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ABSTRACT

The efficient copper oxidative homocoupling (CuCI/TMEDA/O ;) of alkynyl Fischer carbene complexes yields bis-carbene complexes having
sr-tethers. The bimetallic complexes are exceptional templates to prepare diverse organic symmetric structures connected by mr-extended
fragments.

The chemistry of Fischer-type carbene complexes haseven after the recognition of the usefulness of bi- and
steadily developed during the last 40 yeatdowever, to polymetallic reagents as catalysts for organic synthesis, the
date, most of the synthetic applications of Fischer carbenesfull potential of these complexes is yet to be discovered. The
in organic synthesis have been restricted to monocarbenedrawback with respect to monocarbene complexes originates
complexeg. The first examples of the use of polymetallic in the difficulties to access and elaborate bi- and polymetallic
carbene complexes were reported just 15 years® agyal carbene structures. Most synthetic routes to these bis-carbene
complexes use the original method of Fischennsisting
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havinga-hydrogens, the alkylation of alkyl dihalides with
monocarbene anioristhe reaction of highly reduced pen-
tacarbonylmetalates with bis-amidesnd the reductive
coupling of alkenyl carbenésAll of these methods usually
lead to low yields of the desired complex or are even unable
to produce it.

Modification of a mononuclear metatarbene complex
by using a transition-metal-catalyzed reaction would be a
simple answer to obtain elaborated bi- and polymetallic

Scheme 1
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structures. Nevertheless, the use of transition-metal catalysts

to effect transformations in group 6 metal carbene complexes
is often hampered by the transmetalation reaction of the metal
carbene to the catalystsOur ongoing project directed to
prepare new macrocyclic structures based on a bi- and
polymetallic macrocyclic Fischer carbene scafféldequired

an easy and efficient route to alkynyl tethered bis-carbene
complexes. The oxidative coupling of terminal acetylenes

Therefore, no systematic differences were observed between
isostructural chromium and tungsten complexes toward this
process.

This coupling reaction was extended to other alkynylcar-
bene complexes. Thus, dialkyn@svere obtained in good
yields by Sonogashira coupling of dibromo derivatidesith

was an attractive way to access these structures. HowevergrimethylsiIylacetylene and further desilylation in the pres-

the reactivity of the catalyst in the alkyne coupling had to

ence of base. The dialkynes were monolithiated with

be preferred to the transmetalation reaction. For this reason™BULI and reacted with Cr(C@) and finally, the “ate”

and based on our experience with catalytic reactions of
Fischer carbene complex¥sthe Hay? modification of the
original Glaser coupling reaction was chosen. Reported
herein is the successful implementation of this idea to obtain
new bis-carbene complexes as building blocks for the desig
of new polymetallic structures and the application of these
scaffolds to the preparation of bis-uracils and bis-imidazoles
as examples of the versatility of these structures in organic
synthesis.

First, assays to achieve the dimerization reaction were
effected on monocarbera, which was prepared from 1,3-
diethynylbenzene following our previously reported proce-
dure!2Reaction of compleda with an excess of Cucl
TMEDA/air in acetone yielded after 90 min bis-carbese
in good yield (60%})-* The same process with the tungsten
carbenelb was also efficient. The reaction was completed

complex thus formed was reacted with;@BF, to give
monocarbene complexesc,d in 35% and 20% yield,
respectively (Scheme 2).
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within 1 h, yielding carbenb in 55% yield (Scheme 1).
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Monocarbene&candld were reacted under standard Hay
conditions leading to the corresponding homocoupling
products2c and 2d, which were isolated in 40% and 63%
yield, respectively (Scheme 3). The lower yield of carbene
2cis due to partial decomposition of the product during the
isolation procedure.

All of the coupling reactions tested yielded the desired
bis-carbenes exclusively. Products derived from transmeta-
lation to the metal carbene moiety process were not observed.
We have recently show#b that transmetalation from chro-

(14) The synthesis of compleXa is representative: The Hay catalyst
was prepared according to the literature (see ref 12). To the resulting catalyst
was added dropwise a solution of the monocarbene in dry acetone. The
mixture was stirred until the disappearance of monocarbene (checked by
TLC). The reaction was quenched with water and filtered to eliminate the
salts formed. The filtrate was extracted with diethyl ether. The combined
organic phases were washed with HCI (5%) and water, dried over MilgSO
and filtered. The solvent was eliminated and purification by column
chromatography on silica gel afforded pure compou#d:NMR (CDCls)

0 = 7.71-7.43 (m, 8H), 4.77 (q] = 7.1 Hz, 4H), 1.60 (tJ = 7.1 Hz,
6H); 13C NMR (CDCk) 6 = 313.7, 225.7, 216.1, 135.8, 135.0, 133.2, 129.2,
122.6, 121.7,91.4, 80.5, 76.0, 75.0, 15.0; IR (Cl@l2062, 1954, 1217,
775 cml. Anal. Calcd for GeH1801.Cr: C, 57.92; H, 2.43. Found: C,
57.78; H, 2.21.
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serve as scaffolds to prepare diverse organic structures, taking

Scheme 3 advantage of the reactivity of Fischer carbene complexes.
COCr The versatility of these compounds was checked against two
y oF ot o well-known reactions of simple Fischer carbene complexes.
4 (€0)Cr CrCO)s Thus, compoun@awas reacted with tosylhydrazine yielding
CLGITMEDA, \ 4 the symmetric bis-pyrazol&'’ in 75% yield, and the
X —— bimetallic bis-uracyl8 was prepared by reacting complex
Aoetone. 1 A== ) 2a with N,N'-dimethylurea at rt in 69% yiel&t. Oxidation
of complex8 gives metal free bis-urac@lin excellent yield
A (85%)® (Scheme 5).
oz R L

Scheme 5

mium or tungsten carbene complexes to Pd catalysts occurs
preferably with Pd(ll) salts, while Pd(0) species show a bias
for oxidative addition instead of transmetalation. The results {9 TosNH-NH,
reported above are consistent with this behavior. The use of ~_# °¢ /
the bidentate ligantl,N,N',N'-tetramethylene diamine com- O
plex (TMEDA)—Cu(l) should enhance the oxidative coupling I
at the expense of the Cu—Cr or Cu—W transmetalation.
Aminocarbené is also susceptible to coupling. Complex
5was prepared following Wulff's procedufeand submitted O
to standard CuCl/TMEDA/@ coupling conditions. The
reaction was instantaneously completed, and pro6ueis
isolated in 30% yield (Scheme 4). The yield was moderate,

X

2a

Scheme 4 Cr(CO)s
\N— / \ 8,69% 9, 85%
(C0)5Cr:x CuCITMEDA/O, _No_ N=
- = =
\\ Acetone, rt (CO)Cr Cr(CO)s )
5 6, 30% In conclusion, a new method to prepare (poly)alkyne-

tethered bis-carbene complexes is reported. The procedure
is based on a copper oxidative coupling that is compatible
but the method constitutes a straightforward synthesis with the metallic fragment of the starting carbene. Under
compared to the procedure developed by Fischer for thethe conditions employed (TMEDA)Cu(l), Cr or W to Cu

preparation of analogous complexés. transmetalation does not occur. The procedure allows the
The carbene complexes isolated throughout this work weredesign of new Fischer carbenes as building blocks for the
relatively stable and could be purified by SiGhromatog- synthesis of newsm-extended polymetallic and organic

raphy. All of them present similar spectroscopic features. compounds. Two examples of the use of these new scaffolds
Thus, the'*C NMR spectra of chromium complexés, 1d,
2a, 2¢, and2d exhibit a signal in the range of 313.7—312.6 (17) Aumann, R.; Jasper, B.; Frélich, Brganometallics1 995 14, 2447.

ppm characteristic of an alkoxy carbene moiety. In the same  (18)Compound 8. A solution of 21 mg (0.24 mmol) ofN,N'-
dimethylurea in 20 mL of THF was added by syringe pump into a solution

way, tungsten carber2b shows the corresponding signal  of 60 mg (0.08 mmol) of bis-carber@a in 80 mL of THF for 12 h. Then,
at 285.9 ppm. All of them also present the signals assignablethe mixture was stirred for an additional 24 h at room temperature. The

- : : _ solvent was removed in vacuo, and the residue was purified by column
to the C—C triple bond in the range 92.6—73.9 ppm. chromatography on silica gel affording 46 mg (69 %) of compo8ndH

The synthesis of the compoungda—d and6 is a simple NMR (CDCl) ¢ 7.67—7.66 (m, 2H), 7.517H.;8 (m, 4H), 7.3%7.30 (m,
i 2H), 7.21 (s, 2H), 4.19 (s, 6H), 3.28 (s, 6 NMR (CDCk) 6 261.4,

entry to new oligoenyne structures. These compounds may223.7, 217.3,149.4,141.2,134.7,132.3,129.7, 128.9, 124.5, 123.0, 102.8,
80.6, 75.5, 45.9, 35.7; IR (CHglv 2053, 1910, 1696, 1660 crh Anal.

(15) Rahm, A.; Wulff, W. D.; Rheingold, A. LOrganometallics1993, Calcd for GgH22CrN4O12: C, 54.95; H, 2.67. Found: C, 55.22;H, 2.40.
12, 597. Compound 9. A solution of 50 mg (0.06 mmol) of bis-carber@&was

(16) (a) Hartbaum, C.; Mauz, E.; Roth, G.; Weissenbach, K.; Fischer, stirred in a mixture of hexane/ethyl acetate 1:1 for 8 h under sunlight. The
H. Organometallics1999,18, 2619. (b) Hartbaum, C.; Roth, G.; Fischer, solvent was removed in vacuo and the residue dissolved in ethyl acetate

H. Chem. Ber1997,130, 479. (c) Hartbaum, C.; Fischer, Bhem. Ber. and filtered through a short pad of Celite. Further chromatography on silica
1997,130, 1063. (d) Hartbaum, C.; Roth, G.; Fischer, Er. J. Inorg. gel afforded 16 mg (85%) d: 'H NMR (CDCl3) 6 7.61—7.57 (m, 2H),
Chem.1998, 191. (e) Hartbaum, C.; Fischer,HOrganomet. Cheni999, 7.47—7.39 (m, 4H), 7.297.28 (m, 2H), 5.62 (s, 2H), 3.33 (s, 6H), 3.14 (s,

578 186. (f) For coupling reactions in allenylidene complexes, see: Szesni, 6H); 13C NMR (CDCk) 6 162.2, 153.2, 152.5, 134.1, 133.9, 131.5, 129.3,
N.; Drexler, M.; Maurer, J.; Winter, R. F.; de Montigny, F.; Lapinte, C.; 128.5,122.7, 102.9, 80.7, 75.1, 34.5, 28.1; IR (C§l€I1704, 1659 cm™.
Steffeus, S.; Heck, J.; Weibert, B.; Fischer,®tganometallic2006, 25, Anal. Calcd for GgH22N4O4: C, 70.18; H, 4.63. Found: C 70. 32; H, 4.
5774. 80.
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