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ABSTRACT 

A~ N 

THE PHOTOCHEMISTRY OF 2,4- AND 2,6-CYCLOOCTADIENONE 

Medium-ring unsaturated ketones have been found to undergo 

several types of photochemical reactions, including cis-trans 

isomerization of double bonds, rearrangements, and bridging to 

bicyclic products. In several instances strained products with 

trans double bonds undergo further thermal reactions. The present 

investigation dealt with the photochemistry of 2,4-cyclooctadienone 

and 2,6-cyclooctadienone. 

Irradiation of 2,6-cyclooctadienone in inert solvents gave 

4 7 • 
tricyclo [3.2.1.0 5 ] octan-8-one. This compound was conclusively 

identified by a cleavage reaction to endo-6-carbomethoxy-bicyclo 

[3.2.0] heptane. The reduction product of this molecule was identified 

by comparison of its infrared spectrum to the infrared spectrum of an 

authentic sample prepared by an unambiguous route. In methanol and 

furan, however, capture of a reactive intermediate in the photolysis 

occurred much more rapidly than intramolecular rearrangement. This 

reactive intermediate was detected by using low temperature photolysis 

techniques to involve a strained ground state trans intermediate. 

Irradiation of 2,4-cyclooctadienone produced a dimer resulting 

from self addition across the O', 8-double bonds of two molecules of the 

dienone. The exact configuration of the dimer at the cyclobutane ring 

has not yet been determined. Photolysis in methanol and furan also 

gave products in which the elements of methanol or furan had been added 



to the dienone. Low temperature photolysis techniques also showed that 

this molecule was photochemical isomerized to trans,cis-2>4-cyclooctadienone 

and that subsequent thermal reaction with the nucleophile produced the 

observed products. 
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INTRODUCTION 

The past-decade has witnessed a tremendous increase in the importance 

and interest shown in the field of organic photochemistry. In fact, in the 

early days of organic photochemistry a familiar phrase used by chemists 

was, " If you have some of it, irradiate it! 11 Although this phrase is still 

often heard, attention is now being given to specific areas of research, 

and photochemistry has become an important part of organic chemistry. A 

considerable amount of work has been done in the synthetic and mechanistic 

aspects of the photochemistry of ketones, or, (3 -unsaturated ketones, 

dienones, and non-conjugated, unsaturated ketones. 

The enormous amount of work that has been done on the photochemistry 

of simple carbonyl compounds can be summarized by the statement that the 

excited states of saturated ketones undergo cleavage at the bond a to the 

carbonyl group (Norrish type I cleavage), producing alkyl and acyl radicals. 

These radicals undergo decarbonylation, disproportionation, and hydrogen 

abstraction.'*’ 

0 
u 
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0 
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hV + R# 

0 
+ R'-d’ 
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R'-R + R-H 

+ R-R + R'-H 

+'R'-R' + olefins 

+ aldehydes 

The chemistry is similar to that of radical species produced by other 

means and has been given ample study by physical chemists, using the tools 

of their trade. 
« 

In molecules containing a carbonyl group conjugated with one or more 

double bonds, unusual and deep-seated rearrangements usually occur. Many 
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of the contributions in this area have come from the laboratories of 

Zimmerman and Chapman, An early report of Chapman stated that 4,4-dialkyl 

2-cyclohexenones undergo rearrangement in which the C^ and C^ carbon 

2 
atoms actually exchange places, producing a bicyclo[3.1.0]hexan-2-one. 

0 

hV 

0 

R 

R^\R 
R 

This conversion was later postulated to involve a triplet excited state 

undergoing the initial rearrangement, followed by electron demotion to 

an ionic species which then rearranges to products* 
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Electron demotion to a zwitterion before JL is reached always regenerated 

starting material, but electron demotion past that point led to products. 

On the basis of quenching and sensitizing experiments, Zimmerman concluded 

that the reaction proceeded through an excited triplet state, probably 

n -» 71*, before demolition to a zwitterion. ^ 

In the case where the carbon is substituted with two alkyl groups, 

this so-called type "A" rearrangement occurs predominantly. However, 

when the molecule is disubstituted at the carbon with aryl groups, 

then aryl migration occurs from to with no further rearrangement 

4 
being observed. This is because the electron situated on in the excited 

state may be delocalized throughout the phenyl ring of the migrating aryl 

group. Not only does the system have that in its favor to lower the energy 

of the transition state, but after migration has taken place, the odd 

electron now rests on the carbon of the non-migrating aryl group and may 

be further delocalized throughout its phenyl ring. Zimmerman also found 

this process to proceed through a triplet state.^ The two products, 2 and 

_3 were found to be photochemically interconvertible.^ 

0* o* 

2 3 
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In this case type "A" rearrangement could have taken place, but did 

not. Apparently phenyl migration is energetically a more favorable process 

than the type "A" rearrangement. In an attempt to find out why one process 

would be favored over the other, Zimmerman devised a system in.which both 

phenyl migration and rearrangement could take place. However, in the 

molecule chosen the odd electron would have to be locallized on an unsub- 

14 
stituted after migration, an unfavorable situation. Using C labelling 

on to keep track of any ring atom transposition,, it was found that 

type "A” rearrangement occurred predominantly over phenyl migration, 

indicating no resonance stabilization to lower the energy of the transition 

7 
state in the latter, with some stabilization occurring in the former. 

hV 

Zimmerman thought that aryl migration occurred while the molecule was 

in the excited triplet state. In order to determine whether C^, the mi¬ 

gration terminus, was partially charged or odd electron in character, 
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he determined the migratory aptitudes of the para-methoxyl and para-cyano 

aryl groups relative to that of an unsubstituted phenyl ring. In both 

cases the substituted aryl group migrated in preference to the phenyl group by 

a wide margin. From these results he concluded that the carbon had no 

appreciable positive or negative charge built up on it, since this charge 

would be stabilized by one of the substituted aryl groups. Thus, must 

g 
have radical character during the actual migration. 

14 parts 1 part 

Zimmerman has also worked actively in the field of intramolecular 

rearrangements of cross conjugated cyclohexadienones. Irradiation in 

dioxane-water solution of 4,4-diphenyl-cyclohexadienone led first to a 

9 
type "A" rearrangement product in very high quantum yield, and then in 
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lower yield to two phenols and an acid, resulting from prior ketene 

formation.^ 

The quantum yield of this reaction was very high ($= 0.85) as compared to 

the simpler 4,4-dialkyl-cyclohexenone ($ = 0.042).^ Although quenching 

and sensitization experiments indicated that this rearrangement, too, 

proceeds through an excited triplet state, Zimmerman concluded that the 

dienone type nAn rearrangement and the enone type "A11 rearrangement 

12 
were mechanistically different. He has now shown that the mechanism 

of the dienone rearrangement first involves bridging and formation of a 

cyclopropane ring in the radical stage by the It electrons of the second 

double bond, followed by electron demotion to a zwitterionic species 

13 
which then rearranges. 

electron 

demotion demotion 
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The second double bond, obviously, has an important part in making the 

reaction so efficient. Since no phenyl migration was observed, Zimmerman 

concluded that the dienone rearrangement was the most efficient process, 

with the phenyl migration coming next, and the enone type "A" rearrangement 

being the least efficient, since the quantum yields of the three processes 

14 
were in this order. 

An interesting supporting piece of evidence for the final stage of 

the rearrangement occurring from the zwitterionic state came when Zimmerman 

generated the supposed intermediate by non-photochemical means. He 

treated the a -bromo ketone shown below with base and found that the 

same rearrangement occurred as in the photochemical conversion of 4,4- 

diphenyl-cyclohexadienone. This, he reasoned, was evidence for a common 

zwitterionic intermediate in both of the reactions.^ 

For many years it has been known that cyclic Ctf, j3 -unsaturated ketones 

undergo photochemical cycloaddition reactions. Only recently, Eaton and 

others have shed some light on the actual mechanism.of this reaction. 

Eaton photolyzed cyclopentenone in various solvents and found that it 

16 
dimerized into the tricyclic derivatives shown below. 
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He later photolyzed cyclohexenone in a similar manner and found that it, 

&o 
0 

Through various analytical methods, including triplet quenching experiments 

using piperylene, and spectroscopic analysis, Eaton concluded that these 

cycloaddition reactions proceed through an initial n -» TT* triplet state 

18 
of these enones. These conclusions were supported in separate experiments 

19 
performed by Hammond and Leermakers. 

Simple olefins were also found to add readily to cyclohexenone and 

cyclopentenone. Eaton found that dimethylacetylene and allene both added 

20 
via 2+2 cycloaddition reactions to cyclopentenone. 
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Workers in this laboratory found that ethylene itself will easily add to 

21 
cyclopentenone and cyclohexenone in low temperature photolyses. 

Workers in our laboratory have also shown that simple olefins, substituted 

with alkyl and alkoxyl groups will easily add to substituted cyclohexenones 
22 
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Examples are also known of intramolecular addition of enone systems to 

23 
double bonds in the same molecule. 

Corey and Eaton independently found that upon irradiation of cyclo- 

ft 
heptenone the normal n -» U triplet cycloaddition reaction, which was 

characteristic of the lower homologues, did not occur here. Instead, the 

cis double bond was isomerized to the strained trans geometry. 
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r. 

Corey noted this behavior through the use of low temperature infrared 

techniques when he photolyzed cycloheptenone in a rigid glass at -190°C 

through pyrex. The original carbonyl band at 1651 cm ^ slowly diminished 

as the photolysis proceeded, and a new band appeared at 1716 cm \ At 

photoequilibrium the reaction mixture contained 90% of the trans isomer 

and 10% of the cis. Corey interpreted the high frequency of the carbonyl 

band as an indication that the 7T -orbitals of the carbonyl group and the 

carbon-carbon double bond were nearly orthogonal, resulting in very 

little conjugation of the carbonyl group with the carbon-carbon double 

bond in trans-cycloheptenone.^ 

Eaton came to similar conclusions when he photolyzed cycloheptenone 

in the presence of furan in an attempt to thermally intercept the trans 

isomer as a Diels-Alder adduct. Two products were isolated, and each 

had the trans ring fusion which would be expected from the Diels-Alder 

addition of furan to a trans olefin. 
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Upon treatment with weak base, both forms readily epimerized to the more 

25 
stable cisoid configuration. 

Both Corey and Eaton again did work independently on cyclooctenone 

and came to similar conclusions to those reached for cycloheptenone. As 

in the previous case, cis-cyclooctenone also isomerizes to the trans 

isomer upon irradiation through pyrex. 

Eaton found the equilibrium to lie 80% on the side of the trans isomer. The 

trans-cyclooctenorie is about 1000 times more stable than its seven membered 

ring homologue, and can actually be isolated and kept at room temperature 

for a short time. Eaton noted, however, that upon standing, the strained 

26 
olefin dimerized in the dark to form two isolable dimers, shown below. 
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o ,0 

0 

In both cycloheptenone and cyclooctenone the trans isomer is 

sufficiently reactive as to undergo thermal addition reactions. The 

simple Diels-Alder additions of furan to cycloheptenone, done by Eaton, 

27 
and of cyclopentadiene to cycloheptenone by Corey are thermal processes 

which occur after photochemical isomerization of the double bond from 

cis to trans. Eaton also added 2,3,4,5-tetrachloro-l,l-dimethoxy-cyclo- 

pentadiene to trans-cyclooctenone at room temperature and observed a 

very vigorous reaction to form two products, both with the expected trans 

-■ . 28 
ring fusion. 

Noyori, Watanabe, and Katd found that trans-cyclooctenone was 

sufficiently reactive as to add nucleophiles, specifically, methanol and 

isopropanol to give the corresponding alkoxy adducts. These additions 
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occurred both during photolysis with added nucleophile present and in the 

dark after the alcohol was poured into the photolysis mixture. The reaction 

occurs thermally, since the trans isomer reacts so readily in the dark. 

These findings thus imply a photochemical isomerization to the trans- 

on 
cyclooctenone and subsequent thermal nucleophilic capture by the alcohol. 

R=-CH3 

= -CH(CH3)2 

Another area of organic photochemis try which has received attention 

in recent years is the photochemical rearrangements of (3,y -unsaturated 

ketones. Several processes may occur upon photolysis of the cyclic non- 

conjugated ketones, but the most important of these are the cleavage of 

the carbon-carbon bond or to the carbonyl group to produce allylie and 

acyl radicals, and further cleavage to lose carbon monoxide. The first 

of these is called a Norrish type I cleavage. This Norrish cleavage was 

observed by Paquette in the photolysis of 3-cyclooctenone. The main 

product which he observed was 2-vinyl cyclohexanone, 5, arising from an 

initial type I cleavage, followed by allylic radical rearrangement to 

4, followed by 1,4- rebonding. He also noted small amounts of an aldehyde, 

_6, resulting from allylic hydrogen abstraction and transfer to the acyl 
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radical, and of a ketene, _7, coming from hydrogen abstraction from the 

30 carbon a to the carbonyl group and subsequent allylic rearrangement. 

Another j3,y -unsaturated system which undergoes this same type of 

cleavage was demonstrated by Williams and Ziffer. Although this is a 

smaller and more rigid system than the 3-cyclooctenone case, it is still 

31 
an interesting rearrangement which has many synthetic applications. 

Crandall recently reported experiments performed on the photochemical 

behavior of 2,7-cyclooctadienone. This communication was of special 

c 
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interest to us, since this system was so closely related to the systems 

which we were studying. Irradiation of this dienone in inert solvents 

produced only polymer, but irradiation in hydroxyllic solvents, viz., 

32 
acetic acid and methanol, gave mainly bicyclic products. 

The minor addition products in the photolysis in methanol, J and j), are 

similar to those obtained by H. Nozaki, M. Kurita, and R. Noyori in their 

33 
photolysis of cycloheptadienone in methanol and to those obtained by the 

same workers in their photolysis of cyclooctenone in methanol (vide supra). 

Crandall demonstrated that the products which he obtained resulted 

from a reactive ground state intermediate by photolyzing 2,7-cycloocta- 

dienone in inert solvents at -78°C and then,after allowing the reaction 

to stand for several minutes in the dark, adding acetic acid or methanol. 

Upon warming to room temperature, he found the respective products present 

in yields similar to his earlier results. He concludes that a ground state 

intermediate is the reactive precursor to all the photoproducts obtained, 

since it is very unlikely that an excited state species will endure from 
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the time the irradiation ceases to the time when the other reagent is 

32 
added. 

In view of the varied and interesting photochemical reactions under¬ 

gone by enones and dienones, and of the propensity of medium ring compounds 

to undergo unique reactions, it was considered of interest to investigate 

the light induced transformations of the various isomeric cyclooctadienones. 

10 11 • 12 

During the course of this work a report appeared on the photochemistry 

of 12. Our subsequent investigations dealt with JLO and 11. 

t 
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RESULTS 

We felt that the molecules whose photochemistry we decided to study, 

2,4-cyclooctadienone and 2,6-cyclooctadienone, offered the best chance 

for unique and informative rearrangements. The system which will be 

considered first, 2,4-cyclooctadienone, is the one which was studied 

most recently. All photolyses were carried out using a pyrex filter to 

o 
eliminate light of wavelength below 3000 A and enable us to selectively 

induce the n-*rr transition of the respective molecules. All photolyses 

were done in dilute solution (~ 1%) to minimize the possibility of 

polymerization or other intermolecular reactions between the reacting 

molecules. 

The 2,4-cyclooctadienone was'prepared from 1,3-cyclooctadiene by 

allylic bromination, followed by reaction with silver acetate to give 

5-acetoxy-l,3-cyclooctadiene. This acetate was reduced to the corres¬ 

ponding alcohol with lithium aluminum hydride. Oxidation to 2,4-cyclo¬ 

octadienone was finally effected with Jones reagent, chromic acid in 

- 34 acetone. 

Upon photolysis in inert solvents, e.g., ether, 2,4-cyclooctadienone 

formed in 30% yield a white, granular solid which melted sharply at 173- 

174°C. The reaction was fairly efficient, almost all the starting material 

being consumed in one hour when the reaction was performed on a 0.01 molar 

scale. In the infrared spectrum the carbonyl stretching band had shifted 

from 1661 cm"1 in the original a, 0, y,6-doubly unsaturated starting material 

to 1700 cm"1 in the photoproduct. Infrared and nuclear magnetic resonance 
t 

spectroscopy both indicate that there is still at least one double bond in 
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the photoproduct, and two double bonds if the product is dimeric. The 

nmr shows the ratio of saturated to vinyl protons in the photoproduct to 

be 4:1. Microanalysis showed the same elemental analysis as starting 

material, indicating that the molecule either underwent intramolecular 

rearrangement, or dimerized, or possibly even trimerized. The mass 

spectrum, however, showed a parent peak at m/e = 244, indicating that the 

photoproduct was actually a dimer. 

At the inception of this work it was felt that JL1 might undergo a 

disrotatory, photochemical closure to form bicyclo [4.2.0] oct-7-en-2-one. 

However, mass spectral and nmr data indicate that this process did not 

occur, and, instead, a dimer was obtained. The dimer could result either 

from a true photochemical cycloaddition reaction in which case the stereo¬ 

chemistry at the newly formed cyclobutane ring would be expected to be 

cis-anti-cis, or it could result from initial isomerization of one of the 

double bonds from cis to trans followed by thermal addition to another 

double bond. In the latter case, the stereochemistry at the cyclobutane 

ring would be very difficult to predict, since thermal 2+2 cycloaddition 

processes are not expected to be concerted and may involve radical inter¬ 

mediates. By analogy to the photochemical behavior of other eight-membered 

ring enones and dienones, it was thought that the photochemistry of 11 

initially involved isomerization of the a, j3-_cis-double bond to trans, 

followed by a thermal cycloaddition reaction to form the observed product. 

Although a thermal cycloaddition reaction may be expected to occur between 

any two double bonds, infrared data indicated that the dimerization took 

place between the two O', unsaturated double bonds, to give as its 

product JL3 or JA. ? 
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13 14 

This seems to be reasonable, since the cv, j3-double bond was shown to 

be the reactive part of the molecule in various trapping experiments and 

since JL1 would not photochemically trap cyclopentene. 

An experiment was performed which was designed to capture the 

reactive intermediate or excited state produced in the photolysis of 

11, viz., irradiation of the molecule in methanol. The progress of the 

reaction was followed by glpc on an SE-30 column. After about four 

hours, consumption of starting material was complete on a 0.02 molar 

scale. Distillation gave a colorless oil which was further purified by 

preparative gas chromatography on an SE-30 column. Analytical data 

indicated that the photoproduct was composed of the elements of JL1 and 

methanol. The compound was shown to possess the structure JL5, 3-methoxy- 

4-cycloocten-1-one. The nmr spectrum showed signals for two vinyl 

protons at 4.28 T, a three proton methoxyl singlet at 6.69 T, the proton 

a to the methoxyl group as a five line multiplet at 5.59 T, and the 

rest of the methylene protons as a complex multiplet between 7.0 and 

8.7 T. It appears that the elements of methanol have been added across 

the a, ^-double bond of JL1. The fact that the remaining double bond of 

the photoproduct was not conjugated with the carbonyl group was shown by 

two pieces of evidence. First, the position of the carbonyl stretching 
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-1 
frequency at 1704 cm was indicative of a saturated carbonyl group; and, 

secondly, the vinyl protons in the nmr appeared together as a multiplet 

at 4.28 T. Typically, in or, jS -unsaturated ketones the a proton signal appears 

at 2.5-3.5 T, and the /} proton signal at 4.5-5.0 This piece of evidence 

allowed us to rule out 17 as a possibility. 

An eight line pattern at.7.0-7.7 T, two lines of which were partially 

obscured by the methylene envelope, appeared to be the AB portion of an 

ABX system. These evidently are the protons of 15 or 16. 

The coupling constants showed the expected strong coupling between H. and H 
A . JJ 

(J^g = 12.0 cps) and the weaker coupling between and and between Hg 
« 

and (J^ “ Jgjj = 5.1 cps). The remaining proton signals were an unresolved 

blur at 7.7-8.8 T. From the nmr and infrared data it was very difficult 

to decide between JL5 and JL6. Chemical evidence was eventually used to • 
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make the decision as to the actual structure of the methoxy photoadduct. 

The unsaturated methoxy ketone was hydrogenated over a palladium- 

charcoal catalyst. A 2,4-dinitrophenylhydrazone was made of this now 

saturated photoproduct, and it showed a melting point of 145.5-146°C. 

An authentic sample of the 3-methoxycyclooctanone was prepared by 

photolysis of 2-cyclooctenone in methanol, and a 2,4-dinitrophenylhydrazone 

of this sample was prepared. Cyclic enones give j3 -methoxy ketones on 

irradiation in methanol; thus, cyclooctenone is reported to form 3-methoxy 

29 
cyclooctanone. The melting point of its 2,4-dinitrophenylhydrazone, 

145.5-146°C, was identical to that of the photoproduct's derivative. 

A mixed melting point showed no depression. A mixture of the two samples 

of saturated methoxy ketones showed one peak on SE-30, Carbowax, and QF-1 

columns. The infrared spectra of the two samples were very similar, but 

even after glpc purification of the hydrogenated photomethoxy ketone, its 

infrared spectrum was slightly blurred and could not be called identical 

to that of the authentic sample. However, we feel that the identity of the 

2,4-dinitrophenylhydrazone derivatives confirms the structure of the 

photoadduct as being 15. 

In order to gain further insight into the nature of the reactive 

species produced on photolysis of JJ., we irradiated it in furan. On 

the basis of the results of the photolysis in methanol, we had expected 

the furan might add to the a, /? -double bond in a Diels-Alder type addition 

to the photolytically produced trans-cis cyclooctadienone to give pro- 

25 
ducts JL7 and JL8, as Eaton had observed in the cycloheptenone case. 

Compound 11 was irradiated in the presence of furan for four hours. The 

reaction was followed by glpc, however, with some difficulty because the 
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0 

11 

0 

hv > a ,o 

18 19 

furan adduct had a very long retention time. Distillation yielded a 

small quantity of a heavy, viscous oil which showed one very broad 

peak of long retention time on the gas chromatograph. This furan 

adduct was then hydrogenated over palladium-charcoal catalyst to the 

completely saturated derivative. By a separate synthetic scheme, 

involving thermal addition to the photochemically produced trans-2- 

cyclooctenone, followed by catalytic hydrogenation, an authentic sample 

of the saturated furan adduct was made. The reduced photoadducts were 

almost certainly mixtures of the two possible trans fused compounds. 

No clear separation was evident on any of the glpc columns tried. The 

infrared spectra of these two product mixtures were very similar in 

almost all respects, but blurring of the already small peaks in the 

sample obtained from 11 made us unable to call the spectra identical. 

The carbonyl absorption of both compounds.is the same, occurring at 

1689 cm \ Even though the spectra are not perfectly identical, they 

are similar enough to lead us to believe that the structures of the two 

product mixtures are, indeed, the same. Both products are probably 

mixtures of the two trans isomers, 20 and 21, but gas chromatography 
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was unable to resolve them. It may be that the slight differences in 

the infrared spectra of the two samples are due to a slightly different 

ratio of the two trans isomers present in each sample. 

/ 
2,6-cyclooctadienone was prepared by a route similar to that used 

for 2,4-cyclooctadienone. Allylic bromination of excess 1,5-cycloocta- 

‘ diene gave a mixture of allylic bromides and dibromides in which some 

bond migration had occurred. The desired 3-bromo-l,5-cyclooctadiene, 

mp & 0°C, was obtained by fractional crystallization of the monobromide 

fraction from ether. Two crystallizations gave material of satisfactory 

purity for further use. The monobromide was then allowed to react with 

silver acetate in acetic acid to give the allylic acetate. Reduction to 

the corresponding alcohol with lithium aluminum hydride, followed by 

oxidation with Jones reagent gave the desired 2,6-cyclooctadienone in 

about 26% yield overall, based on moles of N-bromo-succinimide. 

Photolysis of this interesting molecule in ether or pentane pro¬ 

duced a very high yield of a white, flocculant polymer. In the presence 

of cyclopentene JLO feimply rearranged and did not undergo cycloaddition to 

the olefin. • Again, large amounts of polymer were formed. Still, a small 

amount of what appeared to be an isomerization product was formed in each 

a 
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of the aforementioned systems. After distillation, the photoisomer was 

purified by glpc on an SE-30 preparative column. This step generally led 

to very pure photoisomer, but with considerable loss of material. Micro¬ 

analysis and molecular weight data indicated that the photoproduct was, 

indeed, isomeric with JLO. It formed an orange 2,4-dinitrophenylhydrazone, 

mp = 144°C, showing that the ketone function was intact. The nmr spectrum 

of the product showed no signals in the vinyl hydrogen region, T 2-6, but 

only a series of partially resolved, overlapping complex multiplets in the 

methylene-methine region, T 7.1-8.8. The infrared spectrum exhibits many 

sharp, low intensity bands and a strong carbonyl band at 1756 cm \ This 

carbonyl position for a ketone is indicative of a somewhat strained five- 

membered ring ketone. For example, the carbonyl bands of norbornan-2-one, 

norbornan-7-one, and bicyclo [3.2.1] octan-8-one are reported to occur 

-1 -1 -1 36 
at 1757 cm , 1773 cm , and 1757 cm , respectively. 

A priori, there are several reactions which the excited state of JLO 

might undergo, based on analogies to known behavior of conjugated and 

homoconjugated enones. These are shown below. 

10 

D- 

■> 
% 

> 

23 
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We then began comparing all the structural possibilities with the data 

so far available. Compounds _23, 25> _26, _2Z> and 2Q could immediately 

be eliminated because they all contain cyclobutanone moieties in which . 

the carbonyl stretching ba'nd in the infrared’would be expected to occur 

at considerably higher frequency (1775-1785 cm than was observed in 

37 
the photoisomer. Any product which might be formed via a ketene inter¬ 

mediate would be intercepted by methanol to form an ester, and no such 

ester was observed in photolyses conducted in methanol (vide infra). 

Structure J24, resulting from intermolecular cycloaddition of the photo- 

chemically activated a, /J -double bond to an unactivated double bond of JJ) 

probably does not occur, since 10 did not form a cycloaddition product 

when irradiated in cyclopentene, but underwent intramolecular rearrange¬ 

ment instead. Compound 22 is a known substance and was reported to have 

a deceptively simple nmr spectrum, consisting of four singlets. The 

* Jo 
2,4-dinitrophenylhydrazone of 22 melts at 206°C, whereas the 2,4-dinitro- 

phenylhydrazone of our photoisomer melts’at 144°C. The remaining possibility 
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of those tested is 29. The various stages of the mechanistic sequence shown 

leading to 29 are not without precedent. The original cleavage of the 

carbon-carbon bond o' to the carbonyl group, producing an allylic-acyl 

diradical is analogous to the process occurring in 3-cyclooctenone as 

30 
described by Paquette. Following allylic rearrangement and closure to 

a vinyl cyclohexenone, a purely photochemical intramolecular head to tail 

cycloaddition reaction takes place to produce the observed product. 

In order to definitely establish the structure of the photoisomer, 

on 

a cleavage reaction as described by Gassman was employed. y Gassman found 

that non-enolizable ketones could be cleaved in a manner similar to the 

we.ll-known Haller-Bauer reaction with very pure potassium tertiary 

butoxide and a small amount of water in dry ether. This mixture generates 

a completely unsolvated hydroxide ton. This unsolvated hydroxide ion readily 

attacks the carbonyl carbon and subsequent carbon-carbon bond cleavage occurs 

to form an anion which is eventually protonated. 

30 
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The photoketone was subjected to this treatment andj indeed, formed an 

acid. The acid was immediately esterified with diazomethane and then 

distilled. Analysis by glpc showed one major product with a small 

amount of unwanted material appearing as small humps or irregularities 

in the base line. The material was purified by glpc on an SE-30 

preparative column. The infrared spectrum of the degradation product 

very closely resembled that of an authentic sample of J30, prepared by 

a different synthetic route, but they could not be called identical. 

The ester, obtained by Gassman cleavage of the photoketone, followed 

by diazomethane esterification, was an epimeric mixture, endo and exo, 

which, however, appeared as one sharp peak on five glpc columns of 

varying polarity. 

The very close similarity of the infrared spectra of this material 

and a sample of gross structure _30 obtained by unambiguous synthesis 

suggested that the two differed only in the proportion of epimers. In 

order to obtain compounds separable by gas chromatography, the two 

samples were reduced to the corresponding carbinols with lithium aluminum 

hydride. The gas chromatogram of the material thus obtained from the 

cleavage ester showed two peaks in the ratio 97:3, and the carbinol 

obtained from the authentic ^30 showed peaks of exactly the same 

retention time, but in a different ratio, 15:85. The photoketone would 

be expected to cleave in such a way as to provide mainly endo acid, 

and, for this reason, the endo alcohol would be expected to predominate. 

In the preparation of the synthetic carbinol it was expected that the 

more stable exo acid and eventually the more stable exo alcohol would 
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predominate; this appeared to be the case. Infrared spectra were 

taken of the cleavage alcohol and of the smaller peak of the authentic 

sample (which had the same retention times) and these spectra were 

identical, indicating that the cleavage gave almost predominantly the 

endo acid of the same gross structure as _30. It appears, then, that 

4 7 
the rearranged photoproduct is the tricyclo [3.2.1 * ] octan-8-one, 29. 

We then performed an experiment to trap the initial excited state 

of _10 by irradiating the molecule in methanol. Once again the reaction 

was very clean and rapid, only li hours being required for the 

consumption of 0.10 moles of starting material. Distillation and 

preparative glpc gave a colorless liquid whose analysis indicated it 

to be a 1:1 adduct of methanol and 10. Nuclear magnetic resonance 

and infrared spectra of the product showed that methanol had added to 

the conjugated double bond in a manner similar to that previously noted 

in the 2,4-cyclooctadienone system. 

0 0 

10 32 
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The carbonyl band had shifted to a higher frequency, from 1667 cm"^ in 

the starting material to 1700 cm ^ in the photoproduct. Also evident 

in the infrared spectrum of this material was a large C-0 bond at 

1095 cm ^ and double bond character at 3020 cm The nmr spectrum of 

the product was also consistent with structure 32, showing a complex 

multiplet centered at 4.37T of area 2 and a doublet of area 2 at 6.97T 

for the methylene protons between the carbonyl and methoxyl groups. 

The rest of the spectrum consists of a large, unresolved multiplet 

centered at 8.0 T. 

Compound ^32 was hydrogenated over a palladium-charcoal catalyst 

to the saturated derivative, and its infrared spectrum compared exactly 

to that of the 3-methoxycyclooctanone which had previously been prepared 

29 
by the photolysis of 2-cyclooctenone in methanol. The infrared spectra 

of the two molecules were identical in every respect, including all the 

fine structure. In order to cross-check the results of this photolysis 

once again, a 2,4-dinitrophenylhydrazone of the now saturated photo¬ 

adduct was made. The bright yellow 2,4-dinitrophenylhydrazone melted 

sharply at 146-147°C as compared to 144.5-145°C for the authentic sample. 

A mixed melting point was taken and it melted at 144.5-145°C. A mixed 

gas chromatographic analysis of a mixture of the authentic methoxy 

ketone and the hydrogenated photoproduct showed one peak on SE-30, 

Carbowax, and QF-1 columns, further confirming the identity of the photo¬ 

product. 

In a further effort to gain information on the nature of the reacting 

species, the ketone ^10 was irradiated in the presence of furan. The 
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reaction was followed by disappearance of starting material on the gas 

chromatograph and by noting the shift in the carbonyl stretching 

frequency from 1659 cm ^ in the starting material to 1689 cm ^ in the 

product as the reaction proceeded. The distilled product was a very 

viscous oil which appeared to be a mixture,of the two trans fused 

isomers since many of the peaks in the infrared spectrum were 

blurred. Upon hydrogenation, the saturated derivative was formed. 

This material had an infrared spectrum very similar to that of the 

mixture of saturated ketones obtained by the hydrogenation of the 

2-cyclooctenone furan adduct (vide supra). Although the spectra were 

not superimposible, they were 'similar enough to suggest that we again 

had a mixture of the two trans isomers, but not in the same proportions. 

On an SE-30 column in the gas chromatograph only one peak was obtained 

for the hydrogenated furan adduct from 2,6-cyclooctadienone. The 

authentic sample produced a broad peak at the same position under 

identical circumstances, further reinforcing the fact that we had 

obtained identical products, although in possible varying ratios of 

the two trans isomers. 
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DISCUSSION • 

The behavior on irradiation of 2,4- and 2,6-cyclooctadienone 

provided unexpected and rather interesting results. We had expected 

that 2,4-cyclooctadienone might undergo a simple electrocyclic ring 

closure to the bicyclo [4.2.0] oct-7-en-2-one as substituted 2,4- 

40 
cycloheptadienones have1 been reported to do. However, this proved 

not to be the case in our eight-membered system, since 2,4-cycloocta¬ 

dienone dimerized,' even in dilute solutions. Chapman has shown that 

the closure of 2,4,6-cyclooctatrienone to form bicyclo[4.2.0]octa-4,7- 

dien-2-one results from the thermal electrophilic reaction of the photo- 

41 
chemically produced cis,cis, trans cyclooctatrienone. Simple 

substituted 2,4-cycloheptadienones also undergo electrocyclic ring 

closure, probably via a similar pathway. Since both of these ketones 

and ll are non-planar, the observed dimerization of our molecule is 

somewhat surprising. Whereas examples of the dimerization of enones 

are numerous, there are only a few reports of the dimerization of linear , 

dienones. Dimers have been isolated from the irradiation of two steroidal 

linear dienones. The products are cyclobutanes, resulting from cyclo¬ 

addition across the y, 6 double bonds of both components and from a 

crossed or, to y, 6 cycloaddition as in the example shown. 
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It seems likely that steric factors determine the outcome in these cases, 

since the O', P double bond is much more hindered in these cases than is 

42 
the 6 double bond. Support for this hypothesis exists in the 

observation that the photochemical cycloaddition of cyclopentene to this 

dienone results in addition to the o', P double bond. 

The reasons why the 2,4-cyclooctadienone does not undergo electro- 

cyclic closure to form bicyclo [4.2.0] oct-7-en-2-one are still not 

clear. If the molecule were to undergo initial photochemical isomeri¬ 

zation of one of the double bonds from cis to trans, a thermal, conrotatory 

electrocyclic reaction would give the cis fused bicyclooctenone. It is 

reasonable to assume that the O', 0 double bond photochemically isomerizes 

from cis to trans. since data gathered from photolyses in furan and 

methanol seem to support this. Apparently, the electrolytic closure is 

an energetically unfavorable reaction, since even in dilute solution the 

only isolable product is a dimer. The relative orientation and the 

stereochemistry of the dimer have not yet been established and would be 

very difficult to predict. Until the complete structure is definitely 

known, any further speculation would be useless. However, one example 

exists which provides a tenuous analogy. Yates has reported that the 

photodimer of 3-phenyl-cyclohexenone possesses the anti-head to head 

43 
structure. Although it seems likely that this substance is formed in 

a true photochemical process rather than from the thermal reaction of a 

strained double bond since a trans double bond would be much more 

difficult to produce in a six-membered ring, an analogy may be drawn 

between the aforementioned cycloaddition reaction and our present system. 
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If 2,4-cyclooctadienone were to undergo a purely photochemical cyclo- 

addition, then the dimer may possess the anti-head to head structure. 

Low temperature infrared examination of photolysis solutions would be 

very useful in this situation and should show whether an intermediate 

containing a trans double bond is actually present. 

2,6-cyclooctadienone affords many possibilities for inter- or 

intra-molecular rearrangement to occur. Of all the possible products 

which could be formed, the ketone, _29, appears to be the sole isolable 

product, resulting from initial Norrish type I cleavage, reclosure to 

the vinyl cyclohexenone, and then intramolecular photochemical cyclo¬ 

addition. However, the efficient addition of methanol and furan to JLO 

are characteristic of the strained trans cyclooctenones and trans 

cycloheptenones. 

A plausible mechanistic pathway by which the products may be formed 

is shown below. 

0 
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As in the cyclooctenone case, a rapid cis-trans isomerization of the 

conjugated double bond may occur. The excited state of _11 may also 

undergo cleavage to the diradical. In this case, < k^. Thus, 

if an effective trapping agent for _33 is present in the system, it 

will intercept the trans dienone to form the product; since k^ < k^, 

29 is produced only slowly. In the absence of methanol or furan, 33 

thermally reverts to starting material. If no trapping agent is 

present, the excited state slowly and irreversibly cleaves at the - Cg 

bond and subsequently produces either 29 or more polymer. 



37 - 

EXPERIMENTAL 

General Procedure for Irradiations 

The apparatus consisted of a cylindrical Pyrex irradiation vessel 

which surrounded a Pyrex immersion well and was fitted by means of side 

arms to a Friedrichs condenser and a small serum bottle cap. Ice water 

at 4-8°C was passed through the annular space of the Pyrex well and 

also through an external bath in which the entire apparatus was 

immersed. Solutions of the enones or dienones were placed in the 

vessel and were deoxygenated by flushing with purified nitrogen for 

one hour. A slight positive pressure of nitrogen was maintained in the 

system throughout the irradiations. The solutions were irradiated by 

a Hanovia Type L medium-pressure 450-W mercury arc. The Pyrex immersion 

well is opaque to light of wavelength shorter than 3000 k. The progress 

of the reaction was monitored by removing aliquots from the reaction 

with a syringe and examination by gas chromatography or infrared 

spectral means. Analytical gas chromatography was performed on the 

following columns: (1) 5 ft. x 0.25 in. 5% SE-30 silicone rubber on 

Chromosorb P, Column A, (2) 5 ft. x 0.25 in. 57o Carbowax 20-M on Chromo- 

sorb P, Column B, and (3) 12 ft. x 0.25 in. 10% QF-1 fluorosilicone 

rubber on Chromosorb W, Column C. Preparative gas chromatographic 

separations were accomplished on a 6 ft. x 0.375 in. 5% SE-30 silicone 

rubber on Chromosorb P, Column D. Gas chromatographic work was done 

on a Varian Aerograph Model 202-IB Gas Chromatograph utilizing a thermal 

conductivity detector. Infrared spectra were taken on a Beckman 1R-8 
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infrared spectrophotometer. Nuclear magnetic resonance spectra were 

obtained on a Varian A56-60A1instrument and on a Varian A60 instrument, 

operating at 38°C. 

Preparation of 2,4-cyclooctadienone, JLl 

1,3-cyclooctadien-5-ol was prepared by the procedure of Cope and 

34 
co-workers. To a solution of the alcohol (15.0 gm = 0,121 mole) in 

reagent acetone was added dropwise Jones Reagent, chromium trioxide 

sulfuric acid until a brown color persisted in the reaction mixture. The 

temperature of the reaction was kept between 15-30°C with an ice-bath. 

The acetone was evaporated and the green chromium salts which had preci¬ 

pitated out of solution were dissolved in a minimum amount of water. 

The aqueous solution was extracted several times with ether; the ether 

extracts were combined, washed with IN NaHCO^ and were dried over MgSO^. 

The ether was evaporated and the pure ketone, JLl, was distilled; 

bp 46°/8mm (11.7g, 787o). Ir (film) , 1661 cm ^ (C=0) . 

Photolysis of 2,4-cyclooctadienone in Ether 

A solution of 1.0 gm (0.008 mole) of 2,4-cyclooctadienone in 200 ml . 

of dry ether was irradiated under standard conditions for 1.5 hours. 

Evaporation of solvent afforded a mixture of crystalline material and 

polymer. The polymer was washed away from the solid material with ether 

and chloroform. The product was recrystallized from ethyl acetate- 

benzene (1:1) to afford dimer 13 or \A as biprismic crystals which melted 

at 173-174°G; (300 mg; 30% yield); ir(KBr disc), 1700 cm * (C=0); 
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nmr (CCl^), T4.3 (4H multiplet, vinyl protons), T6.6 (2H doublet, 

methine protons); mass spectrum m/e = 244, P; m/e = 188; m/e = 160; 

m/e = 132. A sample was sublimed at 150°C/0.2 mm for analysis. 

Calc, for C_Hon0o: C, 78,65; H, 8.25. Found: C, 78.18; H, 8.28. 
ID ZU Z 

Preparation of 3-methoxy-cyclooct-4-en- 1-one 

A solution of 1.2 gm (0.010 mole) of 2,4-cyclooctadienone in 

200 ml of anhydrous methanol was irradiated for four hours under the 

standard conditions. Evaporation of the solvent and distillation of 

the residue on a short path distillation apparatus gave in approxi¬ 

mately 307o yield a colorless oil which was further purified by 

preparative gas chromatography on column D. The product, 3-methoxy- 

cyclooctenone showed the following spectral data: ir(film), 1704 cm ^ 

a -1 
(C=0), 1113 cm (C-0); nmr (CC1^>, T4.28 (2H multiplet, vinyl protons), 

T6.69 (3H singlet, OCH^), T5.59 (1H pentet, proton O' to methoxyl) 

T7.01-8*76 (8H multiplet). 

Preparation of 3-methoxy-cyclooctanone from 3-methoxy-4-cyclooc-en-l-one 

A solution of 0.24 gm (0.0016 mole) of 3-methoxy-4-cyclooctenorie 

in 150 ml of ethyl acetate was hydrogenated for 8 hours over palladium- 

charcoal. Evaporation of solvent and distillation of the residue 

afforded 3-methoxy-cyclooctanone in quantitative yield.. Spectra data 

-1 -1 
showed: ir(film), 1696 cm (C=0); 1096 cm (C-0). A sample was 

collected from column D for analysis. Anal. calc, for C^H^O^: C,70.2; 

H, 9.10. Further purification using distillation and collection from 



-40- 

a gas chromatograph failed to give material of sufficient purity as 

to make the analysis any more accurate. Found: C, 69.51; H, 9.16. 

A 2,4-dinitrophenylhydrazone was prepared by the standard procedure of 

adding a few drops of a stock solution of 3% 2,4-dinitrophenylhydrazine 

44 
to a small quantity of 3-methoxycyclooctanone in a few ml of ethanol. 

The derivative was recrystallized once from 95% ethanol-ethyl acetate 

(5:1) and gave yellow needles, mp. 145-145.5°C. This material was 

essentially identical with a sample prepared from 2-cyclooctenone (vide 

infra). 

Irradiation of 11 in the Presence of Furan 

A solution of 1.4 gm (0.011 mole) of JL1 in 125 ml of freshly 

distilled furan and 75 ml of dry ether was irradiated under the standard 

conditions for 3 hours. Evaporation of the solvent and distillation 

afforded in approximately 25% yield a viscous, colorless oil;(ir (film), 

1690 cm ■**. This material is evidently a mixture of stereoisomeric 

adducts JL8 and 19. 

Reduction of the 2,4-cyclooctadienone-furan Adducts, JL8 and 19. 

A solution of the mixture of _18 and JL9,. 0.3 gm (0.0025 mole) ethyl 

acetate (125 ml) was hydrogenated over a palladium charcoal catalyst 

for 8 hours. Evaporation of solvent and distillation of the residue 

afforded the reduced adduct mixture, _20, and 219 in near quantitative 

yield. Spectral data show: ir(film), 1689 cm ^ (C=0). 
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Preparation of 2,6-cyclooctadienone, 10 

1,5-cyclooctadiene (200 gm = 1.85 mole) was refluxed with N-bromo- 

succinimide (245 gm = 7.376 mole) and a catalytic amount of benzoyl 

peroxide in CCl^ for four hours. Evaporation of the solvent and 

fractional distillation gave 2.87 gm (83%) of a mixture of isomeric 

bromo cyclooctadienes. This material was fractionally crystallized 

twice from ether to afford fairly pure 3-bromo-l,5-cyclooctadiene, 

mp. ~ 0°C. This product was used directly in the next reaction. 

The 3-bromo-l,5-cyclooctadiene (149.3 gm = 0.800 mole) and silver 

acetate (170.0 gm = 1.02 mole) were stirred for 2 hour at room 

temperature in glacial acetic acid in a 1000 ml flask covered with 

aluminum foil. The solution was filtered and the silver bromide was 

washed with fresh acetic acid. The solvent was evaporated from the 

combined filtrates. The residue was taken up in ether and the 

remaining silver bromide was filtered. Evaporation of the solvent 

and distillation at 64°C/0.4 mm gave 90.5 gm (67%) of 3-acetoxy-l,5- 

cyclooctadiene. The following spectral data were noted: ir(film), 

1732 cm ^ (C=0). The nmr spectrum of the acetate showed a vinyl 

hydrogen pattern similar to that of the bromide; evidently, little 

allylic rearrangement had occurred. 

A solution of 90.5 gm (0.545 mole) of 3-acetoxy-l,5-cyclo- 

octadiene in 300 ml of dry ether was added dropwise to a slurry of 

20.9 gm (0.55 mole) of LiAlH^. After the addition was complete, the 

reaction was refluxed for 12 hour. The excess LiAlH^ was destroyed 

by addition of 21 gm of water, 21 gm of 15% NaOH solution, and 63 gm 
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of H^O. Filtration of the solid material, evaporation of solvent, and 

distillation at 45°/0.4 mm afforded 63.2 gm (93%) of th.e 3-hydroxy-1,5- 

cyclooctadiene. The infrared spectrum exhibited a broad 0-H stretching 

band at 3340 cm \ 

To a stirred solution of 63.2 gm (0.510 mole) of 3-hydroxy-l,5- 

cyclooctadiene and 300 ml of acetone was added dropwise 65 gm (0.55 

mole) of Jones reagent, 8N chromium trioxide in an equivalent amount of 

45 
sulfuric acid, diluted to the desired concentration with water. The 

reaction was kept between 15-30°C. After addition of the chromic acid 

solution was complete, the acetone was evaporated from the reaction, 

and the precipitated green chromium salts were dissolved in a minimum 

amount of water. The aqueous solution was extracted with ether several 

times. * The extracts were combined and washed with IN NaHCO^ and dried 

over MgSO^. Evaporation of solvent and distillation at 55°C/0.3 mm 

gave 34.9 gm (56%) of 2,4-cyclooctadienone. Spectral data shows: 

ir(film), 1665 cm ^ (C=0); nmr (CCl^); T3.0-4.3 (4H multiplet, vinyl 

protons), T6.57 (1 H doublet, methylene next to carbonyl), T6.83-8.0 

(6H multiplet). A 2,4-dinitrophenylhydrazone was prepared of this 

compound by the standard procedure. It was recrystallized from 95% 

ethyl alcohol to give orange needles, mp. 144-145°C. 

Photolysis of 2,6-cyclooctadienone, 10, in Inert Solvents 

A solution of 2.0 gm (0.016 mole) of _10 in 200 ml of dry ether 

was irradiated under standard conditions for 7*^ hours. Filtration 

of the polymeric material, evaporation of the solvent, and distil¬ 

lation gave an oil (0.7 gm; 35%). The yield was erratic and varied 
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from 10-357, over 20 runs. Longer irradiation times gave lower yields 

of the photoketone. This oil was purified by preparative gas chroma- 

* 4 7 
tography on column D to give the pure photoisomer, tricyclo [3.2.1.0 ’ ] 

octan-8-one. Spectral data indicate: ir(film), 1756 cm ^ (C=0); nmr 

(CCl^), complex multiplet from T7.1-8.8; mass spectrum: m/e 122(P)(98), 

79(100), 94(31), 66 and 67(both 48). A 2,4-dinitrophenylhydrazone was 

prepared in the usual manner and was purified by chromatography on 

silica gel, eluding with chloroform-ethyl acetate (1:1), evaporation of 

solvent and recrystallization from ethanol-ethyl acetate (5:1) to give 

the pure derivative, mp.=144°C. Anal. calc, for 55.6; 

H, 4.65. Found: C, 54.68; H, 5.00. 

Irradiation of 2,6-cyclooctadienone in Methanol 

A solution of 1.57 gm (0.013 mole) of _10 in 200 ml of anhydrous 

methanol was irradiated under standard conditions for labours. 
♦ 

Evaporation of solvent and distillation gave a colorless oil in 75% 

yield which was composed mainly of 3-methoxy-6-cyclooctenone. This 

was further purified by gas chromatography on column D. The product 

exhibited the following properties: ir(film), 1700 cm ^ (C=0), 1095 cm ^ 

(C-0); nmr (CCl^), T4.37 (2H multiplet, vinyl protons), T6.68 (3H 

singlet, -OCH^); T6.97 (2H doublet for methylene group between C=0 

and*-OCH3),T7.2-8.7(7H complex multiplet). 

Hydrogenation of 3-methoxy-6-cycloocten-1-one 

A solution of 0.35 gm (0.0023 mole) of_32 in 125 ml of ethyl 
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acetate was hydrogenated over a palladium charcoal catalyst for five 

hours. Evaporation of solvent and distillation of the residue gave ca. 78% 

of 3-methoxy-cyclooctanone; ir(film), 1696 cm ^ (C=0), 1100 cm ^ (C-0). 

Anal. calc, for 69.2; H, 10.25. Found: C, 69.68; H, 10.58. 

A 2,4-dinitrophenylhydrazone was prepared by the standard procedure and 

was found to be identified with the 2,4-dinitrophenylhydrazone of 

cyclooctenone (vide infra). 

Preparation of the Furan Adducts of 2,6-cyclooctadienone 

A solution of 2.0 gm of W in 125 ml of freshly distilled furan 

and 75 ml of dry ether was irradiated using the standard procedure for 

2^ hours. Evaporation of solvent and distillation gave a viscous oil 

which was used directly in the next reaction. An infrared spectrum 

was taken and showed V = 1703 cm ^ (C=0). 

Preparation of the Hydrogenated Furan Adducts of 2,6-cyclooctadienone, 

j20jmd_21. 

A solution of ca. 0.5 gm of the products described in the previous 

reaction sequence in 125 ml of ethyl acetate was hydrogenated over a 

palladium charcoal catalyst for 4^ hours. • Evaporation of solvent 

and distillation gave a viscous oil in 17% yield overall; ir(film), 

1689 cm”1(C=0). 

Preparation of Cyclooctenone 

To a solution of 12.6 gm (0.1 mole) of cyclooctanone in 125 ml 

of ethylene glycol was added dropwise 16.0 gm (0.1 mole)of bromine. 

The reaction temperature was maintained at 10-20°C. The reaction 
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became a cloudy white as the bromine reacted. The reaction was 

stirred for 15 minutes at room temperature. The reaction mixture 

was poured into pentane and sodium carbonate. The pentane layer 

was dried over MgSO^. 

After evaporation of the solvent, the crude material was 

dissolved in dry DMSO. To this mixture was added 16.0 gm (0.296 

mole) of NaOMe. The solution was stirred for 12 hours at room 

temperature. 

The reaction mixture was diluted with water and extracted 

with pentane several times. The pentane was dried over MgSO^. 

Evaporation of the solvent, followed by mild acid hydrolysis, 

effected by shaking the product in 5% for 15 minutes afforded 

crude cyclooctenone. Distillation at 50°C/0.5 mm gave pure 2-cyclo- 

octenone, 8.5 gm (68%) as a colorless oil. Ir(film), 1651 cm \c=0). 

Preparation of 3-methoxy-cyclooctanone 

A solution of 2.0 gm (0.016 mole) of 2-cyclooctenone in 200 ml 

of methanol was irradiated under standard conditions for one hour. 

Evaporation of solvent and distillation afforded in ca. 50% the pure 

3-methoxy-cyclooctanone; ir(film), 1696 cm ^ (C=0); 1028 cm ^ (C-0). 

This authentic 3-methoxy-cyclooctanone had an infrared spectrum 

identical to the 3-methoxy-cyclooctanone obtained by hydrogenation 

of the 2,6-cyclooctadienone adduct and very similar to that of the 

methoxy ketone obtained from 2,4-cyclooctadienone. Mixtures of the 

authentic sample with both of the hydrogenated methoxy ketones showed 

one peak on columns A, B and C. The three methoxy ketones all formed 
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2,4-dinitrophenyl hydrazones with nearly identical melting points, 

the melting points being 144,5-145°C for the authentic sample, 

144.5-145°C for the methoxy ketone derived from 2,4-cyclooctadienone, 

and 146-147°C for the methoxy ketone frofn 2,6-cyclooctadienone. 

Mixtures of the 2,4-dinitrophenylhydrazone of the authentic sample 

with the 2,4-dinitrophenylhydrazones of 2,4- and 2,6-cyclooctadienone, 

respectively, showed no depression, both mixtures melting at 144.5- 

145°C. 

Preparation of the Furan Adducts of 2-cyclooctenone 

A solution of 2.00 gm of 2-cyclooctenone in 100 ml of freshly 

distilled furan and 100 ml of dry ether was irradiated under standard 

conditions for 10 hours. Evaporation of solvent and distillation of 

the residue afforded a viscous oil in 10% yield. This oil was used 

directly in the next reaction. 

Preparation of the Hydrogenated Furan Adduct of 2-cyclooctenone 

A solution of the furan adduct described above in 125 ml of 

EtOAc was hydrogenated over palladium charcoal catalyst for 8 hours. 

Evaporation of the solvent and distillation gave in 87o overall yield 

a colorless oil. Spectral data shows: ir(film), 1689 cm ^ (C=0). 

The infrared spectra of the hydrogenated furan adducts of 

2-cyclooctenone, 2,4-cyclooctadienone, and 2,6-cyclooctadienone were 

very similar in many respects. Although most of the peaks were very 

small, all three spectra had the same positions for each peak. These 

minor differences could be attributable to differences in the ratios 

of the two trans isomers present in each sample. The one strong peak 
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of the two trans isomers present in each sample. The one strong 

peak in the spectrum of the hydrogenated furan adducts, the 

carbonyl stretching band, occurs at 1689 cm ^ in each of the 

samples. This information seems to indicate that the three 

hydrogenated samples are probably composed of the same isomers 

in slightly different ratios. 

39 
The Cleavage of 29 by the Procedure of Gassman and Zalar 

The reaction vessel was flushed with purified nitrogen for 

2 hours before the reaction was run. To a stirred suspension of 

-2 
2.01 gm (1.79 x 10 mole) of sublimed potassium tertiary butoxide 

in 25 ml of dry, ether, which was distilled from ethyl magnesium 

bromide, was added successively 0.095 gm (5.28 x 10 mole) of 

-3 
water and 0.259 gm (2.13 x 10 mole) of the photoisomer in about 

5 ml of dry ether. The reaction vessel was immersed in an ice 

bath during these additions. After both additions were complete, 

the ice bath was removed and the reaction was allowed to stir at 

room temperature for 2h hours. After 2^* hours, the vessel was 

again immersed in an ice bath and water was added to the reaction 

until two clear layers appeared. The aqueous layer was acidified 

to pH=2 and was extracted three times with ether. The ether extracts 

were combined and dried over MgSO^. Evaporation of the ether left 

the crude acid, which was used directly in the next reaction. 

Esterification of J}0 and/or 31. 

To a stirred solution of the crude acid in ether was added 

a five-fold excess of diazomethane in ether, and a rapid evolution 
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of bubbles was immediately observed. The reaction was stirred in 

the hood until the ether and diazomethane had evaporated. The 

residue was distilled and purified by preparative gas chromato¬ 

graphy on column D to give 0.0997 gm (31% overall yield) Qf pure 

ester. The spectral data indicate: ir(film), 1730 cm ^ (C=0). 

Synthetic Preparation of 30. 

Compound _30 was prepared by another worker in this 

laboratory by photochemical, cycloaddition of acrylonitrile to 

cyclopentenone. The Wolf-Kischner reduction of the carbonyl 

group also hydrolyzed the nitrile to the acid. Esterification 

of the acid with diazomethane afforded pure J30. Spectral data 

indicate: ir(film), 1730 cm ^ (C=0). 

Synthetic Preparation of 31. 

Compound 31 was also prepared by another worker in this 

laboratory. Photochemical cycloaddition of ethylene to cyclo¬ 

pentenone afforded the bicyclo [4.2.0] heptan-2-one. Reaction 

of this compound with dimethyloxosulfonium methylide afforded the 

methylene epoxide which was rearranged with triethyloxonium 

fluoroborate to the aldehyde. The aldehyde was oxidized to the 

acid with silver oxide and esterified to 31 with diazomethane. 

Spectral data indicate: ir(film), 1731 cm ^ (C=0). 
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Reduction of the Cleavage Ester, 30T to the Corresponding endo Carbinol. 

-2 
To a mixture of 0.0270 gm (7.10 x 10 mole) of lithium aluminum 

hydride in 30 ml of dry ether was added a solution of 10 ml of dry 

-4 
ether and 0.0285 gm (1.85 x 10 mole) of 30. The reaction was refluxed 

for five hours and then was hydrolyzed by successive additions of 27\iJi 

of water, 27\iZ of 157> sodium hydroxide, and 81JJLJ£ of water. The granular* 

precipitate was filtered and washed. The ether solution was dried over 

MgSO^. Evaporation of solvent followed by distillation provided 0.0264 gm 

of the carbinol in quantitative yield. The material was found to be 

977o endo and 3% exo on column B. 

Reduction of the Synthetic Ester, J10, to the Corresponding Carbinol. 

-3 
To a mixture of 0.183 gm (4.82 x 10 mole) of lithium aluminum 

hydride in 30 ml of dry ether was added a solution of dry ether and 0.437 gm 

-3 
(2.84 x 10 mole) of _30. The mixture was refluxed for five hours and 

then was hydrolyzed by successive additions of 0.183 ml of water, 0.183 ml 

of 157o sodium hydroxide, and 0.336 ml of water. The granular precipitate 

was filtered and washed. The ether solution was dried over MgSO^. 

Evaporation of solvent gave material of sufficient purity for preparative 

purification on the gas chromatograph. The material was a mixture of 

the endo and exo carbinols in the ratio of 15:85 respectively. Prepara¬ 

tive gas chromatography on column B afforded pure the endo and pure exo 

carbinols. The infrared spectrum of the endo carbinol was identical to 

the infrared spectrum of the pure (977») endo carbinol from the cleavage 

reaction. 
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