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Abstract

Stirring of (CO),Fe,(-SSe) and phenylacetylene in methanol at room temperature for 16h yielded the double butterfly complex
[{(CO), Fe, SSehy{p-CUD=C(PW)). Compound H{(CO),Fe,SSel,{u-C(H)-C(Ph)}] was characterized by IR and 'H and ’C NMR
spectroscopy. Its structure was estublished Py single crystal K-ray crystallography. 1t crystallized in the triclinic space group P1 with
a=8956(10), b=9083, c=17491(2Q)A, @=10477(10°, B=93.32(10°, ¥=9477(10F, V=13364DNA", Z=2, D, =
2.175gem . Full-matrix least-squares refinement of [{(CO), Fe,SSe),{p-C(H)-C(Ph)}] converged to R = 0.0504 and R, = 0.0549. The
structure consists of two Fe,SSe butterfly units linked to each other through a bridging PhC-CH group.
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1. Introduction

Transition metal-alkyne chemistry continues to at-
tract attention because such complexes are used as
models for chemisorption of alkynes on metul surfaces
and for the activation and reduction of the carbon-
carbon triple bond [1]. Although there is a wide variety
of coordination modes of alkynes to transition metals,
studies of complexes in which the alkynes are attached
to main group elements are relatively few [2]. Single
atom ligands or those suitably modified with alkenyl
and aryl substituents, derived from main group clements
of the Periodic Table, serve to stabilize the cluster
nuclearity, and their utility for cluster growth reactions
is now well established [3). Compounds of the form
(CO),Fe,(n-E,) (E = 8, Se, Te) undergo facile addition
of organic moieties, and these compounds are also
convenient starting materials for synthesis of E-bridged
mixec-metal clusters [4,5) In (CO) Fe,y(n-E,), of the
three different types of bond (Fe-Fe, Fe~E and E-E),
the E-E bond is usually found to be most reactive and
insertion of organic and inorganic moieties into the E~-E

" Corresponding author.

bond is a common reactivity feature of these com-
pounds. The nature of E influences the reactivity of
these compounds, For instance, facile addition of pheny-
lacetylene to (CO), Fe,y(p-Se¢,) and (CO),Fe,(u-EE)
(E+E', E, E'=38, Se, Te) rcadily occurs at room
temperature to form (CO), Fe,{n-SeC(H)=C(Ph)Se} (6]
and  (CO), Fe, {u-ECUH)=C(PhIE) [7] respectively,
whereas (CO), Fe,(n-S,) and (CO),Fe,(p-Te,) are in-
ert towards such phenylacetylene addition under similar
conditions [8). Similarly, (CO),Fe,(n-Te,) reacts at
room temperature with W(CO),THF to form the
mixed-metal cluster WFe (CO),o(p - Te,), bur it shows
no reactivity towards Mo(CO), THF [9]. In contrast.
(CO), Fe,(p-Se,) reacts with both the W and Mo car-
bonyl compounds to form the clusters MFe,(CO), (-
S¢,) (M=W, Mo). In the complex (CO) Fe,(p-
SeC(H)=C(Ph)Se}. the reactive Se sites are blocked and
facile additions of (CO),Fe,(u-Se,) [10] and P(PPh,),
[6] occur readily; a corresponding reduction of the
acetylenic C=C bond is observed. Addition of
organometallic groups across the Fe-~Fe bond of
(CO), Fe,{n-SeC(1)=C(Ph)Se} can be carried out ther-
molytically as in the formation of Se-bridged mixed-
metal clusters Cp, Mo, Fe,(CO)(p ,-SeXp;-Se), [11]).
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Here we report the formation and structural charac-
terization of a mixed-chalcogenide, double butterfly
compound obtained from the reaction of (CO),Fe,(p-
SSe) with phenylacetylene.

2. Experimental section

Reactions and manipulations were carried out under
an inert atmosphere of nitrogen or argon using standard
Schlenk techniques. Solvents were purified and deoxy-
genated immediately prior to use. Infrared spectra were
recorded on a Nicolet Impact 400 Fourier transform
spectrometer in an NaCl cell of 0.1 mm pathlength as
hexane solutions. 'H and “C NMR spectra were ob-
tained on a Varian VXR-300S spectrometer in CD,Cl,
solutions using appropriate references at 25°C. Elemen-
tal analyses were carried out using a Carlo Erba auto-
matic analyzer. The compound (CO),Fe,{j-SSe) was
prepared as reported in the literature [5). Phenylacety-
lene was purchased from Aldrich Chemical Co. and
used as received.

2.1. Reaction of (CO), Fe,( u-SSe) with phenylacetylene

A methanol solution (15ml) containing freshly pre-
pared (CO), Fe,(u-SSe) (0.6, 1.53mmol), sodium ac-
etate (0.25 g) and phenylacetylene (0,23 ml, 0.27 mmol)
was stirred at roum temperature for 16h. The solvent
was evaporated in vacuo, and the residue was redis-
solved in Sml of dichloromethane. The solution was
filtered through Celite *» remove insoluble muterial.
After removal of the solvent, the residue was redis-
solved in Sml of hexane and subjected to chromato-
graphic work-up on a silica gel column. Using hexune
us eluent the following compounds were obtained, in
order of elution: trace amounts of previously reported
orange=red (CO),Fe,{n-SeC(Ph)=C(H)Se} and
(CO), Fe,[n-SC(Ph)=C(H)Se), followed by deep red
[({(CO), Fe,8Se} {n-C(H)-C(Ph))) (0.3 g, 35%). IR:
»(CO), 2082m), 2068(s), 2043(s), 2035(m), 2012(s),
2002(m), 1998(m), 1988(m)em ", '"H NMR: & 4.65 (s,
Ju-ge = 198 Hz, SC(H)Se), 4.76 (s, J,, . = 23.1 Hz,
SeC(#H)Se), 6.8-7.9 (m, Ph)ppm. “C('H) NMR: &
417 d, Jp_,, = 140Hz, SC(H)Se), 49.9 (d, Jey=
154Hz. SeC(H)Se), 60.2 (s, SeC(Ph)S), 65.7 (s.
SeC(Ph)Se). 120.8-132.3 (m, Ph), 207 (CO). 208
(COYppm. M.p. 164°C (decomp.). Anal. Found: C,
22.1: H, 062, CyH,Fe,0,,8,8¢, Calc.: C, 21.7; H,
0.54%,

2.2. Crystal structure determination of [{(CO), Fe,-
SSeh,{ w-C(H)-CIPh}]

A deep red cube-shuped single crystal of approxi-
mate dimensions 0.2 X 0.2 X 0.3mm* was selected and

Table 1

Crystallographic data for [((CO)Fe,SSe},{in-C(H)-C(Ph))]
Empiﬁcal fon'nula CmeFe,‘olzsljbzselz;s
Formula weight 8949

Crystal system triclinic

Space group Pl

a(A) 8.9560(10)

b(A) 9.0830(10)

c(A) 17.421(2)

a(®) 104.770(10)

B 93.320(10)

y () 94.770(10)

VAY 1366.4(3)

z 2

D, (gem™) 2175

Absorption coefficient (mm~"') 5,256

hkl ranges h= =1t ll,

k= =l1ltoll,{=~221022

F(000) 860.57

Corrections Lorentz polarization, empirical
absorption comrection

Convergence largest shifi (A) 0.10

Minimization factor
Least-square weights
Total reflections measured

Iw{F,~ F,)?
w™ = g (F)+0.0008F?
7442

Total observed reflections K3l
F>S50(F)

R 0.0504
R. 0.0549

mounted on a goniometer. The data were collected on a
Siemens R3 m/V diffractrometer generating Mo Ko
(A =0.71073A) radiation at a temperature of 301K,
using the 20-w scan technique. The scan speed was
variuble, 15 to 30°min"" in w, and the scan range was
1.2 + Ka separation, Crystallographic data are summa-
tized in Table 1. A totl of 6239 reflections were
collected, of which 3109 data with F, > Sa'(F,) were
used in refinement. The structure was solved by Siemens
SHELXTL PLUS PC version using direct methods, and the
hydrogen atoms were located in difference Fourier maps.
The non-hydrogen atoms were refined anisotropically
oy full-matrix least-squares. During solution of the
structure, the S and Se atoms were found to be disor-
dered. For each of the four positions, § and Se atoms
were constrained 1o having the same positional coordi-
nates and the same anisotropic thermal parameters using
the free variable feature of the SHELX programme em-
ployed to solve the structure. The occupancy of each
was initially set to 50%, but these were allowed to vary
in the least-squares refinement with the constraint that
the total occupancy of each position totalled one. The
results were: Se/S(1) 0.754(6)/0.246(6); Se/S(2)
0.347(6) /0.653(6); Se/S(3) 0.704(6)/0.296(6);
Se/5(4) 0.432(6) /0.568(6). With these coordinates and
occupancies, the structure refined to a final R-factor of
0.0504 for 367 variables. The atomic coordinates are
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Table 2
Atomic ceordinates (X10*) and equivalent isotropic displacement
coefficients (A2 X 10%) for [{(CO) Fe,S5e),{ u-C(H)-C(Ph)}}

Atom X ¥ 2 Uy ® Table 3

) W50) 339560) CTET) 20 (S;::ti‘leg( ::)nd distances and bond angles for [{(CO) Fe,SSe},{p-
Fe(2) 3876(2) 1944(1) 8751(1) 29(1) 1

Fe(3) -519%(2) -2675(2) 6N 31(1) Bond distances (A)

Fe(4) ~232(2) - 131%2) 8167(1) 30(1) Fe(1)-Fe(2) 2.50%2) Fe(3)-Fe(4) 2.511(2)
Se(1) 1731(1) 2626(1) 8115(1) 31 Fe(1)-5(1) 2.368(2)  Fe(1)-Se(1) 2.368(2)
s(1) 17311 2626(1) 8115(1) 31) Fe(1)-S(2) 2.331(2) Fe(1)-Se(2) 2.331(2)
Se(2) 431 6(2) 782(2) 7467(1) 34(1) Fe(2)-Se(1) 2.370(2) Fe(2)-S(1) 2.370(2)
S(2) 4316(2) 782(2) 7467(1) 34(1) Fe(2)-Se(2) 2.298(2) Fe(2)-S(2) 2.298(2)
Se(3) -829(1) -26(1) 7213(1) 33(1) Fe(3)-Se(3) 2.368(2) Fe(3)-S(3) 2.386(2)
S(3) —829(1) —26(1) 7213(1) 33(1) Fe(3)-Se(4) 2.333(2) Fe(3)-S(4) 2.33%2)
Se(4) 1835(2) - 1865(2) 7406(1) 29(1) Fe(4)-5(3) 2.336(2) Fe(4)-Se(3) 2.336(2)
S(4) 1835(2) - 1865(2) 7406(1) 29(1) Fe(4)-S(4) 2.355(2) Fe(4)-Se(d) 2.355(2)
o) 1159%010) 984(9) 7160(5) 29(3) Se(1)-C(1) 1.944(7)  S«(2)-C(2) 1.947(8)
c2) 2346(10) = 144(9) 6963(5) 26(3) S(2)-(2) 1.947(8)  Se(3)-C(1) 1.952(9)
a3) 263%10) =701(10) 6099(5) 28(3) Se(4)-C(2) 1.948(9)  C(1)-S(1) 1.9447)
Ccl4) 3450(13) =193%(12) 5872(6) 50(4) (1)-5(3) 1.952(9) C(1)-C(2) 1.531(13)
(s 3834(16) —2450(16) 5089%(7) 76(6) C(2)-8(4) 1.948(9) C(2)-C(3) 1.513(12)
(o () 3351(16) —1680(18) 4552(6) 84(7) o

oD 2528(16)  -45916) 470D 706) Bond angles ()

cun 3573(12) 3773(12) 6781 a6(d) Se(1)-Fe(1)-8(1) 0.0(1) Fe(2)-Fe(1)-Se(2)  56.5(1)
oz 3516011) 3336(11) 9622(6) 36(4) Se(1)-Fe(2)-Se(2) 82.3(1)  S(1)-Fe(2)-Se(2) 82.3(1)
o@21) 3233(9) 419%(9) 101844)  65(3) Fe(1)-Fe(2)-S(2) 57.8(1) Se(l)~Fe(2)~S(2) 82.3(1)
a(22) 5862(13) 2151(12) 9015(7) 47(4) S(1)-Fe(2)-8(2) 82.3(1) Se(2)-Fe(2)-5(2) 0.0(1)
€(23) 3499(12) 354(11) 9178(5) 3(4) Se(3)-Fe(3)-8(3) 0.(1)  Fe(4)-Fe(3)-Se(4)  58.0(1)
o3  13439) JS530) 951 S Se()-Fe(3)-Se(d)  BLHD)  S()-Fe(I-Se(d) 8131
o(31) ~215U1) - 3160(10) 5004(4) 18(4) S(3)-Fe(3)-8(4) BL3(1)  Se(d)-Fe(3)-S(4) 0.0(1)
32 =%00(14) = 318712) 6592(K) 61(5) Fe(3)-Fe(4)-8e(3) SB1)  Fe(3)-Fe(4)-8(3) S8.9(1)
oL - 14(9) = §76M8) 6I81(4) 55(3) Fe(3)-Fe(4)-S(4) 87.2(1)  Se(3)-Fe(4)-5(4) R1LHD
CNZ) 20«'2) - 28'5('2) 8628(6) 42(4) Fe(Z)«Se(l)n('(l) 106.8(3) Fc(l)«s(”"FC(Z) 64.0(1)
o43) 1S8(11) 2W5(11) 902%6) 36(4) Fe(1)-8e(2)-Fe(2) 65.7(1)  Fe(1)-8e(2)-C(2)  103.0(3)

N « Fe(2)-8e(2)-C(2)  104.5(3)  Fe(1)--8(2)-Fe(2) 65.21)
LS ) 12568) 939 513 F)-S(2-02)  10300) FeD-S)-C2)  104.53)
® Equivalent isotropic U defined as one third of the trace of the Fe(3)-Se(3)-Fe(4)  64.3(1)  Fe(3)-Se(3)-C(1)  103.2(3)
orthogonalized U, tensor. Fe(4)-Se(3)-C(1) 99.3(3)  Fe(3)-8(3)--Fe(4) 64.3(1)
Fe(3)-S(3)-C(1) 103.2(3)  Fe(4)-8(3)-C(1) 99.3(3)

Fe(3)-Se(4)-Fe(4)  64.8(i)  Fe(3)- Se(4)=-C(2) 97.6(3)

Fe(3)-Se{d)-C(2)  108.2(3) Fe(3)=S(4)-Fe(4) 64.8(1)

listed in Table 2, and selected bond distances and bond Fe(3)-8§(4)-C(2) 07.6(3) Fe(4)-S(4)-C(D)  108.23)
angles are listed in Table 3. Se(-C1)-S(1 0.0(1)  Se(D)-C(1)-Se(3)  110.7(4)
S(N-C(1)-Se(3) 110.71(4)  Se(D)-C(D-8(3) 110.7(4)

S(1)-C(1)-8(3) 110.7¢4)  Se(3)-C(1)-8(3) 0.0(1)

Se(1)-C(1)-C(2) H3.26)  S(1)-C(1)-C(2) 113.2006)

3. Results and discussion SUN-C(D-CR)  11276)  SB-CD-C)  112.7(6)
Se(2)-C(2)-8(2) 0.0(1)  Se(2)-C()--Se{(8)  106.1(4)

3.1, Synthesis and spectroscopic characterization of $(2)-C(2)-5e(4) 106.1(4)  Se(2)-C(2)-S(4) 106.1(4)
[{(CO), Fe,$S¢} { u-C(H)-C(PR}] SQ2)-CD-S@ 106,14  SAH-C)-S@4)  0.0(1)
Se(2)-C(2)-C(1) LI  8(2)-CQ)-C(1) 111.1(5)

-C(D)- ) -C(2)- 10.7(6

The double butterfly complex [{(CO),Fe,SSe},{- (S:i(,:)_,%})_gg) ::2;23 S(9-C2)-C3) - 10O

C(H)-C(Ph)}] was obtained in a yield of 35% when
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+ PhC==CH

MeQH, NaOAc
———————————
RT, 16h

\c/
(0
/l\/l\/l‘

+

" \c/\ .
n)

/l‘\s/l\s

Scheme 1. Formation of ({{CO),Fe,$Se},(pn-C(H)-C(Ph)}),

a mixture of (CO) Fe,(u-SSe) and phenylacetylene
was allowed to stir at room temperature for 16h in
methanol solvent containing sodium acetate (Scheme
1). Trace amounts of previously reported compounds
(CO)4Fe,{(1n-SeC(H)=C(Ph)S} and (CO),Fe,{(p-
SeC(H)=C(Ph)Se} were also isolated. It is observed
that the yield of [((CO),Fe,SSe},{in-C(H)=-C(Ph))) is
sensitive to the stoichiometry of the reagents used and
also the duration of the reaction. When a 1:1 molar ratio
of phenylacetylene and (CO) Fe,(1-SSe) is used, the
yield of [((CO),,Fe;SSe];(u C(H)=C(Ph)}] is less than
5%, even if the reaction is allowed to stir for up to 24 h;
under these conditions the major products formed are

o0
Fig. 1. Molecular structure of [{(CO)Fe 5S¢, ), {u-CUH)-CUPh)}] with thermal ellipsoids at the S0% probability level,

the previously reported compounds (CO)gFe {(p-
SeC(H)=C(Ph)S} and (CO)Fe,{(pn-SeC(H)=C(Ph)Se}
{7 An optimum yield of 35% [{(CO)sFe,SSe}.{p-
C(H)-C(Ph)}] is obtained on using a 2:1 molar ratio of
(CO)sFe,(n-SSe) and phenylacetylenc, and a reaction
time of 16h. The IR spectrum of [{(CO),Fe,SSe},(pn-
C(H)-C(Ph)}] displays the characteristic carbonyl
stretching pattern observed in compounds containing the
Fe,(CO), unit, with a shift of corresponding bands to
higher v(CQ) values compared with the Se, compound
[(CO),Fe, Se,) {n-CCH)-C(Ph))L. The 'H NMR spec-
trum of [{(CO), Fe,S8Se},{n-C(H)~C(Ph)}] displays two
signals for the CH protons, at 8 4.65ppm and &



P. Mathur et al. / Journal of Orgunometallic Chemisiry 526 (1996) 379-383 83

4.76 ppm, with "' Se satellites (J,,_s. = 19.8 and 23.1 Hz
respectively). The presence of two signals indicates the
presence of two isomers, and the J,_s. values are
comparable with the 2J,,_q. value of 24 Hz reported for
[{(CO)¢Fe, Se,},{n-C(H)-C(H)}] [12]). On comparison
with the spectrum of [{(CO),Fe,Se,},{p.-C(H)-C(Ph)}]
(8 4.94ppm, J;;_s. = 24Hz), the downfield signal with
a higher value of H-Se coupling of 23.1Hz can be
assigned to the isomer [{(CO),Fe,).{in-SeSC(H)-
C(Ph)SeS}] (I). The signal at & 4.65 ppm with a smaller
value of H-Se coupling can be assigned to the isomer
[{(CO)¢ Fe,),{p-SSeC(H)-C(Ph)SeS}] (II). A multiplet
signal in the range & 6.8-7.9ppm is assigned to the
protons of the phenyl group. The *C NMR spectrum
also confirms the presence of two isomers. The proton-
coupled *C NMR spectrum shows two doublets at &
47.7ppm and & 49.9ppm with C-H couplings of 140
and 154Hz respectively, indicating two C(H) groups
which are in different environments. Two single peaks
at & 60.2ppm and & 65.7ppm can be assigned to
C(Ph) carbon atoms of the corresponding isomers. The
spectra also display peaks for the pheny] carbon atoms
at & 120.8-132.3ppm and two peaks in the carbonyl
region, at 8 207 and 208 ppm.

3.2. Molecular structure of [{(CO),Fe,SSe},{u-C(H)-
C(Ph)}]

Deep red single crystuls of [{(CO),Fe,SSe},{p.-
C(H)-C(Ph)}] were grown from its hexane/CH,Cl,
solutions at - 10°C and an X-ray analysis was carried
out. Fig. 1 shows the oRTEP diagram of the molecular
structure  of  [{(CO), Fe,SSe),{in-C(H)-C(Ph)}). The
structure can be described as two Fe,SSe core units
linked to each other through a bridging PhC-CH group.
As a result of the phenylacetylene addition to the Fe,$Se
cores, the acetylenic bond is reduced to beyond an
olefinic bond order, C(1)-C(2) = 1.531(13) A, which is
longer than the corresponding bond lengths of 1.48 DA
in [{(CO),Fe,Se,},(iu-C(H)-C(Ph)] (10}, 1.47(1) A in
(CO)sFe,{p-Se(CH, ), Se} [13], 1.494 A in (CO)Fe,(p.-
Te(CH,),Te} [14]) and 1.423(15)A in [{(CO),Fe,{p.-
SeC(Ph)C(H)}P(PPh,), [6). Each iron atom has three
terminally bonded carbonyl groups, and the p,-S lig-
and, p,-Se ligand and the Fe-Fe bond define a dis-
torted octahedral geometry around it. The average Fe-Se
bond distance (2.365A) in [{(CO),Fe,SSe},{w-C(H)-
C(Ph)}] is longer than the average Fe-S bond distance
(2.327 A). All other bond metricals are unexceptional.
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