
6903 

parent, then, that substituent effects governing these com
petitive pathways are complex and studies are underway to 
further probe the nature of these effects. 

Acknowledgments. The authors are grateful to Professor 
G. A. Berchtold for a sample of tert-butyl 2,5-dihydroben-
zoate, a synthetic precursor to 1. This work was supported 
by a grant (AM09171-11) to T.C.B. from the National In
stitutes of Health and an N I H Fellowship (CAOl 144) to 
D.M.J. 

References and Notes 

(1) G. Guroff, J. W. Daly, D. M. Jerina, J. Renson, B. Witkop, and S. Uden-
friend, Science, 157, 1524(1967). 

(2) G. J. Kasperek and T. C. Bruice, J. Am. Chem. Soc, 94, 198 (1972). 
(3) P. Y. Bruice, T. C. Bruice, P. M. Dansette, H. G. Selander, H. Yagi, and 

D. M. Jerina, J. Am. Chem. Soc., submitted. 
(4) P. Y. Bruice and T. C. Bruice, J. Am. Chem. Soc, to be submitted. 
(5) G. J. Kasperek, T. C. Bruice, H. Yagi, and D. M. Jerina, J. Chem. Soc, 

Chem. Commun., 784 (1972). 
(6) J. D. Richardson, T. C. Bruice, S. M. Waraszkiewicz, and G. A. Ber

chtold, J. Org. Chem., 39, 2088 (1974); N. Kaubisch, J. W. Daly, and D. 
M. Jerina, Biochemistry, 11, 3080 (1972). 

(7) R. M. DeMarinis and G. A. Berchtold, J. Am. Chem. Soc, 91, 6525 
(1969); A. M. Jeffrey, H. J. C. Yeh, D. M. Jerina, R. M. DeMarinis, C. H. 
Foster, D. E. Piccolo, and G. A. Berchtold, ibid., 96, 6929 (1974); D. M. 
E. Reuben and T. C. Bruice, J. Chem. Soc, Chem. Commun., 176 
(1974). 

(8) P. Y. Bruice, T. C. Bruice, H. Yagi, and D. M. Jerina, J. Am. Chem. Soc, 
submitted. 

(9) No nucleophilic reaction between benzene oxide and 1 M trlmethyl-
amine at pH 9.90 was observed. 

(10) The oxide 1 actually exists in equilibrium with its oxepin valence isomer. 
For 1 the equilibrium favors the oxepin isomer in solution.11 

(11) R. M. DeMarinis, C. N. Filer, S. M. Waraszkiewicz, and G. A. Berchtold, 
J. Am. Chem. Soc, 96, 1193 (1974). 

(12) It has previously been reported that 1 provides fert-butyl frans-2,3-dihy-
droxy-2,3-dihydrobenzoate when treated with LiOH in aqueous diox-
ane.11 Our results indicate that the optimum pH for the formation of this 
diol in aqueous solution is ca. pH 12-13. 

(13) 1,6-Nucleophilic addition of HO - and MeO - to 1 has been observed 
previously.11 The stereochemistry of addition was established as trans, 
and is assumed here for A by analogy. 

(14) J. E. Tomasziewski, D. M. Jerina, and J. W. Daly, Biochemistry, 14, 
2024(1975). 

(15) National Institutes of Health Postdoctoral Fellow, 1974-present. 

David M. Johnson,15 T. C. Bruice* 

Department of Chemistry, University of California 
Santa Barbara, California 93106 

Received August 1, 1975 

Reactions on Coordinated Molecules. IV. The 
Preparation of Tris(c/s-diacetyltetracarbonylman-
ganate)aluminum. A Metalloacetylacetonate Complex 

Sir: 

We wish to report the preparation of a complex which we 
believe is the first number of an extensive class of coordina
tion compounds. When nucleophilic attack on an acyl com
plex is directed to a carbonyl ligand which is cis to the acyl 
ligand, the acyl-metalate anion, 1, produced is electronical
ly equivalent to the acetylacetonate anion. 
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where M is a transition metal atom. 
Anion 1 is similar to the acetylacetonate anion in that the 

methine group is replaced by the organometallic complex. 
We report now the preparation of the first example of a 
"metallo-acac" anion and the complexation of this anion to 

Figure 1. A view of the molecular structure of one of the independent 
molecules of Al[Mn(CO)4(COCH3)2]3 showing the atomic numbering 
scheme. The sizes and shapes of the atoms are determined by their 
final thermal parameters and by their perspective view. 

an aluminum(III) cation forming a neutral tris-chelate 
complex. 

To a solution of 1.0 g (4.2 mmol) of acetylpentacarbonyl-
manganese in 15 ml of ether was added 3.0 ml of 1.56 M 
methyllithium solution (4.7 mmol, in ether) at 0° over a 
45-min period. During this addition the reaction solution 
became deep yellow and an infrared spectrum of this solu
tion indicated that the terminal carbon monoxide ligand 
stretching frequencies of the reactant complex had shifted 
70 cm - 1 to lower frequency, and that the acyl band at 1650 
c m - 1 in the acetyl complex disappeared concomitantly with 
the appearance of a similar band at 1585 cm - 1 . These data 
reflect the formation of the bis(diacetyl)metalate anion, 2.1 
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To this solution is added 0.19 g (1.4 mmol) of anhydrous 
aluminum chloride in 5 ml of ether over a 5-min period. 
The reaction solution is stirred for 1.5 hr during which time 
a light colored solid precipitated. The solution is filtered 
and the solid is washed with 2 X 4 ml of ether and dried at 
reduced pressure affording 0.88 g of an off-white powder. 
This solid is extracted into 30 ml of toluene at room temper
ature and filtered affording 0.15 g (82%) of a white solid 
identified as lithium chloride. The yellow filtrate is cooled 
slowly to - 7 8 ° affording 0.42 g (38%) of the title com
pound, 3, as pale yellow hexagonal needles: mp darkens at 
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Table I. Bond Distances (A) and Bond Angles (deg) 

Al(I)-OO) 
C(3)-0(3) 
C(3)-C(4) 
Mn(l)-C(3) 

0(3)-Al(D-0(3) 
Al(l)-0(3)-C(3) 
Mn(l)-C(3)-0(3) 
Mn(l)-C(3)-C(4) 
C(3)-Mn(l)-C(3) 

1.873(6) 
1.248 (9) 
1.541 (11) 
1.818 (10) 
92.5 (4) 

139.1 (5) 
127.7 (6) 
120.1 (7) 
93.0(5) 

Mn(l)-C(2) 
Mn(I)-C(I) 
C(2)-0(2) 
C(I)-O(I) 

C(2)-Mn(l)-C(2) 
0(2)-C(2)-Mn(l) 
C(I)-Mn(I)-C(I) 
0(4)-Al(l)-0(4) 
0(3)-Al(l)-0(5) 

1.818(10) 
1.859(12) 
1.144 (10) 
1.143(11) 
165.4(6) 
176.5 (9) 
85.8 (7) 

176.2 (4) 
175.5 (2) 

140°; deep brown at 265°; ir (C6H 12 in cm"1) ./(CO) 2065 
m, 1985 s, sh, 1978 vs, 1960 s, v(C--= O) 1525, s; 1H N M R 
(CDCl3 vs. TMS), T 7.28 (singlet).5 Anal, for 
C2 4H1 8O1 8Mn3Al: Calcd: C, 36.66; H, 2.31; Mn, 20.96; Al, 
3.43. Found: C, 36.50; H, 2.41; Mn, 20.66; Al, 3.45. 

Since the formulation of compound 3 as a "metallo-acac" 
complex would represent the first member of possibly a 
large series of similar complexes, we obtained, commercial
ly, an x-ray structural determination which was performed 
as a technical service.6 

Crystal data: Al[Mn(CO)4(COCH3)2]3 ; M = 786.20, 
monoclinic; a = 13.948 (5) A, b = 12.182 (6) A, c = 
19.545 (6) A; a = y = 90°; /3 = 90.51 (2)°; 2 = 4; rfcalcd = 
1.572 g/cm3; space group P2/n. Intensity data were col
lected on a Syntex Pl computer-controlled diffractometer 
using MoKa radiation. In the refinement of the structure, 
2099 reflections having F 0

2 > 3 <r(F0
2) were used. Aniso

tropic refinement of all non-hydrogen atoms gave the final 
agreement factors R\ = 0.049 and R2 = 0.070. An ORTEP 
view of the molecular structure of 3 is shown in Figure 1 
and pertinent bond distances and bond angles are given in 
Table I. There are two independent molecules per unit cell 
each having a crystallographic C2 axis passing through one 
of the manganese atoms and the aluminum atom. See para
graph at the end of paper regarding supplementary materi
al. 

The molecular structuiv. belongs to the symmetry point 
group Z)3. The chemically interesting structural features of 
the molecule are: (i) the aluminum and manganese atoms 
have only slightly distorted octahedral local symmetry; (ii) 
the "metallo-acac" ligand is symmetrical and essentially 
planar as expected from the resonance structure of 1; (iii) 
the values of the following bond distances (Al-0(3) , 1.873 
(6) A; C(3) -0 (3) , 1.277 (6) A; C(3)-C(4), 1.541 (11) A) 
and the following bond angles (Al-0(3) -C(3) , 139.1 (5)°; 
0 ( 3 ) - C ( 3 ) - M n ( l ) , 127.7 (6)°; C(3) -Mn( l ) -C(3) , 93.0 
(5)°; 0 ( 3 ) - A l - 0 ( 3 ) , 92.5 (4)°) observed within this "me
tallo-acac" ligand indicate, through comparison with the 
corresponding values observed in Al(acac)3,7 that the 93° 
angle centered at the Mn atom is compensated by increas
ing the other intraligand angles so as to maintain an O -
Al-O angle of near 90°; and (iv) each of the two carbonyl 
groups on the manganese atoms which are aligned perpen
dicular to the "metallo-acac" plane are directed toward an 
open face of the aluminum coordination octahedral such 
that the C(2) -Mn( l ) -C(2) angle is 165.4 (6)° rather than 
the expected 180°. Apparently, the aluminum atom is 
bonded very weakly to these six oxygen atoms through a 
long range (4.56 A) Lewis acid-base interaction. 

Although complex 3 has a large molecular weight and 
high thermal stability it dissolves readily in methylene chlo
ride and chloroform and it is moderately soluble in toluene. 
The number and relative intensities of the i<(CO) vibrations 
are consistent with a CM-R2M(CO)4 species.8 The values of 
the chemical shift of the methyl resonance (r 7.28) and the 
C - O stretching frequency (1525 cm - 1 ) reported here are 
lower than the corresponding values observed for Al(acac)3, 
r 8.009'10 and 1589" cm - 1 , and are closer to those values 

observed in Al(3-bromo-acac)3, r 7.6910 and 156012 c m - 1 . 
This similarity is consistent with the expectation of the 
strong o--electron withdrawing nature of an Mn(CO)4 

group. The influence of the metal group on the ligand ir-e-
lectron system must await more detailed studies such as in
troducing a paramagnetic ion in place of the aluminum ion. 

Extensive research effort is being applied to extend the 
preparation of "metallo-acac" complexes using various 
acyl, carboalkoxy, and carbamyl complexes and diverse or-
ganolithium reagents. Substitution of the central coordinat
ing ion and the possible catalytic activity of these complexes 
are being investigated, also. 
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Synthesis, Structure, and Bonding of a 
Mono(organo)phosphido-Bridged Tetracobalt Carbonyl 
Cluster, CO 4 (CO) 8 (MI-CO) 2 (M 4 -PC 6 HS) 2 . A New Mode of 
Transition Metal Coordination for a PR Ligand1 

Sir: 

We wish to report the isolation and stereochemical char
acterization of C O 4 ( C O ) 8 ( M 2 - C O ) 2 ( M 4 - P C 5 H 5 ) 2 which is 
unprecedented in its possessing a pentacoordinate phospho
rus atom bonded to four transition metal atoms. The struc
tural results are also of interest in relation with other chal-
cogenido- and phosphido-bridged metal clusters in provid
ing bond-length evidence for the existence of attractive in-
terligand P - P interactions which appear to be considerably 
stronger than the corresponding interligand S - S interac
tions. This work was a direct result of our involvement in 
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