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membered to a five-membered cyclic 1,1-diazene causes (a) 
a shift to higher energy for the n-7r* transition and a shift to 
higher wavenumber (cm-1) for the N = N stretching fre­
quency, not unlike that of the isoelectronic counterparts, cy-
clohexanone —»• cyclopentanone19 and (b) similar £ a values 
for thermal fragmentation. Assuming similar mechanisms are 
operating in the decomposition of 1 and 2, we would conclude 
that the difference in strain energies of these five- and six-
membered cyclic 1,1-dialkyldiazenes is small, unlike five- and 
six-membered cyclic 1,2-diazenes.20 

Finally, the heat of formation (AH f = 10.0 ± 0.6 kcal/mol) 
and the enthalpy of activation (AH* = 36.7 ± 0.5 kcal/mol) 
for decomposition of 3,3,6,6-tetramethyltetrahydropyridazine 
(9) are known.20 The sum of these two values affords a value 
of the heat of formation of the corresponding transition state, 
AHf* = 46.7 kcal/mol. If similar intermediates of similar 
energy intervene in the decomposition of 1 and 9, subtraction 
of the enthalpy of activation for the decomposition of 1 (A//* 
= 16.2 kcal/mol, in hexane) affords the first approximate value 
for the AHt of a 1,1-dialkyldiazene; i.e., A// f(l) = 30.5 
kcal/mol. This value would indicate the 1,1-diazene 1 has a 
higher heat of formation than the cis 1,2 isomer 9 by 20 
kcal/mol.21 
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Stereochemical Course of the Cope-Claisen 
Rearrangement of the Stereoisomeric 
2-Vinyl-3-isopropenylcyclohexylvinyl Ethers. 
A System Having AG+

Ciaisen » AG*Cope 

Sir: 

We have previously demonstrated that the Cope-Claisen 
rearrangement provides a useful method for driving unfavor­
able Cope rearrangement equilibria by means of an irreversible 
Claisen rearrangement.1 With an interest in constructing chiral 
germacrane compounds from chiral carvone derivatives, we 
have investigated the fate of the four diastereomeric vinyl 
ethers la (TT), lb (CT), 2a (TC), and 2b (CC)2 when 
subjected to thermolysis. 

to 
n "2 

2 

a, R1=OCH=CH2, R2=H 
b, Rj=H, R2=OCH=CH2 

Vinyl ethers3 la (TT) and lb (CT) were prepared as out­
lined in Scheme I, while the preparation of isomer 2a (TC) has 
been previously described.1 

Thermolysis at 312 °C (evacuated sealed tube) of isomers 
1 bearing trans-vinylic groups (Table I, entries 1 and 2) pro­
vided a nearly identical distribution of products consisting of 

N. "Photochemistry"; Wiley: New York, 1966; p (Z,Z)-8-methyl-2,7-cyclodecadiene-l-acetaldehyde (10),1 a 
mixture of four major olefins, and an inseparable mixture of 
two aldehydes, which were shown by 270-MHz NMR not to 
be any of the geometric endocyclic isomers of 10. The mass 
spectra (GC-MS) of the four olefins displayed parent ions 
(M+ 148) in agreement with the loss of acetaldehyde from the 
parent compounds. The 270-MHz NMR spectrum of two of 
these olefins permitted them to be assigned structures 3 and 
4. In contrast to the isomers la (TT) and lb (CT), the product 
ratio of 10:(5 + olefins) is significantly higher as is the absolute 
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Schema la 

a , b , c , d 

CO2Et 

e , f , q, h, i -^Q lb 

a (a) SO2Cl2; (b) DBU, (c) (;-C3H5)2CuLi, Et2O, Me2S, 0 0C; 
(d) NaOEt, EtOH, 25 °C; (e) (CH5OH)2, p-TsOH, C6H6; (f) LiAlH4, 
Et2O; (g) o-N02C6H4SeCN/«-Bu3P/THF; (h) H2O2, O - 25 0C; (i) 
HOAc/H20, 45-55 0C; (j) Li/NH„ EtOH, NH3, -78 ° C; (k) 
EtOCH=CH2, Hg(OAc)2;(1) LiH(s«-Bu)3B. 

yield in the thermolysis of the isomer 2a (TC, entry 3). 
Thermolysis of either la (TT) or lb (CT) at 255 0C (entries 

4 and 5) produced an equilibrium mixture (55:45) of la-lb, 
respectively, without conversion into products.5 Under identical 
conditions (entry 6), the isomer 2a (TC) provided the Cope-
Claisen aldehyde 10 and recovered 2a as the major products. 
The minor constituents of the reaction mixture consisted of the 
aldehydes 5 and isomer 2b (CC)3 whose mass spectrum4 was 
virtually identical with that of isomers la (TT), lb (CT), and 
2a (TC). 

These data reveal a dynamic Cope interconversion of the 
isomer la (TT) and lb (CT) at 255 0C via the intermediate 
(E,E)- 1,5-cyclodecadiene conformations 7, which require two 
endocyclic bond rotations (EBR) of 180° from one crossed 
double-bond conformation to the other (7a <=* 7b, Scheme II). 
This process at 255 0C has the unique property of having 
AG*ciaisen » AG*cope.6 Examination of molecular models of 
7a, which has the required C-O bond situated equatorially to 
the ring, reveals severe transannular interactions of Ha with 
Hb when the proper orbital overlap is attained for Claisen re­
arrangement.7 

In contrast, the isomer 2a (TC, entry 6) is largely converted 
into 10 along with Cope isomerization (via 9a <=* 9b, double 
EBR) to the isomer 2b (CC). The Cope-Claisen aldehyde 10 
can arise from conformation 9b of the (E1Z)- 1,5-cyclode­
cadiene having the starred carbon axially oriented in the 
chair-like transition state of the Claisen rearrangement rather 
than in the preferred equatorial position as is the case in un­
constrained rearrangements.8 The reduced strain associated 
with the (E,Z)- 1,5-cyclodecadiene 9b relative to the E,E iso­
mer 7a permits the Claisen rearrangement to become a viable 
process at 255 0C. 

At 207 0C (entry 7), thermolysis of isomer 2a (TC) produces 

Table I 

entry 

1 a, b 

2a,b 

3"-b 

4*,c 
5*, c 
6k,c 

-Jb.c 

iso­
mer 

la 
lb 
2a 
la 
lb 
2a 
2a 

temp, 
0 C 

312 
312 
312 
255 
255 
255 
207 

time, 
h 

3 
3 
3 
3 
3 
3 

2.5 

la 

55 
55 

lb 

45 
45 

produ 

2a 

24 
75 

CtS, 

2b 

9 
25 

% yield 

10 

21 
26 
70 

58 

5 

11 
11 
12 

9 

ole­
fins 

43 
40 
18 

" Absolute yields. * GLC analysis, 6 ft X V8 in. 5% Carbowax 20M 
Anakrom ABS 110/120 on a Perkin-Elmer 3920 FID chromato-
g r a m / Relative yields. 

Scheme II 

AS < ^ o 

'^o 

2a (TC) 10 2b (CC) 

an equilibrium mixture of the 2a and 2b isomers without ef­
fecting Claisen rearrangement (AG*ciaisen » AG^cope)-9 

Crossover from the trans series 1 to the cis series 2 occurs 
only at higher temperatures (onset ~280 0C, 3 h) without the 
accumulation of the isomers 2a (TC) and 2b (CC). The 
crossover process is effectively irreversible (AG*2^j » 
A(7*2—io)- If the higher energy crossover pathway which in­
volves a single EBR process is concerted, it would require a 
boat-like transition (8) wherein the olefin termini are separated 
to a larger extent than in the transition state for the isomer­
ization 7a <=i 7b. The presence of diradical intermediates in the 
crossover cannot be discounted at this time. 
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Nitrogen Is Photoelectron Spectra 
of Octaethylporphyrin and Tetraphenylporphine 
Complexes of Lanthanides 

Sir: 

X-ray photoelectron spectroscopy (ESCA) has been proved 
to be a powerful method for the elucidation of structure and 
bonding in complex molecules of f transition elements.1 In our 
previous work on ESCA spectra for a series of lanthanide (Ln) 
and actinide (An) compounds, Ln(OH)3,2 H(LnPc2), and 
AnPc2,3 we gave our attention to the satellite phenomena in 
Ln 3d5/2 and An 4ds/2 spectra. The observations suggested that 
f orbitals [either half-occupied or vacant orbital(s)] played an 
important role in the core ionization process which gave sharp 
variations in the satellite intensity of the spectra. As an ex­
tension of our ESCA study of f transition metal complexes, we 
now focus on lanthanide complexes of octaethylporphyrin 
(OEP), Ln(OEP)(OH) (Ln = Eu, Gd, Yb, and Lu), and of 
tetraphenylporphine (TPP), Ln(TPP)(acac) (Ln = Sm, Gd, 
Er, and Yb; acac = acetylacetonate). 

We report here new findings derived from our observations 
of nitrogen Is photoelectron spectra of Ln(OEP)(OH) and 
Ln(TPP)(acac). For a comparison, we measured also N Is 
spectra of H2TPP and H2OEP. N Is spectra have been shown 
to be a source of valuable information on the geometry of both 
porphyrins and metalloporphyrins.4-8 Besides the geometrical 
viewpoint, we found a noticeable correlation between the line 
width (fwhm) of the N Is signal and the number of unpaired 
electrons in the lanthanide-porphyrin complexes. This indi­
cates that unpaired valence electrons are not localized in the 
lanthanide 4f orbitals but are bound in MO's delocalized over 
N and lanthanide orbitals, and that the induced spin density 
on the N atoms provides an exchange interaction with the 
ionized N Is core. 

Octaethylporphyrin complexes Ln(OEP)(OH) have been 
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Binding Energy (eV) 

Figure 1. Typical N 1 s signals of free-base prophyrin (top) and lanthanide 
porphyrin (bottom). The fwhm of a N Is peak for each lanthanide por­
phyrin was estimated with a procedure shown by broken lines. 

prepared by T. Saran Srivastava. We synthesized and purified 
tetraphenylporphine complexes Ln(TPP) (acac) by the method 
described by Wong et al.9 though the Sm compound seems to 
decompose gradually to metal-free TPP in chloroform. X-ray 
photoelectron spectra were obtained with a Hewlett-Packard 
5950-A ESCA spectrometer employing Al Ka X-ray excita­
tion. The charging effects were neutralized by using an electron 
flood gun. The samples were prepared by carefully brushing 
each compound on double-stick scotch tape. We observed 
neither any visible evidence of decomposition nor change in the 
photoelectron spectra of the lanthanide porphyrins during the 
course of experiments performed, except for the case of 
Sm(TPP)(acac).10 The spectra were calibrated using a C Is 
binding energy at 284.8 eV which arises from the carbon atoms 
having hydrocarbon character in the porphyrin rings. 

The N 1 s spectrum measured for either H2OEP or H2TPP 
exhibits a doublet due to the selective protonation of two of the 
central nitrogens. Observed binding energies of each doublet 
are 399.7 and 397.7 eV for H2OEP and 400.0 and 398.0 eV for 
H2TPP, and individual peaks have fwhm values of ~1.2s eV. 
These binding energies are in agreement with those obtained 
previously by other groups5-6'8 and differ only slightly from 
others which could be because of the use of different reference 
lines. We note here that our fwhm values (1.25 eV) are close 
to the value of 1.1 eV given by Niwa et al.5 which is the nar­
rowest N Is signal obtained for porphyrins in the solid state. 
This seems to warrant the subsequent discussion concerning 
the N Is line width of lanthanide porphyrins. 

In complexing a lanthanide ion with OEP or TPP, the N Is 
spectrum collapses to a single peak with a binding energy value 
directly in between the corresponding porphyrin doublet. This 
is schematically drawn in Figure 1, where the N 1 s spectra of 
free-base and metal-incorporated porphyrins are typified by 
those of H2OEP and of Yb(OEP)(OH), respectively. The 
single N 1 s peak indicates the existence of four equivalent ni­
trogens in the lanthanide porphyrins and thus the equalized 
four Ln-N interactions. The situation is achieved only when 
a lanthanide is located equidistant between the four nitrogen 
atoms. 

The binding energies and the fwhm values determined for 
a series of lanthanide porphyrins are summarized in Table I. 
No significant difference in the binding energies can be seen 
between the lanthanide porphyrins studied, indicating that the 
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