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stoppers and wheels. This could be important for measuring the
hydrogen-bonding strength between wheel and axle, and for the
application of mechanical bonds in polymers,!'!] in which a
temperature-dependent change of the relationship between
structure and property is desired.

Experimental Section

The typical procedure for the synthesis of rotaxanes by melting down wheel and axle
is exemplified by the preparation of rotaxane 2¢y: Wheel 1¢ {200 mg, 0.2 mmol)
was carefully mixed with axle 3y (123 mg, 0.2 mmol). Portions of 20-30 mg of this
mixture were poured into glass tubes, melted by heating to 350 °C for a short time
with a hot-air blower, and subsequently quenched in cold water [12]. The solidified
melt was dissolved with a mixture of chloroform and methanol (5/1). The combined
crude products were purified by column chromatography. M.p.: 240°C; R, = 0.6
(dichloromethane;ethyl acetate, 20/1, silica gel 4063 pm); yield 25 mg (8 %).
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Iron complexes with high-valent Fe!V centers are discussed as
reactive intermediates in numerous enzymatic processes that are
catalyzed, for instance, by heme peroxidase, cytochrome P450,
methane monooxygenase, ribonucleotide reductase, isopeni-
cillin N synthase, and other enzymes.!!! The diversity of these
reactions suggests that also a rich nonbiological Fe'V chemistry
should be accessible.'?! However, only a few ligands proved to
be sufficiently oxidation resistant and able to stabilize Fe'¥ cen-
ters. These ligands are mainly tetrapyrrolic ligands™! and other
N, donor ligands'™ * or ligands with sulfur donors.l>! We have
now obtained Fe'Y complexes with a mixed N/S/P coordination
sphere from readily accessible starting materials in a remarkably
easy way. The one-pot reaction according to Equation (1) yields
the Fe' complexes [Fe'(PR,)(L)] in yields of more than 85%.

Equation (1) shows that the oxidation Fe' — Fe'V is accom-
panied by a deprotonation of the amine functions in the LHZ~
ligand and formation of the tetraanionic L*~ ligand [LH, =1,2-
ethanediamide-N,N'-bis(2-benzenethiol). The reaction initially

H M\ H
N N + excess Q,
+ FeCh-4H,0 + excess PR3 TRET oo
SLi LiS ¢
LH,-Li,
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,
gren e g
SLor N O
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OMe, OPh
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yields suspensions of [Fe(LH,)] com-

s plexes. Upon contact with air, the
color of these suspensions turns from
brown into deep blue-green, and the re-
l spective Fe'¥ complexes precipitate as
S red-violet microcrystals. The primary
formation of Fe!' complexes was proved
2 by isolation and characterization of

[Fe'(PMe;),(LH,)] (2) ¢!

The complexes resulting according to Equation (1) exhibit
largely analogous properties. [Fe'¥(PnPr,}(L)] (1) has been char-
acterized comprehensively, and is readily soluble in common
solvents (THF, CH,Cl,) yielding deep blue-green solutions. The
color is attributed to a strong band at 684 nm in the UV/Vis
spectrum (CH,Cl,), which is assigned to a ligand-to-metal
charge transfer (LMCT) transition. Complex 1 is paramagnetic
(Hegr = 2.76 g, 295 K, solid state). The magnetism is appropri-
ate for two unpaired electrons and an “intermediate-spin” d*
Fe' center with a § =1 ground state®® 53l and gives rise to
paramagnetically shifted signals in the 'H NMR spectrum of 1.
The "HNMR spectrum and likewise the 3C{'H} NMR spec-
trum of 1 indicate that 1 possesses C, symmetry; thus, the molec-
ular structure determined by X-ray structure analysis for the
solid state (Figure 1) is retained in solution [’}

(J'N\ ,u/PMes
H/N/ T~PMe;

c(16)  C(16a)

Figure 1. Molecular structure of 1 (H atoms omitted). Selected distances [pm]:
Fe(1)-P(1) 220.2(3), Fe(1)-S(1) 218.5(2), Fe(1)-N(1) 184.0(6), N(1)-C(15)
134.3(8), N(1)-C(16) 147.2(7), C(16)- C(16a) 154.2(13), S(1)-C(10) 171.1(7).

Complex 1 possesses crystallographically imposed Cg symme-
try and a distorted tetragonal pyramidal Fe center. The Fe—-N
distances (184.0(6) pm) are similar to those in reported Fe'
amido complexes (d(Fe—-N) =186-192 pm)!“® < ¢ and are dis-
tinctly shorter than in the related [Fe(L'}L?)}1.H,)] complexes
(L' = PR;; L? = CO, PR;; d(Fe-N) = 206-209 pm).[*® Be-
cause Fe— N distances longer than 200 pm correspond to Fe—~N
single bonds,® the distances in 1 indicate Fe— N multiple-bond
character. Similar arguments hold for the Fe-S distances
(218.5(2) pm). Comparably short Fe—S distances are found in
square-pyramidal [Fe'Y(PMe,}(0-C4H,S,),] (218.5 pm), which
exhibits an average Fe—S bond order of 1.5.1°% The angle sums
of 360° around the N atoms corroborate the amide character of
the N donors. In addition, the averaged N—C and C-C distances
in the N—C,H,—N bridge of the L*~ ligand exclude the forma-
tion of the Schiff base ligand glyoxal-bis(2-mercaptoanil)(2 —)

(L*?7), which can potentially form

7\ from LHZ~ by dehydrogenation.!)
The zero-field Moessbauer spectra
of 1 consist of one doublet at 298 K

Q. IO
§ s and 42K (Table 1, Figure 2). The

L2 low isomer shifts 6 and the large
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Table 1. Moessbauer parameters of 1.

T K] §[{mms™ 1] [a] AE, [mms™ '] [b] I [mms™'][c]
298.0 —0.0442(20) 3.0226(40) 0.2285(63)
42 0.0396(2) 3.1596(3) 0.2361(5)

fa} & Isomer shift relative to a-iron at 298 K. [b] AE, Quadrupole splitting.
[e] I’ Linewidth.

and the large quadru- T T T T T 71T 7T 71
pole spliting 4F,,
which is nearly temper-
ature independent, are
consistent with a five-
coordinate Fe!¥ (S =1) a)
center in a tetragonal-
pyramidal coordina-
tion.[2: 4a.b. 8. 32] The
Moessbauer data rule
out resonance Struc- E H
tures such as B and C | - S .
for the [Fe(L)] core of  Teet [ 1) 1 :
1, which suggest an in- '\
tramolecular redox re- < :
action between the Fe H 3
center and the ligand.
The resonance struc- . IR :

tures B and C would L HNE S Y .
implicate that the L lig- i i
and is a dithiolene-type S
“noninnocent” ligand I .
that, due to the S =1 v i
magnetism of 1, coor- I, : .
dinates Fither as a 5 P >
monoradical a Fe™ N

v/ mm s”
(S=1/2) centeror as a Fieure 2. Mosseh .
: : It — igure 2. Moessbauer spectra of polycrys-
dé;at(ehcai{a Fev (rS Fe(‘)')l talline 1 at 4.2 K; a) in the zero-field, b) in an
C r. However,

applied field of 2.5 T, and ¢) in an applied field
(S=1/2) complexes

of 50T
and Fe" (S = 0) com-
plexes exhibit isomer shifts 6 in the ranges of 0.16 to
0.38 mms™ ! and 0.18 to 0.51 mms~*,1*% which is quite differ-
ent from the isomer shift of § = 0.0396(2) mm s~ ! for 1.

c)

_——

/f_\\
;@ S

B C

Finally, the high-valent character of the Fe center is also
revealed by the cyclic voltammogram of 1 (Figure 3). It displays
two quasireversible redox waves at +0.04 V and —0.86V
(CH,Cl,, vs. NHE). They are assigned to Fe'V/Fe and Fe'/
Fe! redox couples and appear at relatively positive potentials
when compared with the corresponding redox waves of the re-
lated complex [Fe'V(PMe,)(0-C4H,S,),] (— 0.31V, —1.07 V, vs.
NHE; acetone).[>

The results show that novel Fe'¥ complexes are readily acces-
sible from simple starting materials. To the best of our knowl-
edge, 1 and its analogues are the first Fe!¥ complexes with a
mixed N/S/P coordination sphere. Spectroscopic and structural
data corroborate the results accumulated over the past years
that 1,2-benzenedithiolate or the related o-aminothiophenolate
behave as quite usual dithiolate or aminethiolate ligands.!** ®%
These ligands show no tendency to break up their aromatic
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Figure 3. Cyclic voltammogram of 1in CH,Cl, (1 x 1073m; 1 x 107’ M NnBu,PF,.
v=0.02Vs™ ")

systems by release of electrons from the benzene rings in order
to become “dithiolene-type” ligands. The data rather indicate
that the stabilization of Fe'Y centers by “hard” N and “‘soft” S
donors is essentially due to n donation from the amide and
thiolate functions and rule out *“noninnocence” of the L*~ lig-
and, if something like “innocence” of ligands exists at all!

Experimental Section

All operations were carried out under N, at room temperature by using standard
Schlenk techniques. Solvents were dried and distilled before use. LH, was prepared
according to literature methods [11]. 1: To a yellow solution of LH, (280 mg,
1 mmol) in THF (SmL) and MeOH (25 mL) a IN solution of LiOMe (2 mL,
2 mmol) in MeOH, FeCl, 4H,0 (200 mg, 1 mmol), and PsPr, (I mL, 5 mmol)
were added. The resulting brown suspension was stirred for 1.5 h in contact with air
and for 2 h under N,. The precipitated red-violet microcrystals of 1 were separated,
washed with MeOH (50 mL), H,O (30 mL), and Et,0O (20 mL}, and dried in vacuo
for 1d. Yield: 440 mg (90%). Elemental analysis of C,,H,,FeN,PS, (488.48):
Caled C 56.55, H 6.81. N 573, § 13.13; found C 56.32, H 6.78, N 5.72, S 12.97;
'"H NMR (269.6 MHz. CDCl,): 8 =19.30, 12.13 (25,4 H; C,H,), 8.09, 5.87 2 d.
4 H; C,H,), 701,495 (2 t, 4 H; CiH,), 0.85-0.6 (m, 6 H; CH,), 0.47 (1,9 H;
CH,), (= 0.4)-(— 0.6) (m, 6 H; PCH;); '*C{'H} NMR (67.70 MHz, CD,Cl,):
§=157.6, 140.1. 123.4. 122.9, 120.6, 115.6 (C,H,), 51.7 (C,H,), 254, 159, 151
(P(C3H,)5): MS (FD. CH,Cl,): m/z = 488 [M *]; UV/Vis (CH,Cl,): /g, (8) = 339
(10500). 373 (11000). 441 (9900), 684 (25800); e = 2.76 py (295 K); CV (CH,Cl,,
295 K. 0.1m NnBuPF,: E vs. NHE [V]): E” +0.04 ((11°/1]7), £ —0.86
(A1
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New Motifs in Aurophilic Self-Assembly:
Synthesis and Structures of
[AuNH=CMe,),|CF;SO, and
[Au(C=CSiMe;)(CNtBu)]**

José Vicente,* Maria-Teresa Chicote,* Maria-Dolores
Abrisqueta, Rita Guerrero, and Peter G. Jones*

The triflate salt of the complex [Au(NH,),]* prepared by
Mingos et al.!!* 2 reacts very slowly with acetone to give the first
iminogold(1) complex [Au(NH=CMe,),]CF,SO, (1, Scheme 1}.
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