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Reactions of Alkyl malonates with Molybdenum and Tungsten Complexes.
Syntheses and Structure of Hydrido-Malonato Complexes
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Molybdenum and tungsten hydrido-malonato complexes have been prepared by the
photochemical or thermal reactions of [M0H4(dppe)2] or trans-[W(N,),(dppe),] with
an excess of alkyl malonates. The structure of the complex is reported, and a possible
mechanism is proposed for the reaction.

Molybdenum polyhydride, [MoH4(PR3)4] D has been proved to be very useful as starting materials in the
syntheses of coordination compounds of molybdenum. The photoreaction of tetrahydride [MoH 4(dppe),] (1)
(dppe = Ph,PCH,CH,PPh,) has been known to give the coordinatively unsaturated 16e and 14e species step-
wise.”’ Seven coordinate complexes of the type [MoHX(dppe),] (X = amido, carboxylato, /3 -carboalkoxy-
alkenyl) have recently been prepared and have been shown to exhibit some interesting chemistry.3 -6
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Here we report the reaction of [MoH,(dppe),] (1) with alkyl malonates, CH,(COOR),. Analogous reac-
tion of the tungsten complexes is also described. It is well known that the § -ketoenolate ions form very stable
chelate complexes with most metat ions and much work has been done on the chemistry of acetylacetonato (acac)
complexes.7) On the other hand, alkyl malonates, which also possess active methylene protons, have less been
used as ligands in transition-metal chemistry, despite malonate compounds have played a significant role in
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various organic reactions catalyzed by transition metals.)

The photochemical or thermal reactions of 1 with alkyl malonates gave the hydrido-malonato complexes 4.

hvorA
1,20r3 + CH,(COOR), — [MH{CH(COOR),-0,O}(dppe),]
M= Mo (4), W (5); R =Me(a), Et (b), i-Pr(c)
Table 1. Preparation of Complexes4 (M=Mo)and 5§ (M =W)

Complexes / mmol CH2(COOR)2 Solvents / ml Conditions Products / Yield %a)
R /mmol

MoH,(dppe), (1) / 0.34 Me /0.28 toluene / 17 110G, 5 h 4a /23
MoH,(dppe), (1)/0.49  Et/2.63 benzene / 49 20C, 2hhy D ab/3.5
MoH, (dppe), (1)/0.53  i-Pr/2.62 benzene / 10 20C, Shhy? 4c /35
W(N,),(dppe), 3)/0.69  Me/3.45 toluene / 50 65C, 35 h 5a /22
WH,(dppe) (2)/0.85  Et/425 benzene / 30 20C, 6h,hy® 5b /2
W(N,),(dppe), (3)/0.62  Et/3.08 toluene / 50 65C, 32 h 5b /27
W(N,),(dppe), (3)/0.92  i-Pr/4.60 toluene / 50 65C, 18 h 5¢ /20

a) Isolated yields. b) Irradiation with 400-w high-pressure mercury-lamp through Pyrex filter.

In contrast to the molybdenum complex 1, [WH 4(dppe),] (2) was found to be inert and the analogous tungsten
hydrido-malonato complexes were obtained in extremely low yield. However the reaction of trans-
[W(N2)2(dppe)2] (3), which affords a coordinatively unsaturated reactive intermediate in a similar manner as 1,
with alkyl malonates led to the formation of the corresponding hydrido-malonato complexes in reasonable yields.
In these reactions, carbonyl complexes M(CO),(dppe), were formed as by-products. It seems likely that the
molybdenum and tungsten complexes attack the ethoxy carbonyl groups in addition to the active methylene

group.

Table 2. Spectroscopic Properties of Complexes4 (M =Mo) and 5 (M = W)

R/cm! @ IH NMR / ppm®
Complex v (M-H) v (C=0) v (C=C) S(M-H)  J(H-Pag)  J(H-Pax)

Hz Hz
4a 1800 1495 1600 -4.95 (1) 89.1 18.9
4b 1800 1505 1605 -4.89 (tt) 90.3 18.3
4c 1800 1510 1605 -4.76 (1) 90.9 18.3
5a 1870 1512 1620 3.09 S 86.0 14.0
5b 1860 1515 1613 3.04 S 86.4 13.1
5¢ 1860 1515 1609 294w  87.1 14.3

a) KBr disc. b) 270 MHz in C6D6' ¢) Tungsten satellites were not observable due to low resolution.
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Molybdenum complexes 4 were soluble in benzene or toluene, but not soluble in hexane, although
tungsten complexes 5 were found to be soluble in hexane and pentane, and they were purified by recrystallization
from these solvents. These complexes are stable to air to some extent in the solid state but are immediately
decomposed in solution. The IR spectra of molybdenum complexes 4 showed characteristic bands at 1800 cm™!
assignable to v (Mo-H) and they agreed closely with that of MoH(acac)(dppe)z.g) W-H stretching bands of

1, which are higher frequency than that of the molybdenum

complexes § were observed at 1860 - 1870 cm”™
complexes. IR bands originating from alkyl malonate ligands are listed in Table 2. The assignment of each band
was made by comparison with that of the MoH(acac)(dppe)zg). The 'H-NMR spectra of complex 4 showed
triplet of triplets at around -4.9 ppm, which can be assigned to hydridic Mo-H protons, suggesting the hydrido
ligand and two of the four phosphorus atoms are in a pentagonal plane and the other phosphorus atoms occupy
apical positionslo). The hydridic W-H protons of complex 5§ appeared at around -3.0 ppm, which are lower field
than the molybdenum complexes, reflecting a difference in the nature of metals.

The X-ray structure of complex 4¢ (R =
i-Pr) was confirmed by single crystal X-ray
analysis1 D
this class of complex. An ORTEP plot of the

structure is illustrated in Fig. 1. The structure

and is found to be representative of

of complex 4¢ is best described as a distorted
pentagonal-bipyramidal configuration with the
hydride ligand bent slightly from the equatorial
plane, which is formed by two phosphorus
atoms and the oxygen atoms of the malonato
ligand. The molybdenum-malonato bond length
(Mo-O1 = 2.225(2) A) is a little shorter than
that found previously for molybdenum-
carbonato bond (Mo-O = 2.271(2) A) in
[MoH(02COEt)(dppe)2], reflecting less distor-
tion of the six membered ring of the former

C48 X 4)

3 than the four membered carbonato ligand.
C49 \ The O1-Mo-02 bond angle of 81.29(9)°in 4c¢
ol @/ < is smaller than that found in acetylacetonato

complex [Mo(NNC6H4OMe-p)(acac)2]
(84.8(4)"),12) suggesting that a steric crowd-

Fig. 1. Structure of 4¢. ing in 4¢ induced by the bulky isopropyl
groups.

The molybdenum-hydride distance is 1.64(3) A and is also very similar to that of hydrido-carbonato
molybdenum complex (1.69 A). In the six-membered M002C3 ring, the C6-C5 distance 1.3865(5) A s
consistent with its being nearly a double bond.

Two possible mechanisms for formation of the complex are illustrated in Scheme 2. Pathway A requires
the enolization of alkyl malonate. Pathway B involves direct C-H bond oxidative-addition to intermediary 16e

MoH,(dppe),. Since alkyl malonate is generally less enolic (the enol content of ethyl malonate is 7.7x10'3%)13)
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as compared with acetylacetone (the enol content is 76.4%), pathway B appears to be more likely.

H. H
[Mo]

o O 'H
ROMOR

_H2
P
H H / A \ <.
& _oucoom, PeloOR

e
\
?'\T
-
Y
M

o H[M: U Fl’ OR
[Mo] = Mo(dppe), ROJ\L y 4
0]
RO
B Scheme 2.

This work was supported by a Grant-in-Aid for Scientific Research (B) (No. 04453097) and Grant-in-Aid

for Scientific Research on Priority Area (No. 05236104) from the Ministry of Education, Science and Culture of

Japan.

References

1) F Pennela,J. Chem. Soc., Chem. Commun., 1971, 158; F. Pennela, /norg. Synth., 15, 42 (1974).

2) G. L. Geoffroy and M. S. Wrighton, "Organometallic Photochemistry,” Academic Press, New York
(1979), p. 278.

3) T Ito, H. Tosaka, S. Yoshida, K. Mita, and A. Yamamoto, Organometallics, 5, 735 (1986).

4) T Ito, K. Hamamoto, S. Kurishima, and K. Osakada, J. Chem. Soc., Dalton Trans., 1990, 1645; T. Ito,
T. Matsubara, and Y. Yamashita, /. Chem. Soc., Dalton Trans., 1990, 2407.

5) S.Kurishima and T. Ito, Chem. Lett., 1990, 1299.

6) T Ito, S. Kurishima, M. Tanaka, and K. Osakada, Organometallics, 11, 2333 (1992).

7) FE. A. Cotton and G. Wilkinson, "Advanced Inorganic Chemistry,” Sth ed, John Wiley and Sons, New
York (1988), p. 477.

8)  J. Tsuji, "Organic Synthesis with Palladium Compounds," Springer-Verlag, Berlin (1980), p. 99.

9) T Ito, T. Kokubo, T. Yamamoto, A. Yamamoto, and S. lkeda, J. Chem. Soc., Dalton Trans., 1974,
1783.

10)  The 13c NMR spectrum of 4 ¢ in C¢Dg shows resonances at 171.8 (C=0) and 66.9 (CHC=0) ppm.

11) Crystal data for 4 ¢: C61H64O4P4M0, Fw = 1081.01, monoclinic, space group P21/c, a = 21.385(3) A b
=10.806(4) A, ¢ =23.987(5) A, V = 5439(2) A3, Z=4,Dc=1320¢g cm'3, R =0.036, Rw = 0.046 for
6544 observed reflections.

12) J. Li-Kao, C. Bustos, D. Carrillo, FE. Robert, and P. Gouzer. Transition Met. Chem., 18, 265 (1993).

13) A. Gero, J. Org. Chem., 19, 1960 (1954).

(Received September 12, 1994 )



