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cules of carpanone and four molecules of carbon tetra­
chloride per unit cell (pcaicd = 1.51 g/cm3). Diffrac-
tometer measured cell constants are a = 19.071 (5), 
b = 9.721 (5), c = 13.152 (5) A, and /3 = 113.11 (5)°. 
All data in the hkl and hkl octants with 20 < 110° were 
recorded (2647 reflections) with filtered Cu Ka radia­
tion (1.5418 A). After correction for background, 
Lorentz, and polarization effects, 1727 reflections were 
judged observed. A Wilson plot was computed and 
normalized structure factors were derived in a standard 
fashion.7 The 293 largest normalized structure factors 
were assigned phases by an iterative application of 
Sayre's equation.8 All 31 nonhydrogen atoms were 
revealed in the subsequent E synthesis.9 Full-matrix 
least-squares refinements with anisotropic temperature 
factors for all nonhydrogen atoms and isotropic tem­
peratures factors for all hydrogens are currently at 11.6 % 
for the observed reflections.10 A computer-generated 
drawing of the final X-ray model is given in Figure l . n 

There is no evidence that the carbon tetrachloride is 
disordered. The closest intermolecular contact is 2.90 
A between chlorine and oxygen. All bond distances and 
angles in the carpanone molecule agree well with gen­
erally accepted values.12 

The introduction of five contiguous asymmetric cen­
ters with the correct stereochemistry in a single high-
yield reaction suggests additional uses of palladium(II) 
in the synthesis of polyphenolic natural products which 
are now under investigation. 
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Photolytically Induced Oxygen-^Carbon Linkage 
Isomerization in Formato- and Oxalatoamine 
Complexes of Cobalt(III)1 

Sir: 

The 254-nm continuous photolysis of (NH3)6Co02-
CH2+ in HClO4 solution produces Co2+, H2, and CO2 
with the yields affected by the presence of O2, 2-propa-
nol, and allyl alcohol; the formation of H atoms and 
their reaction with the substrate have been established.2 

The flash photolysis of this complex reveals two tran­
sients which absorb at X < 320 nm, one short-lived (SL) 
and the other long-lived (LL). Because of the overlap 
of their spectra, it is not possible to discern whether LL 
arises from SL or whether they are independent species. 
However, the spectrum and decay kinetics of LL can be 
evaluated without any contribution from SL. Point-
by-point determination of the absorption spectrum of 
LL shows a maximum at X ~ 268 nm. LL decays via 
first-order kinetics with the rate constant a function of 
pH as shown in Figure la. The activation energy for 
the decay process is 23 kcal mol-1 independent of pH. 
The amount of LL and its decay kinetics are indepen­
dent of the presence of O2, allyl alcohol, 2-propanol, and 
(except for the decay rate) H+. 

The 254-nm continuous photolysis of (NH3)5Co02-
CCO2H

2+, (NH3)^Co(C2O4)+, and (en)2Co(C204)+ in 
HClO4 solution yields Co2+, CO2, and 62-scavengeable 
radicals.3 The flash photolysis of these complexes, 
in the presence or absence of O2, likewise gives two 
discernible transients which are unaffected by the 
presence of alcohols or Cl-. The pH dependences of 
the first-order decays of LL are shown in Figures la 
and lb. The activation energy for these decays has 
the same value as quoted above within experimental 
error. The spectrum of LL for (NHs)5CoO2CCO2H

2+ 
is the same as that for (NH3)sCo02CH2+. In 2 M 
HClO4 the lifetime of LL for (NHa)4Co(C2O4)+ is 
sufficiently long for a spectrum to be obtained by 
double beam spectrophotometry within 1 min of the 
flash. An absorption maximum at X ~ 265 nm is ob­
served; the parent complex does not have an absorp­
tion maximum in that region. Intermediate LL for 
(en)2Co(C204)+ (en-LL) is so long lived4 in highly acidic 
medium that it can be generated by continuous pho­
tolysis and separated from Co2+ and the substrate by ion-
exchange chromatography.5 Although we have been 
unable to isolate en-LL as a solid,6 its spectrum in 
acidic solution has been characterized and is shown in 
Figure 2 in comparison with (en)2Co(C204)+. Inter­
mediate en-LL decays quantitatively to Co2+ with a 
first-order rate constant identical with that seen from 
flash photolysis; CO2 is also produced in this reaction. 
Intermediate en-LL undergoes base-catalyzed hydroly­
sis to yield (en)2Co(OH2)2

3+. 
The following facts are evident from the data: (1) 

the LL intermediate from the formato and monodentate 
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(2) E. R. Kantrowitz, M. Z. Hoffman, and K. M. Schilling, manu­
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(3) A. F. Vaudo, E. R. Kantrowitz, M. Z. Hoffman, E. Papacon-

stantinou, and J. F. Endicott, manuscript in preparation. 
(4) In highly acidic solution, n/t of en-LL is about 2.5 hr. 
(5) The ion-exchange behavior of en-LL shows that this intermediate 

has a 2+ charge in acidic solution. 
(6) Anions used to attempt precipitation of en-LL include ClO4-, 

Cl -, BF4-, B(CeHs)4-, and F3CSOa- and also various ethanol-ether 
mixtures. 
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Figure 1. Rate constants for the decay of the long-lived intermedi­
ates as a function of pH ( C l O r medium): (a) [(NHa)5CoO2CH2+] 
or [(NHs)5CoO2CCO2H2+] = 5 X IO"5 M; monitoring wave­
length, 275 or 280 nm; (b) [(NHs)4Co(C2O4)+] or [(en)2Co(C204)+] 
= 2-6 X 1O-6 M; monitoring wavelength, 280 nm. The rate con­
stants were measured at ambient temperature with ± 15-20 % error. 

oxalato complex are extremely similar if not identical; 
the differences in the rate constants of the bidentate 
oxalato compounds are consistent with the lower re­
activity of en complexes;7 (2) LL is not a free radical 
nor an excited state of Co2+ or the substrate;8 (3) LL 
undergoes protonation-deprotonation with p#a = 
2.6 with the rate of decay to Co2+ dependent upon the 
state of protonation;10 (4) the spectrum of en-LL, pre­
sumably representing the spectra of the other LL inter­
mediates, strongly resembles that of a Co(III) complex 
with blue-shifted d-d bands and discernibly split 
charge-transfer bands; indeed, from the hydrolysis re­
sult there is no question that LL is a Co(III) complex. 

We wish to propose that the ultraviolet photo­
chemistry of (NH3)SCoO2CH2+ generates, in addition 
to Co2+ directly, the C-bonded formato linkage isomer, 
(NH3)5CoC02H

2+, which undergoes internal electron 
transfer to produce additional Co2+. The formation 
of the isomer would arise via proton migration in the 
charge-transfer excited state of the complex coupled 
with rotation of the ligand. The intermediate from 
(NHs)5CoO2CCO2H

2+ would arise from heterolytic 
C-C bond scission, loss of CO2, and oxygen -»• carbon 
linkage isomerization to give the same species as from 
the formato complex. For the bidentate oxalato com­
plexes, charge-transfer excitation causes, in addition 
to the direct formation of Co2+, loss of CO2 and sub­
stitution of H2O to produce the C-bonded formato inter­
mediate, presumably in the cis aquo configuration. 
The decay of LL to Co2+ via intramolecular electron 
transfer is accompanied by the formation of the 
• CO2H radical which either disproportionates to form 
CO2 or reduces the complex and/or LL to give Co2+ 

and CO2. Gas analysis of the continuous photolysis 
of these complexes supports this mechanism.2'3 The 
fact that the flash photolysis of ra-(en)2Co(OH2)02-

(7) F. Basolo and R. G. Pearson, "Mechanisms of Inorganic Reac­
tions," Wiley, New York, N.Y., 1967, p 224. 

(8) Although excited states are definitely implicated in Co(III) photo­
chemistry, they have not been detected by flash photolysis to date; 
it should be noted that no transients are observed in the flash photolysis 
Of(NHs)SCoO2CCHs2+ in the absence of O2.

8 

(9) E. R. Kantrowitz, M. Z. Hoffman, and J. F. Endicott, / . Phys. 
Chem., 75, 1914(1971). 

(10) The parent complexes (except (NH3)SCoO2CCO2H
2+) do not 

have comparable acid-base properties. 

Figure 2. Spectra of (en)2Co(C204)+ ( ) and en-LL = 
(en)2(H20)CoC02H2+ ( ). 

CH2+ gives an intermediate with identical charac­
teristics as en-LL11 establishes the identity of the C-
bonded formato isomer with certainty. The pKa of 
LL is 2.6. Although the pATa of free formic acid is 3.8, 
the greater electron-withdrawing character of the 3+ 
metal center would strengthen the C-bonded acid and 
lower its pifa. For a comparison, the pKa of the 
free carboxylate end of (NH3)6Co02CC02H

2+ is 2.2.12 
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An examination of the spectrum of en-LL supports 
the correctness of this identification. The crystal-
field splittings of O-bonded carboxylate-amine com­
plexes are virtually identical giving these complexes 
very similar d-d spectra with absorption band maxima 
at ~360 and -~500 nm. The absorption bands of en-
LL at ~320 and ~421 nm firmly establish that this 
intermediate is not an O-bonded carboxylate complex 
but rather contains a ligand that lies very high in the 
spectrochemical series, perhaps even higher than C-
bonded cyanide which has the largest ligand field 
strength of common ligands. C-Bonded formate would 
be expected to have a larger ligand field strength than 
O-bonded formate inasmuch as the deprotonated 
formate carbon is a stronger Lewis base than is the 
carboxylate oxygen. It is this extremely low acidity 
of the carbon hydrogen which has rendered thermally 
induced oxygen-»-carbon linkage isomerization of 
formate unobservable. Finally, in support of our 
assignment of the nature of LL, it should be noted that 

(11) The quantum yield for the formation of LL from cw-(en)2Co-
(OH2)O2CH2+ is sufficiently low so that the intermediate could not be 
isolated by continuous photolysis. 

(12) C. Andrade and H. Taube, Inorg. Chem., 5,1087 (1966). 
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the ultraviolet irradiation of ( N H 3 ) 6 C o N 0 2
2 + results in 

the formation of the linkage isomer, ( N H 3 ) 6 C o O N 0 2 + , 
in addition to the direct generation of Co 2 +; 1 3 formate, 
H C O 2

- , is isoelectronic with N O 2
- . N-Bonded nitrite 

has a higher ligand field strength than does the O-
bonded isomer and shows blue-shifted d-d bands in a 
manner similar to that observed for LL.1 3 

C-Bonded formate is apparently both thermo-
dynamically and kinetically unstable with respect to 
C o 2 + with protonat ion of the free carboxylate end 
serving to retard the rate of transfer of a ligand electron 
to the metal center; it should be noted that formate is a 
more powerful reducing agent than is formic acid.1 4 

It is clear that a facile pathway to C o 2 + exists for these 
compounds that is not available for the usual Co(I I I ) -
amine complexes which are kinetically stable. It is not 
immediately clear what the structural parameter is 
which permits intramolecular electron transfer; un­
fortunately, the number of cases of simple Co(III) 
complexes in which such a process occurs is extremely 
limited. The activation energy of 23 kcal m o l - 1 for 
the formation of C o 2 + can be viewed as the energy re­
quired to promote a ligand electron to a charge-transfer 
excited state of the complex and thence to an eg orbital 
of the metal center. This thermal activation process 
is clearly independent of the state of protonat ion of the 
formate and the nature of the other ligands. 

These results require that the mechanisms previously 
proposed1 6 for the photolysis of oxalato complexes of 
Co(III) be reexamined, and that the implications to 
electron transfer processes involving Co(III) be ex­
plored. 
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Scheme I" 

PWOAc)4 OH 
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[C6H14OJ+ 

IV 

[C6H12J
+ •+ H2O 

V 

" Various reagents will effect this reaction (I to II). Some of these 
go on to produce furans while others lead to differing final products. 
See ref 1. 

Although the products of the Barton reaction are 
compelling evidence for the accepted gross structure of 
the intermediate II no such product information is, at 
hand to assign structure to the species IV which lives 
for less than 1 ,usee in the mass spectrometer. The com­
parative dynamic stereochemistry of the hydrogen 
transfer steps (II -*• III and IV -»• V), uncovered in the 
present work, provides strong evidence of similar struc­
tures for II and the previously inaccessible IV. The 
diastereomers exhibited in Char t I, with deuterium sub-
Chart I 

OH 

VI VII 
stituted in turn for the C-5 diastereotopic hydrogens 
of 2-hexanol, are the molecules necessary to effect such 
a stereochemical comparison. As outlined in Scheme 
II acetol and lactic acid served as effective precursors 
to put these molecules (VI and VII) and their enan-
tiomers in hand. 

As shown (Scheme II), (£ ) - ( - ) -p ropy lene glycol and 
its enantiomer were obtained from acetol4 and (S>(—)-
ethyl lactate, respectively.5 In each case, primary hy-
droxyl group tritylation6 prior to tosylation7 followed 
by lithium aluminum deuteride reduction yielded the 
labeled enantiomeric 1-propanols (IX, one enantiomer 
shown).8,9 Alkylation of the derived bromide1 0 yielded 

Electron Impact Induced 1,4 Elimination. 
The Barton Reaction in Disguise 

Sir: 

Transfer to oxygen of a hydrogen located on a carbon 
b to the carbinol grouping (II -*• III and IV -*• V in 
Scheme I) characterize both the Barton reaction1 and 
the mass spectral elimination of water2-3 (Scheme I). 
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