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acid, it is not one of the intermediates in acetolysis 
or formolysis. 
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CYCLOPENTADIENYLMETHYL DERIVATIVES AS 
HOMOALLYLIC SYSTEMS'-2 

Sir: 
Pentamethylcyclopentadienylmethanol (I-OH), 

very recently prepared by de Vries,3 appeared to 
be of considerable interest as a homoallylic4 system 
with a conjugated diene group uniquely disposed 
toward the developing cationic center in ionization 
of derivatives such as the toluenesulfonate I-OTs. 
Carbonium ions from ionization of I-OTs were of 
interest as possibly unique non-classical species 
and as an example of a possible type of intermediate 
in isomerization and cracking of aromatic hydro
carbons.6 Examination of the behavior of penta-

methy lcyclopentadienylmethyl p -toluenesulfonate 
(I-OTs) in solvolysis does indeed show that uniquely 
stabilized non-classical carbonium ion intermediates 
are involved. 

As is clear from the observed rate constant, 
acetolysis of I-OTs is anchimerically accelerated. 
For I-OTs, m.p. 63.0-63.5° (dec.) (correct C, 
H analysis), derived from I-OH, which was in 
turn prepared by the method of de Vries,3 the ob
served acetolysis rate constant at 25° is 1.83 ± 
0.04 X 1O-3 sec. -1. This is larger than the value 
for neopentyl toluenesulfonate6 by a factor of ca. 
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10s. Allowing a power of ten per olefinic group for 
inductive retardation of anchimerically unassisted 
ionization,4b we see that ionization of I-OTs must 
be anchimerically accelerated bv a factor of at 
least 1010. 

From acetolysis of 0.04-0.08 M I-OTs at room 
temperature under nitrogen in acetic acid contain
ing 0.11 M sodium acetate, there is isolated after 
1.2 hours (11 half-lives of I-OTs) an 80% yield 
of a mixture of a hydrocarbon and the acetate of 
the parent alcohol, I-OAc. The hydrocarbon is 
the main component, vapor phase chromatographic 
analysis giving an 18:1 hydrocarbon iacetate 
ratio. From infrared and ultraviolet spectra, the 
hydrocarbon is the interesting compound III pre
pared by de Vries7 by decomposition of the bromo-
benzenesulfonate I-OBs in pyridine. A specimen 
of III which we prepared from I-OTs by this method 
displayed identical vapor phase chromatographic 
behavior as that of the hydrocarbon fraction from 
acetolysis of I-OTs. Hydrocarbon III is also very 
predominantly the product from solvolysis of I-OTs 
in 70% aqueous acetone, 0.16 N in sodium car
bonate. No pentamethylbenzene (V) was detect
able in these solvolysis products. 

When the acetolysis of I-OTs in acetic acid con
taining sodium acetate was allowed to proceed 
for 20 hours, the acetate I-OAc was now the main 
component of the hydrocarbon-acetate product 
mixture, the acetate:hydrocarbon ratio being 5.5. 
However, no pentamethylbenzene was observed. 
When acetolysis of 0.04 M I-OTs was carried out 
at room temperature for 1.2 hours in the absence 
of sodium acetate, the product was now mainly 
acetate I-OAc, together with some pentamethyl
benzene (ca. 9%). A similar mixture of acetate 
I-OAc and pentamethylbenzene is obtained from 
hydrocarbon III after 1.2 hours in acetic acid con
taining 0.05 M toluenesulfonic acid. No penta
methylbenzene was produced from acetate I-OAc 
under the same conditions, however. On addition 
of alcohol I-OH to ethanesulfonic acid or heating 
I-OTs above its melting point, large amounts of 
pentamethylbenzene are formed. 

While it is clear that anchimerically assisted 
ionization of I-OTs leads to non-classical4 homo
allylic ions such as II, it is not clear exactly how 
to represent the electron derealization, nor how 
many such discrete species need to be written. 
This is illustrated with ions Ha, doubly homo
allylic, Hb, singly homoallylic, and Hc, mono-
homocyclopentadienyl.8 Even more delocalized 
structures are conceivable. Kinetic control of 
products in basic acetic acid or aqueous acetone 
solvents leads very predominantly to hydrocarbon 
III by proton loss. However, this hydrocarbon 
re-adds a proton even in basic acetic acid solvent 
and the carbonium ion II leads to some acetate 
I-OAc, so that acetate I-OAc can become the pre
dominant product from more thermodynamic 
control. 

Carbonium ions of the II-variety do not lead to 
pentamethylbenzene, prior rearrangement to ion 
IV through an unspecified number of stages pre-
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sumably being required. This rearrangement evi
dently involves the transition state of highest 
energy in the series of steps involved in formation 
of the various products mentioned. 
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FROZEN NH AND NH2 RADICALS FROM THE 
PHOTODECOMPOSITION OF HYDRAZOIC ACID1 

Sir: 
Electronic spectra of N H 2 and NH 2

3 in the gas 
phase are well known, and recently these fragments, 
from electrical discharges in N H 3 and N2H4, have 
been t rapped and identified in solid rare gases4 5 

at 4.2° K. The gas phase electronic spectrum 
of N 3 has been identified tentatively.6 There has 
been much discussion about these three free radicals 
as possible intermediates in the photodeconiposition 
of hydrazoic acid in a matrix at low temperature.7 

We wish to report a t this time the results of some 
preliminary experiments concerning the photo-
decomposition products of H N 3 t rapped in krypton 
and xenon at 4.2° K. The electronic absorption 
spectrum clearly and convincingly demonstrates the 
presence of Nil in considerable amounts and the 
presence of NH2 as a secondary reaction product. 
The presence of N 3 is suggested tentatively. This 
is exactly the sequence of products indicated by 
kinetic studies.8 A subsidiary mechanism, taking 
place simultaneously from another par t of the 
potential surface to give H + N 3 directly, cannot 
be entirely ruled out by these findings since it is a t 
present difficult to estimate the relative concentra
tions of products in t rapped radical experiments. 
Secondary reactions need not necessarily depend 
on diffusion of the primary products through the 
rare gas matrix, because, a t the 60:1 mole ratio 
used, the probability of finding a t least one H N 3 

molecule as a H N 3 nearest neighbor is 0.18. 

Purified K r or Xe a t 1.2 mm. was allowed to 
leak at the ra te of 1.5 ml. (S.T.P.) /min. into the 
system through a t rap containing about 0.1 g. 
HN3 . The t rap was maintained at a temperature 
of —108 ± 2°, which fixed the mole ratio of rare 
gas to H N 3 a t 60 ± 20. For photolysis, the full 
arc of a X e high pressure lamp was used; this 
gives some intensity down to about 2000 A. The 
photolysis was carried out either (I) during the 
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NH from Hydrazoic Acid Photolysis in Kr, 4.2° K. 
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Fig. 1.—XH from the photodeconiposition of HX3 while 
being deposited in solid Kr at 4.2° K.; photolysis times are 
on the right. 

deposition (photodcposition) as in a previous 
s tudy of diazomethane,9 or (II) after the H N 3 

had been deposited for 6 hours in the dark. Spectra 
were photographed on a Bausch and Lomb medium 
quartz spectrograph using, as background source, 
the high pressure Xe continuum for the ultraviolet 
and a tungsten filament lamp for the visible. 

After 4.5 hours of photolysis in experiment I, 
the N H absorption appeared with approximately 
the same intensity as after 2 to 3 hours of photolysis 
in experiment I I . The intensity of N H in II was 
not dependent on the rare gas used. 

The Ru (1) lines of the N H (0,0) and (1,0) bands 
in K r (see Fig. 1) were found a t 7vac = 29507 ± 
10 c m . - 1 and 7vac = 32460 ± 15 c m . - 1 respectively. 
The position of the (0,0) band is in excellent agree
ment with the value 29509 ± 6 c m . - 1 previously 
reported3 for N H in Kr, showing tha t the trapping 
site in each case is substantially the same. The 
broad, high-frequency component of the "doublet" 
corresponds to the unresolved P and Q branches. 
Weaker doublets appear 130 c m . - 1 to the blue, 
150 c m . - 1 and 230 c m . - 1 to the red of the main 
doublet, possibly indicating the presence of multiple 
t rapping sites. The details of the fine structure 
are the same whether the photolysis is carried 
out by I or I I . 

I t was estimated tha t , in I I after 3 hours, about 
2 0 % of the H N 3 had been converted to trapped 
N H . This estimate was made by comparing the 
integrated intensity of N H with tha t of benzene 
under identical deposition conditions, and by taking 
into account the fact tha t / = 0.008 for the N H 
transition10 a n d / = 0.0014 for the 2600 A. system 
of benzene.11 According to the above estimate the 
solid contains roughly 0 . 3 % of N H . These con
centration estimates, however, are based upon 
a number of uncertainties and should not be 
taken too seriously. 
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