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[2.525 (5) A] is consistent with the AlMe2Cl being removed 
readily by tmeda. Although more data are required, it is possible 
that the W-C* bond is long because of a complex interaction of 
the bridging methyl group with tungsten, e.g., AlCH2-H-W [cf. 
Os3(CO)10(CH3)(H)].17 

We believe the first step in formation of 1 is alkylation to give 
W(Me)(Cl)(PMe3)4(AlMe2Cl), since the analogous reaction of 
WCl2(PMe3)2(C2H4)2

18 with AlMe3 proceeds as shown in eq 3. 
tmeda 

WCl2L2L2' + AlMe3 — W(Me)(Cl)L2L2'(AlMe2Cl) 
L = PMe3, L' = C2H4 

W(Me)(Cl)L2L2'
20 (3) 

One of the major puzzles, however, is how the metal is "oxidized". 
We do know that 0.9-1.2 equiv of a gas forms which preliminary 
results suggest is about an 8:2 mixture of methane and hydrogen. 
The amount of hydrogen formed is too little to account for the 
oxidation of a W—CH3 complex to a W=CH complex by loss 
of H2, an unprecedented and otherwise attractive explanation. 
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We have previously reported the preparation of B3H7Fe2(CO)6 
and B2H6Fe2(CO)6 from B5H9, Fe(CO)5, and LiAlH4.

1 Recently 
we discovered that if the above synthesis is carried out with Vitride 
(sodium dihydrobis(2-methoxyethoxy)aluminate: 70% solution 
in toluene) instead of LiAlH4, the reaction produces not only 
ferraboranes but also novel alkylidynetriiron nonacarbonyl tri-
hydride complexes. The methyl derivative, Fe3(M2-H)3(CO)9-
(M3-CCH3) (I), has been isolated and structurally characterized. 

Reaction of Fe(CO)5, B5H9, and Vitride (about 2:1:2 molar 
ratio in toluene) was carried out at O 0C for 1 h, and then at room 
temperature for several hours. After treatment with 1 mol of HCl 
(gas) per mol of Vitride added in several portions, the ferraboranes 
and the alkylidynetriiron clusteres were separated by trap-to-trap 
distillation at -15 and -5 0C, respectively. The optimum yield 
of I is about 10% and is sensitive to reaction temperature and the 
procedure of acidification. Boranes are required for the production 
of I. The compound is volatile enough to handle in a standard 

(1) Andersen, E. L.; Fehlner, T. P. / . Am. Chem. Soc. 1978, 100, 4606. 
Andersen, E. L.; Haller, K. J.; Fehlner, T. P. Ibid. 1979, 101, 4390. 

Figure 1. Structure of Fe3(M2-H)3(CO)9(Ms-CCHj). Atoms are repre
sented by 90% elipsoids (except hydrogens, 50%) and methyl hydrogens 
are omitted for clarity. 

vacuum line and is readily soluble in a wide range of organic 
solvents. It is a brown solid at room temperature and decomposes 
slowly in air. 

The new compound has been partially characterized spectro-
scopically. The parent ion in the mass spectrum fragments by 
the sequential loss of nine CO molecules. The mass spectrometric 
results also suggest the presence of other triiron analogues, namely 
Fe3(M2-H)3(CO)9(M3-CH) (II) and Fe3(M2-H)3(CO)9(M3CC2H5) 
(III) in the product mixture. The 100-MHz 1H FT NMR 
spectrum of I in CD3C6D5 exhibits two singlets at 8 4.33 and 
-23.55 (area ratio 1:1), showing that the molecule contains equal 
numbers of metal bound and carbon bound hydrogens. The 
25.2-MHz 13C FT NMR spectrum of I consists of singlets at 206.4 
and 46.2 ppm downfield from Me4Si assigned to CO and methyl 
carbons, respectively.2 The proton NMR also suggests the 
presence of II (5 -24.27).3 Unambiguous identification of I 
resulted from an X-ray crystallographic structure determination. 

A crystal of 0.3 X 0.4 X 0.7 mm3 was formed from the gas 
phase by slow cooling of a pure sample. The crystal was mounted 
in a capillary under nitrogen and was determined as triclinic (space 
group Pl) with a = 7.979 (2), b = 9.478 (3), c = 12.714 A (4); 
a = 93.45 (3), /3 = 106.94 (3), y = 60.79 (3)°. If Z = 2 is 
assumed, p ^ ^ = 1.87 g cm"3. The iron atoms were located by 
direct methods using the MULTAN package.4 The rest of the 
nonhydrogen atoms were located by Fourier techniques, and the 
model was refined to convergence, assuming the atoms to vibrate 
anisotropically. The bridging hydrogen atoms were located from 
a difference electron density map and included in the model as 
isotropic atoms. Two of the three methyl hydrogen atoms were 
located from a difference electron density map and included in 
the model as isotropic atoms, while the calculated position of the 
third methyl hydrogen atom was included in the model but not 
refined. Several cycles of full-matrix least-squares refinement 
(based on 2561 unique observed reflections with F0 > 3<TF0) 
resulted in convergence with a current R = 0.077. 

The structure of I with the atoms represented as 90% ellipsoids 
is shown in Figure 1 (hydrogens represented as 50% ellipsoids). 
The iron atoms form an equilateral triangular framework with 
an average Fe-Fe distance of 2.618 A. The three iron atoms are 
equivalent, each being coordinated to three terminal carbonyl 
groups, two bridging hydrogens and one apical carbon. Each pair 
of iron atoms, the bridging hydrogen atom, and the alkylidyne 
carbon atom are roughly in the same plane. The Fe-H-Fe angle 
is about 104° while the Fe-CapicarFe angle is about 85°. The 

(2) These are similar to the absorptions observed for the ruthenium ana
logue, H3RUj(CO)9CCH3. As is the case with H3Ru3(CO)9CCH3, as well as 
HRu3(CO)9C6H9, a resonance for the quaternary carbon was not observed. 
Canty, A. J.; Johnson, B. F. G.; Lewis, J.; Norton, J. R. J. Chem. Soc, Chem. 
Commun. 1972, 1331. 

(3) For the ruthenium analogues the high field metal bound proton reso
nances are S = -17.45 (C-CH3) and S = -17.52 (CH). Eady, C. R.; Johnson, 
B. F. G.; Lewis, J. J. Chem. Soc, Dalton Trans. 1977, 477. 

(4) Germain, G.; Main, P.; Woolfson, M. M. Acta Crystallogr., Sect A 
1971, 27, 368. Other programs used as well as a description of data collection 
and data reduction methods can be found in: Scheidt, W. R. / . Am. Chem. 
Soc. 1974, 96, 84. 
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apical ethylidyne group, ̂ CCH3, is symmetrically connected to 
the H3Fe3(CO)9 triangular fragment with an average C-Fe 
distance of 1.947 A. The C-C bond distance in the ethylidyne 
group is 1.466 A. Other bond distances and angles are normal. 

The tricobalt analogue of I, Co3(CO)9CCH3, a member of a 
class of compounds that have been extensively studied,5 has a 
smaller M-Capfcal-M angle (81°) and a significantly shorter M-M 
distance (2.467 A).6 The mixed alkylidyne cluster analogue, 
HFeCo2(CO)9CCH3, has also been prepared and characterized.7 

In addition, the ruthenium3'8 and osmium8,9 analogues of I have 
been observed. The X-ray diffraction results on the former10 reveal 
the same cluster structure as that determined here for I. The role 
of the apical carbon11 and the role of the bridging hydrogens in 
bonding12 are two features of cluster bonding that may be fruitfully 
approached by a comparative study of the electronic structures 
of these closely related compounds. Also, because ethylidyne has 
been proposed as the stable species formed from C2H2 and C2H4 
chemisorption on metal surfaces,13 the properties of I are pertinent 
to the metal cluster-metal surface analogy14 as applied to iron. 

The aliphatic ̂ CCH3 moiety results from the reduction of CO 
originally bound to iron. This has been demonstrated by preparing 
I from 13C enriched Fe(CO)? (about 30%). The CO's and CH3 
group of the product I exhibited roughly equal 13C enrichments 
as measured by 13C NMR. Although the specific mechanism for 
the formation of I is not presently known, there is ample precedent 
in the literature for the type of reaction that must take place.15 

For example, the reaction of iron bound carbonyl with hydride 
has been shown to yield formyl complexes,16 and the reaction of 
boranes with iron acetyl complexes has been shown to yield al-
kyliron species.17 Particularly pertinent is the demonstrated 
tautomeric interconversion between methyl and hydrido methylene 
ligands in a triosmium carbonyl cluster and the ultimate conversion 
of both species to OS3(M2-H)3(CO)9(M3-CH).18 The conversion 
of iron bound carbonyl to hydrocarbons by hydride has been 
demonstrated, e.g., Cp2Fe2(CO)4," and I, II, and IH must be 
considered as possible intermediates in such reactions. 

The isolation of compound I is of significant interest for other 
reasons as well. It is the first example of the formation of a 
member of this class of well-known trinuclear clusters from a 
mononuclear metal carbonyl. When the general decrease in 
thermal stability of hydrido derivatives in going from Os to Ru 

(5) Seyferth, D. Adv. Organomet. Chem. 1976, 14, 98. 
(6) Sutton, P. W.; Dahl, L. F. / . Am. Chem. Soc. 1967, 89, 261. 
(7) Epstein, R. A.; Withers, H. W.; Geoffroy, G. L. Inorg. Chem. 1979, 

18, 942. 
(8) Keister, J. B.; Horling, T. L. Inorg. Chem. 1980, 19, 2304. 
(9) Deeming, A. J.; Underhill, M. J. Chem. Soc., Chem. Commun. 1973, 

277. Deeming, A. J.; Hasso, S.; Underhill, M.; Canty, A. J.; Johnson, B. F. 
G.; Jackson, W. G.; Lewis, J.; Matheson, T. W. Ibid. 1974, 807. Yesinowski, 
J. P.; Bailey, D. / . Organomet. Chem 1974, 65, CIl. 

(10) Sheldrick, G. M.; Yesinowski, J. P. J. Chem. Soc, Dalton Trans. 
1975, 873. 

(11) It has been suggested recently on the basis of qualitative calculations 
that the triangular metal fragment in the cobalt analogue is held together 
primarily by bonding with the apical carbon. Evans, J. J. Chem. Soc., Dalton 
Trans. 1980 1005. 

(12) The effect of briding hydrogens on metal-metal distances is a subject 
of contemporary interest. See, for example: Bau, R.; Teller, R. G.; Kirtley, 
S. W.; Koetzle, T. F. Ace. Chem. Res. 1979, 12, 176. 

(13) Kesmodel, L. L.; Dubois, L. H.; Somorjai, G. A. Chem. Phys. Lett. 
1978, 56, 267. 

(14) Muetterties, E. L.; Rhodin, T. N.; Band, E.; Brucker, C. F.; Pretzer, 
W. R. Chem. Rev. 1979, 79, 91. 

(15) The general principles of the activation of bound CO by Lewis acids 
have been discussed recently. Shriver, D. F.; Whitmire, K.; Stimson, R. E. 
"Abstracts"; 2nd Chemical Congress of North American Continent, August 
1980; American Chemical Society: Washington, DC, 1980; Abstract 
INOR-3. In the reaction we report that a borane probably coordinates to the 
carbonyl oxygen and the hydride attacks the carbonyl carbon. 

(16) Masters, C; van der Woude, C; van Doom, J. A. / . Am. Chem. Soc. 
1979, 101 1633. Gladysz, J. A.; Tarn, W. Ibid. 1978, 100 2546. Casey, C. 
P.; Neumann, S. M. 1978, 100, 2544. Collman, J. P.; Winter, S. R. Ibid. 
1973, 95, 4089. 

(17) van Doom, J. A.; Masters, C; Volger, H. C. / . Organomet. Chem. 
1976, 105, 245. 

(18) Calvert, R. B.; Shapley, J. R. / . Am. Chem. Soc. 1977, 99, 5226. 
(19) Wong, A.; Atwood, J. D. J. Organomet. Chem. 1980, 199, C9. 
(20) Kaesz, H. D.; Saillant, R. B. Chem. Rev. 1972, 72, 231. 

to Fe is considered,20 the evident stability of I is further proof of 
the intrinsic stability of alkylidyne trinuclear metal systems. 

Details of the structure and other related investigations will 
be presented in a subsequent publication. 
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We report here the intermediacy of two types of acetoxy radicals 
in chain reactions, one as a hydrogen abstractor of low selectivity 
in alkane halogenation and the other undergoing decarboxylation 
(Hundsdiecker reaction) exclusively. This behavior is analogous 
to that shown by succinimidyl radicals,1 and it is possible that the 
acetoxys may also be represented as a and ir radicals. 

R — C R — C x T -

All previous work on acetoxy radical recognized cage decar
boxylation (k = 1.6 X 109 s~')2 as the major pathway, with in
dications that cage-wall trapping by cyclohexene solvent is the 
only reaction which competes with decarboxylation; no authen
ticated noncage reactions were recognized.3 We observe acetoxy 
reactions outside the cage which we attribute to ir-acetoxy and 
we attribute all previous work to <r-acetoxy. Acetoxy radical is 
generated in chain reactions of acetyl hypobromite (MeCO2Br). 

Until recently acetyl hypobromite had not been available as 
the pure substance. We confirm its reported isolation4 and have 
improved on the method by using Freon 11 in place of CCl4, 
obtaining pure crystalline material in 50-60% yield. 

In the absence of H donors, irradiation of solutions of acetyl 
hypobromite in Freon 11 at -78 0C result in quantitative con
version to methyl bromide and carbon dioxide (Hundsdiecker). 
These are chain reactions, both in the presence of 1O-3 M Br2 or 

CH3CO2Br + CH3- — CH3CO2- + CH3Br 

CH3CO2- — CH3- + CO2 

in solutions containing 0.1 M vinylidiene chloride as Br2 scavenger.5 

Brominations of alkanes were observed in oxygen-free irradiated 
solutions of acetyl hypobromite containing 10"3 M Br2. Neo-

(1) Skell, P. S.; Day, J. C. Ace. Chem. Res. 1978, 11, 381. 
(2) Braun, W. J.; Rajbenbach, L.; Eirich, F. R. J. Phys. Chem. 1962, 66, 

1591. 
(3) Martin, J. C; Taylor, J. W.; Drew, E. H. J. Am. Chem. Soc. 1967, 89, 

129. Taylor, J. W.; Martin, J. C. Ibid. 1967, 89, 6904. See also references 
to earlier work in this field. 

(4) Reilly, J. J.; Duncan, D. J.; Wunz, T. P.; Patsiga, R. A. J. Org. Chem., 
1974, 39, 3291. 

(5) The chain nature of the reactions was demonstrated with propionyl 
hypobromite whose behavior is the same as that of acetyl hypobromite. 
Quantum yields for disappearance of propionyl hypobromite were carried out 
under the conditions described for the acetyl hypobromite reactions. Oxy
gen-free solutions at -78 0C were irradiated at 313 nm (Xn^x 320 nm for acetyl 
hyprobromite)4 with 10"3 M Br2 or with vinylidiene chloride scavenger with 
or without 1-bromobutane substrate. All reactions showed an induction period 
of ~30 min and then rapid loss of the hypobromite. Quantum yields of 25-50 
were obtained if one assumes two chains were started by each quantum of light 
adsorbed; these are minimum values. 
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