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Cyc lopen tanone and cyclohexanone were alkylated with 1-octene and 1-decene in the presence 
of silver(I) or silver(Il) oxides under normal pressure at 80— 130°C to give the corresponding 
2-n-alkylcycloa!kanones in 68 — 77% yields. Cyclohexene underwent the alkylat ion less readily 
and gave generally low yields of the cor respond ing 2-cyclohexylcycloalkanones. Format ion 
of these products is the first example of a silver(I) oxide initiated alkylat ion react ion leading 
to J : 1 an t i -Markovn ikov addi t ion products . The react ions were strongly inhibited by pure oxy-
gen and re ta rded by a radical inhibi tor . Both silver oxides act in these l iquid-phase, free-radical 
chain react ions as he terogeneous init iators. The relative reactivity of cyc lopen tanone towards 
1-octene, as determined by the me thod of compet i t ion reactions, is approx imate ly twice as high 
as that of cyclohexanone and does not depend under the exper iment condi t ions upon temperature , 
type of the silver oxide or a ketone to alkene ratio. 

The homolytic alkylation of cycloalkanones with terminal alkenes, leading to forma-
tion of 2-n-alkylcycloalkanones ( 1 : 1 adducts), can be initiated by UV-light ir-
radiation1 , cycloalkanone autoxidation2 and by thermal decomposition of peroxy-
- c o m p o u n d s 3 - 8 . The UV-light induced radical addition of cyclohexanone to 1-octene 
gives, however, 2-n-octylcyclohexanone in only 25% yield1. Similarly, the alkylation 
of cyclopentanone or cyclohexanone with 1-octene initiated by autoxidation in the 
presence of manganese stearate affords the corresponding 1 : 1 adducts in 48 and 
24% yields, respectively2. On the other hand, di-tert-butyl peroxide3 - 4 (DTBP) 
and tert-butyl hydroperoxide8, which both ensure a sufficient supply of the start 
radicals at higher temperatures, have turned out to be suitable initiators for the 
addition of cycloalkanones to terminal alkenes, yielding 2-n-alkylcycloalkanones 
in 50 — 70% and 3 2 - 6 2 % yields, respectively. We have recently reported on the argen-
tic oxide (AgO)** initiated addition reaction of acetone with 1-alkenes in the liquid 

* Par t II in the series Free-Radical Addi t ion React ions Ini t iated by Metal Oxides; Part I: 
Te t r ahed ron Lett . 1974, 3193. 
** On the basis of magnet ic behaviour and crystal s t ructure , the argentic ox ide 9 (AgO) is now 
assumed to be ra ther s i lve r ( I ) - s i lve r ( I I I ) oxide (Ag 2 O — A g 2 0 3 ) ( re f . 1 0 ) ; for simplicity and in ac-
cordance with the current l i terature, the te rms argentic oxide, silver(II) oxide and the fo rmula AgO 
are used t h r o u g h o u t this series. 
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phase leading in one-s tep process to fo rma t ion of s traight-chain methyl alkyl ke tones 
in 73 — 83% y i e ld s 1 1 , 1 2 . We now find tha t the addi t ion react ion of ke tones with alke-
nes can be effected also with the m o r e readily accessible silver(l) ox ide 1 3 in place 
of the argent ic oxide. In the present communica t i on the effectiveness of silver(l) 
oxide and silver(Il) oxide as he te rogeneous ini t iators is compared in the an t i -Markov-
nikov type addi t ion react ion of cyc lopen tanone and cyclohexanone with 1-octene, 
1-decene and cyclohexene. Addi t ional da ta on the possible mechan i sm of the ad-
dition react ion initiated by the silver oxides are also repor ted . 

RESULTS A N D D I S C U S S I O N 

The alkylat ion of cyc lopentanone a n d cyc lohexanone with 1-octene and 1-decene 
in the presence of silvsr(l) oxide or si lver(l l) oxide gives, under essentially comple te 
alkene consumpt ion and in the absence of any induct ion per iod, the cor respond ing 
2-n-octylcycloalkanones ( l a and Ic) and 2-n-decylcycloalkanones (lb a n d Id) in 
68 — 77% yields (calculated with respect to the charged alkenes) (Tables I and II). 
The yields of the alkylat ion react ions are somewha t higher than those (50 — 70%) 
obtained in ana logous react ions initiated with D T B P (ref .3) . Cyclohexene under -
goes the silver oxide initiated addi t ion less readily a n d gives only 17 and 5% of the 
corresponding 2-cyclohexylcycloalkanones Ilia and Illb, respectively. The in-
spection of Table I shows that op t imum yields of the 1 : 1 adduc t s are achieved 
at a 10 : 1 : 1 initial molar ra t io of the ke tone to the 1-alkene to silver oxide. In cont ra -
distinction to the addi t ion react ion of acetone with a lkenes 1 1 , f u r the r decrease of the 
alkene concent ra t ion did not affect significantly the yield of the 1 : 1 adduc t s or the 
selectivity of the a lkyla t ion react ion. An increase in t empera tu re f r o m 80 to 130°C 
resulted in a decrease in the react ion t ime f r o m 29 —30 to 4 — 6 h; because of thermal 
decomposi t ion of silver(l) and silver(II) oxides (see later), a con t inuous or por t ion-
wise addi t ion of the silver oxides was, however, necessary to achieve high yields 
of the 1 : 1 adduc t s in the react ions carried out at 120—130°C. All the a lkylat ion 
reactions leading to 1 : 1 adduc t s and initiated by silver oxides were accompan ied 
by te lomerizat ion as the main side react ion; 15 — 28% of the alkenes were conver ted 
into te lomeric high-boil ing p roduc t s (Table I), independent ly of the t empera tu re 
or the ke tone to a lkene mola r ra t io . Dehydrod imer iza t ion of cyc lopentanone and 
cyclohexanone is also taking place to a small extent , yielding a mixture of meso-
and D,L-bicyclopentyl-2 ,2 ' -dione1 4 ( I I a ) and of ineso- and D,L-bicyclohexyl-2,2'-
-d ione 1 4 (lib), respectively (Table I). F o r m a t i o n of these d ike tones has not been 
ment ioned in the earlier repor ted ana logous alkylat ion r e a c t i o n s 1 - 8 . O n the o ther 
hand , the p roduc t s that would arise f r o m the M a r k o v n i k o v addi t ion , f r o m the a t tack 
upon the allylic hydrogen a toms of the a lkenes 1 5 or f r o m the au tocondensa t ion 
of cyc loa lkanones 1 6 , have not been detected. Also isomerizat ion of the terminal 
alkenes has not been observed under condi t ions of the alkylat ion react ion. Al though 
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no differences were observed in the rate or product yields of the silver oxide initiated 
alkylation reactions performed in contact with air or in nitrogen atmosphere, the 
reactions have failed to start under 800 Torr of the pure oxygen. However, displace-
ment of oxygen by flushing with nitrogen restored completely the initiating efficiency 
of the silver oxides and the alkylation reaction started without a distinct induction 
period, at a normal rate and under immediate deep-brown colouration of the liquid 
phase and silver-mirror formation. Repeated introduction of the pure oxygen into 
the reacting suspension led to an instant inhibition of the alkylation reaction and 
was accompanied by a complete decolourization of the liquid phase. When a small 
amount of a-naphthol was added as a radical inhibitor to the cyclopentanone-
-l-octene-silver(l) oxide mixture, the alkylation reaction proceeded at only a frac-
tion of the normal rate until "burning up" of the inhibitor. In the course of the 

T A B L E I 

Alkylation of Cyclopentanone and Cyclohexanone with Alkenes Initiated by A g 2 0 and AgO 

Ketone Alkene Silver oxide Molar ratio 
of components0 

Tempera-
ture 

°C 

Cyclopentanone 1-octene AgO 10/1/0-25 80 
AgO 10/1/1 80 
A g 2 0 10/1/1 80 
AgO e 10/1/1 1 2 4 - 1 3 0 
Ag 2 O e 10/1/1 1 2 4 - 1 3 0 
AgO® 50/1/1 1 2 8 - 1 3 0 

1-decene AgO e 10/1/1 130 
A g 2 0 10/1/1 80 
A g 2 O e 10/1/1 130 

cyclohexene AgO 10/1/1 80 

Cyclohexanone 1-octene AgO 10/1/0-25 80 
AgO 10/1/1 80 
A g 2 0 10/1/1 80 
AgOe 10/1/1 130 

1-decene AgO e 10/1/1 130 
A g 2 0 10/1/1 80 

a Ketone/alkene/silver oxide on a 0-0125 —0-025 mol alkene scale; b yield of 1 : 1 adducts based 
on charged alkenes and determined by G L C utilizing 2-tridecanone as an internal standard; 
isolated yields are given in brackets; c amount of isomeric bicyclopentyl-2,2/-diones or bicyclo-
hexyl-2,2'-diones in wt.% relative to 1 : 1 adduct formed; d amount of high-boiling products 
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alkylation reaction carried out at 130°C, both silver(l) oxide and silver(II) oxide 
were converted solely to metallic silver; the inorganic product resulting from the 
reactions conducted in the presence of silver oxides at 80°C was a mixture of metallic 
silver and 1 —18 wt.% of silver(l) oxide. From these experiments it follows that 
silver(I) oxide decomposes at substantially lower temperatures than reported by Cot-
ton and Wilkinson17 (above 160°C) and recently by Nakamori and coworkers18 

(330°C). Preliminary measurements of thermal stability of the silver oxides under 
the alkylation reaction conditions have shown that by heating silver(ll) oxide sus-
pensions in n-heptane at 80°C for 30 h, 35% of the oxide is converted into silver(I) 
oxide; during heating silver(l) oxide suspensions in n-heptane under identical condi-
tions, 16% of silver(I) oxide is transformed into metallic silver. In both cases n-heptane 
was recovered unchanged. On heating silver(l) or silver(ll) oxide suspensions in 1-oc-

TABLE I 

(continued) 

Time 
h 

Alkene 
conversion 1 : 1 adduct 

Yield 

l,4-dionec 

wt.% 

high boiling 
products'1 

wt.% 

30 75 58 0 0 — 

30 99 75 (69) 1-3 29-2 
29 99 77 2-5 — 

4 97 70 (61) 2 0 311 
4 95 - (61) 3 0 30-9 
4 95 69 2-6 — 

5 80 - (60) 2-4 24-0 
29 99 75 2-5 — 

5-5 95 - (69) 5 0 26-8 

29 42 - (17) 0-5 -

30 38 30 1-5 — 

30 88 73 (65) 4-6 24-3 
29 96 72 100 — 

4 89 68 (60) 4-5 26-5 

6 93 68 (61) 4-5 27-5 
15 90 - (63) 100 26-3 

in wt.% calcd. f rom the relation: [high-boiling products (g)] . 100/[high-boiling products (g) + 
+ 1 : 1 adduct (g)]; e portions of the weighed amount of silver oxides were gradually added 
to the ketone-alkene mixture in 5 —7 min intervals during the reaction; the sole inorganic product 
formed from AgO or A g 2 0 was metallic silver. 
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tene at 120°C for 4 h led to a complete conversion of the silver oxides into pure 
metallic silver; the alkene was practically resistant against the action of both silver 
oxides and only traces of five unidentified substances (less than 1 wt.% in total) 
were detected by gas-liquid chromatography in the recovered 1-octene. 

When silver(II) oxide was reacted with cyclopentanone or cyclohexanone alone 
at 125°C for 5 h, the 1,4-diones, i.e. Ila of the unknown stereochemistry and 
meso-IIb, respectively, were isolated, but, in contrast to an analogous nickel peroxide 
assisted reaction14 , in only 4% and 9% yields (with respect to the charged silver(ll) 
oxide), respectively. The sole inorganic product always produced was metallic 
silver. 

Formation of 2-n-alkylcycloalkanones la—Id, 2-cyclohexylcycloalkanones Ilia 
and IHb, the dimers Ila and lib and telomers, a complete inhibition of the alkyla-
tion reaction by pure oxygen as well as its retardation by a radical inhibitor strongly 
support the assumption that the silver(l) oxide and silver(ll) oxide initiated alkyla-
tion of cycloalkanones with 1-alkenes and cycloalkenes is a free-radical chain reac-
tion wherein both silver oxides act as heterogeneous initiators. To our knowledge, 
this is the first example of a silver(l) oxide initiated anti-Markovnikov addition reac-

TABLE I I 

Characterisation of 2-n-Alkylcycloalkanones as Products of Silver Oxide Initiated Alkylation 
Reactions 

1 : I Adduct B.p. , °C/Torr 
(lit.)0 

Calc./Found 

0/ O / rj /o ^ /o n 

Semicarbazone 
m.p., °C 

(lit.)0 

2-n-Octylcyclopentanoneb"^ 98 - 9 9 / 2 79-53 12-32 182-5- 184-5 
(96 -97/1-5) 79-27 12-16 (184-6-185) 

2-n-DecylcycIopentanone 115 - 118/3 80-29 12-58 182-183 
(106 — 108/1) 80-15 12-58 (182-5—183) 

2-n-Octylcyclohexanoned 'f /"- ; 102 - 1 0 3 / 2 79-93 12-46 109-5-110-5 
(100 -101/1-5) 79-56 12-25 (109-109-5) 

2-n-Decylcyclohexanone 126 —128/2 80-60 12-68 106-106-5 
(119 -120 /1 ) 80-44 12-44 (104-5-105) 

" Ref.3; b n l ° 1-4535 (ref.3 1-4530); c IR spectrum (neat): v s ( C = 0 ) 1740 cm d vs(CH2) 
2858; VS(CH3) 2873; vAS(CH2) 2929; vAS(CH3) 2959 c m - 1 ; c authentic samples3 of la showed 
identical stretching bands; * the ratio of absorbances in the IR spectrum, i.e. that of 2 858 cm 1 : 
: 2873 c m - 1 as well as that of 2929 c m " 1 : 2959 c m - 1 corresponds to 10 : 1; 9 1-4619 (ref.3 

«5° 1-4605); h IR spectrum (neat): v s ( 0 0 ) 1 7 1 0 c m " 1 ; 'authentic samples3 of Ic showed' 
identical stretching bands; ' the ratio of absorbances in the I R spectrum, i.e. that of 2 858 cm 1 : 
: 2 873 c m " 1 as well as that of 2929 c m " 1: 2959 c m " 1 corresponds to 11 : 1. 
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tion. The results obtained seem to be best explained by a sequence of the reactions 
presented in Scheme 1. 

2 (CH2), 
c=o 

C H , 

+ 2 AsO 2 (CH:), 
-c=o 

-CH 

+ A g , 0 + H , 0 ( / ) 

f 
2 (CH,) , 

I 

-c=o 

-CH, 
+ A g ; 0 

r 
2 (CH2)X 

c=o 

CH 
+ 2 Aa + H , 0 (2) 

( 
(CH:), 

-c=o 

CH 

+ C H , = CHR 
( 

(CH2)x 

-c=o 

- C H C H , C H R 

O) 

f 
(CH2), 

I 

-c=o c=o 

C H C H , C H R 
+ (CH,), 

CH, 

( C H , ) , 
-c=o 

-CHCH,CH,R 
+ (CH 2 ) , 

I 

la: x = 3; R = n - C 6 H 1 3 

lb: x = 3; R = n - C 8 H 1 7 

Ic: x = 4; R = n - C 6 H 1 3 

Id: x = 4; R - n - C 8 H 1 7 

-c=o 

-CH 

(4) 

2 (CH,) 
L _ 

-c=o 

-CH 

( 
(CH,).X 

-c=o 

-CH-

o=c-

-CH-
(5) 

Ila: x = 3 
lib : x = 4 

SCHEME 1 

The chain initiation steps (Eqs. (i) and (2))* (not detailed at this stage) involve 
likely an one-electron transfer oxidation of the cycloalkanones by silver oxides 
to give a-keto radicals. By analogy with the mechanism generally accepted for the 

* Provided that the higher silver oxide has the composit ion corresponding rather to A g 2 0 — 
— A g 2 0 3 and that the ketone is oxidized by an one-electron transfer process, the initiation steps 
(Eqs. ( / ) and (2)) should presumably involve a t ransformat ion of Ag(I) into Ag(0) and a two-stage 
conversion of Ag(III) to Ag(II) and Ag(I). The latter t ransformat ion is analogous to an one-equi-
valent change f rom Pb(IV) to Pb(III) and Pb(Il) assumed by Kochi and coworke r s 1 9 in a free-
radical oxidative decarboxylation of acids by lead tetraacetate. The experimental evidence 
available so far does not allow to decide unambiguously between the above (Eq. (7)) and this 
pathway of radical generation in the silver-oxide initiated alkylation reaction. 
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anti-Markovnikov addition reactions15, these radicals add rapidly to the 1-alkene, 
forming thus the secondary cycloalkanoylalkyl radicals (Eq. (3)); the interaction 
of the latter with the cycloalkanones in the radical displacement reaction (Eq. (4)) 
then produces the corresponding 2-n-alkylcycloalkanones la—Id. The same reac-
tion sequence holds also for the formation of 2-cyclohexylcycloalkanones Ilia and 

Irrespective of the relatively small extent of formation of diketones Ila and lib 
during the alkylation reaction, it appears that mainly the dimerization reactions15 

contribute to chain termination. The formulation of the chain initiation steps (Eqs. (1) 
and (2)) is consistent with a transient occurrence of silver(l) oxide in the silver(ll) 
oxide initiated alkylation reactions and with the conversion of silver(l) oxide into 
metallic silver in the silver(I) oxide initiated reactions. In comparison with organic 
peroxides3 - 8 , approximately four to five times higher concentrations of silver 
oxides are needed for comparable yields of the 1 : 1 adducts to be obtained; therefore, 
it is evident that the kinetic chain length is quite short in the alkylation of cyclo-
alkanones initiated by silver(l) or silver(II) oxides. 

To determine the relative reactivity of cyclopentanone and cyclohexanone in the 
alkylation reaction with 1-octene, competition experiments were carried out at 80 to 
130°C; equimolar mixtures of both ketones were allowed to compete for a limited 
quantity of the alkene in the presence of the silver oxide (the molar ratio 5 — 
and the molar ratio of the 1 : 1 adduct of cyclopentanone to that of cyclohexanone, 
which was used to express the reactivity of cyclopentanone relative to cyclohexanone, 
was followed by gas-liquid chromatographic analysis during the reaction. The value 
of the molar ratio of the 1 : 1 adducts changed with time but did not depend signifi-
cantly under the experiment conditions on temperature, the type of the silver oxide 
or on the ketone to alkene ratio; the data determined at the initial stage (up to 15% 
alkene conversion) and at the end of the reaction are recorded in Table III. Taking 
into account decreasing selectivity of the alkylation reaction with increasing reaction 
time, the molar ratios of the products determined at low alkene conversion during 
the initial stage of the alkylation appear to be more reliable and show that cyclo-
pentanone is 1-9 to 2-1 times more reactive than cyclohexanone. This reactivity 
value is somewhat higher than that determined by Nikishin and coworkers20 (1-52) 
for the DTBP initiated competition reaction of the above ketones with 1-heptene 
and than that found by Cazaux and coworkers21 (1-49) for the benzoyl peroxide 

IIlb. 

( C = 0 C" 
(CH2).X 

^ CH CH J '4 

Ilia : x = 3 
Illb: x = 4 
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initiated competition reaction of the same ketones with (3-pinene. In all these com-
petition reactions initiated by organic peroxides20,21, the relative reactivities of the 
ketones were calculated from the ratio of the final yields of the corresponding 1 : 1 
adducts. 

All the silver oxide initiated alkylation reactions occur in a heterogeneous system. 
Therefore, the question arises whether or which of the discrete steps of the reaction 
proceed on the surface of silver oxide particles or in the liquid phase of the reaction 
system. Attempts to elucidate this point as well as further examination of the syn-
thetic utility of this new class of initiating agents will be the subject of forthcoming 
papers. 

E X P E R I M E N T A L 

AgO (ref.22) (98-6%) and A g 2 0 (ref.23) (97-4%) were prepared by standard procedures. 1-Octene, 
1-decene, 2-tridecanone (internal standard) (Fluka A.-G.), n-hexadecane (internal standard) 
(May-Baker Ltd., England), cyclopentanone and cyclohexanone (Lachema, Brno, Czechoslova-
kia) were commercial products which were fractionated until they were chromatographically 
pure and redistilled before use. a-Naphthol (Ciech-Gliwice, Poland), used as a radical inhibitor, 
was of analytical reagent grade purity. Authentic samples of 2-n-octylcyclopentanone (b.p. 
106—108°C/3 Torr; 1-4530) and 2-n-octylcyclohexanone (b.p. 1 1 3 - 115°C/3 Torr; n t f 
1-4612), needed for comparison with our products, were prepared according to Nikishin and 
coworkers3. 

TABLE I I I 

Competition Reactions of Cyclopentanone and Cyclohexanone with 1-Octene Initiated by A g 2 0 
and AgO 

Mol. ratio of 
components" 

Silver 
oxide 

Temperature 
°C 

1-Octene 
conversion Time 

h 

la : Ich mol. ratio 

initial' final0 

5/5/1/1 

25/25/1/1 
50/50/1/1 

AgO 80 92 13 1-95 1-78 
A g 2 0 80 96 20 1 -97 1-71 
AgO 100 90 9 1-92 1-80 
AgO 130 65 4 1-94 1-84 
A g 2 0 130 72 4 1-97 1-74 
AgO e 130 83 4 1-93 1-53 
Ag 2 O e 130 88 4 1-94 1-50 
AgO 80 90 28 2-09 1-93 
AgO 80 71 30 2-09 1-92 

a Cyclopentanone/cyclohexanone/l-octene/silver oxide; b the error was ±0-03; c measured 
up to the 15% conversion of 1-octene; d measured at the end of the reaction; e silver oxides were 
gradually added into the reaction mixture in 5 min intervals during the reaction. 
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Melting points were determined on a Kofler hot-stage microscope and are uncorrected. Mass 
spectra were recorded with a J E O L JMS-D100 spectrometer and IR spectra were measured 
on a Zeiss (Jena) spectrophotometer , model UR-20. Gas-chromatographic analyses were carried 
out on a Chrom-31 instrument (LaboratornI prlstroje, Prague) equipped with a flame-ionisation 
detector using a steel column (1-5 m X 0-3 mm) packed with 3% SE 30 + 3% Apiezon on Chro-
maton N - A W - H M D S . The column temperature was 100— 180°C. The purity of AgO and its 
content in the inorganic precipitate resulting f r o m the alkylation and dehydrodimerisation 
reactions and f rom determination of the thermal stability of the oxide were determined iodo-
metr ical ly 2 4 ; prior to analysis, the collected inorganic precipitate was washed twice with 25 ml 
of acetone, dried in vacuo and weighed with an accuracy of ± 0 - 2 mg. The Volhard method was 
used to determine the purity of A g 2 0 and its content in the inorganic precipitate f rom the alkyla-
tion reactions and f rom determinat ion of the thermal stability of A g 2 0 : the inorganic precipitate 
was treated as above and mixed with a 10% aqueous a m m o n i u m hydroxide solution. The un-
dissolved metallic silver was filtered off and dried in vacuo; the content of A g + in the acidified 
filtrate was determined by t i tration with 0-1N a m m o n i u m rhodanide. Format ion of water during 
the alkylation reaction was followed by a modified Fisher method. 

All the alkylation and dehydrodimerisation experiments as well as determinat ions of the thermal 
stability of the silver oxides were carried out under atmospheric pressure in a 50 ml-glass vessel 
equipped with a magnetical stirrer, a thermometer and a reflux condenser. Inhibition experiments 
in the presence of pure oxygen were carried out in the same appara tus connected with an oxygen 
pressure cylinder. N o differences in the rate and product yields were found for the alkylation 
reactions conducted in contact with air or in a nitrogen a tmosphere at an intensity of stirring rang-
ing f r o m 200 to 800 rev./min. 

Structure determination of the products of the alkylation of the cycloalkanones. A reaction mix-
ture obtained by heating cyclopentanone (10-51 g, 0-125 mol) and 1-octene (1-40 g, 0-0125 mol) 
in the presence of A g 2 0 (2-90 g, 0 0125 mol) under stirring at 80°C for 29 h (conversion of 1-octe-
ne 99-5%) was cooled to room temperature, freed of the solid materials (Ag and A g 2 0 ) , mixed 
with 2-tr idecanone (internal s tandard) and subjected to gas-chromatographic analysis; according 
to retention times of the authentic compounds , the product present in a low concentration 
and having shorter retention time was identical with bicyclopentyl-2,2 '-dione1 4 (I/a) (2-5 wt.% 
based on la) of unknown stereochemistry and the main product was found to be 2-n-octylcyclo-
peh tanone 3 (la) (77% yield with respect to the charged alkene). The other products of the alkyla-
tion reactions were identified in a similar way. The characteristics of 2-n-alkylcycloalkanones 
a n d their semicarbazones is presented in Table II. The 1R spectra of la and Ic (Table II) were 
identical with those of authentic compounds . 2-CycIohexylcyclopentanone2 5 (Ilia), b.p. 108 to 
110°C/13 Torr; M + 166 (3-5%) (for C n H 1 8 0 calculated: M + 166) and other ions at m/e 123 
(1-5), 95 (3), 84 (100), 83 (22), 81 (11), 67 (14-5), 55 (16), 41 (18%); semicarbazone, m.p. 2 0 4 - 2 0 6 ° C 
( ref . 2 5 records m.p. 207°C). 

General procedure for the alkylation reactions. In a typical experiment, cyclopentanone (21-0 g, 
0-25 mol), 1-octene (2-80 g, 0-025 mol) and AgO (3-1 g, 0 025 mol) were stirred (500 rev/min) 
at 80°C to yield 99% conversion of the alkene af ter 30 h; the reaction was characterized by the 
absence of an induction period and by silver-mirror fo rmat ion on the walls of the reaction vessel 
and deep-brown colouration of the liquid phase which turned pale yellow at the end of the 
reaction. The resulting suspension was cooled to 25°C and freed of the precipitated metallic 
silver and A g 2 0 by filtration; the collected precipitate was washed twice with 25 ml of acetone, 
the filtrates were combined and freed of the acetone and unreacted cyclopentanone by distilla-
tion. The residue was fract ionated in vacuo to give a small fract ion (b.p. 98°C/2 Torr) of the di-
ketone I/a, 3-40 g of the alkyl ketone la (69-4% with respect to the charged alkene; b.p. 98 to 
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99°C/2 Tor r ) a n d a res idue consis t ing of higher boil ing te lomeric p roduc t s (1-41 g). O the r ex-
perimental cond i t ions a n d examples of the a lkyla t ion reac t ions a re summa r i z e d in Tab le T. 
2-Cyclohexylcyclopentanone {Ilia) (17% yield) and 2-cyclohexylcyclohexanone ( I l l b ) (c. 5% 
yield) were isolated in only c. 97% puri ty . 

Dehydrodimerisation of cycloalkanones. Bicyclopentyl-2,2 /-dione(//<3): A g O (6-2 g, 0-05 mol) 
was gradual ly added in 5 —7 min intervals to cyc lopen tanone (21-0 g, 0-25 mol) unde r magnet ica l 
stirring at 125°C dur ing 5 h. T h e precipi ta ted silver was filtered off, the unreac ted cyc lopen t anone 
was removed by dist i l lat ion a n d the residue was distilled in vacuo t o give 0 3 1 g of an oily f rac t ion 
(b.p. 130— 140°C/10 Tor r ) , p resumably a mix ture of the meso- a n d D ,L- l , 4 -d ione 1 4 , which 
partially solidified on s tanding; separa t ion of the crystall ine mass by filtration a n d its recrystal l isa-
tion f r o m light pe t ro leum gave the d ike tone Ila of u n k n o w n s tereochemis t ry (3-7% on A g O ) 
melting at 6 6 - 68°C ( r e f . 1 4 m.p. 6 6 - 68°C). 

/??e50-Bicyclohexyl-2,2'-dione2 6 (meso-I Ib ) : A g O (6-2 g, 0 05 mol) was gradual ly a d d e d in 5 —7 
min intervals to cyc lohexanone (24-53 g, 0-25 mol) st irred at 125°C dur ing 5 h. Af t e r r emova l 
of metallic silver, A g 2 0 a n d the unreac ted cyclohexanone , the residue was distilled in vacuo 
to give 0-88 g of an oily f rac t ion , p resumably a mix ture of the meso- a n d D,L , - l ,4 -d ione 1 4 , 
b.p. 106—109°C/2 Tor r , which solidified part ia l ly on s tanding; recrystal l isat ion of the separa ted 
crystalline mass f r o m light pe t ro leum gave the meso-IIb 1,4-dione (9-1% on the charged AgO) , 
m.p. 70 — 72°C ( r e f . 1 4 m.p . 7 2 - 7 4 ° C ; r e f . 2 6 m.p . 70°C). T h e s t ruc ture of an add i t iona l p roduc t , 
formed accord ing to ga s - ch roma tog raph ic analysis ( the shor te r re ten t ion t ime t h a n tha t shown 
by the isomeric diones) in t race a m o u n t s , has not been de te rmined . 

Competition alkylation experiments. Cyc lopen tanone , cyc lohexanone , 1-oc tene a n d A g O 
or A g 2 0 were mixed in a 5 — 5 0 / 5 — 5 0 / 1 / 1 mola r ra t io a n d stirred magnet ical ly at 80—130°C 
for 4— 30 h. Samples were taken f r o m the react ion mixture at fixed t ime intervals until the react ion 
ceased a n d were analysed by gas-l iquid c h r o m a t o g r a p h y ; the la to Ic mo la r ra t ios in the react ion 
mixture were calcula ted f r o m the c h r o m a t o g r a p h i c da ta by correc t ing the ra t ios of the peak 
heights of la t o Ic accord ing to the ca l ibra t ion curve de te rmined fo r the known mixtures con-
taining the p roduc t s la a n d Ic in a mo la r ra t io ranging f r o m 1-49 to 2-21. T h e c h r o m a t o g r a p h 
was cal ibrated before each analysis by a p p r o p r i a t e mixtures of la a n d Ic. T h e react ion condi -
tions a long with the la t o Ic mo la r rat ios de te rmined in the initial s tage (up to 15% convers ion 
of 1-octene) a n d at the end of the a lkyla t ion react ions are presented in Table III . 

Thermal decomposition of the silver oxides. A magnet ical ly st irred suspension of A g 2 0 (2-32 g, 
0 01 mol) in n -hep t ane (10-0 g, 0-1 mol) was heated in con tac t with air at 80°C fo r 30 h. The 
suspension was cooled to 25CC, the inorganic p roduc t was filtered off, washed twice with 25 ml 
of acetone a n d f reed of ace tone unde r reduced pressure at 25°C; its analysis revealed tha t 16% 
of A g 2 0 was d e c o m p o s e d to metal l ic silver. T h e filtrate was f reed of ace tone a n d distilled wi thout 
leaving a residue; no p roduc t s were detected by gas - ch roma tog raph ic analysis in the n -hep tane 
recovered. Repea t ing the above p rocedure unde r identical cond i t ions with A g O (1-24 g, 0 01 mol) 
in n -hep tane (10 0 g, 0-1 mol) a n d analyz ing the inorganic p r o d u c t showed tha t 35% of A g O 
underwent decompos i t ion to A g 2 0 wi thou t f o r m a t i o n of metal l ic silver; pure n -hep t ane was 
recovered similarly as in the preceding case. Hea t ing of a s t i rred suspension of A g 2 0 (2-32 g, 
0-01 mol) in 1-oc tene (5-6 g, 0-05 mol) unde r reflux a t 120°C fo r 4 h led, accord ing t o the analysis 
of the insoluble inorganic p roduc t , to a comple te convers ion of A g 2 0 t o metall ic silver. Disti l la-
tion of the f i l t rate unde r normal pressure gave pure 1-octene a n d 0 036 g (0-6 wt .% on the cha rged 
alkene) of a residue; accord ing to ga s - ch roma tog raph i c analysis, the res idue was a mix tu re 
of approx imate ly equa l a m o u n t s of five unident i f ied c o m p o u n d s . W h e n a suspens ion of A g O 
(1-24 g, 0-05 mol) in 1-octene (5-6 g, 0-05 mol) was hea ted unde r reflux at 120°C fo r 4 h, A g O 

Collect ion Czechos lov . Chem. C o m m u n . [Vol. 41] [1976] 



756 Hajek, Malek : 

was converted completely into metallic silver free of A g 2 0 . Distillation of the filtrate under 
normal pressure gave pure 1-octene and 0-049 g (0-9 wt.% on the charged alkene) of a residue 
which was identical (gas-chromatographic analysis) with that obtained by thermal decomposi-
tion of A g 2 0 in 1-octene. All the decomposition reactions, except the decomposition of AgO 
at 80'C, were characterized by a silver-mirror formation on the reaction vessel walls. 

Inhibition of the alkylation reactions. A magnetically stirred suspension of A g 2 0 (0-58 g, 0 0025 
mol) in cyclopentanone (8-41 g, 0-10 mol), 1-decene (1-40 g, 0 01 mol) and n-hexadecane (0-226 g, 
0-001 mol) was heated under a pressure of 800 Torr of pure oxygen at 80°C. According to gas-
-chromatographic analysis, no 2-n-decylcyclopentanone (lb) was formed even after 6 h of heating. 
When the apparatus was flushed several times with nitrogen, the liquid phase of the reaction 
mixture turned deep-brown under immediate formation of a silver mirror on the reaction vessel 
walls and after 2 h at 80°C, the yield of the alkyl ketone lb reached 15-5% (on the alkene). Repeat-
ed contact of the reacting suspension with pure oxygen (800 Torr) caused an instant decolourisa-
tion of the liquid phase and the concentration of the alkyl ketone lb in the mixture did not change 
during another 5 h of heating. 

When the above stirred suspension of A g 2 0 in cyclopentanone, 1-decene and n-hexadecane 
was heated in a nitrogen atmosphere in the presence of 0-0144 g (0-1 mmol) of oc-naphthol at 
80CC, an induction period in the formation of the alkyl ketone lb was observed; after heating 
for 20 min at the above temperature, only 30% of lb were formed, compared to the reaction 
carried out in the absence of the inhibitor. Normal alkylation rate was achieved after 40 min 
at 80°C. 
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