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In a new development in transition metal chemistry, we recently
reported a class of macrocycles, which contain tetrahedral

Mo,FeS cluster cores and are formed by a self-assembly cyclization

reactiont Macrocycles are of great importance in theory and
practical applicationg? Furthermore, the macrocycles containing
metal cluster cores along with their synthetic methods are little
known up to nowt* So, we are interested in studying the new
synthetic methodology by which such macrocycles could be
synthesized. Herein we report the synthesis, full characterization,
and X-ray structures of the first macrocycles containing butterfly
FeS,C and FgS; cluster cores, generated through two novel tandem
reactions.

Interestingly, the tandem reactions for production of such
macrocycles, for examplelab and 2ab shown in Scheme 1,
involve an intermediate [BWH]* salt of the ether-chain CYfCH,-
OCH,),CH, (n = 2, 3)-bridged doubl@-CO, double butterfly Fe
SC dianionm,, formed from the corresponding dithiol, €0);,
and EgN. More interestingly, the [ENH]* salt of dianiorm; reacts
in situ with two molecules of CS(via double nucleophilic attack
of the two negatively charged Fe atomsnn at the two C atoms
in two CS followed by loss of the twq:-CO ligands inm;) to
give another intermediate [H]* salt of double butterfly F£&,C
dianionm,, which reacts further in situ with 1,4-di(bromomethyl)-
benzene or 1,4-diiodobutane to afford produtésh.> Similarly,
the [EgNH]* salt of dianionm; reacts in situ with two molecules
of (u-S;)Fe(CO) (via double nucleophilic attack of the two
negatively charged Fe atoms im; at one S atom in each
(u-S)Fex(CO) followed by loss of the twa:-CO ligands inm;)
to afford an intermediate [BXIH]* salt of the double butterfly B8,
anionmg, which reacts further in situ with 1,4-diiodobutane to yield
products2a,b.5

It is worth pointing out that although the singleCO, single
butterfly monoanion of type J[(-RS)u-CO)Fe(CO)]~ has been
known since 1985and is well-studied so far for its chemical
reactivities® the novel type of double-CO, double butterfly dianion
my is now first prepared and investigated. The formation of dianion

Scheme 1
2Fe,(CO)yp + HSCHZ(CH,OCH,),CH,SH + 2Et;N Tﬂ-t‘—’

/'f\o/)nxs\

O,
o
N>
{OC)sFe— ge (CO)s

o]
v @
i J [E,NH],
{OC)sFe— Fe(COY:

my (n=2,3)

Os_ s <)
N R PSS ] @
255 [ NS O /Y J[Et;NH]z
o (OC):sFe—Fe(CO)s (OC):Fe— Fe(CO)
my (n=2,3)
1,4 - (BrCH,),CeH,
or 1,4 - KCH,)l
N A
(OC)sFe/S o7 > Fe(CO)s
— (©cyre 8 S _Fe(COx
A o7 Ia 172, Z=1,4-(CHy)CoHa
S
~; —F 1b n=3, Z=(CH,),
2 E;E (OC)Fe~ Fe(CO)
e Fe oFe—Fe(CO)s (OC)sFe— Fe(CO)s
0C); (CO) o\
¢ r_)i ; [ esxs\ No s©  |[EL,NH],
(COMFe—Fe(COk  (OC)Fe—Fe(COk
m3 (n=2,3)
11,4 -ICH,)
N
(OC)Fe-=S o/ <~ Fe(CO)
7 N
(OC)Fe Fe(CO)s
Ng s/
N
(OC)sF{/\/\ Fe(COk 25 n=n
/
oSNN8 o, 2b n=3

NH]* salt of dianionm; can be formed in quite high yield. This is
because we prepared its acyclic derivative F=C—SCH,Ph)Fe-
(CO)]2[u-SCH(CH,O CH,),CH,S] through reaction of the
correspondingn; with CS; followed by treatment of the corre-
spondingm, with PhCHBr in 65% yield. So, in view of the easy
availability of dianionm; with high yield and because of its high

m; can be recognized by the presence of an absorption bandnucleophilic reactivity, it would be potentially very useful in the

characteristic ofi-CO in the IR spectrum of its THF solution. For
example, the [ENH]™ salt of dianionm; (Z = CHy(CH,OCH;)s-
CH,) in THF solution showed an absorption band at 1744%m

development of transition metal chemistry.
The molecular structures @k and2b were established by X-ray
crystallography. Figure 1 shows thala contains two butterfly

subclusters Fe(1)Fe(2)S(2)S(1)C(13) and Fe(3)Fe(4)S(6)S(5)C(22),
which are connected by the ether chain and 1,4-di(thiomethyl)-
benzene group to give a 24-membered macrocycle. The ether chain
is bonded to S(2) and S(6) of the subcluster cores by an equatorial
type of bondi® which is consistent with itdH NMR data of the
SCH, group being greater than 2 pptlin addition, the 1,4-di-
(thiomethyl)benzene group is bound to the subclusters through
C(13)-S(3) and C(22yS(4) bonds lying in the planes of
Fe(1)Fe(2)S(1)C(13)S(3) and Fe(3)Fe(4)S(5)C(22)S(4), respec-

10.1021/ja020151x CCC: $22.00 © 2002 American Chemical Society

which is very close to that displayed by the {EH]* salt of
monoanion [¢-EtS)u-CO)Fe(CO)] .7 Actually, the well-studied
chemistry of the singlei-CO cluster monoanion f#RS){-CO)-
Fe(CO)] ~,"® and particularly the fully characterized macrocyclic
productslab and2ab (vide infra), strongly supports the formation
of the intermediate [ENH]* salt of the doubleu-CO, double
butterfly dianionm;. In addition, we have proved that the §Et
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Figure 1. ORTEP diagram ofla. Selected bond lengths (A) and angles
(deg): Fe(1)}Fe(2) 2.618(3), Fe(3)Fe(4) 2.615(3), Fe(2)S(1) 2.303-
(3), Fe(1)-S(2) 2.248(4), Fe(HC(13) 1.999(13); Fe(HS(2)-Fe(2) 71.32-
(11), Fe(3)-S(6)-Fe(4) 71.13(12), S(HFe(2)-Fe(1) 76.21(11), S(2)
Fe(1)-Fe(2) 54.23 (10).

Figure 2. ORTEP diagram ofb. Selected bond lengths (A) and angles
(deg): Fe(1)}Fe(2) 2.542(2), Fe(3)Fe(4) 2.537(2), Fe(1)S(1) 2.258-

(4), Fe(1)-S(2) 2.243(3); Fe(H)S(1)-Fe(2) 68.55(11), Fe(1)S(2)-Fe-

(2) 69.27(10), S(ByFe(1)-Fe(2) 55.68(9), S(3)Fe(3)-Fe(4) 55.79(9),
S(1)-Fe(1)-S(2) 76.93(11).

tively. The twelve carbonyls bonded to Fe(1), Fe(2), Fe(3), and
Fe(4) are terminal, which are in accord with their IR spectra
displaying several absorption bands in the range 2ABP81 cm™.

Figure 2 indicates tha2b contains four butterfly subcluster
cores, in which Fe(1)Fe(2)S(1)S(2) and Fe(3)Fe(4)S(2)S(3) joined
to a spiro type of S(2) atom, whereas Fe(5)Fe(6)S(4)S(5) and
Fe(7)Fe(8)S(5)S(6) joined to a spiro S(5) atom. In addition, while
S(1) and S(4) atoms are bonded to C(25) and C(32) atoms of the
ether chain, S(3) and S(6) atoms are bound to C(33) and C(36)
atoms of the butylene group to form a 25-membered macrocycle.
It should be noted that both the ether chain and the butylene group
are attached to the subclusters by an equatorial type of evidch
is necessary to avoid the axiadxial repulsions between the ether
chain with the axially bonded subclusters Fe(3)Fe(4)S(2)S(3) and
Fe(7)Fe(8)S(5)S(6) or the butylene group with subclusters
Fe(1)Fe(2)S(1)S(2) and Fe(5)Fe(6)S(4)S8y).is also worthy of
note that each of the 24 CO’s attached to eight Fe atoms from Fe-
(1) to Fe(8) is terminal, which is in good agreement with its IR
spectrum showing several absorption bands in the range-2084
1987 cm.

Such macrocycles can be regarded as an unique type of
organometallic crown ether and thus they might have some
applications in numerous fields, such as catalysis and molecular
recognition'—3 Studies are underway to apply such tandem reactions

for synthesis of other novel macrocyclic and acyclic cluster
complexes. New chemical reactivities concerning the douil®,
double butterfly dianiorm; and their applications are also under
extensive investigation.
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A mixture of Fg(CO), (1.00 g, 2.0 mmol), THF (30 mL), HSGKCH,-

OCH,),CH,SH (0.18 g, 1.0 mmol) or HSCICH,OCH;,)sCH,SH (0.23

g, 1.0 mmol), and BN (0.28 mL, 2.0 mmol) was stirred at room

temperature for ca. 0.5 h to give a brown-red solution containing the [Et

NH]* salt of the dianion [{-CO)Fe(CO)][(1-SCH(CH,OCH,),CH.,S-

)] (Mg, n=2 or 3). To the solution was added £8.24 mL, 4.0 mmol)

and the mixture was stirred at room temperature for 0.5 h. Then, 1,4-

(BrCH,)2CsH4 (0.26 g, 1.0 mmol) for preparation @& or [(CH,)4l (0.13

mL, 1.0 mmol) for preparation oitb was added and the mixture was

stirred at room temperature for 12 h. Solvent was removed under reduced

pressure. The residue was subjected to TLC separation usinGI&ZH

petroleum ether (v/%= 3:2 or 2:1) as eluent. From the main red bdred

or 1b was obtained as a red solitk: yield 0.144 g (15%); mp 104106

°C. IR (KBr disk): vc=0 2074 (s), 2018 (vs), 1981 (vS)c—o0 1105 (m);

ve=s 1014 (m) cnt. *H NMR (CDCly): 2.81 (br s, 4H, 2SC}), 3.72-

3.85 (m, 8H, 4CHO), 4.20-4.45 (m, 4H, 2SCHAr), 7.15 (s, 4H, GHa)

ppm. 1b: yield 0.110 g (11%); mp 107108 °C. IR (KBr disk): vc=0

2066 (vs), 2024 (vs), 1993 (VS)e—o 1107 (m);ve=s 1017 (m) cnrt. H

NMR (CDCl): 1.68 (br s, 4H, SChCH,CH,CH,S), 2.80 (br s, 8H,

4SCH), 3.65-4.05 (m, 12H, 6CHO) ppm.

Synthesis oRa and2b: To the solution containing the [BNH]* salt of

dianionm; (n = 2 or 3) prepared as described above was addesh)¢

Fe(CO) (0.688 g, 2.0 mmol) and the mixture was stirred at room

temperature for 2 h. To the resulting mixture was added K@HO0.13

mL, 1.0 mmol) and the reaction mixture was stirred at room temperature

for 24 h. Solvent was removed under reduced pressure. The residue was

subjected to TLC separation using @Eb/petroleum ether (v/i= 2:1)

as eluent. From the main red bafd or 2b was obtained as a red solid.

2a yield 0.240 g (16%); mp 176C dec. IR (KBr disk): vc=0 2084 (m),

2057 (s), 2034 (vs), 1989 (vS)c-o 1121(m) cmt. 'H NMR (CDCl):

1.84 (br s, 4H, CHCH,CH,CH,), 2.30-2.85 (m, 8H, 4SCH), 3.55-

3.85 (m, 8H, 4CHO) ppm.2b: yield 0.270 g (18%); mp 2106C dec. IR

(KBr disk): vc=o0 2084 (m), 2043 (s), 2033 (vs), 1987 (8%-0 1116 (w)

cm L. IH NMR (CDCly): 1.80-2.00 (m, 4H, CHCH,CH,CHy), 2.40-

2.80 (m, 8H, 4SCh), 3.60-3.83 (m, 12H, 6CHO) ppm.
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X-ray data forla, with 2b in parentheses, fH20F€,014Ss+/,CH;OH

(CseH24F€3027Ss CHoCl+ 1/2H,0): triclinic (triclinic), P1 (P1), a= 8.198-

(3) (12.643 (4)) Ab = 14.912(6) (15.601(6)) Ac = 19.402(7) (16.768-

(6)) A, oo = 104.457(8) (82.643(6)) B = 97.953(8) (70.777(6)) y =

102.998(8) (84.743(79) F(000) = 1018 (1614),R = 0.0737 (0.0688),

R, = 0.1197 (0.1470), GOF 0.862 (0.980).

(10) Shaver, A.; Fitzpatrick, P. J.; Steliou, K.; Butler, .I3Am. Chem. Soc.

1979 101, 1313.
(11) Seyferth, D.; Henderson, R. S.; Song, L.@ganometallics1982 1,
125.

®

=

@

®)

(©)

(12) song, L.-C.; Yan, C.-G.; Hu, Q.-M.; Wang, R.-J.; Mak, T. C. W.; Huang,
X.-Y. Organometallics1996 15, 1535.

JA020151X

J. AM. CHEM. SOC. = VOL. 124, NO. 17, 2002 4567



