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Metallomacrocyclic compounds can be easily prepared by 1,4-addition of diamines to a.f-unsaturated Fischer bis-carbene templates. This
method allows the preparation of a new family of homo- and heterotetrametallic compounds having macrocyclic cyclophanic structures.

In the last few years, the use of transition metal centers in reported® Recently, Re-based chiral square molecular sys-
the construction of cyclophanes or macrocyclic structures tems have been prepared by using chiral bridging lig&nds.

has gained a lot of attentidnThis is due to the fact that  Fischer carbene complexes have become an excellent tool
metal centers are an exceptional tool for constructing organicin organic chemistry because of the impressive array of
structures since they can be assembled easily with highprocesses in which they can take gaNevertheless, the

iCi 2 . . ; .
efficiency” Many of the metallocyclophanes known to date htential use of this type of compounds in the construction
have been prepared using metals in low oxidation states | or

i i | |
Il, in particular, square planar Cupd', or Pt Centers,o_r (3) Selected examples can be found in: (a) Maverick, A. W.; Klaveter,
tetrahedral Cicenters. Examples of cyclophanes containing  r. E.Inorg. Chem1984,23, 4130. (b) Maverick, A. W.; Buckingham, S.

octahedral W, Mo, Re, Ru, and Rh centers have also beenC-; Yao, Q.; Bradbury, J. R;; Stanley, G. &.Am. Chem. S0d.986,108,
7430. (c) Refs 1a and 1b. (d) Fujita, M.; Ogura, ®oord. Chem Re

1996,148, 249.

(1) (a) Fujita, M.; Yakazai, J.; Ogura, K. Am. Chem. S0d.990,112, (4) (a) Stricklen, P. M.; Volcko, E. J.; Verkade, J. EZ Am. Chem. Soc.
5645. (b) Stang, P. J.; Cao, D. Bl. Am. Chem. S0d.994,116, 4981. (c) 1983,105, 2494. (b) Derridge, T. E.; Jones, C.Rblyhedron1997,16,
Stang, P. J.; Olenyuk, BAcc. Chem Re4997,30, 502. (d) Leininger, S.; 3695. (c) Slone, R. V.; Yoon, D. I.; Calhoun, R. M.; Hupp, J.JT.Am.
Olenyuk, B.; Stang, P. £hem Re»2000,100, 853—907. (e) Fujita, M. Chem. So0c1995,117, 11813. (d) Sun, S.; Anspach, J. A,; Lees, A. J;;
Chem. Soc. Re1998,27, 417-25. (f) Holiday, B. J.; Mirkin, C. AAngew. Zavalij, P. Y.Organometallic2002,21, 685. (e) Holliday, B. J.; Farrel, J.
Chem., Int. Ed2001,40, 2002—43. (g) Dinolfo, P. H.; Hupp, J. T.; Guzei,  R.; Mirkin, C. A. J. Am. Chem. S0d.999,121, 6316.

I. A.; Rheingold, A. L. Coord. Chem. Re#2998,171, 221. (h) Cotton, F. (5) Lee, S. J.; Lin, WJ. Am. Chem. So@002,124, 4554.

A.; Lin. C.; Murillo, C. A. Acc. Chem. Re®001,34, 759. (i) Klausmeyer, (6) For recent reviews on carbene complexes in organic chemistry, see:
K. K.; Rauchfuss, T. B.; Wilson, S. FAngew. Chem., Int. EAL998,37, (a) Wulff, W. D. Comprehensive in Organometallic ChemistryAbel, E.
1694. (j) Piotrowski, H.; Polborn, K.; Hilt, G.; Severin, K. Am. Chem. W., Stone, F. G. A., Wilkinson, G., Eds.; Pergamon Press: Oxford, 1995;
Soc.2001,123, 2699. Vol. 12, p 470. (b) Hegedus, L. $etrahedron 997, 53, 4105. (c) Herdorn,

(2) (a) Lehn, J. MSupramolecular Chemistry: Concepts and Perspec- J. W.Coord. Chem. Re 1999,181, 177. (d) Do6zt, K. H.; Tomuschatt, P.
tives; VCH Publishers: New York, 1995. (b) Vogtle, Supramolecular Chem. Soc. Rei1999, 28, 187. (e) Dorwall, F. ZMetal Carbenes in
Chemistry; Wiley: Chichester, England, 1991. Organic SynthesjsWiley—VCH: New York, 1999. (f) de Meijere, A.;
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of macrocyclic and supramolecular structures remains un- ||| NG

explored’ Recently, our interest has focused on the design Scheme 1
and development of new methods for the synthesis of
cyclophanic structures using Fischer carbene compfekis.
incorporation of metal centers may be used to create further B0 = OFt
sophisticated structures by taking advantage of the chemistry

of the complexes developed so far. Herein we report the

M(CO)s M(CO)s

synthesis, as well as the electrochemical properties, of new 2a:M=Cr

metallomacrocyclic compounds containing four centers. 2b:M=W
_Tetrametal_li_c macroc_yclic compc_)undisrvere prepared by HoN—(—NH,

Michael addition of different amines to,(-unsaturated

Fischer carbene complexgsaccording to Scheme®1Bis- O - <:>

carbene complexe®a and 2b were selected as templates or
for the macrocyclic structures. Reaction of these bis-carbene
complexes2 with diamines (2:1 ratio) in THF solution at
room temperature afforded the binuclear carbene complexes
3in high yields. These complexes were obtained as a single NHz 'Tle
stereoisomer (Z,Z) in accordance with the data reported in
the literature®*? Further reaction of the bis-enaminocarbene
complexes3, with an equimolecular amount of the corre- OEt NH NH OEt
sponding bis-carbene compl2xyielded cyclophane carbene (OC)sM Z X M(CO)s
complexesl in good yieldst!

The tetranuclear macrocycles are quite stable, can be easily
purified by flash column chromatography on silica, and were 3a: M= Cr, (100%) < >
characterized by spectroscopic and analytical methidis. 3b:M =W, (100%)

13 ihi 3c: M =Cr, (68%) - H
NMR and3C NMR spectra for all complexes exhibit the A =

same features. Significantly, tHéC NMR spectra show a

single signal in the range of 283:308.7 ppm attributable
to the carbene carbon, indicating the presence of one single l 2
steroisomer (all-(Z)). The stereochemistry was assigned by THF/rL.

comparison of their spectroscopic data with reported ana-

logue structure® Chromium or tungsten macrocyclic car- (OC)5MY\/©\/\%M(CO)5
Schimer, H.; Duesch, MAngew. Chem., Int. E@00Q 100, 3591. (g) Sierra, OFt ITIH ’TIH OFEt

M. A. Chem. Rer»2000, 100, 3591. (h) Barluenga, J.; Fafanas, F. J. O O
Tetrahedron2000,56, 457. (i) Barluenga, J.; Florez, J.; Fahanas, §. J i i

Organomet. Chen001,624, 5.

(7) As far as we know, only nonmetallic cyclophanes had been prepared OEt NH NH OEt
using Fischer carbene complexes; see: Wang, H.; Wulff, WJ.DAm. . F A .
Chem. S0c2000,122, 9862. (OC)sM M(CO)s

(8) Fernandez, |.; Sierra, M. A.; Manchefio, M. J.; Gomez-Gallego, M.;

Ricart, S.Organometallics2001,20, 4304—06.
(9) Aumann, R.; Nienaber, HAdv. Organomet. Chenl997,41, 163.

(10) Moretd, J. M.; Ricart, S.; D6tz, K. H.; Molins, Bxrganometallics 1a:M=Cr, M'=Cr, (75%)
200120, 62. :M=w,M=wW,@41%) () = @
(11) The following preparation of tetrametallic macrocycli@ is 1e:M=Cr, M'= W, (41%)
representative. To a solution of chromium carbene compéer THF was
added 1,4-diamino benzene in one portion (2:1 molar ratio). The mixture 1d: M=M= Cr, (46%) _
was stirred at room temperature under argon until the dissappearance of 1e: M=M'=W, (43%) O -

the starting material (checked by TLC). The solvent was removed under
reduced pressure to yield compouBa(100%).3a: 'H NMR (200 MHz,
CDCl) 0 1.57 (t, 6H,J = 7.0 Hz), 3.61 (br s, 4H, Nb), 4.85 (q, 4H,J = benes can be prepared in this way, and diverse diamines can
7.0 Hz), 6.22 (s, 2H), 6.406.51 (m, 8H, ar), 7.197.24 (m, 4H, ar), 10.33 > prepared 1 Y, @ L

(s, 2H, NH):13C NMR (50 MHz, CDC) 6 15.7, 74.2, 115.3, 116.7, 120.8, b€ used as linkers to join the two bis-carbene moieties.

124.7, 128.6, 129.0, 130.3, 135.6, 144.7, 147.1, 218.3, 224.2, 298.1; IR The versatility of the method also enables the facile

(Cff,\,riovl 2:20518’541_?12%12_4611'.}\15163‘1_681_1,?3“%“:@‘*'5'4%?9& fg_r7g?HN3‘%_51_ synthesis of heterotetrametallic complexes. This is an

The bis-enaminocarbergawas dissolved in dry THF and reacted with an  important aspect because the introduction of different metals

equimolar amount of the chromium compl2a. The mixture was stirred ; i
for 1 h. The solvent was reduced in vacuo and the macrocyclic purified by in the same system may further control the reactivity and

flash column chromatography under argon to yield pure tetranuclear complex properties of the complexes formed. Thus, reaction of bis-

1a (75% yield).1a: *H NMR (300 MHz, CDCh) 6 1.65 (t, 12HJ =7.0 tungsten enaminocarbene compBix with chromium bis-
Hz), 4.95 (m, 8H), 6.38 (s, 8H, ar), 6.64 (s, 4H), 6.96 (m, 4H, ar), 7.74 (s, b leva. i toichi tri ti fforded
2H, ar), 10.24 (s, 4H, NH)3C NMR (50 MHz, CDC}) 6 15.7, 74.8, 122.4, carbene complexa, In a sioichiometric ratio, arorde
(1K2§.§9, 122075623, %5357'15511'315133552’37136'123;5%421'179' 2@;;\& |22(4:1.1|,dS]98.5; IR complexlcin 41% yield. Compoundc was isolated as an
rnwv ) ) ) ) ) , nal. Calcd for : . . . .
CoHaCriNaOos: C, 52.61 H, 3.04: N, 3.83. Found: C, 52.85: H, 3.26; Inseparable mixture of stereoisomers in the chromium

N, 3.68. moieties in a 1:2 ratio, as it can be deduced from the
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spectroscopic datd’C NMR spectrum ofLc displays two || A

signals ato 308.2 and 308.4 ppm attributable to different 1 pie 1. Electrochemical Data Obtained for Complexes
chromium moieties. However, the tungsten carbene carbons
exhibit a single signal ab 283.3 ppm. The stereochemistry

compound 1st Epa 2nd Epa 1st Epc 2nd Epc

of this mixture could not be assigned unequivocally. la 0.88 —-1.34 —-1.60
It should be noted that this methodology allows control 1b 1.04 —1.28 —1.57
of the geometry and the size of the cavity of the cyclophane. le 0.92 1.05 —133 —1.59
. : : 1d 0.91 1.20 -1.33 —1.46

They can be designed as a function of the bis-carbene 1e 103 104 144

complexes employed and the diamine used as a linker. To
evaluate the geometry and the size of the cavity created in

flt/lrgnucllealr :.n?aicz:rocycllc cfomplzxaaa.—c,tﬁ semlemplnc;I All homometallic chromium carbenes show an irreversible
cajcuiation”was performed using the corresponding - ,iqation wave of the metal moieties in a rangekQpf =

nhon?etallltc): mac(;oca/chc. tetr?er:hyl egter ﬁs a model. Frc()jm 0.88-0.92 V. The analogous homometallic tungsten carbene
the a;ta oltalr}e ,tfe;'Ze g ;\ e cavity allows accommoda- .\ hieves hehave in a similar way, showing a further
tion of molecu e§ of about 6 A. . irreversible one-step oxidation in the rangeEgf = 1.03—

~ Redox properties of compoundla—ewere also examined 1 04 v. All tungsten carbene complexes in Table 1 exhibit
in order to evaluate the interaction among the metallic centershigher oxidation potentials than the related chromium

of the macrocyclic complexes, as well as the influence of complexes, following the reported pattern for this kind of

the metal and the spacer on their electron-donating andgomplexeg#

-accepting abilities. Cyclic voltammograms of macrocycles

Bis-carbenel and mononuclear enaminocarbéngdisplay
the same features t§= 0.83 and 0.95 V, respectively)
(Figure 2). This means that the interaction among the metal
centers of the cyclophane is practically nonexistént.

' NH,
- QO
i OEt NH NH OEt (CO)5Cr:§_<NHPh
Z X —
OC)sM M(CO)s Ph

Current / 10° A

E/V Figure 2.

Figure 1. Cyclic voltammograns of complexdsin 0.1 M Bu-
ClO4,—CH,CI; at a scan rate of 0.1 V/s at 2&.

The voltammogram of cyclophariel displays a second
clear oxidation wave at 1.20 V that could be attributable
la—ein Bu;NCIO,—CH,Cl, are displayed in Figure #.The either to the diamine used as a spacer or to a second oxidation
electrochemical properties are summarized in Table 1. step in the Fischer carbene moiety. Oxidation of the diamine

bridge may be discarded because the corresponding tungsten

(12) Calculations were carried out using the GAUSSIAN 98 suite of Carbene cyclophange voltammetry shows only the usual

pRrogéaTAs.AFriSé:#, M. J.; Trtjcks, (; \Iiv Scrlll_egVeI,GH. '\Ejl.;scuseria, SB.E.; one oxidation step of the metal center. Moreover, the
obb, M. A.; eeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., H H H H H
Jr.. Stratmann, R. E.. Burant, J. C.. Dapprich, S.; Millam, J. M. Daniels, diamines used through this work have lower oxidation

A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; potentials that are not observed for macrocydle(féa =
Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; 2 ; ; _
Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, 0.49V anszpa_ 1.03 V3for 1,4-diaminobenzene aﬁga_
D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; 0.57 V, Epa =0.75V, Epa= 1.00 V, andEgaz 1.17 V for
Ortiz, J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi,
I.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A;;
Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. (14) (a) Lloyd, M. K.; McCleverty, J. A.; Orchard, D. G.; Connor, J.
W.; Johnson, B. G.; Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon, A.; Hall, M. B.; Hillier, I. H.; Jones, E. M.; McEwen, G. KI. Chem. Soc.,
M.; Replogle, E. S.; Pople, J. AGaussian 98revision A.5; Gaussian, Dalton Trans.1973, 1743. (b) Casey, C. P.; Albin, L. D.; Saeman, M. C.;
Inc.: Pittsburgh, PA, 1998. Evans, D. HJ. Organomet. Chenl978,155, C37. (c) Jayapraksh, K. N.;

(13) Cyclic voltammetric experiments were performed in,CH at room Ray, P. C.; Matsuoka, |.; Bhadbhade, M. M.; Puranik, V. G.; Das, P. K;
temperature with 0.1 M tetrabutylammonium perchlorate as a supporting Nishihara, H.; Sarkar, AOrganometallics1999,18, 3851. (d) Sierra, M.
electrolyte and glassy carbon as a working electrode. A platinum wire was A.; Gobmez-Gallego, M.; Manchefio, M. J.; MartineivArez, R.; Ramirez-
used as a counter electrode and AgfAgs a reference electrode. All Lépez, P.; Kayali, N.; Gonzéalez, Al. Mass Spectron2003,38, 151.
measurements were performed with potentiostat/galvanostat Autolab PG-  (15) Hartbaum, C.; Mauz, E.; Roth, G.; Weissenbach, K.; Fischer, H.
STAT30, and ferrocene was used as an internal standard. Organometallics1999,18, 2619.
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benzidine)t® These results suggest an important contribution
of the resonance structurésn complexesl (Figure 3)°

1240

Reduction potentials are a good measurement of the
electron-accepting ability of these complexéslthough
there are no significant changes in the values obtained for
all compounds, tungsten cyclopharidgsandle present less
negativeE, values, which is in accordance with the higher
polarizability of tungsten compared to chromidfn.

In summary, a methodology for preparing a family of new
polynuclear and heterometallomacrocyclic compounds is
described. This methodology allows the design and synthesis
of novel metallocyclophanic structures at will. Further work
is in progress in order to study the reactivity and host
properties of these compounds.
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