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SYNTH. REACT. INORG. MET.-ORG. CHEM., 26(8), 1409-1419 (1996) 

ORGANOIRON SELENIUM COMPLEXES. SYNTEESIS AND 
CHARACTERIZATION OF teri-BU'IYL SUBSTITUTED 

CYCLOPENTADLENYLDICARBONYLSELENOCARBOXYLATE IRON 
COMPLEXES, Cp'Fe(C0)2SeCOR (Cp' = CgHg, I-BuCgHq, 1,3-t-Bu2CgH3) 

Ibrahim Jibril* and Osama Abu-Nimreh 
Department of Chemistry, Yarmouk University 

Irbid, Jordan 

ABSTRACT 

The organoiron selenides [(CgH5)Fe(CO)2]2@-Se) (I), [(f-BuC5%)Fe(C0)2]2(pI-Se2) (II), 

and [( 1,3-t-Bu2CgH3)Fe(C0)2]2(p-Se2) (HI) were prepared from the reaction of the 

organoiron dimers [(CgHg)Fe(C0)2]2, [(/-BuCgHq)Fe(C0)2]2 and [( 1,3-t- 

Bu2C~H3)Fe(C0)2]2 with elemental selenium The above selenides (I), (11) and (111) react 

with acid chlorides, RCOCI to give the Se-bonded monoselenocarboxylate derivatives 

[Cp'Fe(C0)2SeCOR] (Cp' = C5H5, f-BuCgHq, 1,3-/-Bu2C5H3; R = 4-02Nc&, 3,s- 

(02N)2C6H3). The presence of fer/-butyl substituents on the cyclopentadienyl ring introduces 

significant changes in the properties of these systems relative to the unsubstituted 

cyclopentadienyl analogues. 

mTRODUCTION 

There has been increasing interest in the synthesis, structure determination and reactivity of 

transition metal chalcogen complexesl-6 due to their important biological and catalytic 

aspects7-10. In contrast to the metal sulfides which have been extensively studied'l, metal 

selenides received only scant attention and examples of transition metal selenide complexes 

remain rare. Moreover, syntheses of transition metals selenides from elemental selenium are 

1409 
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1410 JIBRIL AND ABU-NIMREH 

very uncommon. The organoiron selenide [(C5H5)Fe(CO)2]2@-Se) has been prepared by the 

reaction12 of [(C5H5)Fe(C0)2]- with Se2C12. The molybdenum and tungsten selenium 

complexes (C5Me5)2Mo~Seq and (CgMe5)2Wz(C0)2Se3 have been prepared from the 

thermal reaction of(CsMe5)2Mz(C0)4 (M = Mo, W) with elemental selenium13. It is worth 

noting that, although much attention has been focused on the synthetic and structural aspects 

of metal chalcogen complexes, the understanding of the reactivity of transition metal sulfides 

and selenides is still at its beginning and even basic reactions have not been carried out. We 

have previously reported the synthesis of the organoiron polysulfides [(t-BuC5H4)Fe(CO)2]2( - 
p S 3 )  and [( I , ~ - ~ - B U ~ C S H ~ ) F ~ ( C O ) ~ ] ~ ( ~ S ~ )  and their reaction with acid chlorides, RCOCI 

(R = alkyl or aryl)14. The above reaction proved to be a facile method for the synthesis of a 

new class of organoiron thiocarboxylate complexes Cp'Fe(C0)2SCOR (Cp' = C5H5, t- 

BuCgHq , 1,3-f-Bu2C5H3). In continuation of our efforts in this area, we report here the 

synthesis of the organoiron selenides [(C5Hs)Fe(CO)z]2(pSe), [(i-BuCs&)Fe(C0)2]2(,~- 

Se2) and [(1,3-f-B~2CgH3)Fe(C0)2]2@-Se2) as well as their reactions with acid chlorides, 

RCOCI (R = 4-O2NCgHq, 3,5-(02N)zC@3). 

EXPERIMENTAL 

All reactions were conducted under dinitrogen by Schlenk techniques. The acid chlorides were 

purchased from Aldrich and elemental selenium (gray) was purchased from Fluka. Terf- 

butylcyclopentadiene and 1,3-di(ferf-butyl)cyclopentadiene were prepared as reported1 5,16. 

Fe2(CO)9 was prepared by photolysis of Fe(C0)s in glacial acetic acid as reportedl7. 

[(C5Hg)Fe(C0)2]2 was prepared from Fez(C0)g and freshly prepared cyclopentadiene 

similar to the established procedure18. [ ( / - B U C ~ H ~ ) F ~ ( C O ) ~ ] ~  and [( 1,3-f- 

Bu~CsH3)Fe(C0)2]2 were prepared as previously reported14. For column chromatography, 

silica of the particle size 0.063-0.200 mm (70 - 230 mesh ASTM) EM reagent was employed 

Infrared spectra were recorded on a be-Unicam SP3-100 spectrophotometer and 1H NMR 

spectra on a Bruker W S O S Y  spectrometer with Me@ as internal standard Elemental 

analyses were performed by M-H-W Laboratories, Phoenix, AZ, USA. 

Reaction of I(CqBq)Fe(CO)d7 with Selenium: Preparation of I(CqH~)Fe(C0121?!~-Sel 

A toluene solution (80 mL) containing [(CgHg)Fe(C0)2]2 (0.71 g, 2 mmole) and selenium 

m 

D
ow

nl
oa

de
d 

by
 [

M
cG

ill
 U

ni
ve

rs
ity

 L
ib

ra
ry

] 
at

 0
2:

54
 2

0 
D

ec
em

be
r 

20
12

 



ORGANOIRON SELENIUM COMPLEXES 141 1 

powder (0.40 g, 5 mmole) was heated with stimng at 90-95 "C. The reaction was monitored 

by IR spectroscopy and heating was continued until1 the reaction has gone to completion (75 

min), as identified by the disappearance of the bridging carbonyl band at 1767 crn-I of the 

starting material and the appearance of two new terminal carbonyl bands at 2030 and 1980 

cm-1. The reaction mixture was then cooled to room temperature and the solvent was 

evaporated under vacuum at 20 "C. The deep-red, oily residue was taken up in CH2CI2 (10 

mL) and transferred to a chromatography column made up in hexane. An orange-red band 

was eluted with CH2Cl2lhexane (3: 1). Evaporation of the solvent and crystallization from 

CH2C12 produced orange red crystals of [(C5Hs)Fe(C0)2]2(D-Se) (I). Yield (0.39 g, 45%), 

m.p. 80-82 "C (dec). Anal. Found: C, 38.89; H, 2.44. Calc. for Fe2SeC14H1004, (432.9): C, 

38.84; H, 2.33 %. IR (CH2C12): vC0: 2030 s, 1980 vs cm-l. IH NMR (CDCIj): 5.04 ppm 

(s). 

Reaction o f  I ( ~ - B u C T H ~ ) F ~ ( C O ) ~ I ~  with Selenium; Preparation of Kt- 
BuC~Hd~Fe(COl717(u-Se?l tm. 
A benzene solution (80 mL) containing (0.93 g, 2 mmole) of [(f-BuC5Hq)Fe(C0)2]2 and 

(0.40 g, 5 mmole) of selenium powder was refluxed until the reaction has gone to completion 

(45 min). The disappearance of the bridging carbonyl band at 1762 cm-l and the appearance 

of two new terminal carbonyl bands at 2022 and 1975 cm-l indicate the completion of the 

reaction. The mixture was cooled to room temperature and the solvent was evaporated under 

vacuum at 20 "C. The deep red oily residue was taken up in CHzC12 (10 A) and transferred 

to a chromatography column made up in hexane. An orange-red band was eluted with 

CH~Cl2ihexane (5:2). Evaporation of the solvent under vacuum and crystallization from 

CH2C12 afforded orange-red crystals of [ ( C S H ~ ) F ~ ( C O ) ~ ] ~ ( D - S ~ ~ )  (11). Yield (0.37 g, 30%), 

m.p. 83-85 "C (dec.). Anal. Found: C, 42.1 I ;  H, 4.19. Calc. for Fe2Se2C22H2604 (264.1): 

C, 42.34; H, 4.20 %. IR(CH2C12): vC0:  2022 s, 1975 vs cm-l. 1H NMR(CDC13): 1.29 (s, 

18H), 4.97 (s, 8H) ppm. 

Reaction of 11.3-r-Bu7C4H3)Fe(CO)212 with Selenium: Preparation of M.3-t- 
Bu7C~H3)Fe(CO)717(u-Se7~ OH). 

A methylene chloride (CH2CI2) solution (100 mL) containing [( 1,3-t-Bu2C5H3)Fe(CO)2]2 

(1.16 g, 2 mmole) and selenium powder (0.40 g, 5 m o l e )  was stirred at room temperature 
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1412 

Table I 

JIBRIL AND ABU-NIMREH 

Colors, Yields and Melting Points of the Selenocarboxylate Derivatives 
Cp'Fe(CO)2SeCOR, (W)-(IX). 

Yield , '10 M.P. "C Compound Color 

until the reaction has gone to completion (4h). The disappearance of the bridging carbonyl 

band at 1760 cm-l and the appearance of two new terminal carbonyl bands at 2020 and 

1975 cm-l indicate the completion of the reaction. The solvent was then evaporated under 

vacuum at 20 "C and the residue was transferred to a chromatography column. An orange-red 

band was eluted with CH2C12ihexane (4: 1). Evaporation of the solvent and crystallization 

&om CH2C12 afforded orange-red crystals of [( 1,3-f-Bu2C5H3)Fe(C0)2]2(p-Se2) (111). 

Yield (0.88 g, 60 %), m.p. 86-88 "C (dec). Anal. Found: C, 48.36, H, 6.00. Calc. for 

Fe2Se~C30Hq204 (736.3): C, 48.93; H, 5.75%. IR(CH2Cl2): vC0. 2020 s, 1975 vs cm-1. 

* H  NMR(CDC13): 1.30 (s, 36H), 4.84 (s, 6H) ppm. 

Reaction of l(C~H~)Fe(C0)71l(u-Se) tn. I(t-BuC~Hq)Fe(CO)117(u-Se?) (rr) and l(l.3-t- 
- Bu&Hx)FdCO)7ldu-Se?) 

To a methylene chloride solution (50 mL) containing the organoiron selenides (I), (11) or (111) 

(2 m o l e ) ,  a solution of the acid chloride (2.5 m o l e )  in CH2C12 was added slowly. The 

reaction mixture was refluxed for (1-2 h) until the color changes from orange-red to dark 

red. The solvent was then evaporated under vacuum and the residue was transferred to a 

chromatography column. A brown-red band was eluted with CH2CI2hexane (3:l). 

Crystallization from CH2C12 afforded dark red to red crystals of the corresponding 

with Acid Chlorides RCOCI. 
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ORGANOIRON SELENIUM COMPLEXES 1413 

Table n 
Chemical Analysis Data of the Selenocarborylate Derivatives Cp'Fe(C0)2SeCOR, 
(W-(W 

Compound Empirical Formula YO Found (Calc.) 
C A N  

42.72 3.14 5.33 
(42.63) (3.18) (5.52) 

(~-BIIC~H~)F~(CO)~S~CO(~-~~NC~H~), (VII) FeSeC18H17NO5 47.00 3.77 3 03 
(46.80) (3.71) (3.03) 

46.59 4.39 4.28 
(46.91) (4.29) (4.97) 

50.71 5.00 2.43 
(50.96) (4.86) (2.70) 

monoselenocarboxylates, Cp'Fe(C0)2SeCOR (1V)-(IX) The colors, yields and melting points 

are shown in Table I The analytical data are shown in Table I1 The sp~tra l  data are 

presented in Table 111 

RESULTS AND DISCUSSION 

The organoiron selenides in Fig. I ,  [ (C~H5)Fe(C0)2]2pSe)  (I), [(,-BuC5Hq)Fe(CO)2]2~- 

Se2) (11) and [(I,~-&BU~C~HJ)F~(CO)~]~(~-S~~) (In), respectively, were formed from the 

reactions of the iron dimers [(CgH5)Fe(C0)2]2, [f-BuCgHq)Fe(C02]2 or [( 1.3-1- 

B u ~ C ~ H ~ ) F ~ ( C O ) ~ ] ~  with elemental gray selenium. 

The reaction of the organoiron dimers with elemental selenium can be represented as shown in 

eq. ( I )?  
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1414 

Table III 

JlBRIL AND ABU-NIMREH 

IR and l H  NMR Spectra of the Selenocarboxylate Derivatives Cp'Fe(C0)2SeCOR 
(rV)-(W - 

Compound 

((C5H5)Fe(CO)2seCo(3,5-(02~2C6H3), (IV) 2035 s, 1973 vs v(CO), 
1615 s v(C=O) 

5.1 1 (5, 5H, CgHg), 
9.20 (m, 3% ArH) 

1530 S, 1340 w v(NO2) 

l(C5H5)Fe(C0)2SeC0(4-02NCgH4), (V) 2030 ~ ,1965 vs v(CO), 5.08 (s, 5 9  C5H5). 
1590 s v(C=O) 
1525 ~ 1 3 3 5  m v(N02) 

8.20 (s, 4H, ArH) 

(~-BUC~H~)F~(CO)~S~CO(~,~-(OZN)~C~H~), (W) 2950 br, v(C-H) 2012 s, 1.28 (s,9H, C(CH3)3), 
1970 vs v(CO), 
1590 v(C=O) 1530 s, 
1330 m v(N02) 

5.00 (m 4% C5H4), 
9.13 (I, lw 4-ArH) 
9.21 (4 2H, 2,6-ArH) 

(I-BUCSH~)F~(CO)~~~CO(~-~~NC~H~), (w) 2950 br v(C-H) 2010 s, 
1965 vs v(C0) 
1590 s, v(C=O) 1525 m, 
1335 m v(N02) 

1.29 (s, 9H, C(CH3)3) 
4.99 ( s , ~ H ,  C5H4) 
8.20 (s, 4 9  ArH) 

(1,3-r-Bu2C5H3)Fe(CO)2SeC0(3,5~O2~2c6H3), 2970 br v(C-H) 2005 s, 
(WII) 1965 vs v(C0) 1605 s, 4.81 (t, 1 K  2-C5H3) 

1.31 (s, 1 8 y  C(CH3)3) 

v(C=O) 1530 III, 1350 S, 4.95 (4 2H, 4,5-C5H3) 

9.23 (d, 2H. 2,6-ArH) 
v(N02) 9.15 (I, l w  4-ArH) 

( ~ , ~ - I - B U ~ C ~ H ~ ) F ~ ( C O ) ~ S ~ C O ( ~ ~ ~ N C ~ ~ ) ,  (IX) 2950 br v(C-H) 2007 s, 
1%0 vs v(CO), 1600 s, 

1340 m, v(N02) 

1.29 (s, 18H, C(CH3)3) 
4.80 (1, lH, 2C5H3) 

8.20 (s, 4H, ArH) 
v(C=O) 1520 m, 4.94 (d, 2 9  4,5-C5H3) 

The selenide complexes (I), (11) and (111) are fairly stable as solids, but decompose in solution 

in the presence of light with deposition of elemental selenium. Compounds (I), (11) and (111) 

were characterized by elemental analysis, IR and l H  Nh4R spectroscopy. Although the direct 

route of using soluble polyselenide anions with transition metal complexes has been the 

primary method utilized for the synthesis of transition metal selenide complexes20>21, the 

reaction of elemental selenium with organotransition metal complexes represents a 
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ORGANOIRON SELENIUM COMPLEXES 1415 

Fig.1 . Structures of the Organoiron Selenides I, II and III. 

considerably successful route for the synthesis of organotransition metal selenide complexes. 

This method works especially well with low-valent organometallic complexes22. 

The presence of fert-butyl groups on the cyclopentadienyl ring of the iron dimers leads to a 

remarkable variation in reactivity and structure relative to the unsubstituted analogs. From the 

experimantal conditions needed for the formation of the selenides, it is observed that the ease 

of formation of the selenides is enhanced by substitution, (In) > (II) > (I). This order could be 

attributed to the thermal stability of the dimers which decreases on going from the 

unsubstituted cyclopentadienyl iron dimer to the di(fert-buty1)cyclopentadienyl iron dimer. 

This decrease in thermal stability could be attributed mainly to the electronic influence of the 

tert-butyl groups that lead to a weakening of the Fe-Fe bond. X-ray structural analysis of 

[( I,~-~-BLI~C~H~)F~(CO)~]~~~ has shown that this dimer exhibits an Fe-Fe bond distance 

(255.7 pm) which is longer than that of [(C~Hs)Fe(C0)2]2 which has an Fe-Fe bond distance 

of 253.1 pm. It was proposed23 that the increase in the bascity of the cyclopentadienyl ring of 

these dimers leads to a higher electronic repulsion between the occupied orbitals of the iron 

atoms. 

D
ow

nl
oa

de
d 

by
 [

M
cG

ill
 U

ni
ve

rs
ity

 L
ib

ra
ry

] 
at

 0
2:

54
 2

0 
D

ec
em

be
r 

20
12

 



1416 JIBRIL AND ABU-NIMREH 

a 

I 0 9 8 7 6 5 4 3  1 i o PPm 

9 4 t 6 5 4  3 !! I 0 PPm 

f 
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ORGANOIRON SELENIUM COMPLEXES 1417 

Besides their electonic effects which influence the reactivity of the iron dimers, the steric 

effects of the ferf-butyl substituents seem to affect strongly the type of the selenide formed in 

these reactions. Thus, the monoselenide (I) of the unsubstituted cyclopentadienyl iron and the 

diselenide (111) of the di(ferf-buty1)cyclopentadienyl iron were the only products formed in 

successive trials conducted on each 

IR Spectra 

The IR spectra for the selenides (I), (11) and (111) show two terminal carbonyl stretching bands 

at 2030 and 1980,2022 and 1975 and 2020 and 1975 cm-I, respectively. 

1~ NMR Spectra 

The l H  NMR spectrum of [(C5Hs)Fe(C0)2]2(pSe) (I) shows a singlet at 6 5.04 ppm 

corresponding to the C5Hyring protons while those of [(f-BuC5&)Fe(CO)2]2(p-Se2) (11) 

and [(I,~-~-Bu~C~H~)F~(CO)~]~(JJ-S~~) (111) show a singlet at 6 1.29 (18 H) and 1.30 

(36 H) ppm corresponding to the terf-butyl groups of (11) and (111), respectively, in addition to 

singlets at 6 4.97 (8 H) and 4.84 (6 H) pprn for the Cp-ring protons of (II) and (III), 

respectively. It has been shown24,25 that the splitting pattern of the ring protons of ferf-butyl 

substituted cyclopentadienyl complexes is highly affected by the nature of the ligands on the 

metal center. Comparison of the 1H NMR spectra of (11) and (111) with those of the trisulfides 

[(t-BuC5Q)Fe(CO)2]2(p-S3) (Ira) and [( 1 , ~ - ~ - B L I ~ C S H ~ ) F ~ ( C O ) ~ ] ~ ( ~ - S ~ )  (IIIa) shows that 

the Cp-ring protons in the above sulfides are not equivalent but appear as two triplets at 

6 5.17 and 5.02 ppm in (Ira) and as a doublet and a triplet at 6 5.30, 5.21 pprn in (IIIa)l4, 

whle in the case of the selenides (11) and (111) the Cp-Mg protons are equivalent and 

appear as singlets at 6 4.97 and 4.84 ppm, respectively. This result indicates a remarkable 

structural difference between the organoiron sulfides and selenides which is attributed to the 

size difference of the chalcogen atoms. 

Reactions with Acid Chlorides 

The organoiron selenides (I), (11) and (III) react with acid chlorides, RCOCI, to give the Se- 

bonded monoselenocarboxylate derivatives (IV)-(IX). Their colors, yields, melting points and 

elemental analyses are presented in Tables I and II. The organoironselenides in this reaction 

bear a close resemblance to their sulfide analogs and the reactivity of the organoiron selenides 
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1418 JIBRIL AND ABU-NIMREH 

toward acid chlorides as electrophiles has been attributed to the presence of selenium atoms 

which are considered as nucleophilic centers in the bridged organoiron complexes26. In view 

of the work established on organoiron sulfides27, the reaction of the organoiron selenides 

with acid chlorides can be represented in eqs.  (2) and (3). 

Cp'Fe(CO)2-S%-Fe(CO)2Cp' + RCOCI -). Cp'Fe(C0)2Se&OR + Cp'Fe(CO)2CI (2) 

Cp'Fe(C0)2Se&OR -> Cp'Fe(C0)2SeCOR + (x-1)Se (x'l) (3) 

Although there are other options suggested for this reaction27, eqs. (2) and (3) represent the 

only possible route that explains the formation of monoselenocarboxylate derivatives From 

both mono- and diselenides. This reaction respresents a facile method for the synthesis of a 

new class of organoiron monoselenocarboxylate complexes. The new selenocarboxylate 

complexes (Iv)-(IX) are fairly stable as solids and in solution Their IR spectra (Table 111) 

show two terminal carbonyl bands in the range 2030-2005 and 1973-1960 cm-1, and a 

band in the range 1615 - 1590 cm-l corresponding to the (C=O) band 

of the carboxylate moiety. Moreover, the C-Se stretching band appears in the 

rangS8 895 - 870 cm-I. Their IH NMR spectra (Table 111) show the characteritic protons in 

their expected chemical shift regions Fig. 2 shows the 1H NMR spectra of 

(C5Hg)Fe(C0)2SeC0(4-02NCdIq), ( ~ - B U C ~ Q ) F ~ ( C O ) ~ S ~ C O ( ~ - ~ ~ N C ~ Q )  and ( 1,3-1- 

B u ~ C ~ H ~ ) F ~ ( C O ) ~ S ~ C O ( ~ - O ~ N C ~ Q ) .  
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