configuration XIII indicate a net charge of 0.20 e on the
dioxygen ligand in the bent structure and 0.36 ¢ in the per-
pendicular structure). These MnH(O,)-type (Mnll, d5, § =
35) configurations have not been considered in ref 2, although
there is no feature of the ESR spectra which in principle is
incompatible with this formalism.3? They also meet the re-
quirement of no spin density on O,. If the vast majority of Mn!!
complexes are high spin (including Mn(TPP)), there are at
least two systems of Mn!! with a quartet ground state3!-32 in-
cluding manganese phtalocyanine.3?2 We also do not expect
more refined calculations (of a double-{ basis set quality or the
introduction of configuration interaction between configura-
tions of the same symmetry) to give a stationary value of the
energy for the first configurations of the Mn!V(0,27) type.
However, they could modify the relative stabilities of the
Mn!}(0,)- and Mn!'1(O,~)-type configurations. Such calcu-
lations are now in progress.

From Table 1, it also appears that for all configurations but
one the bent structure is more stable than the perpendicular
one. The two structures are of comparable stability (to the
precision of the calculations) for the configuration XIII.
However, introduction of configuration interaction will mix
this configuration with the configurations IV, VII, and X for
the bent structure (since IV, V11, X, and XIII belong to the 4A’
symmetry) and with the configurations VI and X for the per-
pendicular structure (VI, X, and XIII belong to the *B; sym-
metry). Since the configurations 1V, VII, and X of the bent
structure are lower in energy than the configurations VI and
X of the perpendicular structure, the same ordering is likely
for the corresponding states “A” and *B;. We can therefore
predict that the bent structure is more stable than the per-
pendicular one. This result (opposite to the conclusions of ref
2) is not unexpected since we did not find any stable configu-
ration with dioxygen bonded as a peroxo (0»27) ligand. If we
compare the energy value of the most stable configuration for
each of the two states A’ and *B, (cf. Table I), the stabilization
amounts to 33 kcal/mol.

In summary our conclusions are at odds with the interpre-
tation of the experimental results for the Mn(TPP)O; system.
We look forward to a more detailed experimental study of the
system,?3 especially an x-ray structural determination. We are
also carrying more refined calculations on this system.

Acknowledgments. Calculations have been carried out at the
Centre de Calcul du CNRS in Strasbourg-Cronenbourg. We
thank the staff of the centre for their cooperation, We thank
Drs. B. M. Hoffman and F. Basolo for preprints of their pub-
lications. This work has been supported through the A.T.P. No.
2240 of the CNRS.

References and Notes

(1) C. J. Weschler, B. M. Hoffman, and F. Basolo, J. Am. Chem. Soc., 97, 5278
(1975).

(2) B. M. Hoffman, C. J. Weschler, and F. Basolo, J. Am. Chem. Soc., . 98,
5473 (1976).

(3) B. Gonzales, J. Kouba, S. Yee, C. A. Reed, J. F. Kirner, and W. R. Scheidt,
J. Am. Chem. Soc., 97, 3247 (1975).

(4) The abbreviations used in this paper follow: M, metal; P, dianion of por-
phyrin; TPP, dianion of tetraphenylporphyrin; OEP, dianion of octaethyl-
porphyrin; acacen, N,N-ethylenebis(acetylacetoneiminato); T(p-Tol)p,
dianion of tetra(p-tolyl)porphyrin.

(5) L. Vaska, Acc. Chem. Res., 8, 175 (1976).

(6) R. Guilard, M. Fontesse, P. Fournari, C. Lecomte, and J. Protas, J. Chem.
Soc., Chem. Commun., 161 (1976).

(7) B. Chevrier, Th. Diebold, and R. Weiss, Inorg. Chim. Acta, 19, L57
(1976).

(8) M. M. Rohmer, M. Barry, A. Dedieu, and A. Veillard, Proc. Int. Symp. At.,
Mol. Solid-State Theory, Collision Phenom. Comput. Methods, 1977, in
press.

(9) X-ray crystal structures have been published for the dioxygen adduct of
the iron picket fence porphyrin® and of several cobalt Schiff bases."?

(10) J. P. Collman, R. R. Gagne, C. A. Reed, W. T. Robinson, and G. A. Rodley,
Proc. Natl. Acad. Sci. U.S.A., T1, 1326 (1974).

(11) (a) G. A. Rodiey and W. T. Robinson, Nature (London), 235, 438 (1972);
(b) M. Calligaris, G. Nardin, L. Randaccio, and G. Tauzher, Inorg. Nucl. Chem,
Lett, 9, 419 (1973); (c) J. P. Collman, H. Tayaka, B. Winkler, L. Libit, S.

8051

K. Seah, G. A. Rodley, and W. T. Robinson, J. Am. Chem. Soc., 95, 1656
(1973); (d)R. S. Gall, J. F. Rogers, W. P. Schaefer, and G. G. Cristoph, ibid.,
98, 5135 (1976); (e) A. Avdeef and W. P. Schaefer, ibid., 98, 5153
(1976).

(12) Ab Initio calculations on the Fe(P)OoL (L = NHg, Im)'314 and Co(acacen)OoL
(L = Hz0, CN~, CO)'® have shown that the bent structure is more stable
than the perpendicular one.

(13) A. Dedieu, M. M. Rohmer, M. Benard, and A. Veillard, J. Am. Chem. Soc.,
98, 3717 (1976).

(14) A. Dedieu, M. M. Rohmer, and A. Veillard, in ‘“Metal-Ligands Interaction
in Organic and Biochemistry”, Part 2, B. Pullman and N. Goldblum, Ed., D.
Reidel, Dordrecht, 1977, p 101.

(15) A. Dedieu, M. M. Rohmer, and A. Veillard, J. Am. Chem. Soc., 98, 5789
(1976).

(16) J. H. Fuhrop, Struct. Bonding, Berlin, 18, 1(1974).

(17) 8. K. Cheung, C. J. Grimes, J. Wong, and C. A. Reed, J. Am. Chem. Soc.,
98, 5028 (1976).

(18) J. P. Collman, J. I. Brauman, T. R. Halbert, and K. S. Suslick, Proc. Natl.
Acad. Sci. U.S.A., 73, 3333 (1976).

(19) F. Basolo, B. M. Hoffman, and J. A. lbers, Acc. Chem. Res., 8, 384
(1975).

(20) A. Dedieu, unpublished results.

(21) A controversy still exists over the oxidation state of iron in dioxygen adducts
of iron porphyrin, either Fe" or Fe!.18:22

(22) A. Dedieu, M. M. Rohmer, H. Veillard, and A. Veillard, Bull. Soc. Chim. Belg.,
85, 953 (1976).

(23) The LCAO-MO-SCF calculations were carried out with the Asterix system
of programs?# using basis set (10,6,4) for Mn, (7,3) for first-row atoms, and
(3) for hydrogen contracted to a minimal basis set (except for the 3d
functions which are split). The following geometries were used: for the
porph?'rin ligand the same geometry that was used for Fe(P)O, calcula-
tions,'®14 i.e., the experimental geometry of the porphyrin ligand in
Fe(TPP).25 Following Day et al.,2 the Mn atom was chosen out of plane,
lying at 0.25 A above the plane of the porphyrin (see for instance the out-
of-plane distances quoted for Mn(TPP),% Mn(TPP) 1-Melm)® and Mn(TPP)-
{N3),28 the latter structure having a strong similarity with a possible bent
structure of Mn{TPP)O.). The Mn-0 and O-0 bond lengths were, respec-
tively, 1.75 and 1.25 A both in the bent and perpendicular geometries. The
porphyrin plane is in the xOy plane with the nitrogen atoms along the x and
y a>6(is, the Mn-0;, plane is in the xOz plane as it is the case in Ti(OEP)-
[o7%

(24) M. Benard, A. Dedisu, J. Demuynck, M. M. Rohmer, A. Strich, and A.
Veillard, Asterix, a system of programs for the Univac 1110, unpublished
work.

(25) J. P. Collman, J. L. Hoard, N. Kim, G. Lang, and C. A. Reed, J. Am. Chem.
Soc., 97, 2676 (1975).

(26) V. W, Day, B. R. Stults, E. L. Tasset, R. S. Marianelli, and L. J. Boucher,
Inorg. Nucl. Chem. Lett., 11, 505 (1975).

(27) The same result was obtained for a calculation in which the 0-O bond length
was 1.46 A, i.e., typical of a peroxo ligand.

(28) If so, the g antibonding orbitals of O, would be stabilized by the interaction
with the 3(? orbitals of Mn and therefore both doubly occupied. One should
then obtain a stationary value of the energy for the configurations corre-
sponding to the Mn'VY(02?") formalism.

(29) We thank Dr. G. H. Loew for suggesting that we consider the configurations
X=Xl and XIV.

(30) We also thank her for her helpful comments regarding the formalism of
the Mn-02 moisty.

(31) S. Lahiry and V. K. Anand, Chem. Commun., 1111 (1971).

{32} J. F. Kirner, W. Dow, and W. R. Scheidt, Inorg. Chem., 15, 1685 (1976),
and references therein.

(33) Since this paper was first submitted for publication, the authors of ref 2
have now reinvestigated the ESR spectra. Although some disagreement
remains, a configuration which was not previously considered and which
may correspond to a Mn(Q,™) formalism has been taken into account and
cannot totally be discounted.>4

(34) B. M. Hoffman and F. Basolo, submitted for publication.

A. Dedieu,* M. M. Rohmer

E.R. No. 139 du CNRS, Université L. Pasteur
67000 Strasbourg, France

Received January 17, 1977

Preparation of a Tetraphosphine Macrocyclic Ligand
Sir:

The preparation of synthetic macrocycles and their subse-
quent ligation to various transition metals has been a fruitful
area of research.! Macrocycles having oxygen, nitrogen,
and/or sulfur donor atoms have been prepared and the
chemical reactivity of their metal complexes studied.2 To date,
however, there is only one example of a macrocyclic ligand that
contains a phosphorus atom? and the chemical reactivity of its
metal complex is very much controlled by the nitrogen atoms
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that are part of the ligating array. The dearth of information
about phosphorus-containing macrocycles is surprising since
it is well known that phosphines are excellent ligands which
impart many interesting properties to their metal complexes.?
In view of this, we wish to describe the first synthesis of a te-
traphosphine macrocycle, 1, and in addijtion, we present data
relating to the strong complexing ability of this macrocycle
toward nickel(II).

The synthesis of the macrocycle is outlined in Scheme I. It
began with the reaction of 25 with “Vitride” ¢ and then with
37 in THF to produce 43 in 70% yield (mp 179-81 °C): 'H
NMR (CDCl3) § 1.25 (12 H, dd), 1.8 (12 H, m), 2.05 (2 H,
m), 4.1 (2 H, m), 7.25 (20 H, m); IR (KBr) 7 3160, 3000, 2950
(C-H), 2000-1800 (arom), 1450 (Ph-P), 1420 (CH,-P), 1390
(i-Pr), 1230 (P==0), 1000 {P-0). Reduction of 4 with LiAIH4
in THF produced an oxygen-sensitive oil displaying charac-
teristics indicative of the tetraphosphine 5: 'H NMR (CDCl3)
§1.7(14H,m),24 (1 H,m,°5.8 (1 H,m),® 7.4 (20 H, m); IR
(CHCls) 7 3065, 3000 (C-H), 2340 (P-H), 1450 (Ph-P). The
tetraphosphine 5 was immediately treated with NiCl,-6H,0
in ethanol to produce the stable, crystalline complex 68 in 85%
yield: TH NMR (CDCl3) 6 1.7 (14 H, m), 7.3 (20 H, m);!° IR
(CHCI3) 7 3060, 3000 (C-H), 2360 (P-H), 1450 (Ph-P);
UV-vis (CHCl3) 7max 425 nm (e 1000), 375 (1500), 305 (sh,
4000), 280 (19,000). Reaction of 6 first with anhydrous K»,CO;
in absolute ethanol and then a,o’-dibromo-o-xylene produced
the desired macrocyclic complex 78 in 35-40% yield. The
spectral properties of 7 are very similar to those displayed by
6 except that the 'TH NMR exhibits new multiplets at 1.8 and
7.5 ppm of four protons each while the IR attests to the dis-
appearance of the P-H stretch and the appearance of a new
CH,-P stretch at 1415 cm~!. In addition, a molecular weight
determination by vapor phase osmometry gave an apparent

molecular weight of 762 in CHCl; (theoretical, 764) sub-
stantiating the conclusion that the template reaction leading
to the macrocycle-nickel(11) complex, 7, was indeed successful.
This reaction thus represents the first example of a template
reaction involving a phosphine ligand at the reaction cen-
ter.!1

Final proof that the desired macrocycle was formed was
provided by the reaction of the complex 7 with aqueous NaCN.
After workup an air-sensitive oil was obtained in ~50% yield
that showed the necessary physical and spectral characteristics
of 1.3 TH NMR (CDCls) 6 1.65 (14 H, m), 3.45 (4 H, m), 7.45
(24 H, m); IR (film) 7 3150, 3000, 2940 (C-H), 1450 (Ph-P);
mol wt (CHCIz) 634.6 (theoretical), 634 (obsd). The pro-
duction of this material not only proves the structure of the
macrocyclic complex 7, but it also provides a means by which
the uncomplexed macrocycle is now available for further
complexation to other important transition metals.

Once the structure of the macrocycle 1 was secure, we felt
justified in examining the physical characteristics of the
macrocyclic nickel(II) complexes that were available to better
understand the interaction of this unique ligand with the metal.
The complexes, Ni{mac)X», were prepared by metathetical
reactions of the synthesized chloride and the data proves that
all of the complexes studied (X~ = BF4~, C1=, SCN~) are 2:1
electrolytes with the nickel ion being in a square-planar array.!?
The macrocycle 1is thus a strong field ligand, but a comparison
of its ligand field strength in relation to other macrocycles is
difficult to assess at present since we have been unable to in-
duce strong monodentate ligands to form tetragonal complexes.
This implies that the axial site of the complex is relatively in-
accessible to nucleophilic reagents either for electronic or steric
reasons. We tend to favor an electronic argument founded on
the well-known back-bonding capability of a phosphine moiety
and coupled with a compression by the constrained macrocycle
on the d orbitals of the metal rather than a steric argument
involving the axially located phenyl groups. This is partially
substantiated by the reaction of cyanide ion with the metal
complex; however, the magnitude, validity, and viability of
these arguments will have to await future studies.!?

Acknowledgment. One of us (T.A.D.) thanks the American
Hoechst Corporation for financial support.

References and Notes

(1) D.H.Busch, Helv. Chim. Acta, Fasciculus Extraordinarius Alfred Werner,
174 (1967).

(2) L. F. Lindoy and D. H. Busch, *‘Preparative Inorganic Reactions”, Vol. 6,
W. L. Jolly, Ed., Interscience, New York, N.Y., 1971, p 1.

(8) J. Riker-Napier and D. W. Meek, J. Chem. Soc., Chem. Commun., 442
(1974).

(4) L. Vaska, Acc. Chemn. Res., 1, 335 (1968); G. Booth in “‘Organic Phosphorus
Compounds”, Vol. 1, G. Kosolapoff, and L. Maier, Ed., Wiley-Interscience,
New York, N.Y., 1972, Chapter 3A.

(5) P. Masterierz, Rocz. Chem., 38, 61 (1964).

(6) R.B. Wetzel and G. L. Kenyon, J. Org. Chem., 39, 1531 (1974).

(7) R. B.King, J. C. Cloyd, and P. N. Kapoor, J. Chem. Soc., Perkin Trans. 1,
2226 (1973).

(8) New compounds gave correct elemental analyses.

(9) These signals disappear on addition of DO and are assigned to the P-H
resonance with Jp_yy = 210 Hz,

(10) The P-H resonances were not observable in the NMR spectrum.

(11) C. S. Kraihanzel, J. Organomet. Chem., 73 (2), 137 (1974).

(12) All of the complexes, Ni{mac)X, where X = BF,~, Ci~, SCN™, thus far
prepared are diamagnetic and 2:1 electrolytes in water. The electronic
spectra of all are nearly identical: a d—d transition at ~340 nm (¢ = 1000)
and charge-transfer bands at 280 nm (¢ ~20 000). The d-d transition is
very difficult to observe because of the close proximity of the charge-
transfer band.

(13) Attempts to prepare another similar macrocycle by using 1,3-dibromo-
propane as alkylating reagent has thus far been unsuccessful. This despite
the fact that 8 reacts smoothly with benzyl bromide and methyl iodide to
produce the appropriate nickel(ll) complexes.

T. A. DelDonno, William Rosen*

Department of Chemistry, University of Rhode Island
Kingston, Rhode Island 02881

Received August 1, 1977

Journal of the American Chemical Society | 99:24 /| November 23, 1977



