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Figure 1. X-ray photoelectron spectrum (Pd 3d3/2,5/2) of Na2PdCl4 con
taining polyimide film. 
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for palladium at this point. Extension of this study to highly 
soluble platinum, silver, and gold coordination complexes has 
not resulted in highly conducting films even though X-ray PES 
data suggest that reduction to the elemental state has occurred 
during the curing process. The metal specificity described here 
regarding the modificiation of polymer film conductivity is 
reminiscent of the aluminum ion specific enhancement of high 
temperature adhesive properties of certain polyimides." 
Certainly other polymer properties should be modifiable with 
the right choice of metal ion. 
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Figure 2. X-ray photoelectron spectrum (Pd 3d3/2,s/2) of Pd[S(CHa)2J2Cl2 
containing polyimide film after curing at various temperatures. 

sistivity of LhPdCU containing films. After 3-h curing, the 
XPS spectrum clearly shows evidence for Pd(II) and Pd(O) on 
the surface. In other words for the higher palladium content 
complete reduction is not accomplished. Longer heating pe
riods result in more complete reduction but with some polymer 
degradation. 

We have attempted to determine the temperature at which 
metal reduction takes place within the polyimide-metal com
plex matrix. We have determined, using infrared spectroscopy, 
that the BTDA-ODA-polyamic acid "cures" to the polyimide 
at temperatures below 200 0 C. Several samples containing 
palladium salts which had been "cured" at various tempera
tures were examined by XPS to determine the oxidation state 
of the metal. These results clearly indicate that metal reduction 
takes place above 200 0 C in the case of LhPdCU, and at a 
somewhat lower temperature in the case of Pd[S(CH3hhCh 
(Figure 2) and apparently has no connection with polyimide 
formation. 

The results described in this preliminary report are unique 

Synthesis and Direct Spectroscopic Observation 
of/^-(!,!,S^-TetramethylpyrrolidyOnitrene. 
Comparison of Five- and Six-Membered Cyclic 
1,1-Dialkyldiazen.es 

Sir: 

We report the synthesis, infrared and electronic spectra, and 
the kinetics of the thermal decomposition of 7V-(2,2,5,5-
tetramethylpyrrolidyl)nitrene (1). Because the six-membered 
ring 1,1-diazene 2 has been characterized,1 these results allow 

N = N: N=N'. 

some estimate of the importance of structure on the spectral 
properties and kinetic behavior of 1,1-dialkyldiazenes.2 In 
addition, the first approximate heat of formation of a 1,1-
diazene from experiment is provided. 

Addition of tert-butyl hypochlorite (f-BuOCl)3 to a stirred 
solution of l-amino-2,2,5,5-tetramethylpyrrolidine (3)4 and 
triethylamine (Et3N) in anhydrous diethyl ether at - 7 8 0 C 
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Scheme I 

N - N H 2 

IM = N: 

N-N=N-N 

8 

affords, in addition to an insoluble white precipitate 
(Et3NHCl), a red solution which is stable for days at —78 0 C 
but decolorizes rapidly at 0 0 C, affording hydrocarbon prod
ucts 4-7 and the tetrazene 86 (Scheme I). 

Generation of this colored solution at - 7 8 0 C followed by 
filtration at - 7 8 0 C gives a clear red solution. This can be 
further purified by low temperature chromatography (-81 0C) 
on basic alumina.8 

Low temperature absorption spectroscopy9 in the visible 
region on this solution at —78 0 C reveals a structured ab
sorption band with Amax (CH2CI2) at 497 nm, presumably the 
n-7r* electronic transition. Consistent with this n-7r* assign
ment, replacement of CH2CI2 with isopropyl alcohol affords 
a Amax (('-PrOH) of 487 nm, a shift of 10 nm to shorter wave
length" (Figure 1). 

The infrared spectrum (—78 0C) shows a strong absorption 
at 1638 cm - 1 , that disappears on warming to 25 0 C. 9 This is 
assigned to the N = N double-bond stretching frequency.13 To 
check this assignment, application of Hooke's law allows an 
approximation of the stretching frequency change for the ap
propriate ' 4 N = 1 5 N isotopically labeled isomer.'5 The calcu
lated K 1 4 N = 1 4 N V K 1 4 N = 1 5 N ) ratio is 1.0171 or a predicted 
shift to 1611 c m - 1 . Synthesis of the corresponding 
R2 1 4 N= 1 5 N species16 affords an infrared spectrum with no 
absorption at 1638 cm - 1 but rather a new absorption at 1612 
c m - 1 , a shift of 26 c m - 1 (Figure 2). 

The chromatographed solution8 was concentrated (2 X 1O-2 

M) at low temperature ( -78 0C) and inspected by 1H NMR 
(CDCI3) revealing absorptions at <5 1.05 and 2.32 which inte
grate in a 3:1 ratio. Warming this sample results in the dis
appearance of the 1.04 and 2.32 signals, presumably the 
1,1-diazene I,18 while tetrazene signals and absorptions in the 
region where the Cs hydrocarbons appear are observed. These 
NMR results indicate that under some conditions (~10~2 M) 
the unimolecular and bimolecular processes in Scheme I are 
competitive. 

The decay kinetics of 1 were studied in more dilute solution 
(<3 X 10 - 3 M) in three different solvents (n-hexane, ethyl 
ether, and tetrahydrofuran), typically in the range of +4 to 
—21.6 0 C by monitoring the optical density of the red solution 
at 497 nm as a function of time.9 In dilute solution (<3 X 10 - 3 

M) the disappearance of 1 was strictly first order in Et20 and 
THF. In hexane the disappearance of 1 was first order at 
higher temperatures (—4.8 to —9.0 0C) becoming a combi
nation of first- and higher-order kinetics as the temperature 
was lowered (-12.8 to -21 .4 0 C). Plots of In Abs vs. time at 
these lower temperatures afforded a curved segment at short 
times followed by a linear segment at longer times. First-order 
rate constants were taken to be the slopes of the linear portions 
of these plots. lb The activation parameters are shown in Table 
I. 

We find the rate of decomposition of 1 is sensitive to solvent, 
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Figure 1. Absorption spectroscopy in CH2Cl2: Xmax 497 nm (---); in 1-
PrOH, Xmax 487 n m ( - ) . 

1800 1600 1600 1800 

Frequency (cm - 1 ) 

Figure 2. Infrared spectra of (a) R2
14N=14N and (b) R2

14N=15N at -78 
0C (—) and at -78 0C after warming to 25 0C (---). 

the rate increasing with decreasing solvent polarity, kTt\ = 5.1, 
2.4, and 1.0 for n-hexane (Er = 30.9), ethyl ether (E7 = 34.6), 
and tetrahydrofuran (Ej = 37.4), respectively. The observed 
rate dependence on solvent polarity is consistent with a polar 
ground state decomposing by a less polar transition state. 

Comparison of the five- and six-membered cyclic 1,1-di-

alkyldiazenes1 is shown in Table II. The change from a six-

Table I 

solvent log A £a , kcal/mol 

n-hexane 
ethyl ether 
tetrahydrofuran 

10.9 ±0.3 
12.4 ±0.4 
12.1 ±0.3 

16.8 ±0.5 
19.0 ±0.6 
19.1 ±0.4 

Table II 

compd (CH2Cl2), nm 
1/(14N= 

cm" 

:14N), 
• 1 

log £a , kcal/ 
A" mol" 

497 
541* 

1638 
1595* 

12.4 
13.7C 

19.0 
20.0<-

a In Et2O. * Reference 1. c Reference 19. 
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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 

46.7 

16.2 
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30.5 • >Oc 
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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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