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Markus Seitz,†,§ and Daniel Miguel‡

Departamento de Quı́mica Orgánica e Inorgánica/IUQOEM, Facultad de Quı́mica,
Universidad de Oviedo-CSIC, 33071 Oviedo, Spain, and Departamento de Quı́mica

Inorgánica, Facultad de Ciencias, Universidad de Valladolid, 47071 Valladolid, Spain

Received December 10, 2004

Summary: As an extension of previous work, the reac-
tions of dimethylacetylenedicarboxylate (DMAD) with the
phosphido complex [Re(PPh2)(CO)3(phen)] (1) and the
alkylideneamido [Re(NdCPh2)(CO)3(bipy)] (2) were in-
vestigated. The characterization of the products by
spectroscopy (IR and NMR) and X-ray diffraction re-
vealed the coupling between DMAD, the phosphido or
alkylideneamido group, and the phenanthroline (in the
reaction of 1) or one of the carbonyl (in the reaction of 2)
ligands, in a way consistent with initial attack of the P
in 1 (or the N in 2) on one of the acetylenic carbons of
DMAD.

Introduction

We have recently studied the reactivity of electron-
poor acetylenes toward molybdenum and rhenium com-
plexes of the types [Mo(η3-allyl)X(CO)2(N-N)] and
[ReX(CO)3(N-N)] (X ) OR, OH, N(H)Ar; N-N ) 2,
2′-bipyridine (bipy), 1,10-phenanthroline (phen)).1 The
reactions with alkoxo complexes yield the products of
the formal insertion of the acetylene into the M-OR
bond.1a In contrast, metallacyclic hydroxycarbenes are
obtained in the reactions of the hydroxo and amido
complexes,1b,c as the result of (a) the involvement of one
of the carbonyl ligands and (b) the hydrogen migration
from the O-H or N-H bond to the carbonyl oxygen (see
Scheme 1). This rich reactivity prompted us to extend
our studies to two other complexes containing strongly
nucleophilic ligands, namely, the phosphido [Re(PPh2)-
(CO)3(phen)]2 (1) and the alkylideneamido complex
[Re(NdCPh2)(CO)3(bipy)]3 (2). Our results are the sub-
ject of the present contribution.

Results and Discussion

Complex 1 reacted instantaneously with an equimolar
amount of DMAD, as indicated by the color change from

blue to red, to afford the new compound 3 (see Scheme
2) as a single product. IR and NMR (1H and 31P)
monitoring of the reaction indicated a quantitative
transformation.

Complex 3 was characterized by means of IR and
NMR spectroscopies in solution and by single-crystal
X-ray diffraction in the solid state (see Figure 1).

This reaction, implying the activation of the phen
ligand, is analogous to that of 1 with methyl propiolate
to afford 4 (see Scheme 3), recently reported by us,1d

and therefore neither the structure of the product nor
the plausible mechanism will be further discussed here.

There is, however, an important difference between
the products of the two reactions. Thus, whereas 4 is
indefinitely stable in solution at room temperature,
31P NMR monitoring of a THF solution of complex 3 at
room temperature showed its slow (5 days) transforma-
tion into a new compound, 5, characterized by a singlet
at 25.4 ppm (the resonance of 3 occurs at 7.1 ppm). The
reaction could also be monitored by IR spectroscopy
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using the shift of the ν(CO) bands, from 2017, 1923, and
1896 cm-1 in 3 to 2024, 1931, and 1904 cm-1 in 5. The
IR pattern indicates the persistence of the {fac-Re(CO)3}
moiety, whereas the small magnitude of the shift
suggests a small change in the electron density at the
metal and, therefore, that processes such as changes in
the oxidation state of the metal or in the charge of the
complex can be ruled out. The structure of 5 in the solid
state was determined by X-ray diffraction, and the
results, shown in Figure 2, are in agreement with the
spectroscopic data in solution.

The transformation of 3 into 5 consists of a 1,
3-migration of hydrogen from the C2 carbon of the
dearomatized ring originating from the phen ligand to
the P-bonded carbon atom originating from DMAD (see
Scheme 4).

In the 1H NMR spectrum of 5, this hydrogen atom
appears (at 4.47 ppm in CD2Cl2) as a doublet (J )
11.56 Hz) due to the coupling with phosphorus. Con-
comitantly with the H migration, there is a change in
the position of the carbon-carbon double bond (origi-
nally resulting from the insertion of the acetylenic unit),
which in 5 becomes part of the conjugated system. The
driving force of the transformation of 3 into 5 can, at
least in part, be traced to this increase in the conjuga-
tion. On the other hand, the electron flow depicted in
Scheme 4, associated with a H+ transfer, allows us to
rationalize why complex 4, lacking the strongly electron-
withdrawing methoxycarbonyl substituent on the
P-bonded carbon, does not undergo an analogous trans-
formation. Treatment of a THF solution of complex 3
with an equimolar amount of n-butyllithium resulted
in a large shift to lower wavenumber values in the IR
spectrum, suggesting deprotonation of the complex.
Addition of trifluoromethanesulfonic acid to the result-
ing solution led to the immediate formation of 5. These
results lend additional support to our depiction of the
3-to-5 transformation as a proton (rather than hydride
or radical) migration.

Figure 1. Thermal ellipsoid (30%) plot of 3. Selected bond
lengths (Å): Re(1)-C(2) 1.90(2), Re(1)-C(1) 1.944(18),
Re(1)-C(3) 1.965(19), Re(1)-N(1) 2.146(14), Re(1)-N(2)
2.193(12), Re(1)-P(1) 2.475(5). Selected bond angles
(deg): C(2)-Re(1)-C(1) 89.2(8), C(2)-Re(1)-C(3) 90.6(8),
C(1)-Re(1)-C(3) 88.4(7), C(2)-Re(1)-N(1) 169.2(7), C(1)-
Re(1)-N(1) 95.7(6), C(3)-Re(1)-N(1) 99.1(7), C(2)-Re(1)-
N(2) 95.9(6), C(1)-Re(1)-N(2) 92.4(7), C(3)-Re(1)-N(2)
173.5(6), N(1)-Re(1)-N(2) 74.4(5), C(2)-Re(1)-P(1)
98.7(6), C(1)-Re(1)-P(1) 171.9(5), C(3)-Re(1)-P(1) 90.2-
(5), N(1)-Re(1)-P(1) 76.7(4), N(2)-Re(1)-P(1) 88.1(3).

Scheme 3

Figure 2. Thermal ellipsoid (30%) plot of 5. Selected bond
lengths (Å): Re(1)-C(2) 1.902(6), Re(1)-C(1) 1.960(6),
Re(1)-C(3) 1.919(5), Re(1)-N(1) 2.179(4), Re(1)-N(2) 2.172-
(3), Re(1)-P(1) 2.4362(12). Selected bond angles (deg):
C(2)-Re(1)-C(1) 89.6(2), C(2)-Re(1)-C(3) 90.0(2), C(1)-
Re(1)-C(3) 88.5(2), C(2)-Re(1)-N(1) 170.05(18), C(1)-
Re(1)-N(1) 95.64(19), C(3)-Re(1)-N(1) 98.54(17), C(2)-
Re(1)-N(2) 95.90(18), C(1)-Re(1)-N(2) 95.64(19), C(3)-
Re(1)-N(2) 173.74(18), N(1)-Re(1)-N(2) 75.74(13), C(2)-
Re(1)-P(1) 100.11(17), C(1)-Re(1)-P(1) 170.17(17), C(3)-
Re(1)-P(1) 89.79(15), N(1)-Re(1)-P(1) 75.04(10), N(2)-
Re(1)-P(1) 91.13(10), N(1)-C(11)-C(5) 120.2(4).

Scheme 4
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The alkylideneamido complex [Re(NdCPh2)(CO)3-
(bipy)] (2) reacted instantaneously with an equimolar
amount of DMAD to yield the new metallacycle com-
pound 6, as shown in Scheme 5, where a mechanistic
proposal is sketched.

The reaction was monitored both by IR (in THF) and
1H NMR (in CD2Cl2), being found to be quantitative.
The IR spectrum of 6, featuring two similarly intense
νCO absorptions, was consistent with the presence of a
cis-dicarbonyl moiety. cis-Dicarbonyl rhenium com-
plexes have been previously obtained as the products
of the reactions of [ReX(CO)3(N-N)] (X ) hydroxo,
amido) complexes with DMAD (see above).1b,c However,
the lack of a hydrogen atom on the metal-bonded
heteroatom of the alkylideneamido ligand of the precur-
sor 2 implies that a different mechanism must be
involved in the formation of 6. The structure of the
product could not be inferred from the spectroscopic data
alone. A single crystal of complex 6 was subjected to a
X-ray diffraction analysis, with the results summarized
in Figure 3.

The molecule of 6 consist of a {cis-Re(CO)2(bipy)}
moiety bound to the carbon and oxygen atoms (C(3) and
O(8) in Figure 3) of a ligand resulting from the coupling
of the alkylideneamido ligand, one of the carbonyl
ligands, and DMAD. The bond distances are consistent
with the bond orders depicted in Scheme 5. The ability
of complex 2 to get involved in insertion and cycload-
dition processes has been previously demonstrated in
the reactions of 2 with isocyanates3 and with ketenes.4
A new feature of the reaction of 2 with DMAD to afford
6 is that one of the CO ligands of 2 also takes part in
the transformation.

In summary, the reactions of DMAD with the phos-
phido complex 1 and with the alkylideneamido 2 provide
examples of couplings involving activation of phenan-
throline or CO ligands.

Experimental Section

General conditions were given elsewhere.2 In the following,
phen′ designates the substructure (within the new tridentate
ligand) originated from phenanthroline.

X-ray Structures. Data in common: Bruker AXS SMART
1000 CCD diffractometer, φ and ω scans, Mo KR radiation
(λ 0.71073 Å), graphite monochromator, T ) 295 K. Raw frame
data were integrated with the SAINT5 program. Structures
were solved by direct methods with SHELXTL;6 semiempirical
absorption correction with SADABS.7 All non-hydrogen atoms
were refined anisotropically. Hydrogen atoms were set in
calculated positions and refined as riding atoms, with a
common thermal parameter. All calculations were made with
SHELXTL.

Synthesis of 3. DMAD (10 µL, 0.081 mmol) was added to
a solution of 1 (0.050 g, 0.080 mmol) in THF (10 mL). The color
of the solution changed instantaneously from blue to red. The
solvent was removed under vacuum, and the solid was
redissolved in CH2Cl2 and filtered through alumina (activation
grade IV). The solution was concentrated to 10 mL, layered
with hexane (10 mL), and stored at -20 °C, affording purple
crystals suitable for an X-ray determination. Yield: 81%
(0.044 g). Anal. Calcd for C33H24N2O7PRe‚0.5CH2Cl2: C, 49.06;
H, 3.07; N, 3.14. Found: C, 49.22; H, 2.97; N, 3.21. IR (νCO)
(CH2Cl2): 2017 (vs), 1923 (s), 1896 (s). 1H NMR (CD2Cl2): 8.40
[m, 1H], 7.53-7.34 [m, 2H], 6.99-6.78 [m, 6H], 6.59 [d(8.0),
1H], 6.32-6.29 [m, 2H], 6.01 [d(7.7), 1H], 4.99 [dd(9.4, 4.8)],
3.78 [s, 3H, Me], 3.02 [s, 3H, Me]. 13C{1H} NMR (CD2Cl2):
197.7 [d(7.2), Re-CO], 197.3 [d(6.5), Re-CO], 193 [d(17.1),
Re-CO], 167.2 [d(12.9), CO2Me], 166.1 [s, phen′], 156.4 [d(4.9),
CO2Me], 156.2, 147.9, 144.5, 136.9 [s, phen′], 135.4 [d(12.9),
PC(CO2Me)], 132.8 [d(11.1),PCdC(CO2Me)], 132.0, 131.6
[s, phen′], 130.4 [d(12.1), Ph], 130.0 [s, phen′], 128.8 [d(4.6),
Ph], 127.6 [d(10.2), Ph], 127.3 [s, Ph], 122.1, 119.4 [s, phen′],
112.1, 108.3 [s, phen′], 66.1, 52.3 [s, Me]. 31P{1H} NMR
(CD2Cl2): 7.09.

Synthesis of 5. A solution of 3 (0.040 g, 0.056 mmol) in
CH2Cl2 was stirred for 5 days at room temperature. Slow
diffusion of hexane into a concentrated solution of 5 at
-20 °C afforded purple crystals, one of which was used for
the X-ray structure determination. Yield: 98% (0.031 g). Anal.
Calcd for C33H24N2O7PRe‚CH2Cl2: C, 47.33; H, 3.03; N, 3.24.
Found: C, 47.22; H, 3.07; N, 3.11. IR (νCO) (CH2Cl2): 2024 (vs),
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Figure 3. Thermal ellipsoid (30%) plot of 6. Selected bond
lengths (Å): Re(1)-C(1) 1.903(11), Re(1)-C(2) 1.927(11),
Re(1)-C(3) 2.023(8), Re(1)-N(1) 2.176(7), Re(1)-N(2) 2.189-
(8), Re(1)-O(8) 2.208(6). Selected bond angles (deg): C(1)-
Re(1)-C(2) 84.4(4), C(1)-Re(1)-C(3) 93.2(4), C(2)-Re(1)-
C(3) 89.5(4), C(1)-Re(1)-N(1) 104.7(3), C(1)-Re(1)-N(1)
98.4(4), C(3)-Re(1)-N(1) 161.0(3), C(1)-Re(1)-N(2) 172.2-
(4), C(2)-Re(1)-N(2) 172.2(4), C(3)-Re(1)-O(8) 77.0(3),
O(3)-C(3)-Re(1) 126.8(7), C(6)-C(3)-Re(1) 116.7(6), C(8)-
O(8)-Re(1) 111.4(6).

Scheme 5
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1931 (s), 1904 (s). 1H NMR (CD2Cl2): 8.85 [m, 1H], 8.75,
[m, 1H], 8.11 [m, 1H], 7.96-7.48 [m, 8H], 7.36 [dd(8.25, 4.96),
1H], 7.21 [d(8.42), 1H], 6.82-6.67 [m, 2H], 6.59-6.41 [m, 2H],
4.47 [d(11.56), 1H, PC(H)(CO2Me)], 3.69 [s, 3H, Me], 3.21
[s, 3H, Me]. 13C{1H} NMR (CD2Cl2): 199.1 [m, Re-CO], 196.4
[d(16.1), Re-CO], 172.3 [d(7.1), CO2Me], 167.4 [d(10.3), CO2-
Me], 166.1, 154.3, 153.8, 153.0, 151.1, 148.5, 146.5, 137.6
[s, phen′], 134.6 [d(14.2),PC-C(CO2Me)], 132.6 [d(10.2), phen′],
131.9 [s, phen′], 130.1-126.4 [m, Ph], 124.7, 122.8, 119.3
[s, phen′], 52.3 [d(26.5), PC(CO2Me)(H)], 51.8, 50.5 [s, Me].
31P{1H} NMR (CD2Cl2): 25.41.

Synthesis of 6. DMAD (6 µL, 0.05 mmol) was added to a
solution of 2 (0.030 g, 0.05 mmol) in THF (10 mL). The color
of the solution changed instantaneously from dark green to
red. The solvent was removed under vacuum, and the red solid
was redissolved in CH2Cl2 (10 mL). Slow diffusion of hexane
into this solution at -20 °C afforded red crystals of 6. Yield:
83% (0.031 g). Anal. Calcd for C32H24N3O7Re: C, 51.33; H, 3.23;
N, 5.61. Found: C, 51.72; H, 2.17; N, 5.81. IR (νCO) (THF):
1919 (vs), 1845 (s). 1H NMR (CD2Cl2): 9.29 [m, 1H, bipy],

8.18-8.13 [m, 2H, bipy], 8.02-7.15 [m, 15 H, bipy and Ph],
3.78 [s, 3H, Me], 3.38 [s, 3H, Me]. 13C{1H} NMR(CD2Cl2): 256.0
[s, RedC], 203.2 [s, Re-CO], 179.4 [s, Re-CO], 166.7 [s,
Re-OC(OMe)], 156.9, 155.3, 154.8, 152.8 [s, bipy], 151.2
[s, Co2Me], 145.9 [s, NdC(CO2Me)], 145.3 [s, RedC(O)-C],
138.7, 137.4, 129.8, 129.1 [s, bipy], 128.6, 128.5, 128.3, 128.0,
127.8, 127.2, 127.2, 127.1, 127.0, [s, Ph], 123.1, 122.45, [s, bipy],
106.5, 103.1, [s, Ph], 95.5 [s, O-C(Ph2)-N], 53.3 [s, CO2CH3],
52.4 [s, OCH3].
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