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ABSTRACT 

The oximes of several ketones were investigated under photoly

sis conditions in an attempt to detect photochemical analogues of the 

Beckmann rearrangement. 

Results from the photolysis of 3-pentanone oxime indicate that 

possibly two separate and distinct photochemical processes are taking 

place simultaneously. 

The numerous observed gas products appear to be formed through 

a photofragmentation reaction, a Norrish Type I cleavage of the ketox-

ime. Mass spectral data lend further support to this concept. The 

Norrish Type I cleavage is quite common with the ketoxime's predeces

sor, the aliphatic ketone. The possibility that gases are formed 

through secondary photolysis reactions has also been clarified. 

The second photochemical reaction of the ketoxime leads to the 

formation of various amide products through a rearrangement process. 

In contrast to the acid-catalyzed Beckmann rearrangement, the photo-

initiated rearrangement here seems to proceed via an oxazirane inter

mediate. This intermediate is possibly formed after a 1,2 proton shift 

of the oxime yields a nitrone. 

The possibility of a ground state "fragmentation" Beckmann re

arrangement with the subsequent formation of the observed amides through 

a Ritter reaction has been eliminated. Significant quantities of the 

vii 
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expected crossover products were not observed when mixtures of 

3-pentanone oxime and 3,3-dimethyl-2-butanone oxime were photolyzed. 

Sensitizers such as benzofuran (E^, = 70 kcal/mole) and acetone 

(E^, = 80 kcal/mole) were unable to promote the formation of significant 

quantities of products obtained under nonsensitized conditions. 

Quenching studies with naphthalene and iron(lll) acetylaceton-

ate indicate that the photofragmentation reaction was still prominent, 

but that the rate of the photorearrangement was approaching zero. 



INTRODUCTION 

Beckmann Rearrangement 

E. Beckmann in 1886 reported that a variety of Bronsted and 

Lewis acids catalyzed the rearrangement of ketoximes to the correspond

ing substituted amides. Since this initial report of the Beckmann re

arrangement, there have been extensive investigations into its stereo

chemical and mechanistic pathway. No attempt will be made to give an 

exhaustive review since several recent review articles by P. Smith 

(1963) and by Donaruma and Heldt (1960) give ample information on this 

rearrangement. 

A general mechanism (Donaruma and Heldt 1960) for the Beckmann 

rearrangement is shown below: 

• H© 1 ^R 
RCR —2—» RCR »-

II II I' 
Nvoh Nn0H2 + H2 

i l l  

© 
H90 /R HO ,R 

3 + HO \j - C 
H II (7) 

, N ,N + H^ 
R' R^ 

R'Si 

1 
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ITie migration of the carbon fragment (R ) anti to the hydroxyl 

group in 3^ and the heterolytic cleavage of the N-0 bond frequently oc-

i 
cur as a concerted process. If the migrating carbon in R is asym

metric, it will migrate with retention of configuration. The first 

product of the rearrangement is an imine derivative (5) which then is 

further transformed into the amide. The imine intermediate has been 

characterized by isolating imine derivatives. 

Because of the variety of possible intermediates involved in 

the rearrangement, the identity of the rate-determining step in a spe

cific reaction becomes dependent upon a number of variables. These 

variables are the reaction temperature, the solvent, and the particular 

catalyst used. The rate-determining step may precede the actual re

arrangement (_1 to 2), may be the rearrangement sequence itself (2^ to 3), 

or may take place during the sequence 3^ to 4^. 

In the early phases of the study of the Beckmann rearrangement, 

there was some disagreement concerning the possible structure of the 

oxime. The following structures were proposed. 

© 
R,C=N-OH R„C=NH 

I© 

£ 1 

Emmons (1957) has shown that the oxaziranes (8) not only have 

different spectral properties, but are not chemically interconvertible 

with the corresponding oximes. Modern spectroscopic methods have also 

shown that the nitrones (7) are uniquely different from their sister 

M7nh 
o 

8 



compounds, the oximes (6). Infrared and nmr spectra have been of par

ticular help in clarifying this problem. 

There are no known simple base-catalyzed Beckmann rearrange

ments of oximes although an amide intermediate has been proposed in the 

lithium aluminum hydride reduction of certain ketoximes. 

Various 0-sulfonyl oximes which possess o<-hydrogens have been 

found to undergo reactions in basic media. This particular reaction is 

called the Neber reaction and it has been proposed that azirenes are im

portant intermediates. In several cases the azirene has been isolated. 

The azirenes can react further in an aqueous system to give oi-amino-

ketones. 

B • © 0 
R C H „ C R  — R C H C R  +  B H  R - C H - . C R  +  O T s  

2II II \// 
Nv,OTs N>OTS N 

H2° 8 
R-CH-C-R —<- R-CH-C-R 
\// I 
N NH2 

All of the various ketoximes utilized in the current study have 

been shown to undergo the normal Beckmann rearrangement. A variety of 

reagents have been used to promote these rearrangements. The 2-propan-

one oxime gave N-methylacetamide from a sulfuric acid/acetic acid 

mixture. The 3-pentanone oxime rearranged to N-ethylpropionamide under 

the above conditions. The 3-pentanone oxime also underwent rearrange

ment in a sulfur dioxide/sulfur trioxide reaction medium or in a chlor-

osulfonic acid/sulfur trioxide system giving a 97% yield of the amide. 
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The 3,3-dimethyl-2-butanone oxime has not only been rearranged in poly-

phosphoric acid (Hill, Conley, and Chortyk 1965) but also by phosphor

ous pentachloride in diethyl ether to give N-t-butylacetamide. The 

other possible substituted amide was not observed. 

It has been recognized for many years that certain oximes do 

not react in the expected manner. Recent studies have shown that a 

"fragmentation" Beckmann rearrangement mechanism can explain the early 

reports of these oximes. 

© 
R1 /0H2 \ ' <+> Y~tj  ̂ t? r.=N a. h n a. tc v 

R2 

^C=N »- RJCSN + H20 + R2 

10 

This type of rearrangement is displayed by oximes that allow the 

formation of reasonably stable carbonium ions. These reactions have 

been extensively studied by Grob et al. (1964) and by Hill et al. (1965). 

Ihe carbonium ion (10) once formed can then react with the nitrile (9) 

(a Ritter reaction) to yield the expected substituted amide (11). 

(+) ® H2° H H (+) 
RjteN + R*®' R1-C_N-R2 —^ R1-C-N-R2 + H^ 

9 10 11 

Hill et al. (1965) demonstrated the validity of these two re

actions by conducting a "crossover" experiment in polyphosphoric acid 

O 
at 80 . He reacted equimolar quantities of 2-methyl-2-phenylpropio-

phenone oxime and 3,3-dimethyl-2-butanone oxime. Each oxime has the 
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ability to generate a relatively stable carbonium ion. Not only did he 

observe the expected substituted amides from the normal Beckmann reac

tion, but he also isolated the two "crossed" products, N-J;-butylbenz-

amide (22%) and N-acetyl-«,ol-dimethylbenzylamine (30%). The crossed 

products were shown not to arise from the decomposition or recombina

tion of the normal Beckmann products. 

Photolysis of Oximes 

Unlike the acid-catalyzed rearrangement of ketoximes as dis

cussed previously, there have been few reports concerning the photo

chemistry of ketoximes. The first photochemical reactions of ketoximes 

were reported by Stroermer in 1911. He. reported that the aryl ketoximes 

underwent irradiative conversion into their geometrical isomers when 

exposed to sunlight. 

Few photochemical studies of oximes were carried out after 1911 

until 1966 when Just, Taylor, and Douik photolyzed 1% solutions of 

cyclohexanone oxime in methanol or isopropyl alcohol (IPA) under atmos

pheres of either or N£. The results are summarized in Table 1. 

Just et al. (1966) indicated that saturated oximes have ultra

violet absorption maxima below 210 nm. This excitation is probably due 

to a tf-Tt* transition or a highly forbidden n-lt* transition. If the 

photolytic reaction arises from n-lf* excitation, it must take place in 

the region below 300 nm since irradiation with 300-400 nm sources did 

not lead to reaction. 



Table 1. Photolysis of Cyclohexanone Oxime (Percent Yield). 

Conditions 

N-OH 

6" 

MeOH/N2 3 28 5 46 

MeOH/02 23 <1 <1 22 

IPA/N2 4 36 52 41 

IPA/O2 4 9 6 5 

Source: Just et al.(l966), 

Just et al. (1966) interpreted the data presented in Table i as 

an indication that a biradical intermediate was formed in a homolytic 

cleavage process which led to the amide or lactam formation. This 

intermediate was probably formed through an excited triplet state 

(though the excited singlet state could not be rigorously ruled out) 

which could be quenched by C^. This biradical intermediate could also 

display selectivity in hydrogen abstraction from the solvent while com

pleting the reaction sequence. All attempts to photosensitize the re

actions failed. 

Irradiation of cyclohexanone oxime 0-acetate did not yield amide 

or lactam products. In 1968 Ponder and Andrews reported the photolysis 

of cyclohexanone oxime 0-benzoate and 0-acetate in various solvents. 

They reported that the type of product isolated was strongly influenced 

by the solvent and wavelength of irradiation. In cyclohexane with ir

radiation from a 450 Watt Hanovia mercury arc lamp, cyclohexanone oxime 
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O-benzoate gave the oxime as major product. When the irradiation was 

conducted in methanol, the Beckmann rearrangement lactam was obtained. 

oxime photoreaction, particularly concerning the photochemical changes 

of certain substituted and unsubstituted cyclohexanone oximes in IPA. 

Just and Ng were interested in elucidating the cleavage reactions giv

ing the amide since they had noticed that oximes seem to undergo a Nor-

rish IVpe I cleavage. This type of cleavage is quite common in aldehydes 

and ketones under these same photoreaction conditions. By using various 

substituted cyclohexanone oximes, Just and Ng were able to show that the 

et-cleavage of the oxime led to the more stable alkyl radical. This rad

ical then proceeded to react with the solvent to give the corresponding 

amide. 

In 1968 Just and Ng reported more data on the cyclohexanone 

Just and Ng proposed the following scheme to explain the amide 

formation. This scheme can also be used to explain the formation of 

the lactam. 
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hv 

HN-0 
* 

—NH 

N-H 

NH, IPA IPA 

The ketones that have been observed as reaction products might 

arise from the direct decomposition of the oxaziranes (12). Oxaziranes 

are known (Emmons 1957) to decompose in hydroxylic solvents to ketones 

and ammonia. This idea was further supported by Just and Ng (1968) 

when they added 10% water to IPA and then observed an increase in the 

ketone concentration from U% (pure IPA) to 23%. 

The possibility of an oxazirane intermediate participating in 

a photoreaction has received increasing attention from other investiga

tors. In 1959 Bonnett, Clark, and Todd gave evidence for the following 
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mechanism for the formation of heterocyclic lactams from the correspond

ing nitrones. 

0© 

CH 

CI 

Splitter and Calvin (1968) proposed the following general se

quence in which oxaziranes were the photoreagents. 

Ciamician and Silber (1903) observed the irradiative conversion of the 

aldoximes into their geometrical isomers. Brady and Dunn (1913) ex

panded this general area by examining other aryl aldoximes. The vari

ous aldoximes undergo the geometrical isomerization in sunlight but 

the rate of this process seemed to vary with the position and type of 

substituent on the phenyl ring. One interesting observation is that 

the 0-methyl ethers of the oximes undergo geometrical conversion very 

slowly in light, but reaction under thermal conditions could not be de

tected. 

products 

Photoreactions of aldoximes have also received some attention 
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In 1924 Brady and McHugh studied other aryl aldoximes under 

ultraviolet light conditions. Not only was the usual geometrical iso-

merlzation seen, but many aldoximes gave the corresponding nitriles. 

The N-methyl aldoximes either did not react or gave the nitriles while 

the 0-methyl ethers showed only the slow geometrical isomerization as 

seen in 1913. 

Amin and de Mayo completed a study of aryl aldoximes in 1963. 

They also noted the isomerization about the C=N bond and also reported 

the formation of aryl amides. The irradiations were conducted with 0.57<> 

solution in quartz vessels in various solvents with ultraviolet light. 

The data below are for ot-(syn)benzaldoxime. 

Table 2. Photolysis of oC-(syn)Benzaldoxime. 

Solvent Time (hr) Yield of Amide (%) 

Cyclohexane 30 12 

Cyclohe::ane 
+ 0.5 eq Et^N 

26 trace 

Cyclohexane 
+ 0.5 eq CF3C02H 

8 22 

MeOH 9 12 

HOAc 3 41 

Source: Amin and de Mayo (1963). 

The oxime disappearance was rapid but little amide was formed 

in methanol. The oxime did not rearrange in acetic acid without light. 

Amin and de Mayo (1963) did not present a reaction scheme, but felt 
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that an oxazirane might be an important intermediate in the reaction. 

They also believed that the nature of the solvent effect suggested that 

a significant charge separation occurs in the amide reaction. They ob

served that the o(-(syn)benzaldoxime acetate would not undergo rearrange

ment under these reaction conditions. 

Just and Pace-Asciak (1966) reported the photolysis of certain 

O 
steroid aldoximes in methanol under a He atmosphere with 2537 A light. 

They also noted the usual geometrical isomerization as well as a photo-

dehydration of the aldoximes to the corresponding nitriles. When the 

O 
irradiation was conducted with a 3500 A irradiation source, only the 

anti-syn geometrical isomerization occurred. 



EXPERIMENTAL 

General 

Melting points were determined with a Mel-Temp capillary ap

paratus and are uncorrected. Nuclear magnetic resonance (nmr) spectra 

were determined in carbon tetrachloride solutions with Varian A-60 and 

HA-100 spectrometers using internal and external tetramethylsilane as 

standard. Infrared spectra were determined with Perkin-Elmer Models 

337 and 137 using neat samples between sodium chloride plates or as KBr 

pellets. 

Ultraviolet spectra were recorded in Cary Models 11 or 14 spec

trometers using 10 mm cells. Vapor-phase chromatography (vpc) was per

formed on a Varian Model A-90 P-3 chromatograph. The columns used were 

a 4-ft, 187o Silicon Rubber on 60/80 Chromosorb P or a 5-ft, 5% FFAP on 

60/80 Chromosorb P. Mass spectra were determined on a Hitachi Perkin-

Elmer RMU-6E mass spectrometer. 

Photolysis studies were performed in a Srinivasan-Griffin photo-

O 
chemical reactor using 2537 A irradiation lamps. 

Materials 

Aluminum Oxide. Neutral 

Acid-washed aluminum oxide was exposed to moist air for a period 

of 3 days to 1 week. The activity of this oxide was approximately III 

and it was sufficiently deactivated so that azulene could be chromato-

graphed with no loss due to decomposition on the column support. 

12 
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JL-Butyl Alcohol 

t-Butyl alcohol was distilled from petroleum ether-(30-60 ) 

washed sodium metal. Sodium metal was present during the entire dis

tillation. 

Hexane 

Hexane was washed with concentrated sulfuric acid until no 

further color change took place. Then it was washed with water and dis

tilled. The solvent was distilled once over sodium metal and sodium 

hydride before use. 

Naphthalene 

O 
Naphthalene was sublimed once at atmospheric pressure at 70 . 

Dibenzofuran 

This sensitizer was recrystallized from 95% ethanol four times 

before use, mp 82-83 (lit. 86-87 ). 

Acetone 

Baker and Adamson reagent grade acetone was used without fur

ther purification. 

Isopropyl Alcohol 

The alcohol was treated with 5 ml of a 2,4-dinitrophenylhydra-

zine solution. The alcohol was distilled and then redistilled a second 

° 

time from petroleum ether- (30-60 ) washed sodium metal. 
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Cyclohexene 

The cyclohexene was refluxed with maleic anhydride for several 

hours, washed with water to remove unreacted maleic anhydride and dis

cs 
tilled from petroleum ether- (30-60 ) washed sodium metal. 

Iron(lll) Acetylacetonate 

The complex was prepared by Shepard (1970). The toluene solvent 

was removed under vacuum and the resulting ruby red crystals were 

washed twice with J>butyl alcohol. The crystals were then dissolved in 

refluxing diethyl ether and, on cooling, the crystals were filtered and 

O 
dried under vacuum for several days. The melting point was 181-183 

(lit. 184°). 

3-Pentanone Oxime 

The general procedure of Pearson and Bruton (1954) was used. A 

solution of 60 g (1.5 moles) of sodium hydroxide in 180 ml of water was 

added to a solution of 139 g (2 moles) of hydroxylamine hydrochloride 

dissolved in 300 ml of water. To this stirred solution was added 86 g 

(1 mole) of 3-pentanone. The reaction mixture was heated to reflux and 

approximately 50 ml of 1007o ethanol was added. 

After 2% hr the reaction was cooled and the organic layer was 

separated. The aqueous layer was extracted three times with diethyl 

ether. 

The organic layer and ether solvent were combined and dried 

over magnesium sulfate. The ether was removed under vacuum and the 

0 \ oxime was distilled. A fraction boiling between 90-95 (39-45 mm) was 
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25 
collected. The weight of oxime was 83.4 g (83% yield), 1.4449 

25 
(lit. iip 1.4437). Repeated distillations, even over sodium hydroxide, 

O 
failed to remove approximately 47« of material boiling at 100-125 . 

3.3-Dimethyl-2-butanone Oxime 

The procedure was previously described by Pearson and Bruton 

(1954). 

A solution of 12 g (0.3 moles) of sodium hydroxide dissolved in 

36 ml of water was mixed with 28 g (0.25 moles) of hydroxylamine hydro

chloride dissolved in 60 ml of water. The 3,3-dimethyl-2-butanone, 20 

g (0.17 moles), was added to the stirred solution. The reaction was 

refluxed and 20 ml of 100% ethanol was added. After 3 hr the reaction 

was cooled with ice until the oxime crystallized. The oxime was fil

tered and washed with water and allowed to dry. The weight of the crude 

o 
material was 20 g and the mp was 73-74 . 

Recrystallization from chloroform, a ligroin mixture, or 

petroleum ether (30-60 ) did not improve the melting point. The oxime 

O 
was sublimed at atmospheric pressure at 70 . The melting point of the 

O 
sublimed crystals was 75-76 . 

2-Propanone Oxime 

The general procedure of Vogel (1962) was used. 

A solution of 50 g of hydroxylamine hydrochloride (0.72 moles) 

dissolved in 100 ml of water was mixed with a solution of 30 g of sodium 

hydroxide (0.75 moles) in 100 ml of water. The combined solution was 



cooled in the ice bath and 63 g of acetone (l.l moles) was added with 

stirring. 

After stirring overnight at room temperature, crystals had not 

formed. Sodium hydroxide was added to increase the pH to 5. A white 

precipitate formed which was filtered, washed with water and dried in 

O 
air. The weight of the crude oxime was 15 g and the mp was 54-58 . 

The product was recrystallized once from petroleum ether (30-

O O 
60 ) to yield crystals melting at 60.2-61.3 . 

3-Pentanone Oxime 0-Methyl Ether 

The general procedure of Vogel et al. (1952) was followed. 

The 3-pentanone oxime (13.8 g, 0.14 mole) was mixed with a so

lution of 22 g of sodium hydroxide (0.15 mole) in 73 ml of water. The 

reaction was heated in a water bath and 25.2 g (0.25 mole) of dimethyl 

sulfate was added slowly over 25 min. The reaction was then stirred 

and heated for an additional 40 min. 

Two layers separated when the reaction was stopped. The or

ganic layer was removed and the aqueous layer was extracted with 

diethyl ether. The combined organic layers were dried over magnesium 

sulfate. 

The excess ether was removed on a rotary evaporator. The resi

due was distilled at atmospheric pressure over a temperature range of 

42-119°.  

O 
A fraction with a boiling point between 105-119 and a weight 

of 2.1 g was found (via vpc) to contain approximately 507o of the methyl 

ether oxime. The yield was approximately 5%. Variation of the reagent 
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addition sequence, reaction time, or fresh reagents did not improve the 

yield of the reaction. 

The isolated fraction was distilled through a 20-cm glass helix 

O 
column. The 3-pentanone oxime 0-methyl ether, bp 116 , used for the 

photochemical reactions had 0.5% 3-pentanone and 0.2% 3-pentanone oxime 

present as determined by vpc. 

Propionamide 

The general procedure of Kent and McElvain (1955) was followed. 

The 20.5 g (0.22 mole) of propionyl chloride (Langley 1932, p. 

127) was added slowly to a well-stirred solution of concentrated anunon-

O 
ium hydroxide. The reaction temperature was kept below 10 during the 

addition of the acid chloride. 

The resulting liquid and precipitate were placed in a flask and 

the liquid was removed by vacuum. After most of the water had been re

moved, the reaction mixture was extracted with diethyl ether. The 

ether layer was dried over magnesium sulfate and evaporated. The weight 

O 
of the crude amide was 14 g and the mp was 77-79 . 

The amide could be recrystallized from a methanol/diethyl ether 

(1:10) mixture. The mp of the amide was 79-80 . 

N-Ethylpropionamide 

A solution of 110 g of pyridine dissolved in 200 ml of benzene 

O 
was cooled to 5 and 55 g (1.35 moles) of ethylamine was added. Pro

pionyl chloride, 127 g (1.36 moles), was added slowly to the benzene 



solution from an addition funnel. The entire reaction system was under 

a nitrogen atmosphere during the reaction. 

During the first half of the acid chloride addition, a thin 

yellow precipitate was observed, but during the last half of the addi

tion, the reaction became orange-yellow and the precipitate became 

thicker. After 3 hr all of the acid chloride had been added and the 

reaction was allowed to warm up to room temperature. It was then heated 

o 
to 60 for approximately \ hr. 

Ice and water were added to dissolve the precipitate and the 

benzene layer was then washed with water and a 5% solution of sodium 

carbonate. The organic layer was dried over magnesium sulfate. The 

aqueous layer was extracted with chloroform and ether. The extracts 

were not washed with water and they were combined with the benzene 

layer. 

The solvents were removed under vacuum and the resulting red-

brown liquid was distilled under vacuum; a fraction (40 g) with bp 54-

o 30 
57 at 0.2 mm, n^ 1.4334, was collected. 

The amide was distilled three times more to remove a slight 

yellow color. 

Dipropionamide 

The general procedure of Thompson (1951) was followed, but dif

ferent solvents were used. 

A solution of 8 g (0.1 mole) of propionamide in 55 ml of ben

zene, 60 ml of chloroform, and 15 ml of pyridine was cooled in an ice 

bath. Propionyl chloride, 9 g (0.1 mole), was dissolved in 100 ml of 



chloroform and then was slowly added to the amide solution. After 1 

hr, the reaction solution had a yellow color. It was then heated to 

O 
60 for an additional hour. 

The solution was washed with a small volume of water and once 

with a 57» sodium carbonate solution. The yellow organic solution was 

dried over magnesium sulfate. When the solvent was removed, 5 g of 

O 
crude product, mp 156-158 , remained. The imide was recrystallized 

O 
from chloroform, mp 157-158 . 

N.N'-Dipropionylhydrazine 

The compound was prepared by the general method of Turner 

(1947). 

The hydrazine (95%), 6.4 g (0.2 mole), was heated to 140-160 

and was stirred while 73 g (0.6 mole) of propionic anhydride was slowly 

added to the reaction. 

The fraction yielded crystals on standing overnight at room 

temperature. The crystals were taken up in hot absolute methanol and 

O 
on cooling, 11 g of crude product (mp 136-139 ) was collected. 

A final recrystallization from a diethyl ether/chloroform mix-

O 
ture gave white crystals with a mp of 140.5-141.5 . 

Sodium 3-Pentanone Oximate 

Approximately 4 g of 3-pentanone oxime was added to 0.9 g of a 

sodium hydride/mineral oil dispersion (51%). A rapid exothermic reac

tion was observed and after no further evolution of hydrogen gas could 

be observed, anhydrous diethyl ether was added to the reaction solution. 
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The resulting white precipitate was filtered under pressure and washed 

with pentane. The precipitate became slightly discolored while being 

dried under vacuum. 

The sodium salt was dissolved in a hot diethyl ether/pentane 

solution and it precipitated out of solution when cooled. The white 

mass was stored under vacuum until used. 

The compound did not show a sharp melting point. It softened 

o o o 
at approximately 80 , but did not melt until 135-140 . Above 160 it 

changed into a white solid. 

The infrared spectrum confirmed that it was not solely an in

organic compound. 

Attempted Thermal Decomposition of 
3-Pentanone Oxime in t-Butyl Alcohol 

A solution of 150 ml of t-butyl alcohol and 2.1 g of freshly 

distilled 3-pentanone oxime was placed in a 250-ml flask. Analysis by 

vpc of the oxime indicated a purity of 97.5% and nmr and ir spectra 

agreed with previous spectra. 

The t-butyl alcohol solution was degassed four times at a pres

sure of 0.4 mm. The flask was covered with aluminum foil and placed in 

a 60 oil bath. 

After 66 hr of continuous heating the reaction was removed and 

the solvent was removed under reduced pressure. The solvent was col

lected in two Dry Ice traps. The temperature of the distillation was 

O 
never allowed above 40 . 
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The oxime residue that remained after the distillation was 

analyzed by vpc and ir methods. Only solvent and oxime were found to 

be present. 

The remaining oxime and solvent were removed by vacuum evapora

tion. A small quantity of oil and semi-solid remained. Infrared spec

tra indicated that the material was only silicone grease which has been 

used on the glass joint. 

The recovered Jt-butyl alcohol was combined with anhydrous hy

drogen chloride gas. The alcohol was removed under vacuum. A yellow 

oil remained which solidified on standing. The weight of this solid' 

O 
was 0.028 g and it had mp 153-155 (gas evolved). The solid was hydrox-

ylamine hydrochloride, and this weight of material would equal 0.04 g 

or 27o of the starting oxime. 

A control experiment was then conducted by dissolving several 

drops of the oxime in 25 ml of t-butyl alcohol and then by reacting it 

with anhydrous hydrogen chloride gas. The solvent was then removed by 

vacuum as before. 

A white oil was isolated which solidified on standing. The mp 

of this material was 152-153.5 (gas evolved); the literature mp for 

o 
hydroxylamine hydrochloride is 151 . 

It appeared that there had been a small amount of the oxime 

carried over with the solvent, and it was this oxime which led to the 

isolation of the hydroxylamine hydrochloride. There was too little of 

the material to explain the cause of the yellow color. Infrared spectra 

yielded no useful information. 
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Procedure for Photolysis Reaction 

The appropriate amount of compound was dissolved in 100 ml of 

dry t-butyl alcohol. The reaction solution was contained in a standard 

taper Vycor tube (30 x 2.8 cm). The reaction system was degassed by 

the freeze-thaw technique a minimum of four times. The freeze-thaw 

technique is accomplished by freezing the reaction solution with Dry Ice 

or liquid Once the solution is frozen, the reaction tube is evacu

ated. The tube is then sealed and the solution thawed, frozen, and evac

uated a second time. The cycle is repeated until the manometer shows no 

improvement in the vacuum pressure. 

The degassed samples were then placed in the Srinivason-Griffin 

O 
photochemical reactor equipped with 2537 A lamps. The samples were 

stirred magnetically and were removed after the appropriate time inter

val. 

The above-described "closed" system was used whenever possible 

instead of using the more common "open" system. The open system con

sists of a stream of nitrogen or inert gas being bubbled through the 

photolysis reaction to remove and maintain an oxygen-free system. It 

is generally assumed that such systems are free from the effects of 

0£(T^) and normal ground state oxidation processes. This assumption is 

questioned by Calvert and Pitts (1966). 

Though the preparation of the closed system consumes more time, 

it does allow for a detailed study of the gaseous products. A similar 

study in an "open" system would require an extensive gas-handling 
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system for analysis and there still would remain the possibility that 

small quantities of gas could not be identified. 

Procedure for Analysis of Gases 

After the sample had been photolyzed for the appropriate time, 

it was put through the freeze-thaw technique at least three times, but 

the photolysis tube was not connected to the vacuum line. After the 

last thaw, the sample was slowly frozen so that there would be few oc

cluded gas bubbles. The sample tube was then opened to a previously 

evacuated gas sample bottle. The gas sample was immediately analyzed 

by a Hitachi Perkin-Elmer mass spectrometer. 

An internal check on the reliability of the sample was made by 

determining the presence of the m/e 59 peak (P - 15) of t-butyl alcohol. 

High resolution spectra of the m/e 28 to 30 and 44 to 46 re

gions were recorded as well as normal resolution spectra between m/e 1 

to 59. The relative peak intensities were determined and from this the 

relative percentage composition of the gases were determined. 

No attempt was made to incorporate the sensitivity factors for 

the various components in the mass spectrometer and their relationships 

to the peak intensities since these factors will remain the same during 

the various gas analyses. 

The gas sample results are recorded in Tables 3 and 4 (see end 

of Experimental section, pages 43 and 44). 



Procedure for Determining the Characteristics 
and Composition of the Photolysis Reaction 

Procedure A 

The reaction tube was opened and the pH was approximated with 

Universal pH indicator paper and a sample was removed to record the 

fluorescence absorption and emission spectra on an Aminco-Bowman spec-

trophotofluorometer. 

The solution was then placed in a tared flask and the low boil

ing material was removed on a rotary evaporator at aspirator pressure. 

° 

A water bath (40-60 ) was used as a source of heat. The resulting oil 

was weighed and a potassium iodide/acetic acid test (KI/HOAc) (Emmons 

1957) was performed. The composition of the oil was determined either 

by vpc analysis in a 4-ft, 187o silicone rubber on Chromosorb P column 

with toluene as an internal standard or by column chromatography on 

neutral aluminum oxide followed by vpc, infrared spectra, index of re

fraction, or melting point analysis. 

Procedure B 

This procedure was used when it was desirable to determine the 

presence of low boiling material in the photolysis products. The sam

ple was opened as before and the pH and emission data were recorded as 

in Procedure A. 

The t^butyl alcohol was distilled from the reaction solution. 

Many fractions of the distillate were collected and the fractions with 

an "ammonia" odor were combined and hydrogen chloride gas was bubbled 

through the liquid. The solvent was removed under vacuum and the 
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resulting precipitate was dried over calcium chloride and sodium hy

droxide. Infrared spectra and/or melting points were used to determine 

the chemical nature of the precipitate. 

The reaction product residue from the distillation was removed 

from the flask, weighed, and analyzed as in Procedure A. 

Photolysis of 3-Pentanone Oxime 
in Various Solvents 

Hexane 

The reaction solution was composed of 1.62 g (0.016 mole) of 

3-pentanone oxime dissolved in 100 ml of hexane. The hexane solvent 

had no ultraviolet absorption bands above 220 nm. The system was de-

O 
gassed at 0.05 mm in a Vycor tube. The reaction was exposed to a 2537 A 

light for 48 hr. 

Gas evolution could not be detected when the reaction solution 

was frozen. The solution had a pH of 8-9. 

The solvent was removed by Procedure A, but the solvent was col

lected in Dry Ice for later analysis. The yellow oil residue that re

mained gave a positive KI/HOAc test. The weight of the oil indicated 

only a 67» loss during the reaction. Analysis by vpc indicated that 

less than 1% 3-pentanone was present and neither N-ethylpropionamide 

nor propionamide was present. The only material identified was the 

oxime. 

Analysis of the reaction product by column chromatography indi

cated that the concentration of propionamide was lc/o of the starting 

material. 



Concentrated hydrochloric acid was added to the hexane solvent 

and when the solvent was once again removed, a white residue remained. 

The residue was identified as hydroxylamine hydrochloride. 

0.15 N HCl/t-Butyl Alcohol (2537 A) 

The hydrochloric acid/jt-butyl alcohol solution was prepared by 

dissolving 2.7 g of hydrogen chloride gas in 500 ml of the alcohol. 

The reaction mixture was composed of 1.52 g of 3-pentanone 

oxime (0.015 mole) dissolved in 100 ml of the 0.15 N hydrochloric acid/ 

J>butyl alcohol solution. The reaction solution was placed in a Vycor 

tube and degassed at 0.25 mm. The solution had a slight blue color. 

O 
The system was exposed to 2537 A for 14 hr. The reaction color changed 

very rapidly. 

When the yellow reaction solution with the white precipitate 

was frozen, gas bubbles were evolved. 

The reaction was still acidic when opened and the solvent was 

removed by Procedure B. A brown oil and a white crystalline material 

remained after the distillation. The crystalline material was removed 

from the oil by filtration and was found to be ammonium chloride and 

hydroxylamine hydrochloride (a small quantity). The excess hydrogen 

chloride was removed by allowing the brown oil to stand over NaOH pel

lets until neutral to indicator paper. 

The brown oil analyzed by vpc indicated that N-ethylpropion-

amide was absent, but 3-pentanone and unreacted oxime were present. 

Thin layer chromatography (tic) on silica gel indicated at least ten 

components were present. 
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An independent experiment with 3-pentanone oxime and J:-butyl 

o 
alcohol with 0.15 N hydrochloric acid performed at 50 in the dark for 

49 hr indicated no reaction had taken place except for some hydrolysis 

of the oxime. 

0.15 N HCl/.t-Butyl Alcohol (3500 A) 

The original acidic oxime/t^butyl alcohol solution showed uv 

maxima at 590 nm, 490 nm and 363 nm. 

A reaction solution of 1.53 g of 3-pentanone oxime (0.015 mole) 

was dissolved in 100 ml of 0.15 N hydrochloric acid/t-butyl alcohol. 

O 
The system was degassed at 0.02 mm and then exposed to 3500 A light for 

52 hr. 

There appeared to be little gas liberated when the pink-red so

lution was frozen. 

A uv spectrum of the reaction solution showed absorption peaks 

at 609 nm (weak), 490 nm, and 340 nm (shoulder). The reaction solution 

was still acidic and Procedure A was used to remove the solvent. A red 

oil and a white solid remained. The reaction product gave a negative 

KI/HOAc test. The white solid was hydroxylamine hydrochloride. 

The red oil was allowed to stand over NaOH pellets until the 

oil gave a neutral reaction to pH indicator paper. Ammonia was liber

ated during this time. The oil, analyzed by vpc, indicated only the 

oxime and 3-pentanone were present. 

t-Butyl Alcohol 

The reaction solution was composed of 1.55 g (0.015 mole) of 

3-pentanone oxime dissolved in 100 ml of t>butyl alcohol. The system 
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O 
was degassed at 0.01 mm in a Vycor tube and then exposed to 2537 A 

light for 47 hr. A sample of the solution was removed for an emission 

spectrum. The pH of the solution was 7-8. 

The reaction solution was then processed by Procedure B and the 

resulting yellow oil gave a positive KI/HOAc test. Analysis by vpc in

dicated a 17% loss in reaction material. 

The yellow oil was chromatographed on neutral A^O^ and the re

sulting fractions were analyzed by vpc. The results are tabulated in 

Tables 5 and 6 (see Results section, pages 47 and 48). 

The _t-butyl alcohol solvent was treated with anhydrous hydrogen 

chloride and the solvent was removed under vacuum. A pale yellow solid 

(largely ammonium chloride) remained. 

A similar reaction system with 3-pentanone oxime was used to 

determine the composition of the gaseous products formed during the 

photolysis. These results are shown in Table 3. 

t.-Butyl Alcohol Under Helium Atmosphere 

Into 100 ml of _t-butyl alcohol was dissolved 1.56 g (0.016 

mole) of 3-pentanone oxime and the solution was placed in a Vycor tube. 

Helium gas was bubbled through the solution for 4% hr before the reac

tion was initiated. An oil bubbler exhaust tube was used so that no 

atmospheric gas could diffuse back into the reaction solution. 

O 
After 47 hr of irradiation at 2537 A, the reaction solution had 

a pale yellow color and a pH of 5-7. 

The solvent was removed by Procedure B and the resulting orange 

oil weighed 1.22 g (a 21% loss). Column chromatography on neutral 



aluminum oxide and vpc analysis on 18% silicone rubber indicated that 

the only products were 3-pentanone, 3-pentanone oxime, N-ethylpropiona-

mide, propionamide, and dipropionamide. 

Only a small portion of ammonium chloride was isolated from the 

£-butyl alcohol when hydrogen chloride gas had been added. 

_t-Butyl Alcohol/Water 

A reaction mixture of 5.2 g of water, 1.53 g (0.015 mole) of 

3-pentanone oxime and 98 ml of t-butyl alcohol was placed in a Vycor 

tube. The reaction solution was degassed at 0.02 mm and then exposed 

o 
to 2537 A for 50.5 hr. Gas evolution could be easily seen during the 

photolysis. 

The pale yellow reaction solution had a pH of 7-8 and the sol

vent was removed by Procedure B. The yellow oil residue had a weight 

of 1.09 g (a 29% loss) and gave a positive KI/HOAc test. 

Column chromatography and vpc analysis indicated the presence 

of 3-pentanone, 3-pentanone oxime, N-ethylpropionamide, dipropionamide, 

and propionamide. After treatment with hydrogen chloride gas the 

J:-butyl alcohol solution gave ammonium chloride. 

.t-Butyl Alcohol/Cyclohexene 

The purpose of this reaction was to attempt to trap the major 

reaction fragments. The reaction mixture was composed of 1.68 g of 

3-pentanone oxime (0.017 mole) and 16.9 g of cyclohexene dissolved in 

100 ml of tj-butyl alcohol. The system was degassed at 0.01 mm in a 

O 
Vycor tube and placed in a 2537 A light for 69.5 hr. 
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When the solution was frozen, gas was liberated. The solvent 

was removed by Procedure A and the solvent was saved. The yellow, oily 

reaction product gave a positive KI/HOAc test. 

Analysis by vpc on an 18% silicone rubber column showed that in 

addition to unreacted oxime, N-ethylpropionamide, and 3-pentanone, there 

were four other peaks having boiling points higher than the substituted 

amide. 

By using column chromatography on neutral aluminum oxide and 

preparative vpc, the four peaks were isolated. The various products 

identified from the four peaks were 3-cyclohexylcyclohexene, 3,3'-bicy-

clohexenyl, bicyclohexyl, cyclohexyl ethyl ketone, 2-ethylcyclohexyl 

ethyl ketone, N-(3-cyclohexenyl)-N-ethylpropionamide, N-cyclohexyl-

N-ethylpropionamide, and l-oxa-2-aza(3-pentane)bicyclo[4.2.0]octane. 

Some of the components were present in minor amounts. Mass and 

infrared spectra were used in addition to 2,4-dinitrophenylhydrazine 

derivatives to identify the components. 

Isopropyl Alcohol Under 
Helium Atmosphere 

Because of the low temperature required to freeze isopropyl 

alcohol, helium gas was used to purge the solution of dissolved oxygen. 

The reaction solution consisted of 1.56 g (0.015 mole) of 3-pentanone 

oxime dissolved in 100 ml of isopropyl alcohol. The helium gas was 

bubbled through the solution by means of a sintered glass gas tube. 

The escaping gas was then passed through a trap cooled by Dry Ice/ 

acetone. The helium gas was bubbled through the solution for 4% hr 
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O 
before the reaction solution was exposed to 2537 A light for 47 hr. 

The trap contained only several milliliters of liquid which had a 

o 
strong "ammonia" odor. Analysis by vpc at 40 on 12/» silicone rubber 

indicated only approximately 1% acetone present. 

The clear reaction solution had a pH of 6-8 and the solvent was 

removed by Procedure B. The clear oil residue weighed 1.07 g (a 31% 

loss) and gave a negative KI/HOAc test. The oil did gain a slight yel

low color on standing. 

Column chromatography and vpc analysis showed the presence of 

3-pentanone, 3-pentanone oxime, and propionamide. There was also a 

fourth component with strong primary amide characteristics. Ihe nmr 

spectrum of this component had a multiplet at f 8.9 and singlets at 

/7.3, 4.6, and 4.1 with relative intensities of 5:3:1:1, respectively. 

The mass spectrum contained mass peaks characteristic of pri

mary amides, but the lack of a definitive parent peak precluded further 

identification of the compound. Infrared spectra showed primary ab

sorptions at 3320, 1650, 1380, and 1145 cm * but lacked a peak in the 

1550-1560 cm"''' region which is characteristic of secondary amides. The 

reaction yielded 1170 of the above compound. It is possible that a rad

ical species generated from the isopropyl alcohol had intercepted a 

portion of the propionamide generated during the reaction. If the pro-

pionamide-radical compound in the reaction were added to the isolated 

propionamide, then the total yield of propionamide-type compounds would 

be approximately 237». 
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Sensitization Reactions With 3-Pentanone Oxime 

Dibenzofuran 

A 100-ml solution of t^butyl alcohol was placed in a Vycor tube 

with 1.59 g of 3-pentanone oxime (0.016 mole) and 1.03 g of dibenzo-

_3 
furan (6 x 10 mole). With this concentration the dibenzofuran has a 

relative absorption 600 times greater than the oxime at 250 nm. The re-

O 
action was degassed at 0.01 mm and photolyzed in 2537 A for 47.5 hr. 

When the yellow reaction solution was frozen, gas bubbles were 

liberated. The pH of the reaction solution was 5-7. Procedure B was 

used to isolate the reaction products. The KI/HOAc test was inconclu

sive. Column chromatography and vpc analysis both confirmed that there 

was no substituted amide present. Further examination of the dibenzo

furan residue indicated the absence of substituted dibenzofuran products. 

When reacted with hydrogen chloride gas, the J:-butyl alcohol 

fractions from Procedure B gave a yellow precipitate composed of hydrox-

ylamine hydrochloride. 

Acetone 

The normal freeze-thaw technique for degassing the reaction ma

terial was not useful since the reaction tube would shatter due to ex

pansion under the liquid nitrogen conditions used. 

In a double-walled Pyrex flask was placed 100 ml of acetone and 

1.55 g (0.015 mole) of 3-pentanone oxime. Nitrogen gas was bubbled 

through the solution for 2% hr and the exhaust gases were passed through 

a Dry Ice/acetone cooled trap. The reaction was then exposed to 
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O 
irradiation from 2537 A lamps which had some emission in the 3000-

3500 A region. 

After 65.5 hr the yellow reaction solution was removed and 

processed by Procedure B. The reaction products gave a negative 

KI/HOAc test. Column chromatography and vpc analysis indicated that 

only an oxime and an unknown oxygen-sensitive compound of unknown com

position were present. N-ethylpropionamide and propionamide could not 

be detected. Further studies indicated that the reaction products were 

probably derived from attack by acetyl radicals on the starting oxime. 

Acetone was the only material found in the Dry Ice trap as de

termined by room temperature vpc analysis over a silicone rubber col

umn. 

After being mixed with hydrogen chloride gas, ammonium chloride 

was isolated as the residue from the acetone fractions of Procedure B. 

Quenching Studies of the Photoreaction 
of 3-Pentanone Oxime 

Naphthalene 

Into 100 ml of t_-butyl alcohol was dissolved 1.58 g (0.016 

mole) of 3-pentanone oxime and 0.076 g (5.5 x 10 ̂  mole) of naphtha

lene. The reaction was placed in a Vycor tube and was degassed at 

O 
0.02 mm. The reaction solution was placed in 2537 A light for 47% hr. 

The yellow solution was removed and when the solution was frozen, gas 

bubbles were released. 

Ihe reaction was worked up using Procedure B. The reaction had 

a pH of 6-8 and gave a poor KI/HOAc test. There was a 277» loss in 
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reaction material. Analysis by vpc of the reaction mixture indicated 

the absence of N-ethylpropionamide. 

When the reaction solution was chromatographed on a 6.8 x 1.8cm 

neutral aluminum oxide column and the various fractions analyzed by vpc 

on silicone rubber, it was possible to detect only 1% of the substi

tuted amide. Propionamide could not be detected. 

Hydrogen chloride gas was added to the t^butyl alcohol saved 

from the distillation and the alcohol was removed under vacuum. A yel

low residue remained. Melting point data indicated the majority of the 

residue was ammonium chloride with some hydroxylamine hydrochloride 

also present. 

The identities of the gaseous products were determined by 

photolyzing for 71 hr a 0.16 M solution of 3-pentanone oxime containing 

_3 
1.1 x 10 mole of naphthalene. A gas sample was removed from the yel

low reaction solution using the procedure already described. The re

sults are tabulated in Table 3. 

The pH of the reaction solution was 6-8 and it was handled in 

the manner described in Procedure B. The isolated reaction product 

gave a negative KI/HOAc test. 

Analysis by vpc on silicone rubber indicated 2% or less of 

N-ethylpropionamide. No attempt was made to determine the presence of 

propionamide. 

Iron(lll) Acetylacetonate [Fe(AA)3] 

A reaction solution of 0.025 g of FeCAA)^ (7 x 10*""' mole) and 

1.55 g of pentanone oxime (0.015 mole) was combined in 100 ml of t-butyl 
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alcohol. The reaction was placed in a Vycor tube and was degassed at 

0.01 mm. After 48 hr the orange-brown solution was removed from the 

O 
2537 A light source. Gas bubbles were evolved when the solution was 

frozen, and the pH of the reaction was 6-8. 

Procedure B was used to analyze the reaction products. There 

was a 357» loss in reaction material which also gave a poor KI/HOAc test. 

Analysis by vpc showed that the concentration of N-ethylpropionamide 

present was less than 27». This was further confirmed by column chroma

tography. It was also established that the FeCAA)^ was being consumed 

in the photolysis. 

Hydrogen chloride gas was bubbled in the t-butyl alcohol frac

tions from Procedure B. A small quantity of yellow residue was collected. 

Melting point data indicated only ammonium chloride present. 

Photolysis of 3-Pentanone Oxime and 
3.3-Dimethyl-2-butanone Oxime 

(Crossover Experiment) 

This experiment was done to determine whether a "fragmentation" 

Beckmann reaction was taking place. Into a Vycor tube was placed 100 ml 

of a J:-butyl alcohol solution containing 1.00 g (0.01 mole) of 3-penta-

none oxime and 1.61 g (0.014 mole) of 3,3-dimethyl-2-butanone oxime. 

The solution was degassed at 0.05 mm. After 114.5 hr of irradiation at 

O 
2537 A light, the reaction tube was opened and the solution had a pH of 

7-8. 

The solvent was removed by Procedure A, leaving 1.80 g (a 33% 

loss) of yellow oil. This oil gave a positive KI/HOAc test. Analysis 
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by vpc on an 18% silicone rubber column indicated that nine products 

were present. 

Column chromatography on neutral aluminvim oxide gave fractions 

1-6. Fraction 1 was composed of silicone grease; fraction 2 was com

posed of the two starting oximes. ' Fraction 3 was composed of the two 

starting oximes in addition to N-t-butylacetamide. Fractions 5 and 6 

were composed of propionamide and acetamide. Fraction 4 indicated by 

analysis on a 6-ft, 57» FFAP column that it was composed of five compon

ents. Three of the components were composed of ketones, 3,3-dimethyl-

2-butanone oxime and N-ethylpropionamide. The two remaining components 

were collected by preparative vpc techniques. Mass spectral analysis 

was performed with the components. Unfortunately the presence of the 

3,3-dimethy1-2-butanone oxime in each sample clouded the results. The 

mass spectral data indicated that the two components were N,N-diethyl-

propionamide (m/e 129) and N-t-butylpropionamide (m/e 129) in addition 

to the 3,3-dimethy1-2-butanone oxime (m/e 115). The possibility of 

dipropionamide (m/e 129) was excluded because of the absence of this 

compound's characteristic m/e 101 peak. The overall concentrations of 

N,N-diethylpropionamide and N-Jt-butylpropionamide would be approxi

mately 107o and 27«, respectively. 

Photolysis of Sodium 3-Pentanone Oximate 

The oxime sodium salt (1.11 g, 0.009 mole) was dispersed in 

100 ml of £-butyl alcohol. The reaction was in a Vycor tube and was 

O 
degassed at 0.01 mm. The solution was exposed to 2537 A light for 48 

hr. The reaction vessel contained a yellow liquid and a white 
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precipitate on the glass walls. A gas sample was collected and the re

sults are tabulated in Table 3. 

When the system was opened the reaction solution had a pH of 

8-9. The solvent was removed by Procedure B. Only a yellow solid re

mained in the reaction flask and it was removed by mixing it with 

chloroform. This solid was found to be composed of three major com

ponents: sodium carbonate, sodium propionate, and a yellow organic oil 

composed of many components. The reaction products contained neither 

3-pentanone nor N-ethylpropionamide. 

The b-butyl alcohol from Procedure B yielded a yellow residue 

after hydrogen chloride gas had been added. This residue was ammonium 

chloride. 

Photolysis of 3-Pentanone Oxime O-Methyl Ether 

Into 100 ml of J>butyl alcohol was dissolved 1.84 g (0.016 

mole) of the methyl ether. The reaction solution was degassed at 0.025 

O 
mm and then exposed in a Vycor tube for 49 hr to 2537 A light. 

The solution had a pH of 7-8 and the solvent was removed by 

Procedure B. The weight of the yellow reaction residue was 0.25 g (an 

85% loss). 

Analysis by vpc on an 187» silicone rubber column indicated that 

the bulk of the residue was unreacted methyl ether and organic materi-

o 
als having a boiling point greater than 270 . There was no indication 

of N-ethylpropionamide or propionamide. 



The _t-butyl alcohol solvent was mixed with hydrogen chloride 

gas and the solvent once again was removed. The residue was composed 

of methoxylamine hydrochloride and ammonium chloride. 

Photolysis of 2-Propanone Oxime 

To a Vycor tube was added 1.16 g (0.016 mole) of 2-propanone 

oxime to 100 ml of jt-butyl alcohol. After the reaction had been de-

o 
gassed at 0.07 mm, it was exposed to 2537 A for 48 hr. 

The pale yellow reaction solution was frozen and a gas sample 

was removed. The results are tabulated in Table 3. 

The solution had a pH of 7 and the solvent was removed by Pro

cedure B. The weight of the yellow reaction product was 0.47 g (a 60% 

loss in material). The product gave a positive KI/HOAc test. 

A combination of column chromatography and vpc techniques es

tablished the presence of N-methylacetamide and acetamide. 

The J:-butyl alcohol distillate was mixed with hydrogen chloride 

gas. After the solvent had been removed, a white residue remained 

which was shown to be ammonium chloride. 

Photolysis of 3.3-Dimethyl-2-butanone Oxime 

To 100 ml of _t-butyl alcohol was added 1.59 g (0.014 mole) of 

the oxime. The reaction was in a Vycor tube and was degassed at 0.03 

o 
mm. After 94 hr of 2537 A irradiation, the pale yellow reaction solu

tion was removed. 
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The pH of the solution was 7-8, and the solvent was removed by 

Procedure B. The weight of the yellow reaction liquid was 0.81 g (497» 

loss of material). 

Only qualitative data were obtained on the composition of the 

reaction products. Column chromatography on neutral aluminum oxide, 

vpc, melting points, and infrared data indicated that N-J>butylacetam-

ide, acetamide, 3,3-dimethyl-2-butanone, as well as starting material, 

were present. 

After the usual hydrogen chloride gas treatment, the t-butyl 

alcohol distillate yielded ammonium chloride. 

Photolysis of Propionamide 

The reaction solution was composed of 0.77 g (0.01 mole) of 

propionamide dissolved in 100 ml of t-butyl alcohol and the solution 

O 
was then degassed at 0.15 mm. After 48 hr of 2537 A irradiation in 

the Vycor tube, the reaction solution had a yellow color. 

A gas sample was prepared and the results are listed in Table 

4. The reaction solution had a pH of 5-6 and the solvent was removed 

under vacuum and saved. 

The resulting yellow solid had a weight of 0.91 g (a 16% gain 

in weight). A sample of the solid dissolved in acetone gave a nega

tive KI/HOAc test. 

Analysis of the yellow solid by column chromatography gave only 

starting material. This was further confirmed by infrared spectra, 

melting points, and mixed melting points. 
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Hydrogen chloride gas was added to the t-butyl alcohol distil

late and the solvent once again was removed under vacuum. The yellow 

O 
residue did not melt below 300 and it was composed of ammonium chloride. 

Photolysis of N-Ethylpropionamide 

To 100 ml of t-butyl alcohol was added 1.06 g (0.011 mole) of 

the amide and the solution was degassed at 0.05 mm in a Vycor tube. 

O 
After 100 hr of irradiation at 2537 A, the solution had a slight yellow 

color. 

The solvent was removed by Procedure A. The weight of the yel

low oil reaction product was 0.93 g, a 127» loss of material. This oil 

gave a negative KI/HOAc test. 

A combination of vacuum distillation and column chromatography 

indicated that 98% of the reaction product was N-ethylpropionamide. 

Propionamide, 3-pentanone oxime, and 3-pentanone could not be detected. 

A white crystalline solid (0.1% of the reaction product) having a melt-

O 
ing point of 256-257 and m/e 200 was tentatively identified as N,N -

dipropiony1-(1,2-dimethy1)-ethylenediamide. 

A 0.01 mole solution of N-ethylpropionamide in 100 ml of t-butyl 

O 
alcohol was irradiated for 144 hr in a Vycor tube at 2537 A. A gas 

sample was prepared and the results are tabulated in Table 4. 

Photolysis of Dipropionamide 

The reaction solution was composed of 0.42 g (0.008 mole) of 

dipropionamide dissolved in 40 ml of ^-butyl alcohol. The reaction was 

O 
degassed at 0.01 mm and exposed to 2537 A light for 47.5hr. 
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A gas sample was prepared from the pale yellow reaction solu

tion. (See Table 4 for these results.) The solution had a pH of 5-7 

and the solvent was removed by Procedure A and saved. The weight of 

the off-white residue was 0.37 g (a 12% loss). 

Column chromatography on neutral aluminum oxide confirmed that 

dipropionamide and propionamide were present. These assignments were 

confirmed by infrared spectra, melting points, and mixed melting points. 

When hydrogen chloride gas was added to the reclaimed solvent 

of Procedure A and the solvent was again removed by vacuum, only a drop 

of brown oil remained. There was too little material for identification. 

Photolysis of N.N'-Dipropionylhydrazine 

The reaction solution was composed of 0.37 g (0.002 mole) of 

N,N'-dipropionylhydrazine dissolved in 100 ml of t-butyl alcohol. 

Larger quantities of the N,N*-dipropionylhydrazine could not be used 

because of the large volume of gas evolved. 

The system was degassed at 0.03 mm in a Vycor tube and then ex

posed to 2537 A light for 48.5 hr. 

A gas sample was prepared and the results are tabulated in Table 

4. The reaction mixture had a pH of 6-7 and the solvent was removed by 

Procedure A. The solvent was saved. 

The yellow residue had a weight of 0.36 g (a 27o loss) and it 

gave a positive KI/HOAc test. This residue was chromatographed on neu

tral aluminum oxide. The bulk of the material (857») was the starting 

reagent. There were small amounts of oils present which had infrared 

spectra similar to amides. ITiese spectra did not agree with any amide 



or substituted amide characterized in this research project. The small 

quantity of material precluded any further work. No propionamide or 

N-ethylpropionamide was isolated. 

A portion of the t-butyl alcohol was tested for ketones with 

2,4-dinitrophenylhydrazine, but no precipitate formed. 

Only a very small amount of brown solid was isolated after the 

usual hydrogen chloride gas treatment of the t-butyl alcohol solvent. 

The solid could not be characterized. 

Photolysis of 3-Pentanone 

The reaction system was composed of 100 ml of t-butyl alcohol 

and 1.55 g (0.017 mole) of 3-pentanonc, and this solution was degassed 

at 0.10 mm. 

o 
After exposing the sample for 48 hr to 2537 A light, it was 

frozen and a gas sample was removed. These data are tabulated in 

Table 4. 

Procedure B was used to remove the solvent. Analysis by vpc of 

the remaining yellow oil reaction product indicated at least twelve 

components present. Infrared spectra indicated the reaction product 

was composed of ketones and hydroxyl-type compounds. 
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Table 3. Relative Quantities of Various Gas Products From Photolysis Reactions of Oximes. 

Compound 
Time 
(hr) H2 CH4 

CO 
N2 C2H6 C°2 C4H8 

3-Pentanone Oxime 49 n.d. 0 18 62 20 0 0 

93.5 n.d. 0 14 49 32[1] 5C2] 0 

Q 
3-Pentanone Oxime 71 yes 0 55 31 14 0 0 

Sodium 3-Pentanone Oximate 48 n.d. 3 3 92 2 0 0 

3-Pentanone Oxime^ 48 n.d. 12 17 26 24^ 13 [4] 8 

3-Pentanone Oxime O-Methyl Ether 48 n.d. 12 62 20 6 0 0 

2-Propanone Oxime 48 n.d. 34 0 66 0 0 0 

3,3-Dimethyl-2-butanone Oxime 48 yes 22 28 38 0 8 4 

a. Percent of total gas composition. [1] 0.57o NO also present. 

b. Not practical to determine concentration. [2] 1.27o ̂ 0 also present. 

c. 
_3 

1.6 x 10 M naphthalene. [3] No NO detected. 

d. Solvent was 0.15 N HC1 dissolved in jt-butyl alcohol. 

1—
) 

1 
1 No N^O detected. 

n.d, Not determined. 

lo 



Table 4. Relative Quantities of Various Gas Products From Photolysis Reactions. 

Compound 
Time 
(hr) H2 

CH. 
4 

CO 
N2 C2H6 C°2 C4H8 

3-Pentanone 48 n.d. 0 0 0 96 4 0 

Propionamide 48 n.d. 20 39 33 4 3 0 

N-Ethylpropionamide 144 n.d. 0 80 0 16 3 0 

Dipropionamide 47 n.d. 2 74 0 17 7 0 

N,N'-Dipropionylhydrazine 48 yes 0 44 52 3 1 0 

a. Percent of total gas composition. 



RESULTS 

The various oximes and related compounds used in this study 

were prepared by known synthetic methods. Only sodium 3-pentanone oxi-

mate posed a problem (removal of the inorganic impurities). 

There were several reasons for choosing J>butyl alcohol as the 

primary solvent for this study. The alcohol is relatively easy to 

purify by distillation. Besides a low boiling point, this solvent has 

a high freezing point. The latter property is important in the degas

sing step since a Dry Ice-acetone bath can be employed for freezing. 

In contrast to water, methanol, or isopropyl alcohol, _t-butyl alcohol 

does not expand appreciably upcn freezing. The expansion of the sol

vents during freezing causes shattering of the sample tubes. The di-

O 
electric constant for t^butyl alcohol is 10.9 at 30 as compared to 2.0 

for cyclohexane and 32,6 for methanol. 

Another prime consideration for the use of J>butyl alcohol was 

the lack of hydrogen atoms eC to the hydroxyl group. The presence of 

such hydrogen atoms could lead to photoreduction reactions. 

Photolysis of a degassed 0,1 M solution of 3-pentanone oxime 

for 47 hr with 2537 A light gave a variety of gaseous (39%) and non

gaseous products (6l7»). Of the recovered nongaseous products, 20% was 

unreacted oxime, 18% was 3-pentanone, 11% was N-ethylpropionamide, 9% 

was propionamide, and 3% was dipropionamide. 
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When the 3-pentanone oxime was exposed for 260 hr under similar 

conditions, little change was observed in the percentage of recovered 

oxime or in N-ethylpropionamide, but a significant decrease in the quan

tity of 3-pentanone and propionamide with a corresponding increase of 

dipropionamide was seen. These results are shown in Tables 5 and 6. 

Throughout these studies fluorescence emission from the reaction 

solution was observed after the various periods of irradiation. When 

O 
samples of the solution were excited in the 360-380 nm region at 25 , 

an emission was observed in the 435-455 nm region. The results, using 

tic (silica gel) indicated that this fluorescence emanated from polar 

type compounds (R~0). Because of their low concentration, it was not 

possible to characterize the compounds further. 

The photolyzed 3-pentanone oxime solution also liberated iodine 

from a KI/HOAc solution. Such a solution was suggested by Emmons 

(1957) for testing for oxaziranes. 

The gaseous products from a 49-hr irradiation of 3-pentanone 

oxime in t:-butyl alcohol yielded carbon monoxide, nitrogen, and ethane. 

A reaction solution exposed for 93.5 hr produced, in addition to the 

same gases, carbon dioxide and small quantities of nitrogen(l) oxide 

and nitrogen(ll) oxide. The latter two gases were determined by high 

resolution mass spectrometry. 

The presence of ammonia was confirmed by isolating ammonium 

chloride. Ihe data for the gaseous products is summarized in Tables 

3 and 4. 
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Table 5. Reaction Data for Irradiation of 3-Pentanone Oxime in 
_t-Butyl Alcohol at 2537 A. 

Time (hr) % Loss KI/HOAc pH NH3 NI^OH 

47 17 + 7-8 X 

260 34 + n.d. n.d. n.d. 

47a 21 + 5-7 X 

50.5b 28 + 7-8 X 

47.5° 27 
d 
+ 6-8 X X 

48e 35 
d 
+ 6-8 X 

48f n.d. - n.d. X X 

52f'8 n.d. - n.d. X X 

a. He atmosphere. 

b. Water added to alcohol. 

c. Naphthalene present. 

d. Poor response to test. 

e. FeCAA)^ present. 

f. 0.15 N HC1 in alcohol. 

g. Irradiated at 3500 A. 

n.d. Not determined. 

X Present but yield was not determined. 
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Table 6. Product Yields for 3-Pentanone Oxime Irradiation in 
t^Butyl Alcohol (% of Recovered Material). 

Time (hr) (Et^CNOH (Et^CO Et(CO)NHEt Et(CO)NH2 [Et(CO)]2NH 

47 20 18 11 9 3 

260 23 1 11 2 12 

47a 35 6 5 7 2 

50.5b 34 6 9 8 9 

47.5C 67 4 1 0 0 

48d 69 1 0 0 0 

a
 C

O 

X X 0 0 0 

52e'f X X 0 0 0 

(X Present but yield was not determined) 

a. He atmosphere. 

b. Water added to alcohol. 

c. Naphthalene present. 

d. FeCAA)^ present. 

e. 0.15 N HC1 in alcohol. 

f. Irradiated at 3500 A. 



Attempts to thermally promote rearrangement of 3-pentanone 

oxime either neat or in t-butyl alcohol failed. 

When a 0.16 M solution of 3-pentanone oxime in hexane was 

photolyzed for 48 hr, 947» of reaction material was recovered. The re

action material was primarily unreacted oxime with only trace amounts 

of 3-pentanone and propionamide as shown in Tables 7 and 8. 

Many products were formed, but none of the expected photo-

reaction products was found when a 0.15 M solution of 3-pentanone oxime 

was photolyzed in a 0.15 N hydrogen chloride/t-butyl alcohol solution. 

O 
The solution had been irradiated at 2537 A for 48 hr. 

The absence of photorearrangement products was again confirmed 

o 
when a 0.15 M solution of 3-pentanone oxime was photolyzed at 3500 A 

in a 0,15 N hydrogen chloride/t-butyl alcohol solution. Both of these 

systems gave negative KI/HOAc tests (see Tables 5 and 6). 

A 0.15 M solution of 3-pentanone oxime in isopropyl alcohol was 

O 
irradiated at 2537 A for 47 hr. There was a 31% loss in recovered mater-

ial and a negative KI/HOAc test for oxaziranes was observed. The reac

tion mixture was composed of 3-pentanone, 3-pentanone oxime, propion

amide, and a secondary primary amide that could not be completely char

acterized. There were only trace amounts of N-ethylpropionamide and 

dipropionamide. These results are summarized in Tables 7 and 8. 

A t.-butyl alcohol-water mixture (98 ml/5 ml) was used for the 

O 
photolysis of a 0.15 M solution of 3-pentanone oxime at 2537 A for 50.5 

hr. Tables 5 and 6 show that the normal yields of the photoproducts 
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Table 7. Reaction Data for 3-Pentanone Oxime in Various Solvents. 

Solvent Time (hr) % Loss KI/HOAc pH NH. j NH2OH 

Isopropyl 
a 47 31 6-8 X 

alcohol 
a 47 31 6-8 X 

Acetone 65.5 7 - 6-8 X 

Hexane 48 6 + 8-9 X 

(X Present but yield was not determined) 

a . He atmosphere. 

Table 8. Product Yields for 3-Pentanone Oxime Irradiation in Various 
Solvents (7o of Recovered Products). 

Solvent Time3 (Et)2CN0H (Et)2C0 Et(C0)NHEt Et(C0)NH2 (EtC0)2NH 

Isopropyl 
alcohol^ 

47 38 2 trace 17C trace 

Acetone 65.5 X 0 0 0 0 

Hexane 48 83 1 0 trace 0 

(X Present but yield was not determined) 

a. 

b. 

c. 

Time in hr. 

He atmosphere. 

See Experimental section. 
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were formed except that the yield for dipropionamide was three times 

greater than when the reaction contained no water. 

The various nonvolatile photorearrangement products from 

3-pentanone oxime were individually photolyzed to determine the type 

of gaseous products formed. This was done to determine if any one par

ticular photorearrangement product would account for the appearance of 

the various gaseous products tabulated in Table 4. The results indi

cated that no one particular compound was responsible for all of the 

gas products. The N-ethylpropionamide was a prime contributor of. the 

carbon monoxide and carbon dioxide and small quantities of ethane. 

Propionamide contributed little of the gas since no methane is observed 

in the oxime photolysis. The 3-pentanone yielded the major portion of 

the ethane gas. The dipropionamide may have also contributed a portion 

of the carbon monoxide, ethane, and carbon dioxide. Since the yield of 

dipropionamide was low in the photolyzed reaction, any quantity of meth

ane generated by this route would be too small to be detected. 

The 2-propanone oxime and 3,3-dimethyl-2-butanone oximes were 

photolyzed separately to see if these structurally different compounds 

would yield rearrangement products similar to those produced in the 

photolysis of 3-pentanone oxime. Though the yields of the various 

amides and ketones from the two oximes did not parallel the 3-pentanone 

oxime system, the product types did show such parallelism. The gaseous 

products were primarily methane, nitrogen, ammonia, and also carbon 

monoxide in the case of 3,3-dimethyl-2-butanone oxime. The volatile 



products are summarized in Table 3 and the nonvolatile components are 

listed in Tables 9 and 10. 

The photolysis of sodium 3-pentanone oximate and 3-pentanone 

oxime 0-methyl ether was investigated to determine the effect of oxy

gen substituents on the yield of the photorearrangement products. A 

0.09 M solution of sodium 3-pentanone oximate in _t-butyl alcohol 

yielded neither 3-pentanone nor N-ethylpropionamide after 48 hr of ir

radiation. Similarly a 0.016 M solution of 3-pentanone oxime 0-methyl 

ether was photolyzed; propionamide and N-ethylpropionamide could not 

be detected. The bulk of the material was unreacted ether and products 

O 
having boiling points greater than 270 . The results for both compounds 

are summarized in Tables 3, 9, and 10. 

Several experiments were conducted in an attempt to sensitize 

the 3-pentanone oxime rearrangement. Both dibenzofuran (E^, = 70 kcal/ 

mole) and acetone (E^, = 80 kcal/mole) failed to yield any of the ex

pected products. 

Quenching studies were also performed with naphthalene (E^, = 

60.9 kcal/mole) and iron(lll) acetylacetonate. 

When naphthalene was used, there was a 277» loss in reaction ma

terial but only 1% of N-ethylpropionamide was identified. No propion

amide was identified. This system also gave a negative KI/HOAc test. 

When Fe(AA)^ was used there was a 357. loss in material and an 

inconclusive KI/HOAc test was recorded. Less than 27° N-ethylpropion

amide was formed under these conditions. Results for both quenching 

experiments are tabulated in Tables 5 and 6. 
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Table 9. Svimmary 
Various 

of Reaction Products From Photolysis (2537 A) 
Oximes and Amides in t-Butyl Alcohol. 

of 

Compound Time (hr) % Loss KI/HOAc PH NH3 NH2OH 

(CH3)2CNOH 49 59 
a 
+ 7-8 X 

[(CH3)3C] CH3CNOH 94 49 + 7-8 X 

(ET^CNOOTE® 48 n.d. 
a 
+ 8-9 X 

Et(CO)NH2 48 16b - 5-6 X 

Et(CO)NHEt 100 12 - n.d. n.d. n.d. 

(EtCO)2NH 47.5 12 n.d. 5-7 n.d. n.d. 

(EtCONH)2 48.5 2 + n.d. n.d. n.d. 

(ET)2CNOCH3 49 85 + 7-8 X XC 

(n.d. Not determined.) 

(X Material was identified but yields were not 
determined.) 

a. 

b. 

c. 

Poor response to test. 

A gain in weight. 

Methoxylamine. 
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O 
Table 10. Sununary of Reaction Products From Photolysis (2537 A) of 

Various Oximes and Amides in t-Butyl Alcohol (7o of Recov
ered Products). 

Compound Time3 RR'CNOH R^O R(C0)NHR R(C0)NH2 (RCO^NH 

(CH3)2CNOH 49 31 n.d. 6 2.5 0 

[(CH3>3C] CH3CNOH 94 X X X X 0 

(Et^CNO^Na® 48 X 0 0 0 0 

Et(C0)NH2 48 0 0 0 100 0 

Et(CO)NHEt , 100 0 0 90 0 0 

(EtC0)2NH 47.5 0 0 0 51 15 

(EtC0NH)2 48.5 0 0 0 0 0 

(Et)2CNOCH3 49 Xb 0 0 0 0 

(n.d. Not determined.) 

(X Material was identified but yields were not determined.) 

a. Time in hours. 

b. As the methyl ether. 
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The possibility that a light-initiated "fragmentation" Beckmann 

reaction could account for the rearrangement products was explored. 

The method used was a "crossover" experiment in which two oximes were 

photolyzed together to see if any of the "mixed" rearrangement products 

were formed. A 0.1 M solution of 3-pentanone oxime and a 0.14 M solu

tion of 3,3-dimethyl-2-butanone oxime were photolyzed over a 114-hr 

period. From this reaction it was possible to isolate no more than a 

27° yield of N-t-butylpropionamide. N-ethylacetamide could not be iden

tified even though this would be the other expected crossover product. 

The data presented indicates that there are two major photo

chemical reaction mechanisms operating concurrently. 

The first step of the photorearrangement process probably in

volves a 1,2-proton shift to the nitrogen atom of the oxime. The re

sulting intermediate then rearranges to an oxazirane, which reacts 

further to give various products. The isolated products depend on the 

concentrations and types of radical species available from other 

sources. 

There could also be a photofragmentation reaction similar to 

the one seen for.simple alkyl ketones. This particular idea is rein

forced by the mass spectral data (Table 11, Discussion section, p. 65) 

for the various oximes studied in this work. This fragmentation reac

tion is a major source of ethane seen in the photolysis of 3-pentanone 

oxime. 

The photoproducts of the two major photoreaction mechanisms 

then undergo secondary photoreactions yielding the other various gases 
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tabulated in Tables 3 and 4 with the exception of nitrogen and ammonia 

which appear to arise from a disproportionation reaction of imidogen 

(•NH). 



DISCUSSION 

Ground State Chemistry of Oxlmes 

One of the first questions that must be answered is whether 

the compounds used in this study were actually oximes even though the 

physical constants for these compounds agreed with literature values. 

This question is not as trivial as it might seem. Some oximes, such as 

dicyclopropyl ketone oxime (Small 1968) and benzophenone oxime, will 

decompose on standing in air and, in fact, this characteristic of 

benzophenone oxime has been used by Lachman (1924, 1943) to prepare 

diphenylmethane imine. 

O 
202C=N-OH 160-185— 0ZC=O + 02C=NH + NH3 + ^0 + 

It has also been noted that certain oximes witho<-hydrogens 

can be made to decompose into alcohol and nitrile fragments. 

A possible explanation for the bulk of the products observed 

in this study would be a reaction sequence similar to Lachman's for 

benzophenone oxime. For this explanation to be valid, the 3-pentanone 

oxime would have to undergo this reaction in Jt-butyl alcohol at mild 

O 
temperatures, ca. 60 , since the reaction conditions employed never ex

ceeded this temperature. An experiment was performed to isolate any 

diethylimine (or its polymeric products) or ammonia that might be 

formed. The results indicated that there was no thermal decomposition 

O 
of 3-pentanone oxime in t-butyl alcohol at 60 . 
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A second test of the thermal stability of 3-pentanone oxime 

was conducted by heating a neat sample of the oxime in a closed con-

O 
tainer for 50 days at 50 . The container was made of Pyrex glass and 

shielded with aluminum foil. The infrared spectrum showed only minor 

changes in the peak intensities. 

Nuclear magnetic resonance data of 3-pentanone oxime exhibit 

a triplet centered at "7" 9.18 (J = 8 Hz), a quintuplet centered at 

7*7.95 (J = 8 Hz), and a broad singlet atT -0.2, with relative intensi

ties of 6:4:1. An extended nmr analysis of 3-pentanone and the peculi

arities of other oximes have been reported by Lustig (1961). 

The infrared spectrum for 3-pentanone oxime had significant 

absorbances at 3275(s) 0-H, 1660(w) C=N, and 958 cm ^(s) N-0. All 

of these peaks are characteristic of oxime systems (Smith 1965). 

The ultraviolet spectra in t-butyl alcohol or cyclohexane 

_5 
showed no X above 215 nm for concentrations ranging from 1 x 10 

max 

to 0.115 M. A neat sample of the oxime did show a shoulder at 274 nm 

(€= 0.07). These uv data are similar to the results reported by Just 

et al. (1966). 

It has been shown by other workers that oximes have little 

tendency to exist in the nitroso form. Studies indicate that if steric 

hindrance about the C=N group becomes large enough, the formation of 

the nitroso compound becomes more probable, but the percentage never 

exceeds 4%. 

If the shoulder in the uv spectrum of a neat sample of 

3-pentanone oxime is assumed to arise from the nitroso form (simple 
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alkyl-nitroso compounds have X 270-290 nm (6 = 9000), then the K 
' v max ' eq 

for the isomerization would be 1 x 10 

The available evidence supports the conclusion that the re-

actants used in this study were the desired oximes. Based on the above 

information, it is now possible to discuss several mechanisms that 

might explain the observed results. 

The first mechanistic possibility is a simple ground state, 

autocatalytic Beckmann rearrangement for 3-pentanone oxime. The acidic 

nature of the oxime would supposedly promote the rearrangement. This 

idea has little merit since 3-pentanone oxime did not react in the dark 

O 
at room temperature or when heated to 50 for 50 days. Also, a degassed 

0.016 M solution of the oxime in J:-butyl alcohol failed to react when 

O 
heated at 50 for 61 hr in the dark. Furthermore, a ̂ -butyl alcohol so

lution of the oxime containing added acid (0.15 N in hydrochloric acid) 

O 
heated at 50 for 49 hr failed to induce rearrangement. Only the hy

drolysis of the starting oxime was observed. 

A second plausible mechanism involves the electronic excita

tion of the oxime. In the singlet excited state the oxime might pos

sess a lower pKa (pKa"). In other words the proton of the hydroxyl 

group would have enhanced acidity. This would increase the possibility 

of an acid-catalyzed Beckmann rearrangement. Several segments of data 

seem to support this idea, i.e., the lack of rearrangement products 

from 3-pentanone oxime 0-methyl ether and the failure of the oxime to 

rearrange in the dark. However, when the oxime was photolyzed in the 

presence of 0.15 N hydrochloric acid, rearrangement products could not 
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be detected. There is little possibility that the rearrangement prod

ucts were consumed in secondary acid-catalyzed reactions. 

The "fragmentation" Beckmann rearrangement as discussed on 

page 4 suggests another mechanistic possibility. Crossover experiments 

similar to those described by Hill et al. (1965) were utilized in the 

photochemical reactions. Though the results were not as conclusive as 

one would desire, the absence of N-ethylacetamide and only a 2% yield 

of N-t-butylpropionamide add little support to the fragmentation mechan

ism. 

The possibility that the low yields of the crossover products 

might be due to their consumption in further photoinitiated reactions 

is minimal. Simple N-alkylamides have ultraviolet absorption spectra 

below 230 nm and it is therefore unlikely that these compounds could 

absorb the light present. The possibility of photolyzing the various 

nitriles is also ruled out because they do not absorb ultraviolet energy 

above 220 nm. 

The various products seen in the crossover experiment can be 

rationalized by another mechanism discussed in the section dealing with 

the photorearrangement reaction of oximes. 

There is one other nonphotolytic reaction mechanism that must 

be considered. The importance of an oxazirane intermediate in the for

mation of the various products will be discussed later in the Re

arrangement section. The reaction sequence outlined below indicates a 

possible nonphotolytic pathway to oxaziranes. 



R2CNOH + R- »- R2C=N-0- * »- R2C-N=0 + RH 

13 

A 
13 *• R2C-N. 

A ' A 
R2C-N' + RH *- R2C-NH 

The R* radical could be formed from a photoinitiated source, 

but the rest of the process would not involve light. The oxazirane 

could react to form the observed products and this will be discussed 

later. 

The possible formation of an alkylidene nitroxide *-s 

plausible in this situation although only a few of these compounds 

have been detected in recent years. Methylidene nitroxide, Me2CNO*, 

has been studied by esr techniques in low concentrations. In the cur

rent study, an attempt was made to photolyze a solution of 3-pentanone 

oxime in the cavity of a Varian esr instrument. Unfortunately, the in

tensity of the photolysis lamp was too low for a meaningful photolysis. 

Based on available data obtained in this study, the presence of an al

kylidene nitroxide does not seem likely. Ihese studies indicate that 

there appears to be no significant nonphotolytic reaction of 3-pentanone 

oxime in t^-butyl alcohol under the reaction conditions used in this 

study. 

Photochemistry of Oximes 

Fragmentation 

There are several important similarities between ketones and 

oximes. Both molecules have sigma bonds and overlapping p orbitals 
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which form H bonds. In addition, each molecule possesses heteroatoms 

bearing nonbinding electrons. Due to these similarities between ke

tones and oximes, it is important to understand the photochemistry of 

alkyl ketones before discussing the photochemistry of the oximes. 

There have been many review articles concerning ketones and 

one of the most useful articles pertaining to their photochemistry 

was published by Wagner and Hammond (1968). 

When an alkyl ketone is excited with light of approximately 

280 nm, one of the nonbonded electrons is excited through a "forbidden" 

singlet-singlet n — Tf % transition (Calvert and Pitts 1966). This 

process requires approximately 74 kcal/mole depending on the particular 

ketone. The excited electron occupies an antibonding Tf orbital and 

this configuration has properties characteristic of alkoxy radicals. 

There are several primary processes that the excited ketone can now 

undergo. The efficiency of intersystem crossing from the excited sing

let state (S^) to the corresponding triplet state (T^) has been ob

served in some instances to be as high as 99%. The rate of intersystem 

crossing varies inversely with the - T^ energy separation. This gap 

is relatively small for aliphatic ketones and therefore the intersystem 

crossing efficiency is generally high. 

One of the most common photochemical processes displayed by 

most alkyl ketones is the Norrish Type I cleavage as shown below. 

0 0 
,11 ,11 

R'-C-R •- R-C- + R. 
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This process is quite pronounced in the vapor phase photolysis 

of ketones. Depending on the rate of intersystem crossing to the 

state, the Type I process can proceed via either the or T^ states. 

This process is quite often seen via a T^ state for alkyl ketones. The 

acyl radical can then decarbonylate, a process particularly favorable 

at higher temperatures. Cleavage has also been seen from the excited 

states. 

o o 
Photolysis of diethyl ketone in the vapor phase at 3130 A (25 ) 

yields products that indicate that the cleavage reaction is of prime 

importance. It has been shown that 907» of the excited ketone molecules 

undergoes the cleavage reaction, half of the cleavage process proceed

ing via the state and the remainder from the T^ state. The weakness 

of the phosphorescence (T^ ~*"SQ) and fluorescence (S^ spectra in

dicated that these two modes of radiative decay for the excited ketone 

were of minor importance. The Type I cleavage process was the major 

route for the consumption of the excited molecules. 

When a ketone reaction is carried out in the liquid phase, there 

is generally an attenuation of the Type I cleavage process. Even in so

lution, diethyl ketone effectively undergoes the cleavage process in 

the presence of a hydrogen source. 

The Type I cleavage process is observed most frequently in ke

tones that can eject a relatively stable-free radical. The possibility 

that the Type I cleavage is important during the photolysis of oximes 

has been proposed by Just and Ng (1968). 
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The Norrish Type II cleavage is possible only if the ketone 

contains a ̂ -hydrogen as shown below. 

0 OH 
II hv ^ ' R-CH2-CH2-CH2-CR —R-CH=CH2 + CH2=C-R 

Since oximes with ̂ -hydrogens were not studied in this project, 

the process will not be discussed further. 

The photoreduction of ketones is quite common if a source of 

readily abstractible hydrogen atoms is present. This process normally 

occurs through a T^ state and aromatic ketones are photoreduced quite 

readily. Aliphatic ketones also show this ability but the Type I 

cleavage is still the primary process. As already mentioned, diethyl 

ketone in a cumene solution shows only the cleavage reaction and no 

reduction. 

In recent years there has been increasing evidence that there 

is a correlation between photolytic (n—nf) fragmentation reactions 

(particularly of ketones) and mass spectral fragmentation patterns. 

Dougherty (1968) has reported several such correlations. It would be 

of interest to see if there is any mass spectral correlation between 

oximes and their parent ketones. If there is such a correlation, then 

it might be possible to speculate in greater depth concerning the 

photochemistry of the oximes. 

Table 11 shows the predominant m/e peaks for the three oximes 

used in this study. The major process observed for these oximes is a 

type I cleavage similar to that noted for the alkyl ketones. The pres

ence of a metastable ion at m/e 51.3 for 3-pentanone oxime indicates 

that the following process is important. 

) 
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Table 11. Mass Spectra of Oximes. 

m/e 2-Propanone 3-Pentanone 3,3-Dimethyl-2-butanone 

15 30.86 5.48 14.76 

26 8.02 9.67 2.06 

27 15.43 48.38 18.57 

28 - 55.16 13.33 

29 11.73 74.19 34.92 

30 10.49a 5.48c 3.33f 

31 30.86 3.22 4.65 

32 2.48 13.22 31.75 

38 6.79 1.50 2.38 

39 24.07 10.32 22.86 

40 12.96 3.01 5.87 

41 23.46 29.00 61.90 

42 17.90 14.84 100.00 

43 1.86 2.80 6.35 

44 2.48b 17.74d 0.96s 

45 0.62 2.69 0.32 

46 0.62 2.80 2.06h 

51 0.62 1.61e 2.06 

54 22.22 22.58 1.44 

55 6.79 ' 24.73 10.16 

56 12.34 56.99 7.30 

57 1.86 13.55 52.38 

58 68.52 1.29 7.62 

69 0.00 8.39 7.14 

72 0.00 47.31 0.16 

73 100.00 5.70 60.32 

74 4.32 0.75 2.38 

75 0.62 0.00 0.16 

83 0.43 20.63 
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Table 11.—Continued 

m/e 2-Propanone 3-Pentanone 3,3-Dimethyl-2-butanone 

84 7.74 1.26 

97 0.00 0.79 

98 0.22 34.92 

99 0.11 2.54 

100 27.96 26.98 

101 100.00 1.60 

102 5.80 0.16 

103 0.32 0.00 

114 0.63 

115 6.03 

116 0.48 

a. 43% of this peak is NO. 

b. 66% of this peak is ̂ 0. 

c. 257o of this peak is NO. 

d. 927> of this peak is ̂ 0. 

e. Metastable ion at m/e 51. 3. 

f. 407» of this peak is NO. 

g. Could hot determine 7» of N2O 

h. Metastable ion at m/e 46. 2. 
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,011 /)H 
Ij N 

CH3CH2-CCH2CH3(m/e 101) ^ CH3CH2.(m/e 29) + •'do^CH^m/e 72) 

This process is reminiscent of the photochemistry of diethyl ketones. 

The significant quantities of ethane detected in the photoly

sis of 3-pentanone oxime (Table 3) support the occurrence of the Type 

I cleavage mechanism in this study. 

The Type I cleavage process is also seen in the mass spectra of 

the 2-propanone and 3,3-dimethyl-2-butanone oximes. The 2-propanone 

oxime undergoes this process quite readily. The 3,3-dimethyl-2-

butanone oxime undergoes a similar fragmentation, but the presence of a 

metastable ion (m/e 46.2) indicates that the process outlined below is 

more important. It has not been possible to clarify the chemical 

m/e 115 * m/e 73 + m/e 42 

nature of these particular mass peaks, but the process seems to involve 

an oxygen transfer to a _t-butyl fragment. 

The loss of hydrogen and hydroxyl fragments in the mass spectra 

from 3-pentanone and 3,3-dimethyl-2-butanone oxime is also of interest. 

These results indicate that the hydroxyl group of the oxime must not be 

viewed in the same light as a hydroxyl group of an aliphatic alcohol. 

Aliphatic alcohols will either experience abstraction of a hydrogen 

atom on the oc_carbon or the elimination of HOH, a process quite common 

in mass spectral studies. Aliphatic alcohols also experience cleavage 

0 to the oxygen atom under mass spectral conditions. 
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High resolution mass spectra of the m/e 30 and m/e 44 peak re

gions of the oximes indicated the presence of NO and ^0, respectively. 

The yield of such fragments was not large, but the presence of these 

products might add support to the conclusion that a small concentration 

of the nitroso compound may have been present. 

There have been studies conducted with certain oximes to deter

mine if any of the mass spectral fragmentation products correspond to 

Beckmann rearrangement products, but Budzikiewicz, Djerassi, and Wil

liams (1967) reported no such correlations. This conclusion is further 

reinforced by the mass spectral data of the oximes used in this re

search. 

It is interesting to compare the mass spectrum of diethyl ketone 

with the photochemical results previously reported. Silverstein and 

Bassler (1963) reported the mass spectral fragmentation of this ketone. 

The parent peak was less than 20% of the P-29 and these results further 

support the possibility of correlating mass spectral data with photo

chemical processes. 

0 0 

CH3CH2CCH2CH3(m/e 86) * CH CHgC* (m/e 57) + CI^C^-Gii/e 29) 

In summary, it can be stated that an important photochemical 

process for oximes is a Type I fragmentation at the ̂ -carbon of the 

carbon-nitrogen bond (A in formula below). This process is important 

for all three oximes studied. There also appears to be a possibility 

of photochemically induced fragmentation at bonds B and C for 3-penta-

none and 3,3-dimethy1-2-butanone oximes. It is apparent that there is 



a correlation between photochemical results and mass spectral data for 

oximes. However, an important question still to be discussed concerns 

the electronic excited state from which the Type I cleavage proceeds. 

B C 

N|O>H 
H 

F£C-R 
\ 

A 

Quenching studies with naphthalene [triplet energy E^, = 50.9 

kcal/mole (Calvert and Pitts 1966)] and Fe(AA)^ indicated consumption 

of 3-pentanone oxime and formation of gaseous products, but significant 

quantities of the photorearrangement products could not be identified. 

If the naphthalene functions as a T^ quencher, and not simply as a 

light filter, the data are consistent with a mechanism in which the 

Type I cleavage reaction proceeds primarily from an state. Unfor

tunately, detailed quenching experiments were not performed. 

Sensitization experiments with dibenzofuran (E^, = 70.1 kcal/mole) 

produced smaller quantities of gas than the quenching experiments with 

naphthalene, and no photorearrangement products could be identified. 

These sensitization experiments seem to indicate that a lesser portion 

of the Type I cleavage proceeds by the T^ state, although the bulk of 

the cleavage process is via the state. The lack of gas composition 

data for sensitizer reactions precludes the strenuous use of the above 

idea. 
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Rearrangement 

The participation of an oxazirane intermediate during the 

photolysis of certain oximes has been proposed by several groups of 

investigators. The results of this study are also consistent with an 

oxazirane intermediate. 

Neither Just and Ng (1968) nor Oine and Mukai (1969) suggested 

a mechanism or the indicated intermediates that precede the formation 

of the oxaziranes. There are several possible mechanisms that can ac

count for the appearance of such an intermediate. One of these pro

cedures is shown below for 3-pentanone oxime. 

j) 

E t . C N O H  — E t „ H C N 0  — E t _ C - N H  P r o d u c t s  
2  A L L  

14 _L5 

Oxaziranes have been rearranged under thermal (Bonnett, Clark, 

and Todd 1959) and photochemical conditions (Splitter and Calvin 1968). 

In the latter case the conversion was accomplished by energy transfer 

from electronically excited acetone. Emmons (1957) has reported the 

ultraviolet maxima of several oxaziranes. Thus the possibility of di

rect photoconversion cannot be ruled out. 

The conversion of the oxime to the nitroso compound (as outlined 

above) could possibly proceed by a 1,3-sigmatropic proton shift from the 

oxygen to the carbon atom. 

Ground state alkylation experiments with oxime anions have 

shown that attack at either the oxygen or the nitrogen is feasible, but 



no such electrophilic activity at the carbon position has been ob

served. There is currently no information concerning the electronic 

distribution in the excited state for the oximes and for this reason 

it is not possible to speculate whether electrophilic activity will be 

diminished or enhanced at the carbon atom. 

One important deficiency with this mechanism is shown below. 

Simple alkyl nitroso compounds undergo photochemical cleavage to give 

nitrogen(ll) oxide with a quantum yield approaching 1.0. 

yield and then undergoes a thermal rearrangement to the oxazirane 

before the absorption of another photon seems remote. Smith (1965) 

states that primary and secondary nitroso compounds rearrange readily 

to oximes. This process is feasible in the gas phase, a melt, or in a 

solution. Polar solvents accelerate the rate of this isomerization. 

Another possible mechanism for the formation of the oxazirane 

is shown below. 

R2HCNO 
hv R2HC« + «N0 

The possibility that the nitroso compound is formed in low 

R-CNOH hv 

R' R 

16 

The process depends on the formation of a nitrone intermediate 

16. 
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The possible intervention of a polar species in the photoreac-

tion of oximes was suggested by Oine and Mukai (1969). They found that 

the formation of the oxaziranes was faster in polar solvents, thus sug

gesting that either a protonation step or a polarized excited state was 

involved. This thought is also supported by this study by comparing 

the results of Tables 5 through 8 for t-butyl alcohol and hexane. In 

the latter case there were very few rearrangement products produced. 

The presence of an intermediate such as 16_ also indicates why 

neither sodium 3-pentanone oximate or 3-pentanone oxime 0-methyl ether 

undergoes the photorearrangement. Neither of these two compounds has a 

readily accessible proton for the formation of 16. 

These particular nitrones with only a proton on the nitrogen 

have not been synthesized for the obvious reason of the rapid rearrange

ment to the oxime. 

As a class of compounds, unconjugated nitrones have a major 

ultraviolet absorption peak in the 229-235 nm (€ = 9,000) and a secondary 

absorption ca. 50 nm lower than the absorption of the corresponding 

oxime or 0-alkyl oxime (Smith 1965). Thus it is possible for the second 

step to proceed with the absorption of ultraviolet light. This particu

lar type of conversion of a nitrone into an oxazirane has been previously 

reported by Bonnett et al. in 1959. 

A recent article by Bluhm and Weinstein (1970), in addition to 

reaffirming the nitrone-oxazirane photoisomerization, also reported the 

photo-oxidation of nitrones via an oxazirane intermediate. 



I hv ' x II 1 

R-CH=N-R — R-CH-N-R »- »- R-CH-N-R 
• 

These nitroxides were detected by esr techniques. It was unfortunate 

that during this project the esr and uv spectra were not completed or 

completely evaluated. These results might have further clarified cer

tain reaction pathways and perhaps could have clarified the composition 

of the polar compounds (R^ = 0) discussed on page 46. 

This discussion has revolved around the oxazirane as the pivo

tal intermediate in these photorearrangements even though there has 

been little direct evidence to support its presence in the reaction 

sequence. Just and Ng.(1968) were able only to propose it as an inter-
i 

mediate and presented little direct evidence. They did mention that a 

photoproduct produced in their system reacted with water in much the 

same way that oxaziranes react with hydroxylic solvents. Both com

pounds yielded ketones and ammonia. 

Oine and Mukai (1969) have attempted without success to isolate 

the oxazirane intermediate from irradiated solutions of 1,1-dimethyl-

2-naphthalene oxime. As a result they were forced to use indirect 

chemical means such as hydrogenation with Pd-C. Such a procedure 

yielded saturated ketones, alcohols, and an amide. Using sodium boro-

hydride they isolated the unsaturated alcohol. If an irradiated solu

tion was made acidic with acetic acid and refluxed, the starting oxime 

was recovered. 

These authors believed that the most conclusive evidence for 

the presence of the oxazirane intermediate was the potassium iodide 
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test in which I is liberated, a method first suggested by Emmons for 

testing the purity of oxaziranes. Oine and Mukai (1969) reported that 

they were able to accomplish 807o conversion of the oxime into the oxa-

zirane. They also mentioned that the reaction of an irradiated solu

tion of the oxime with a Schiff base yielded a diaziridine 17. All of 

H 
I 
N 
/\ 

RHC-NR 

17. 

the combined data indicated that oxaziranes were the important inter

mediates. 

The most convincing argument for the oxazirane intermediates 

would be to actually isolate them from a photoreaction solution. Un

fortunately, the particular oximes used in this and other studies pre

clude such a possibility. 

p 
RR'C-N-R" 

If all R's are carbon atoms, the oxaziranes can be isolated 

with reasonable precautions, but as hydrogens are substituted for each 

R, the stability of the compound decreases. This is particularly evi

dent when R" is hydrogen. These compounds have not to date been iso

lated. Emmons (1957) reported several such attempts. This is exactly 

the type of intermediate most likely involved in these studies. 
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Even though the above mechanism involving the nitrone is not as 

rigorous as one might wish, it seems to fit the available information. 

Once the oxazirane is formed it proceeds to the various products. 

0 
/\ 

R C-N-H 

HN-0 
\/ r 

18 

.R 

NH 
II 

R-COR 
0 

-v R-CNHR 

19 

0 
II 

R-CNHr 

R-CNHCR 20 

Free-radical stabilities determine which C-R bond will be 

cleaved homolytically in the oxaziranes. This process is only of im

portance for the 3,3-dimethyl-2-butanone oxime system. In this system 

the leaving group should be a t-butyl radical, and the products iso

lated from the reaction should either be acetamide and/or N-t^-butyl-

acetamide. The 2,2-dimethylpropionamide and N-methyl-2,2-dimethyl-

propionamide should not be observed. The isolated reaction products 

confirmed this idea and are in agreement with the proposals of Just 

and Ng (1968). 

The formation of compounds corresponding to structure 20^ can 

be explained by the reaction of the radical intermediate 1^ with an acyl 
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radical instead of the simple alkyl radical. The acyl radicals are 

formed by the photofragmentation of the parent ketones. 

The formation of the parent ketones during the photolysis re

actions is amply demonstrated by the data in Tables 6 and 7. It is 

interesting to note that as the length of irradiation of 3-pentanone 

oxime increases, so does the yield of dipropionamide while there is a 

corresponding decrease in the yield of 3-pentanone. When water is 

added to the solvent (Table 6), there is a threefold increase in the 

dipropionamide while there is a similar decrease in the concentration 

of 3-pentanone. Just's and Ng's explanation that the oxaziranes react 

under aqueous conditions to yield ketones and ammonia would also ex

plain the above observations. 

No attempt was made to isolate or identify the imidate 19. The 

imidate yield must be less than 57o since all components with higher 

yields were examined. The simple imidates are stable (Smith 1965). In 

fact, the imidate that would be expected from 3-pentanone oxime has 

been synthesized. Imidates are known to undergo a Chapman rearrange

ment to the corresponding substituted amide although temperatures of 

o 
200 were used. Studies have shown the rearrangement to be an internal 

rearrangement of the molecule. Consequently, it is not surprising that 

19 could not be isolated. 

N-H *0 

H  *  I I H  

R-COR -r-~R-C-N-R 
a 
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The availability of abstractable hydrogen atoms is also impor

tant in these reactions. As the availability of hydrogen atoms in

creases, there is a corresponding decrease in the amount of substituted 

amides since the radical intermediate 1J3 abstracts a hydrogen atom be

fore it can react with the alkyl radical R». Only trace quantities of 

N-ethylpropionamide and dipropionamide are recovered from the 3-pentanone 

oxime reaction in isopropyl alcohol. The quantity of propionamide nearly 

doubles over that obtained in the J:-butyl alcohol system. This indi

cates that the rearrangement is not concerted but involves homolytic 

fission to produce radical intermediate 1J3 which has a finite existence, 

enough of an existence for the heteroatom portion of the biradical to 

abstract a hydrogen atom from the surrounding solvent. 

Several experiments were performed to further clarify the na

ture of the reaction intermediates arising from the photolysis of 

3-pentanone oxime. The oxime was photolyzed in the presence of cyclo-

hexene and the reaction products were isolated as cyclohexyl deriva

tives. The ratio of products is enclosed in brackets. 

In addition to the dimeric products of cyclohexane and cyclo-

hexene [10] and the normal photoproducts, the following compounds were 

also isolated. The presence of compounds 21 and 22^ amply demonstrate 

that both ethyl and acyl type species are formed during these photo-

reactions. 

Compounds 23^ and 24_ are not easily rationalized since attack by 

radical or nucleophilic species should be at the ot carbon of the alkyl 
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0 o C-Et 
21 [1] 22 [1] 

0 0 
II 

EtC-N-Et 
II 

EtCN-Et 

23 [2] 25 [1] 

IHEt 

group and not at the nitrogen atom. It is difficult to rationalize a 

continuous sequence that would lead logically to these compounds. 

3-nitrosopentane at least in low concentration. The cycloaddition re

action of nitroso compounds and alkenes has been reported, and there

fore the formation of Z5 under these conditions does not appear to be 

unreasonable. The presence of the nitroso compound in a small but 

definite concentration would support the information collected from uv 

and mass spectra of 3-pentanone oxime. 

tion of the amides and N-substituted amides that would not require the 

oxime-nitrone-oxazirane route outlined above. The mechanism is shown 

for 3-pentanone oxime. 

The presence of compound 25_ seems to suggest the presence of 

There is another mechanism which could account for the forma-



Et2CNOH 
hv 

Et. + RH 

Et- + EtCNOH 

^ C2H6 + R* 
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EtCNOH -*• EtCN + *OH 

EtCNOH 
RH 

N-OH 
II 

EtCH + R-

N-OH 
II 

EtCH -
R- -*» EtHCNO • + RH 

EtHCNO* 
A 

EtHC-N-

0 n 0 0 
A R. (RC. ) /\ / II N 

EtHC-N* — V ^ EtHC-N-R(RC-) 

P Q 
A f N EtHC-N-R(RC-) 

0 

EtC-NHR(RC-) 

N-OH 
II 

EtCH EtCH + N2 + NH3 

The sequence shown would explain one of the observed gases and 

also the presence of nitrogen and ammonia. The nitrogen and ammonia 

gases would be formed when the aldoloxime was converted into the alde

hyde. This particular idea will be discussed later. 

There are two important flaws in this sequence of reactions. 

The inability to identify any aldehyde product does not add support to 

the reaction sequence. The search for the aldehyde was done not only 
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with vpc and ir techniques, but also using 2,4-dinitrophenylhydrazine 

(Shine 1959). Shine's method for identifying carbonyl compounds is a 

mild technique for obtaining rather pure samples of the derivatives. 

The possibility that the aldehyde might have been consumed in a second

ary photoreaction cannot be entirely ruled out. 

A second flaw is the lack of any propionitrile in the reaction 

samples. The same physical analysis techniques were used as mentioned 

above, but there was no evidence indicating the presence of a nitrile. 

It cannot be argued that the nitrile is consumed in further photoreac-

tions since simple nitriles do not have ultraviolet absorptions above 

220 nm. This does not preclude a normal chemical reaction with the ni

trile, but the complete lack of any identification of a nitrile contin

ues to weaken the argument for this pathway. The inability to identify 

propionitrile also weakens the possibility of a "fragmentation" Beck-

mann reaction since the nitrile is the important intermediate for this 

process. 

Until there is further evidence for any of these products, this 

reaction sequence will not be given further consideration. 

The mechanisms discussed so far have not explained the appear

ance of certain gas products or the ketones seen in the reaction prod

ucts. The possibility that the ketone is formed by the simple 

hydrolysis of the oximes has already been discredited. 

A reaction with interesting possibilities is shown below. 

A 
RRC-N-H »- R2C0 + :NH 

3 :NH •- N2 + NH3 



This process is interesting because it utilizes a previously 

formed intermediate which could undergo further reaction to yield the 

ketone and imidogen (:NH). The disproportionation of the imidogen into 

nitrogen and ammonia has been discussed by Smith (1965). The process 

might involve diimide which could react further with imidogen. This 

idea for imidogen parallels a concept presented by Splitter and Calvin 

in 1968. 

The possibility that nitrogen and ammonia are formed from the 

photolysis of hydroxylamine has been discounted by the results of Just 

and Ng (1968). 

It was originally thought that the nitrogen gas was produced 

from a secondary photolysis reaction involving N,N'-dipropionylhydra-

zine. The hydrazine derivative most likely arises from a dimerization 

reaction of the amide radical Et(CO)NH* formed from the photolysis of 

either dipropionamide or N-ethylpropionamide. 

Subsequent photoreactions of the individually substituted amides 

showed no evolution of nitrogen even though N,N'-dipropionylhydrazine 

under similar conditions did evolve nitrogen gas. 

The most likely source of nitrogen gas is the disproportiona

tion of imidogen into nitrogen and ammonia as discussed above. 

The ketone that is formed by the process described on page 81 

can also undergo photolysis to yield methane, ethane, or isobutylene, 

depending on the particular oxime studied. An acyl radical (Rcl*) is 

also formed which can be consumed in the formation of the N-substituted 

amides such as dipropionamide seen in the 3-pentanone oxime case. 
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One question that has not been answered concerns the occasional 

appearance of hydroxylamine (isolated as the hydrochloride salt) from 

the photolysis experiments. During the photolysis of 3-pentanone oxime 

in 0.15 N HCl/t_-butyl alcohol, hydroxylamine hydrochloride was isolated. 

The formation of this salt was due to the simple hydrolysis of the start

ing oxime under these acid conditions. The hydroxylamine hydrochloride 

that was isolated from the hexane system, Table 7, was due to the physi

cal carry-over of oxime vapor and its subsequent hydrolysis during the 

experimental workup of the solution with hydrogen chloride. 

The quantity of hydroxylamine hydrochloride isolated from the 

3-pentanone oxime/naphthalene system was minute compared to the ammon

ium chloride, but there is no ready explanation for its appearance. 

The other gases observed during the photolysis of 3-pentanone 

oxime (Table 3) arise from photolysis of the various photoproducts 

(secondary photochemical reactions). As previously mentioned, 3-penta

none is the primary source for ethane while dipropionamide and N-ethyl-

propionamide contribute carbon monoxide and ethane. Propionamide does 

not contribute significant quantities of gaseous products since it 

would also yield methane which is not seen in the oxime system. 

Manning and Stansbury (1959) have suggested the following re

action for the formation of the ketones and nitrous oxide. High reso

lution mass spectra showed such a gas present in these studies. 
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:N0 + -OH »- HN02 

©O 
... R C-

2 2 
R„C=N-OH + HNO„ »*- R2C=IjI-0 

NO 

©O 
R_C=N-0 •- R CO + No0 

2 | 2 2 
NO 

Nitric oxide would be formed from the photolysis of the nitroso 

form of the oxime and the hydroxyl radical is produced from the photo-

fragmentation of the oxime. This last proposal is inferred from the 

mass spectral data obtained in this study. There appears to be no 

simple correlation between the formation of *N0 and 'OH versus struc

ture. Nevertheless, the possibility for the process does exist based 

on mass spectral data. 

The low yield of nitrous oxide implies a low order of impor

tance for these particular processes under these reaction conditions. 

This idea is in keeping with the information pertaining to the low con

centration of the nitroso form of 3-pentanone oxime. 

There is also another sequence of reactions that merits exam

ination. 

© 
R2C=N0H + NO »- R2C=0 + H20 + N2 

The + NO could come from the -NO via an oxidation-reduction with 

other species or from the HN02 formed in the reaction on page 83. The 

simultaneous reaction could explain why the nitrous oxide yield is so 

low. 
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Summary 

Based on these studies, the most plausible reaction scheme con

sistent with the available data is a photorearrangement reaction of the 

oxime. This rearrangement proceeds through a nitrone intermediate L6 

which subsequently rearranges into an oxazirane. This sequence is il

lustrated by the equation on page 71. The oxazirane, once formed, 

undergoes homolytic cleavage to yield the various photoproducts identi

fied in this study. The scheme on page 75 summarizes this process. 

Nitrogen and ammonia are disproportionation products of imido-

gen. The oxaziranes present in the reaction are the source of the imi-

dogen. Ethane is formed during a Norrish Type I fragmentation of 

3-pentanone oxime. The other observed gases (Table 3) are primarily 

the result of secondary photoreactions of the rearrangement products. 

Nitric and nitrous oxides may arise from the photolysis of the nitroso 

form of the oxime. 
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