Russian Journal of Organic Chemistryol. 37, No. 4, 2001, pp. 49898. Translated from Zhurnal Organicheskoi KhimWol. 37, No. 4, 2001,

pp. 531533.
Original Russian Text Copyrighto 2001 by Leoriev, Fomicheva, Proskurnina, Zefirov.

Reaction of Nitrous Oxide with Cyclopentadienyl
Complexes of Cobalt, Rhodium, and Titanium”

A.V.Leont'ev, O.A.Fomicheva, M.V.Proskurnina, and N.S. Zefirov

Moscow State UniversityMoscow, 119899 Russia

Received October 23, 2000

Abstract—The reaction of nitrous oxide with some cyclopentadienyl compoundsobglt, rhodium, and
titanium was studied. The corresponding furans were obtained in low to moderate yields.

We reported lately that reaction of 1-cyclopenta-pounds[2], but the reaction of these metallocycles
dienyl-1-triphenylphosphine-2,3,4,5-tetraphenyl-with the nitrous oxide was not investigatbdfore.
cobaltacyclopenta-2,4-diendaj with N,O yielded

substituted furan derivatives and but-2-ene-1,4-dione
[1]. In this study within the framework of our

systematic investigation we carried out reactions of
nitrous oxide with some cyclopentadienyl complexes

of cobalt (b-d), rhodium (I), and titanium (I ).

This class of organometallic compounds is frequently gt
used as starting materials for preparation of a wide g3

R3 R4

jiZCO(PPhS)Cp

R? R!

Ia—d
RP= RR= R = Ph (a); R'=z R*=z Ph,R=
Me (Ib); Rz RR= Ph, R= R = COMe

variety of 5- and 6-membered heterocyclic com- (). Rz R*= cOMe, R = R* = Ph (d).

Reaction of complexesb-d, I, 1l

with nitrous oxide

CompdConditions Reaction products

no.

Ib 80°C |Ib, 25%; 3,4-dimethyl-2,5-diphenyl-
furan, 20%, mp 113114°C (publ.
mp 115116°C [20]); OPPh, 72%

Ic 80°C |[lc, 17%:;3,4-dimethoxycarbonyl-2,5-
diphenylfuran, 35%, mp 7981°C
(publ. mp 8384°C [21]); OPPA,
82%

Id 80°C |[Id, 16%:;3,5-dimethoxycarbonyl-2,4-

130°C

130°C

diphenylfuran, 35%, mp 9294°C;
OPPh, 80%

1,3-Diphenylbenzd]isobenzofuran-
4,9-dione, 15%, mp 219221°C
(publ. mp 220222°C [18]); OPPA,
80%

2,3,4,5-Tetraphenylfuran29%, mp
169-170°C  (publ. mp 169171°C
[22])
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The reduction of NO by solutions of low-valence
complexes of transition metals was first described in
[3]. Later onquite a number of titaniumghromium,
vanadium,tin, andzirconium compounds 6] with
terminal or bridging oxygen atoms was prepared with
the use of nitrous oxide as oxyge&onor. Besides it
was possible in the presence of cobalt, molybdenum,
and ruthenium complexes {9] to effect oxygen
transfer from NO to triphenylphosphine anstyrene.
Johnsonet al. [10] recently reported on an unusual
reaction between MO and Mo(N[R]Ar) with the
rupture of the NN bond in the nitrous oxide result-
ing in formation of nitride Me&N and nitrosyl
Mo=N=0O complexes. Up till now this is a single
example of such HD reaction with a metallocomplex.
The reaction of §>-C;Me;),M(RC=CR) (M = Zr,

Ti) with nitrous oxide gives rise to an oxometallo-
cyclobutene derivative and moleculaitrogen, but
an intermediate complex where,® inserted into the
M-C bond to form a five-memberadetallocycle was
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EXPERIMENTAL

Compounddb-d, II, Il were prepared along the
published procedures [1I9]. The process of

isolated and characterizdd1]. It is also known that
a simple saturation with the nitrous oxide of a solu-
tion of [Ru(NHy)s(H,O)]*" resulted in a complex

2
[Ru(NHg)5(N,0)1™" where NO plays the role of oyneriment is described with complex. Al thedata
a ligand [12]. obtained are presented in tteble.

In the course of our study were obtained the cor- Reaction of N,O with cobalt complex Ib. A solu-
responding furans in low to moderate yields in reactjon of complexlb (0.25 g, 0.4mmol) in 10 ml of
tions between the metal complexts-d, I, Il and  penzene was charged intoreactor. Oncooling the
nitrous oxide. We did nodletect any nitrogen-contain- pottom of the reactor we condensed thereto about
ing compounds. Note that under the applied condis m| of nitrous oxide. The reaction was carried out
tions NO as potential oxygen donor in the reactionfor 6 h at 89C. The reaction mixture was separated
of furan synthesis from rhodium compléixapparent- by column chromatography on neutral alumina,
ly is no better than commonly used molecular oxygemsrockmann activityll grade. Bygradient elution with
or hydrogen peroxide [13]. Oufata on reaction with hexaneethyl acetate mixture” we separated and
cyclopentadienyl compounds of cobéit-d should be  igentified the following compounds: initial complex
compared with investigation published by Wakatsukilp (0.06 g, 0.1 mmol); 3,4-dimethyl-2,5-diphenyl-
and Yamazak|[14]. There wasstudied thermal and furan (002 g,008 mmo|);tripheny|phosphine oxide

photochemical reaction of complexds, b with
molecular oxygen that afforded as main products
dione complextVa, b and dibenzoylstilbeneVia) or
2,3-dibenzoylbut-2-eneVp). The reaction scheme is

as follows: 1.

2.
4 4 4
R® R o R R R R
= <0 <0 3.
Co(PPh,)C 2 —=CoCp +
2;2 oPPRCP =555y JE;O P jZE;o
R® R R™ R! R R! 4.
Ia,b IVa, b Va, b
10-30% 20-80% 5.

It was presumed [14] that the thermal reaction 6.
(70°C, 2-8 h) proceeded via dissociation of the
phosphine ligand followed by coordination of the 7.
oxygen molecule at the vacant place in the cobalt
coordination sphere. As photochemical reaction
(under the light of a high pressure mercump, 8.
15°C, 8-9 h) the process may occur as phosphine
oxygen exchange or along the mechanisni4#2]- 9.
cycloaddition with participation of the forming singlet
oxygen acting as a reactive dienophile. With nitrous10.
oxide we failed to observe any dione complexes
apparently due to the usadicroamounts. However
it is well known that the reaction of but-2-ene-1,4-
diones with PP/ under mild conditions affords the 11.
corresponding furans [15]. We did not try to carry
out our reaction under photochemical conditions, but
it should be mentioned that @ photolysis was a 12.
convenient method for preparation of oxygen atoms
OCP) [16]. The mechanism of reactions between
cyclopentadienyl compounds of cobalt and nitrousl3.
oxide requires further investigation. 14.

(0.08 g, 0.3 mmol).
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