0.211(2) 

0.028(2) 

2.00( I) 
2.20( 1) 
2.65(4) 
2.75(4) 
2.76(4) 
2.73(4) 
2.53(7) 
2.72(8) 

5.8(3) 
6.8(4) 
7.1(4) 
6.3(4) 

5.3(3) 

5.7(3) 
7.7(4) 

4.4(3) 
4.8(3) 

4.8(3) 
4.8(3) 
7.0(4) 
5.7(3) 
5.6(3) 
5.2(3) 
6.8(4) 
5.0(3) 
4.6(3) 
3.2(4) 
2.5(3) 
2.9(3) 
2.9(3) 
2.9(3) 
2.2(3) 
3.0(3) 
3.4(4) 
3.5(4) 
3.9(4) 
4.1(4) 
3.9(4) 
3.9(4) 
3.7(4) 
3.6(4) 
3.0(3) 
4.0(4) 
3.8(4) 
4.2(4) 
3.9(4) 
3.7(4) 
3.0(3) 
3.5(4) 
3.7(4) 
4.0(4) 
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12 L.-C. SONG et ul. 

TABLE I1 (Continued) 

0.301(1) 

0.137(1) 
- 0.0 7 7 2 

0.1130 
0.3017 
0.3061 
0.1209 
0.4 199 
0.4245 
0.2272 
0.1018 
0.2169 

0.088( 1) 
-0.3993(9) 
-0.3743 10) 
-0.4556( 10) 

0.1949 
0.3090 
0.2709 
0.1127 
0.0391 

-0.0610 
-0.048 5 
-0.0563 
-0.0569 
-0.0518 

-0.459(2) 
-0.471(2) 
-0.715(2) 

0.1372 
0.2489 
0.3530 
0.2651 
0.1322 

-0.1198 
-0.5543 
-0.7124 
-0.531 1 
-0.2680 

3.3(4) 
3.7(4) 
3.8(4) 
3.8159 
3.6247 
3.4362 
3.7273 
3.7273 
3.7273 
4.6921 
3.7273 
5.0328 
4.8382 

0111 

01141 

(a) (b) 

FIGURE 1 Molecular structure of lb. 

carbonyls, two being on the W(1) atom and three on the Fe(1) and Co(1) 
atoms. So far, few single and double clusters containing a tetrahedral 
WCoFeS core are reported in the literature. The bond lengths involving 
the tetrahedral core for the cluster l b  are comparable with those of 
CpWCoFeS(C0)7L'8 (L = MePrPhP) and [WCoFeS(CO),],(L-L)[L-L = 
q5-C5H4C(0)CH2CH2C(O)CsH4-$],2 as shown in Table V. 
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TABLE 111 Selected bondlengths (A) for l b  

Atom Atom Distance Atom Atom Distance 

2.757(2) 
2.345(3) 
1.97(1) 
2.570(2) 
2.185(4) 

1.14(2) 
1.47(2) 

1.20(2) 

2.789(2) 
2.28( 1) 

2.204(4) 
1.78(2) 

1.43(2) 
1.83(1) 

2.02(2) 

1.11(2) 

TABLE 1V Selected bond angles (") for l b  
_ _ _ ~  ~~~ 

Atom Aiom Atom Angle Atom Atom Atom Angle 

55.20(5) 
132.8(3) 
77.0(4) 
63.02(6) 
96.4(4) 

155.5(4) 
61.77(6) 

148.7(4) 
74.6( 1) 
71.7(1) 
125(1) 
176(1) 

50.39(9) 
74.2(4) 

103.2(3) 
55.05( 10) 
5 3.8 3( 1 0) 

104.3(5) 
54.63(9) 
54.5(1) 
96.2(5) 
75.9( 1) 
125(1) 
171(1) 

TABLE V 
known clusters 

Comparison of bondlengths (A) of the cluster core in l b  with those of two 

Clusters W-Fe W-Co Fe-Co W-S Fe-S Co-S 

Ib 2.789(2) 2.757(2) 2.570(2) 2.345(3) 2.185(4) 2.204(4) 
CpWCoFeS(CO)7L 2.792(2) 2.730(2) 2.574(2) 2.348(3) 2.187(3) 2.179(4) 
[WCoFeS(CO)&(L-L) 2.799(2) 2.761(2) 2.558(3) 2.355(4) 2.194(4) 2.187(4) 

From Table V it can be seen that all the corresponding bond lengths are 
almost the same, except that the W-Co and Co-S bonds of l b  are slightly 
longer than those of cluster CpWCoFeS(CO)7L. 

The dihedral angle between the cyclopentadienyl ring and the triangular 
plane Fe(1)-Co(1)-S(1) for l b  (47.56') is slightly greater than that in the 
case of [WCoFeS(CO)&(L-L> (46.87"), whereas the W atom-Cp ring cen- 
troid distance for l b  (1.989A) is virtually the same as that for [WCo- 
FeS(CO)&(L-L) (1.998A). Since C(l) and 0(1) lie in the plane of the 
cyclopentadienyl ring (the distances C(l) and 0(1)  to the plane are 0.008 
and 0.109 A, respectively), the formyl group would be quite well conjugated 
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14 L.-C. SONG et al. 

with the Cp ring 7r-system and thus the bond length C( 1)-C(2) (1.47(2) A) is 
shorter than a normal C-C single bond. 

Supplemental material 

Tables of fractional atomic coordinates, thermal parameters, interatomic 
distances, observed and calculated structure factors are available on request 
from the authors. 
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