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The recently reported! isolation of the first vanadium(III)
ynolate complex (1) from the cleavage of THF during the reaction
of VCI3(THF); with the tetralithium salt of the octaethylpor-
phyrinogen, Li;,OEPG (Scheme 1), showed that the cooperative
attack of a transition metal and acidic lithium cations on the
same organic substrate may be able to promote unexpected
transformations and open up new pathways of reactivity. Since
the stoichiometric formation of the ynolate moiety is accompanied
in this particular reaction by simultaneous liberation of 1 equiv
of ethane, the reaction obviously does not imply any formal electron
transfer or redox process. We have therefore decided to explore
further the role of THF in this system by diminishing the quantity
present in the participating reagents. For this purpose, the
tetralithium salt (Li;OEPG, 2) used as starting reagent was
prepared by reacting the porphyrinogen ligand with 4 equiv of
BuLi in hexane in a procedure analogous to the preparation of
(LiTHF),OEPG.2 In the way, VCI3(THF); would be the only
source of THF available to the system.

Reaction of Li4{OEPG with VCI;(THF)s? in toluene at room
temperature overnight, followed by brief heating, afforded deep
red crystals of (OEPG)V(n-Bu)Li;(THF);Cl (3) in 65% yield
(Scheme 1).4 The structure of 3, as characterized by single-
crystal X-ray analysis,’ has revealed the molecule as an n-butyl
V(III) complex of the OEPG ligand. The molecule comprises
one OEPG macrocyclic ligand containing a vanadium ion
displaced by 0.31(2) A out of the plane of the four nitrogen donor
atoms. On one side of the N, plane there is an n-butyl group
which occupies one axial position [V1-C18 = 2.077(5) A; C18-
V1-N1 = 98.0(2)°; C18-V1-N2 = 97.7(2)°; C18-V1-N3 =
97.7(2)°; C18-V1-N4 = 100.5(2)°]. On the other side of the
molecular plane each LiTHF binds to one pyrrolyl ring in an #°
mode (average Li-C distance = 2.327 A; average Li-N distance
= 2,274 A) and to the u3-Cl atom. This chlorine atom appears
to be extruded from the ideal octahedron centered on vanadium
witha long, nonbonding V-Cl distance of 3.108(5) A. Its position
on the vacant octaedral apex engulfs a cavity bounded by the Cl,
three lithium atoms, and the N, plane. The magnetic moment
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of 3 (uefr = 2.85 up) is as expected for a d2 electronic configuration
of a V(III) ion.

The crystal structure of 3 shows that the three molecules of
THEF, supplied to the reaction medium by VCl;(THF);, are all
incorporated into the molecularstructure. Aninterestingfeature
of 3is that it is one of the few examples of a vanadium(III)-alkyl
complex.6 However, the origin of the butyl group is uncertain.
It could arise once more via the cleavage of THF, giving a second
oxygen-containing product that was not isolated. Another
possibility may arise from the trapping of n-BuLi in the Li,-
OEPG complex as has been seen in preliminary deprotonation
studies with aromatic diamines.” Characterization of Li;OEPG
by !H NMR in C4Dgreveals in fact the presence of a peak at—1.0
ppm, which might indicate the presence of n-BuLi within the
lattice. Since Li;OEPG can be isolated in crystalline form,
attempts to clarify the molecular structure of this rare case of a
tetralithiumsalt are currently in progress. Interestingly,addition
of THF to 3 does not result in the formation of the vanadium(III)
ynolate complex 1 (Scheme 1).!

Although the origin of the butyl group remains unclear and
the adventitious presence of a variable amount of BuLi in the
reaction medium cannot be excluded, further reduction of the
amount of THF available tothevanadium atom led toa completely
different result. Reaction of V,Cls(THF),® with Li;,OEPG in
toluene afforded maroon cubes (with an emerald green reflex)
of a new complex {[C(C,H;s][C(C;Hs):]6(CsHaN)4}V(THF), (4)
in 53% yield whose IR showed the presence of a new resonance
at 1567 cm! (Scheme 1).° The crystal structure of 4 was
elucidated by X-ray analysis,!? and it revealed that no organo-
metallic function is present in the molecule. Instead, one of the
eight meso-ethyl groups of the macrocyclic ligand has been
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(10) Crystaldata for 4, C4,HsgN4O,V: orthorhombic, Pbca, witha = 20.227-
(DA, b6=23.148(1) A, c=15.579(1) A, V=7294(2) A, Z = 8, deaica
=1.280gcm-3, u(Mo Ka) =3.02cm-!. Thedata were collectedat—153
°C on a Rigaku AFC6S diffractometer with graphite-monochromated
Mo Ke radiation (0.71073 A) in an w—26 scan mode. A total of 7043
reflections were collected in the range 6.0 < 28 < 50.0°. The structure
was solved by direct methods, and the non-hydrogen atoms were refined
either anisotropically or isotropically. Hydrogen atoms were introduced
at their calculated positions. Refinement converged at R = 0.064 (R,
= 0.066) for 2696 observed reflections (I > 2.504(I)) and 388 variable
parameters. All calculations were performed using a TEXSAN
crystallographic software package on a VAX workstation.
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eliminated with concomitant formation of a C=C bond in the
meso position. The structure consists of an octahedrally
coordinated V(III) placed in the center of the N4 plane [V1-N1
=2.086(6), VI-N2 = 2.086(6), V1-N3 = 2.015(6), V1-N4 =
2.060(6) A; N1-V1-N2 = 89.1(2), N2-V1-N3 = 90.0(3), N3-
V1-N4 =92,2(3), Nd-V1-N1 = 88.7(2), N1-V1-N3 = 177.3-
(2),N2-V1-N4 = 177.8(3)°] with two molecules of THF on the
axis perpendicular to the equatorial plane [V1-O1 = 2.075(5),
V1-02 = 2.059(5) A; 01-V1-02 = 174.0(2)°]. The four
pyrrolyl rings deviate slightly from planarity. However, the two
pyrrolyl rings, connected by the partially de-ethylated meso-
carbon, are coplanar with the trigonal planar meso-carbon, clearly
indicating an sp2 hybridization. The distances of the meso-carbon
to the rings are similar [C4~-C5 = 1.410(9), C5-C6 = 1.38(1)
A; C4-C5-C6 = 126.7(7), C4-C5-C21 = 117.1(7), C6-C6—
C21 =116.2(7)°] and are shorter than those formed between the
other tetrahedral meso-carbon atoms and the rings [C1-C20 =
1.49(1), C19-C20 = 1.52(1) A; C1-C20-C19 = 116.3(6)°].

The loss of one ethyl group and consequent partial ring oxidation
are somewhat reminiscent of the naturally occurring transforma-
tions of porphyrinogens to porphyrins via aromatization /oxidation
of the meso-methine bridge.!!-13 We are currently attempting
the reaction of the Li;OEPG salt with anhydrous VCl; to ascertain
whether the total exclusion of THF from the reaction medium
will lead to further aromatization of the macrocycle or whether
it will lead to formation of polymetallic aggregates.

(11) (a) The Porphyrins; Dolphin, D., Ed.; Academic: New York, 1978-
1979; Vols. 1-7. (b) Smith, K. M. Porphyrins and Metalloporphyrins;
Elsevier: Amsterdam, 1975.

Et

Et

Communications

4.
Et

Lig

Et

[VCL,(THF);],
OEPGLi,

Total THF = 2 equiv.

De-ethylated complex

Acknowledgment. This work was supported by the Natural
Sciences and Engineering Research Council of Canada (operating
grant).

Supplementary Material Available: Textual presentations of the
crystallographic procedures and tables of crystallographic data and
experimental details, bond distances, bond angles, atomic coordinates,
and thermal parameters for 3 and 4 (33 pages). Ordering information
is given on any current masthead page.

(12) (a)Mashiko, T.; Dolphin, D. In Comprehensive Coordination Chemistry;
Wilkinson, G., Gillard, R.D., McCleverty, J. A, Eds.; Pergamon: Oxford,
UK., 1987; Vol. 2, Chapter 21.1, p 855. (b) Kim, J. B.; Adler, A.D;
Longon, R. F. In The Porphyrins; Dolphin, D., Ed.; Academic: New
York, 1978; Vol. 1, Part A, p 85. Mauzerall, D. Ibid., Vol. 2, p91. (c)
Lindsey, J.S.;Schreiman, I. C.; Hsu, H.C.;Kearney, P. C.; Marguerettaz,
A.M. J. Org. Chem. 1987, 52, 827. (d) Lindsey, J. S.; Wagner,R. W.
J. Org. Chem. 1989, 54, 828.

(13) (a)Franck, B. Angew. Chem.,Int. Ed. Engl.1982,21,343. (b) Johansen,
J. E,; Piermattie, V.; Angst, C.; Diener, E.; Kratky, C.; Eschenmoser,
A. Angew. Chem., Int. Ed. Engl. 1981, 20, 261. (c) Waditschatka, R.;
Angst,C.; Johansen, J. E ; Plaquevent, J. C.; Schreiber, J.; Eschenmoser,
A. Helv. Chim. Acta 1985, 68, 1312. (d) Waditschatka, R.; Diener, E.;
Eschenmoser, A. Angew. Chem.,Int. Ed. Engl.1983,22,631. (e) Angst,
C.; Kajiwara, M.; Zass, E.; Eschenmoser, A. Angew. Chem., Int. Ed.
Engl. 1980, 19,140. (f) Waditschatka, R.; Kratky, C.; Jaun, B,; Heinzer,
J.; Eschenmoser, A. J. Chem. Soc., Chem. Commun. 1988, 1604. (g)
Barkigia, K. M.; Renner, M. W ; Furenlid, L. R.; Medforth, C. J.; Smith,
K. M,; Fajer, J. J. Am. Chem. Soc. 1993, 115, 3627. (h) Barkigia, K.
M.; Chang, C. K.; Fajer, J.; Renner, M. W. Fajer, J. J. Am. Chem. Soc.
1992, /14, 1701. (i) Renner, M. W; Furenlid, L. R.; Barkigia, K. M.;
Forman, A.; Shim, H. K.; Simpson, D. J.; Smith, K. M.; Fajer, J. J. Am.
Chem. Soc. 1991, 113, 6891. (j) Stolzenberg, A. M.; Glazer, P. A;
Foxman, B. M. Inorg. Chem. 1986, 25, 983. (k) Barkigia, K. M.; Chang,
C. K.; Fajer, J. J. Am. Chem. Soc. 1991, 113, 7445. (1) Strauss, S. H.;
Silver,M.E.;Long, K.M.; Thompson, R. G.; Hudgens, R. A.; Spartalian,
K.; Ibers, J. A. J. Am. Chem. Soc. 1985, 107, 4207,



