
demonstrate a dramatic enhancement of phenyl migration 
by the gem-dimethyls and point out the importance of the 
structure of the nonmigrating group in migratory aptitude 
studies. 
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Tris(7y5-cyclopentadienyl)tricarbonyltricobalt. 
An Exceptionally Deformable Molecule 

Sir: 

Stereochemical nonrigidity has been widely investigated 
in a variety of compounds in recent years using N M R spec­
troscopy.1 While in most cases the barriers to the intramo­
lecular rearrangements responsible for the nonrigidity have 
been in the range of 8-20 kcal/mol, there are a few cases in 
which the barriers are much lower. Of particular interest is 
the type of molecule in which there is a continuous range of 
configurations over which the free energy changes by only a 
few kilocalories, so that many, or even a virtually continu­
ous range, of molecular configurations may coexist in solu­
tion. An example already known is Fe3(CO)i2.2'3 Another 
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Figure 1. An ORTEP drawing of the [ij5-CsHs)Co(CO)] 3 molecule as it 
occurs in the crystal. 

Table I. Summary of Pertinent Bond Lengths and Angles of 
[CpCo(CO)]3 

Col-Co2 2.440 (4) A Co2-Cl 1.99 (3) A 
Co2-Co3 2.458 (4) A Co2-C2 2.11 (4) A 
Col-Co3 2.521 (4) A /.Col-Cl-01 148.6(7)° 
CoI-Cl 1.78 (3) A ^Co3-C2-02 153.2(7)° 
Co3-C2 1.75 (4) A 

such readily deformable molecule, a type for which we pro­
pose the designation fictile, is reported here. 

As part of our current effort to prepare organometallic 
complexes containing metal-metal multiple bonds,4 we 
have attempted to prepare compounds of the type CpCo(^-
R2C2)CoCp which would be expected to contain a cobalt-
cobalt double bond by the photochemical reaction of CpCo-
(CO)2 and di-rerf-butylacetylene, /-Bu2C2. This reaction 
did not produce the desired Cp2Co2(M-?-Bu2C2), but did 
provide [CpCo(CO)]3 a substance earlier reported by 
King.5 The inability of Uchtman and Dahl6 to reproduce 
King's synthesis coupled with the recently reported work of 
Vollhardt et al.7 who, along with King, have proposed in­
correct structures for [CpCo(CO)] 3 prompted us to report a 
few results of our structural and spectral studies on this and 
related systems. A full report will appear later. 

[CpCo(CO)]3 crystallizes in the triclinic space group, 
Pl, with cell dimensions: a = 9.128 (4), b = 11.691 (5), c 
= 7.948 (4) A; a = 105.45 (4)°, /3 = 100.70 (4)°, y = 
91.21 (3)°. The structure, shown in Figure 1, was solved 
using 2738 reflections having F 0

2 > 3(T(F0
2) and 26 < 50°. 

Data were collected at 21 ± 2 0 C with monochromatized 
Mo Ka radiation using 6-26 scans. Presently the structure 
is refined to convergence using isotropic temperature pa­
rameters for all non-hydrogen atoms; the conventional R 
value is 9.4%. 

The structure of [CpCo(CO)]3, like that of Uchtman and 
Dahl's Cp3Co3(^3-CO) (^3-O), is based upon a triangle of 
cobalt atoms each of which is bonded to a ?75-cyclopentadi-
enyl ring, and it also contains a triply bridging carbonyl, 
C 3 - 0 3 (Figure 1). In addition [CpCo(CO)]3 contains two 
semibridging carbonyls.3'8 That Cl -Ol and C 2 - 0 2 are in­
deed semibridges can be seen from the data summarized in 
Table I: Cl is 0.21 A closer to Col than to Co2 while C2 is 
0.36 A closer to Co3 than Co2; these data together with the 
very low M - C - O angles clearly indicate the marked asym­
metry of these carbonyl bridges. 

In contrast to the equilateral triangle of cobalt atoms 
found in C P 3 C O 3 ( M 3 - C O ) ( M 3 - 0 ) , the cobalt atoms of 
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Table II. Infrared Spectra of [CpCo(CO)], 

Nujol 1833, 1775, 1673 
THF 1958 (s), 1843 (m), 1805 (s), 1760 (s), 1702 (m) 
CHCl3 1959 (s), 1840 (m), 1797 (m), 1750 (m), 1710 (w) 
C6H6 1959 (s), 1811 (s), 1753 (m) 

iSpectra in cm - 1 recorded on a Perkin-Elmer 267 spectrom­
eter and calibrated with polystyrene 

[ C p C o ( C O ) J 3 form an isosceles tr iangle with the two dis­
tinct cobalt-cobalt bond lengths of 2.521 A (Col-Co3) and 
2.449 A (average of Col-Co2 and Co2-Co3). The molecule 
has approximate Cs-m symmetry (though no crystallo-
graphic symmetry is imposed) with the minor plane passing 
through Co2, C3, 0 3 , and bisecting the Col-Co3 bond. 
Though the cobalt-cobalt bond lengths of [CpCo(CO)J3 

vary from 2.440 to 2.521 A, this variation is well within the 
range found for other reported cobalt-cobalt single bonds: 
2.365 A, Cp3Co3(M3-CO)(W-O);6 2.463 A, (/-Bu2-
C2)Co2(CO)6;9 and 2.457-2.527 A, Co4(CO)i2 .10 

The solid-state infrared spectrum of [CpCo(CO)J3, 1833, 
1775, and 1673 cm - 1 , (cf. 1835, 1775, and 1675 cm"1 re­
ported by Vollhardt et al.7) is readily interpreted in terms of 
the structure reported here. The 1673-cm_1 band is as­
signed to the C-O stretch of the triply bridging CO while 
the 1833- and 1775-cm_1 bands can be assigned to symmet­
ric and antisymmetric stretching modes of the semibridging 
CO's. The solid-state infrared spectrum is somewhat depen­
dent upon what solvent was used for crystallization in that 
peaks corresponding to King's "second isomer" may or may 
not be present. However, we feel that in light of the appar­
ent ease with which the positions of the CO ligands can be 
changed, vide infra, this "second isomer" is basically the 
same as the structure reported here but with only slight 
changes in the three CO positions. 

Infrared spectra of [CpCo(CO)J3 recorded in solution 
are vastly different and vary markedly from one solvent to 
another, as shown in Table II. 

For example, in benzene the infrared spectrum of [CpCo-
(CO)J3 exhibits three bands: 1959, 1811, and 1753 cm - 1 . 
These bands are indicative of structure 1, whose rhodium 

^ C p 

analogue11 has been characterized by x-ray crystallography 
and infrared spectroscopy (KBr: 1973, 1827, 1794, and 
1744 cm - 1 ) . Furthermore the infrared spectra (both in so­
lution and in the solid state) of the methylcyclopentadienyl 
analogue, [Me-Cp)Co(CO)J3, exhibits three bands at 1957 
± 4, 1843 ± 5, and 1800 ± 6 cm - 1 ) which are again consis­
tent with 1. 

It appears that the geometry of the three CO ligands rel­
ative to the central triangle of metal atoms in complexes of 
the type, [CpM(CO)J3(M = Co, Rh11-12), is very sensitive 

to subtle changes in the environment of the molecule (e.g., 
solid state vs. solution, polarity of solvent, etc.). We propose 
that molecules of such extraordinary deformability or plas­
ticity be designated fictile molecules. 

Further chemical, spectroscopic, and structural studies 
on this and related systems are now in progress. A full ac­
count of the structure of [CpCo(CO)J3 together with the 
results of all of our spectroscopic and chemical studies will 
be the subject of a future paper.13 
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Nonspecific Biosynthesis of Hopane Triterpenes in a 
Cell-Free System from Acetobacter rancens 

Sir: 

3-Desoxytriterpenes of the hopane family are ubiquitous 
constituents of sedimentary organic matter (including pe­
troleums, coals, shales, muds, etc.).1 They are also present 
in many procaryotic microorganisms, blue-green algae or 
bacteria.2 We have studied one aspect of their biosynthesis, 
namely, the use of a cell-free system derived from an Aceto­
bacter; this has revealed a novel type of enzyme-mediated 
reaction, with an unusually low degree of substrate selectiv­
ity but a high degree of product specificity. 

The immediate precursor of 3-desoxytriterpenes has been 
shown in two instances to be squalene 1, and not squalene 
2,3-epoxide 2; this is the course of the biosynthesis of 
tetrahymanol in a protozoan, Tetrahymena pyriformis,3 

and of the biosynthesis of fern-7-ene in a fern, Polypodium 
vulgare.4 

We have therefore incubated [12,13-3HJsqualene (6 X 
106 dpm) with a system obtained from cells of Acetobacter 
rancens (strain NCIM 6249), disrupted by ultrasound 
treatment in a phosphate buffer (pH 7.4). 

The expected cyclization products, hop-22(29)-ene (3) 
and hopan-22-ol (6), were added as carriers to the organic 
extract and reisolated by thin-layer chromatography on sili­
ca gel. Constant specific radioactivity was achieved after 
one recrystallization, and maintained through three more. 

The two substances identified in this way were further­
more converted to derivatives. Hop-22(29)-ene 3 gave 29-
acetoxyhopane 9 by hydroboration, oxidation with hydro­
gen peroxide, and acetylation; hopan-22-ol 6 gave hop-21-
ene 12 by dehydration with phosphorus oxychloride and 
pyridine. These two derivatives were themselves purified to 
constant specific radioactivity, reached after one recrystalli­
zation and maintained through three more. 
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