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Desulfurization appears to be a general process whose 
chemistry parallels that of deoxygenation although the 
energetic difference between the reactions is manifest 
in the examples presented above. 
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Flash Photolysis of 7V-Nitrosopiperidine. The 
Reactive Transient 

Sir: 

The photoreactions of A'-nitrosopiperidine in the 
presence of a mineral acid are outlined in the following 
scheme. Pathway a has been postulated, from certain 
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evidence, to occur by eliminating HNO in the primary 
photoprocess,1_3 and is termed as photoelimination. 
Photoaddition pathway c has been shown to give 
l-nitroso-2-piperidinocyclohexane as the primary ad-
duct.4-7 In addition it is now found that A-nitroso-
piperidine also photolytically reacts with methanol to 
give piperidine hydrochloride, formaldehyde, and A-
piperidinoformamide8 shown as pathway b. The latter 
is therefore referred to as photoreduction. We have 
carried out flash photolysis experiments which indicate 
that a common reactive transient derived from a singlet 
excited state of the A-nitrosopiperidine-acid complex 
is responsible for the observed photoreactions. 

The 1- and 0.4-/xsec flash photolysis apparatus9 

used in this investigation was an improved version 
of that reported previously.1011 Flash photolysis, 
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through a Vycor filter, of degassed or oxygen-saturated 
aqueous solutions containing 1 X 10-4 M A-nitroso-
piperidine and 0.01 M HCl, produced a transient12 

whose absorbance changes indicated first-order kinetic 
decay with a lifetime (Yobsd = I/A:obsd) of 54 ± 2 ,usee. 
The similar photolysis of degassed or undegassed meth­
anol solutions containing 6 X 1O-5 M A-nitrosopiperi-
dine and 0.01 M HCl produced a transient which, 
while having the same absorbance characteristics as 
the transient generated in an aqueous solution, exhibited 
a first-order kinetic decay with a lifetime of 8 ± 2 
,usee. No transient was observed in the absence of 
either an acid or A-nitrosopiperidine. Flash excitation 
of the n -»• 7T* transition band in the 340-nm region 
(5 X 10-3 M Ar-nitrosopiperidine, 0.01 M HCl, and 
soft glass filter)13 produced a weaker transient with 
the same lifetimes indicating that the transients generated 
from either the 7r -*• 7r* or n -*• 7r* transition band are 
the same species. 

When the concentration of methanol in water was 
varied, the initial absorbancy (OD)0 of the transient 
remained virtually constant but the lifetime (robsd) was 
reduced proportionally to the methanol concentration. 
The second-order rate constant of the reaction of the 
transient with methanol (kT = (4.8 ± 0.3) X 103 Af"1 

sec-1) was obtained from the slope of the plot of 
the pseudo-first-order rate constants (kobsd) vs. the 
concentration of methanol. In a similar manner, the 
transient was found to react with cyclohexene in a 
solvent mixture14 of methanol and water (2:1, v/v) 
with a quenching rate constant kr = (2.4 ± 0.1) X 
107 M~l sec-1. The rate of the addition of the transient 
to cyclohexene is, therefore, about 5000 times faster 
than that of the reduction of the transient by methanol. 
This rate ratio explains why photoaddition takes place 
exclusively without a complication from the photo-
reduction in methanol as observed previously.4 

The lowest triplet energy (£T) of A-nitrosopiperidine 
is now determined to be about 59 kcal/mol by quench­
ing experiments of the triplet transients1118 that are 
generated by flash photolysis of naphthalene and 2,2'-
binaphthyl in aqueous acidic solutions. While the 
xanthenone (ET = 74 kcal/mol) triplet transient was 
quenched by A-nitrosopiperidine at nearly the diffusion-
controlled rate (k(l = 1.4 X 109 M~l sec-1), the photo­
reactions of A-nitrosopiperidine do not occur with 
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xanthenone sensitization. Furthermore, in a methanol 
solution containing 0.01 N HCl, nitrosopiperidine 
quenches naphthalene fluorescence19 with fcq = 1010 

M~l sec -1. The fact that naphthalene also sensitizes 
the photoreactions of /V-nitrosopiperidine indicates that 
the transient is derived from a singlet state but not 
from a triplet state of /V-nitrosopiperidine. This con­
clusion is also supported by the observation that con­
jugated dienes do not quench the nitrosamine photo-
reactions.7 

The absorption spectrum of the above transient is 
very similar to that of the transient generated from 
flash photolysis of/V-chloropiperidine in 0.01 TV aqueous 
H2SO4 solution;20 both exhibit increasing absorbance 
from the 450-nm region toward shorter wavelength 
and an apparent maximum at about 295 nm. The 
latter transient reacts with methanol with a second-
order rate constant of 4.9 X 103 M~l sec -1 in agree­
ment with the rate constant of hydrogen abstraction 
by piperidinium radical (103-104 M~l sec-1) determined 
by the rotating sector method.21 It is concluded that, 
in the photolysis of /V-nitrosopiperidine, piperidinium 
radical derived from the lowest singlet excited state 
is the reactive transient which initiates elimination, 
reduction, and addition reactions. The absence of 
quenching in an oxygen-saturated solution (1.43 X 
10 -3 M of O2)

22 places an upper limit of the rate con­
stant for oxygen quenching at ~ 1 X 106 M - 1 sec -1. 
This rate constant seems to be too low for triplet 
quenching in an aqueous solution23 since the observed 
value is closer to those found for oxygen quenching 
of reactive radicals.24 

The involvement of an aminium radical in the photo-
addition of a nitrosamine to an olefin demands that 
the addition mechanism must be a stepwise radical 
process. It is indeed found that the photoaddition 
of /V-nitrosopiperidine to both trans- and w-2-butenes 
gives the same mixture of erythro and threo adducts.25 
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Vinyl Radicals. VI. The Configurational Stability 
of cis- and ?rans-l-Methoxy-l-propenyl Radicals 

Sir: 

We describe experiments which demonstrate the con­
figurational stability of cis- and ?ra«s-l-methoxy-l-pro-
penyl radicals. These radicals (cis- and trans-2) are 
prepared by the thermal decomposition of the cor­
responding ?er/-butyl trans- and m-1-methoxy per-
crotonates (1) and are quenched by hydrogen transfer 
from cumene to give cis- and ?/ww-methyl 1-propenyl 
ethers (3) with retention of stereochemistry. 
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zrans-1-Methoxycrotonic acid is readily available as a 
crystalline solid (mp 60-61°) by the reaction of 2,3-
dibromobutyric acid with NaOMe-MeOH.1 The 
trans stereochemistry is assigned on the basis of the 
chemical shifts of the vinyl protons2 (5 6.35; calcd, 
5.9) in the free acid and the corresponding methyl 
ester (8 6.13; calcd, 5.67). A cis-trans mixture of the 
isomeric 1-methoxycrotonic acids (ca. c/t = 0.3) is 
obtained by the benzophenone-sensitized photoisom-
erization3'4 (Pyrex filter) of the trans acid in acetoni-
trile. Further enrichment in cis acid is achieved by 
preferential removal of the trans isomer by crystalliza­
tion from hexane, or by partial gas-chromatographic 
(gc) separation of the methyl esters followed by mild 
hydrolysis to the free acids. The cis stereochemical 
assignment is in accord with the chemical shifts of 
the vinyl protons2 of the free acid (5 5.35; calcd, 5.38) 
and the methyl ester (5 5.12; calcd, 5.18). 

The composition of any particular mixture of acids 
is determined by integration of the vinyl region of 
the nmr spectrum or by esterification with Ag2O-MeI 
and gc assay of the cis-trans composition of the mix­
ture of methyl esters. The corresponding /e/7-butyl 
peresters (1) are prepared by the sequential reaction 
of the free acids with /V,/V'-carbonyl diimidazole and 
tert-b\xty\ hydroperoxide in THF at room tempera­
ture.5 The peresters are purified by chromatography 
on Al2O3 and give satisfactory analyses, peroxide titers, 
and spectral data. The isomeric perester composition 
(cis-l/trans-1) of gross mixtures is established by in-
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