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Summary: Photochemical or thermal reaction of
[MoH,(dppe),] with N-alkylamides R'NHCOR? (R', R%
Me, Me; Ph, Me; Me, H; Ph, H; (CH,);; Ph, Ph) in benzene
or toluene yielded [MoH{N(R")COR?-N,0}(dppe),] as a
result of the oxidative addition involving amide N-H bond
cleavage (dppe = Ph,PCH,CH,PPh,). The resulting N-
acylamido complexes have been characterized by means
of NMR and IR spectroscopy as well as with an X-ray
crystal structure study for R', R2 = Me, Me. Some re-
actions of the N-acylamido complexes, including the ox-
idation of MeOH to vield a formaldehyde-coordinated
complex, are also described.

An investigation of the interaction between organo-
transition metals and organic nitrogen compounds such
as amines, amides, and amino acids is intriguing in view
of its relevance to biological systems. Among the nitrogen
compounds, organic amides are especially important in this
respect since they constitute a fundamental component
of protein. In contrast to the fairly rich chemistry of
transition-metal amido or imido complexes which are
synthesized by the reaction of alkali-metal salts of amines
with the transition-metal complexes,! examples of a direct
oxidative addition of the N-H bond of unfunctionalized
amines or amides to the transition-metal complexes are
surprisingly few.2 While several examples of the oxidative
addition of a highly polarized N-H bond of a cyclic imide
such as succinic and phthalic imides have been reported,?
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Soc. 1989, 111, 4750. (b) Glueck, D. S.; Wy, J.; Hollander, F. J.; Bergman,
R. G. J. Am. Chem. Soc. 1991, 113, 2041.

(2) See for example: (a) Fornies, J.; Green, M.; Spencer, J. L.; Stone,
F.G. A. J. Chem. Soc., Dalton Trans. 1977, 1006. (b) Hillhouse, G. L.;
Bulls, A. R.; Santarsiero, B. D.; Bercaw, J. E. Organometallics 1988, 7,
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there has been only one precedent for the oxidative ad-
dition of simple amides involving N-H bond cleavage,
where (acylamido)hydridoruthenium(II) and -iron(II)
complexes are isolated and characterized.*> Here we
report the reaction of organic amides with molybdenum
polyhydrides to give oxidative-addition products involving
nitrogen—hydrogen bond cleavage. Molybdenum is espe-
cially important among the transition metals because it
is one of the essential metals in biological activity.
Irradiation for 3-5 h with a 100-W high-pressure mer-
cury lamp at room temperature of a yellow benzene solu-

(3) (a) Roundhill, D. M. Inorg. Chem. 1970, 9, 264. (b) Kohara, T.;
Yamamoto, T.; Yamamoto, A. J. Organomet. Chem. 1978, 154, C37. (¢}
Ikariya, T.; Takizawa, S.; Shirado, M.; Yoshikawa, S. J. Organomet.
Chem. 1979, 171, C47. (d) Yamamoto, T.; Sano, K.; Yamamoto, A. Chem.
Lett. 1982, 907. (e) Kurishima, S.; Ito, T. Chem. Lett. 1990, 1299. (f)
Kurishima, S.; Matsuda, N.; Tamura, N.; Ito, T. J. Chem. Soc., Dalton
Trans. 1991, 1136,

(4) Schaad, D. R.; Landis, C. R. J. Am. Chem. Soc. 1990, 112, 1628.

(5) While this paper was in preparation, the reaction of NH;,COR (R
= CF;, Ph) with a ruthenium complex to form N-bonded (acylamido)-
ruthenium complexes was communicated: Hursthouse, M. B.; Mazid, M.
A.; Robinson, S. D.; Sahajpal, A. J. Chem. Soc., Chem. Commun. 1991,
1146.
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Figure 1. oRTEP drawing of [MoH{N(COCHs)CHsl(dppe)zl (2a)
showmg thermal ellipsoids at 30% probability. Phenyl rings and

drogen atoms are omitted for clarity. Selected bond lengths
(K and angles (deg): Mo—-P(1) = 2.421 (5), Mo-P(2) = 2.421 (5),
Mo-P(3) = 2.424 (5), Mo—P(4) = 2.447 (5), Mo~N = 2.25 (1), Mo-O
= 2.24 (1), 0-C(1) = 1.29 (2), N-C(1) = 1.35 (2), N-C(2) = 1.42
(2), C(1)-C(3) = 1.46 (3); N-Mo—0 = 57.9 (4), N-Mo-P(1) = 82.4
(3), N-Mo-P(2) = 93.4 (8), N-Mo—P(3) = 141.5, N-Mo-P(4) =
90.0 (3), 0-Mo-P(3) = 83.6 (3), P(2)-Mo-P(3) = 124.8 (2), P-
(1)-Mo-P(4) = 168.8 (2).

tion containing [MoH,(dppe);] (1; dppe =
Ph,PCH,CH,PPh,) and an equivalent amount of amides
afforded crystalline maroon (n%-N-acylamido-N,0)-
hydridomolybdenum(II) complexes 2 accompanied by the
evolution of H, (Scheme I). Similar results were obtained
when 1 and amides were heated at 110 °C in toluene for
3-5 h. The yields of 2 ranged from 28% (for ¢, thermal
reaction) to 58% (for b, thermal reaction), and the amount
of evolved H, could be estimated as roughly twice the
yields of 2.6 The closely related phenylamide complex
[MoH{N(COH)C¢H;}(PMe,),] has been synthesized by the
reaction of phenyl isocyanate with [MoH,(PMe;);],’ but
to our knowledge, this is the first example of the direct
oxidative addition of an amide N-H group to the group
6 transition metals.

Since 1 is known to release 1 equiv of H, upon irradia-
tion or heating to give the coordinatively unsaturated re-
active intermediate MoH,(dppe),,® the reaction path for
the formation of 2 which involves oxidative addition of a
N-H bond to the MoH,(dppe), intermediate as shown in
Scheme II may be conceivable. Similar reaction paths
involving C-O or N-H bond cleavage have been considered
for the reaction of 1 with allyl carboxylates,® allyl alkyl
carbonates,® or cyclic imides.*

(6) In the thermal reaction of N-phenyl.formamde (d), the known
cis-[Mo(CO),(dppe).] (3) was observed in addition to 2d, suggesting that
the concurrent insertion reaction of 1 into the formyl C—H bond took
place concomitantly. In fact, a higher ratio of d/1 afforded a higher yield
of 3 and the formation of aniline (14%) was observed when d/1 = 1.31.
The formation of a carbonyl complex by the reaction of a molybdenum(0)
complex with N,N-dimethylformamide has been reported; see: Sato, M.;
Tatsumi, T.; Kodama, T.; Hidai, M.; Uchida, T.; Uchida, Y. J. Am. Chem.
Soc. 1978, 100, 4447,

(7) Lyons, D.; Wilkinson, G.; Thornton-Pett, M.; Hursthouse, M. B.
J. Chem. Soc., Dalton Trans. 1984, 695.

(8) (a) Geoffroy, G. L.; Wrighton, M. S. Organometallic Photochem-
istry; Academic Press: New York, 1979. (b) Pierantozzi, R.; Geoffroy,
G. L. Inorg. Chem. 1980, 19, 1821. (c) Graff, J. L.; Sobieralski, T. J.;
Wrighton, M. S.; Geoffroy, G. L. J. Am. Chem. Soc. 1982, 104, 7526. (d)
Wrighton, M. S.; Graff, J. L.; Kazlauskas, R. J.; Mitchner, J. C.; Reichel,
C. L. Pure Appl. Chem. 1982, 54, 161. (e) Pivovarov, A. P.; Ioffe, L. M.;
Gak, Yu. V.; Borod’ko, Yu. G. Izv. Akad. Nauk SSSR, Ser. Khim. 1984,

762.
(9) Ito, T.; Matsubara, T.; Yamashita, Y. J. Chem. Soc., Dalton Trans.
1990, 2407.

(10) Ito, T.; Hamamoto, K.; Kurishima, S.; Osakada, K. J. Chem. Soc.,
Dalton Trans. 1990, 1647,
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Complex 2, which is soluble in benzene, toluene, tetra-
hydrofuran, and diethyl ether, is moderately stable in the
solid state but deteriorates rapidly with air in solution. It

reacts with chloroform to give [MoCHN(COR»)RY}-
(dppe).]. Complex 2 exhibits spectral properties consist-
ent with the seven-coordinate pentagonal-bipyramidal
geometry!!
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The amide I band in the IR spectrum of 2 shifted to
lower frequency by about 100 cm™ as compared with this
band in the free amide. This, together with the disap-
pearance of the amide II and the vy_y bands, supports the
N-H bond cleavage and the mode of coordination as shown
above. In the 'H NMR spectra, hydride signals appeared
at around -5 ppm with the multiplicity corresponding to
an ACKMX spin system. These signals are consistent with
the four isolated signals in 3'P{'H} NMR spectra each being
split into a doublet of doublets of doublets (ACKM spin
system).

A good prismatic single crystal of the N-methylacet-
amido complex 2a suitable for X-ray analysis was obtained
by crystallization from benzene-hexane. An ORTEP draw-
ing around the molybdenum skeleton is shown in Figure
1.2 Although fairly weak reflection intensities prevented
us from defining the hydride ligand, its location was
postulated at the site opposite to the nitrogen ligand on
the basis of NMR evidence. In fact, there is more than
enough room there for the hydride ligand to reside.

The complex is regarded as being in a distorted-pen-
tagonal-bipyramidal configuration with two phosphorus
atoms, the nitrogen and the oxygen atoms of the amide
ligand, and a hydride ligand comprising the pentagonal
girdle. The total of the bond angles around the molyb-
denum atom (/P (2)-Mo-P(3) + ZP(3)-Mo—-0O + £0-Mo-N
+ /N-Mo-P(2)) is 359.7°, which suggests a strictly flat
equatorial plane. The nitrogen, oxygen, and three carbon
atoms of the amide ligand are in a plane with a C-O bond

(11) Satisfactory analytical results (C, H, and N) were obtained for
complexes 2a—f. Since the spectral data for these complexes are much
the same, those for 2a are quoted here as a typical example: IR (KBr)
o = 1810 (vw), vco = 1560 (s) cm™!; 'H NMR (270 MHz, C,Dy) & —4.92
(dddd, 1 H, Mo-H, JH p, = 79.3, 598Hz Jy-p, = 35.4, 177Hz),185(l,
3 H, NCHy), 0.66 (s, 3 H, CCHy); 1%C NMR (78.8 MHz, C¢Dy) & 169.6
(NC=O), 34.3 (NCH,), 189 (CCH;) 31p{iH} NMR (365 MHz, C4Ds,
chemical shifts are in ppm with downfield positive from the external
benzene solution of PPhy) four signals with ddd multiplicity at 103.2, 90.2,
76.5, and 73.5 (Jp_p = 159.7, 17.6, 17.6, 17.6, 13.2, and 8.8 Hz). Coupling
constants were estimated by means of a computer simulation.

(12) Crystals of 2a are triclinic, space group P1, with a = 20.102 (12)
A, b =23948 (19) A, c = 10.423 (6) A, a = 95.56 (6)" = 90,03 (5)°, v
='104.14 (5)°, V = 4841.3 (5.6) A3, Z = 4, F(000) =2008,u-432cm
D(caled) = 1.326 g cm™2, Rigaku AFC- 5R diffractometer, Mo Ke radia-
tion, (A = 0.71069 A), 26 range 3-45°, 5163 reflections with F, > 3¢(F,),
R = 0.069, and R, = 0.071. The non-hydrogen atoms were reﬁned an-
lsotroplcally, and all hydroien atoms except the hydride were placed at
a distance of C-H = 1.00 These hydrogen atoms were included in
least-squares calculations without refinement of their parameters.
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length of 1.29 (2) A, which is longer than the corresponding
bond length of free N-methylacetamide (1.225 A), and a
C(1)-N bond length of 1.35 (2) A, which is slightly shorter
than that of the free ligand (1.386 A). The Mo-N distance
of 2.25 (1) A for 2a is shorter than the average value of the
o-donating Mo—N bond distance of 2.33 A,13 whereas the
Mo—O distance (2.24 (1) A) is close to those of the related
complex [MoH(O,COEt-0,0’(dppe),] (2.271 (2) and 2.333
3 X).m These structural features strongly suggest the
following resonance form of the n?.-amide ligand of 2:

N/
Mo

In contrast to the thermal instability of the formamido
complexes 2¢ and 2d (2d releases aniline, giving [Mo-
(CO).(dppe).] upon heating at 180 °C in vacuo), the rest
of the amido complexes 2 are thermally stable both in the
solid state and in solution.!* They are, however, found
to be susceptible to the electrophilic attack by organic
acids. The reaction of 2f with acetic acid in benzene at
room temperature gave [MoH(O,CCH,-0,0%(dppe).]® to-
gether with N-phenylbenzamide, while that of 2b with
hexafluoroacetylacetone under similar conditions afforded
[MoH{CH(COCF5),-0,04(dppe);] and N-phenylacetamide.
Methanol reacted with 2 to give the formaldehyde complex
[MoH,(OCH,)(dppe).]*® (4) together with the corre-

= —N

(13) Kirtley, S. W. In Comprehensive Organometallic Chemistry;
Wilkinson, G., Stone, F. G. A., Abel, E. W., Eds.; Pergamon: Oxford,
U.K., 1982; Vol. 3, p 1100.

(14) The melting points of complexes 2 except 2¢ and 2d are in the
range 179-241 °C under a vacuum. These complexes tolerated heating
in toluene with reflux for 5§ h under a nitrogen atmosphere.

sponding amides. A labeling experiment using CH,OD and
CD;0D'¢ revealed that the reaction proceeds as shown in
Scheme III, where a 8-hydrogen elimination process from
the methoxo intermediate is involved. Although the re-
duction of transition-metal complexes with alcohol has long
been known,!” this result provides a rare example of
trapping aldehyde formed by the reaction.!®
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(15) [MoH,(OCHo)(dppe);] (4): IR (KBr) »you = 1800 (br, m),
Vrormytc-H = 2800 (m) em™; TH NMR (270 MHz, CqDg) 6 ~2.99 (quint, 2
H, Jyyp = 34.63 Hz); °C NMR (78.8 MHz, C¢Dy) 6 64.11 (¢, O==CH,, Jox
= 167.2 Hz); *'P{'H} NMR (36.5 MHz, C¢Dg, chemical shifts are in ppm
X,ith ?ownfield pogitive from the external benzene solution of PPhg) 71.3

T, 8).

(16) The reactions were followed by 'H NMR spectroscopy. When 2b
and CDyOH were mixed, a hydrido signal assignable to [MoH,(OCD,)-
(dppe);] appeared at first, the intensity of which then gradually de-
creased. In the reaction between 2b and CD;OD, signals due to 2b and
[MoHD(OCD,)(dppe),], which were observed at the very early stages of
the reaction, decreased gradually and disappeared completely after 1 h,
eaving signals solely assignable to N(D)CgH;C(O)CH; and [MoD{N-
(Ce¢H5)C(O)CHl(dppe),].

(17) Arnold, D. P.; Bennet, M. A, Inorg. Chem. 1984, 23, 2110.

(18) Green, M. L. H,; Parkin, G.; Moynihan, K. J.; Prout, K. J. Chem.
Soc., Chem. Commun. 1984, 1540.
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Summary: The synthesis, structure, and reaction chem-
Istry of I(COX2-mesityl{dppe) (1; dppe = 1,2-bis{di-
phenylphosphino)ethane) Is described. Complex 1 is
prepared from the reaction of 2-mesitylmagnesium brom-
ide and IrBr(COXdppe). The molecular structure of 1 in
the solid state is that of a nearly square-planar four-co-
ordinate complex with cis phosphine donors, a g-bound
mesltyl ligand, and a slight tetrahedral distortion. Compiex
1 reacts readily with diphenyisilane and H, to yield the
respective cis oxidative-addition products IrHY(CgH,-
(CH;)sXdppe), where Y = Ph,HSI, H. A unique transfor-
mation occurs when 1 Is heated in the presence of
ethylene at 90 °C in benzene to yield Ir(COXn?-C.H,)-
(3,5-dimethylbenzyiXdppe). The reaction of 1 with CO
generates the acyl complex Ir(CO),(C(O)mesitylXdppe).

The reactions of small molecules with four-coordinate
d® metal centers play a major role in homogeneous cata-

lysis, including hydrogenation, hydroformylation, and
hydrosilation.! For the study of these reactions mecha-
nistically, iridium complexes such as trans-IrCl(CO)-
(PPhy), (Vaska’s complex) have been useful as model
systems for elucidating substrate activation via oxidative
addition and adduct formation.2?* From our laboratory,
studies have employed the bis(phosphine) complex IrX-

(1) (a) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G.
Principles and Applications of Organotransition Metal Chemistry;
University Science Books: Mill Valley, CA, 1987; Chapter 10, p 621, and
references therein. (b) Cotton, F. A.; Wilkinson, G. Advanced Inorganic
Chemistry, bth ed.; Wiley-Interscience: New York, 1988; Chapter 28, and
references therein.

(2) Vaska, L.; DiLuzio, J. W. J. Am. Chem. Soc. 1961, 83, 2784.

(3) (a) Vaska, L. Acc. Chem. Res. 1968, 1, 335. (b) Vaska, L.; DiLuzio,
J. W. J. Am. Chem. Soc. 1962, 84, 679. (c) Vaska, L. Science 1963, 140,
809. (d) Collman, J. P.; Kang, J. W. J. Am. Chem. Soc. 1967, 89, 844. (e)
Vaska, L. Acc. Chem. Res. 1976, 9, 175. (f) Kubota, M.; Blake, D. M. J.
Am. Chem. Soc. 1971, 93, 1368. (g) Blake, D. M.; Kubota, M. Inorg.
Chem. 1970, 9, 989. (h) Chock, P. B.; Halpern, J. J. Am. Chem. Soc. 19686,
88, 3511. (i) Halpern, J. Acc. Chem. Res. 1970, 3, 386.
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