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of ether which waa continuously saturated a t  -78" with a 
stream of dry oxygen. The mixture was warmed to 0", 
poured into ice water and acidified to pH 8.5-9 with carbon 
dioxide gas. The ether layer was separated and extracted 
with ice-cold sodium hydroxide solution. After acidifica- 
tion with carbon dioxide, ether extraction, and solvent 
evaporation, there remained ca. 1 g. of a peroxidic solid. 
Two recrystallizations from methylcyclohexane gave 0.4 g. 
(0.0024 mole, 13% yield) of white solid," melting a t  84- 
89" with slight decomposition. 

Anal. Calcd. for C10H1102: C, 72.26; H. 8.49; active 
oxygen, 9.64%. Found: C, 72.6; H, 8.3; active oxygen, 

Material of comparable purity was obtained in much 
higher yield by chromatography of the base extract on a 
Cellulose-dimethvlformamides column. One recrystalliza- 
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water molecule (equation 3), but may react with 
other nucleophiles in the system, benzoic acid in 
this instance. 

Also, formation of 111 precludes extensive partici- 
pation of equation 4 as a chain propagation step7t8 

Mes OCI-LOH + Mcs CHzO+ (4) 
I1 + IICS CJT,OOH + 

in the decomposition. 

Experimental 
Decomposition Experiments.-The thermal decomposi- 

tions of I were conducted in an inert atmosphere as pre- 
viously described.' For the acid-catalyzed decomposition, 
120 mg. of I in 5 ml. of aqueous ethanol was decomposed 
with 0.1 ml. of concentrated hydrochloric acid a t  room 
temperature for 16 hr. After dilution with water and solvent 
extraction, there was obtained 97 mg. of a white solid nrhich 
was mainly mesitol. 

2,4,6-Trirnethylbenzyl Hydroperoxide (I).-The Grig- 
nard reagent was prepared in ca. 70% yield from the slow 
addition of 16.8 g. (0.1 mole) of 2,4,6-trimethylbenzyl chlo- 
ride in 200 ml. of ether to 10.1 g. of magnesium and 100 ml. 
of ether a t  0' A portion of the Grignard solution (80 ml., 
ca. 0.019 mole) wm added over a period of 2 hr. to 100 ml. 

tion from methyl"cyc1ohexane gave a 30% yield o f  material 
melting a t  86-890.- 

- 

Mesitowmethvl Benzoate UII).-A mixture of 0.46 E. of 
2,4,6-trim&hylbenzyl hydroperoxide and 1.24 g of beizoic 
acid was heated to 134' for 3 hr. After the product was 
extracted with sodium caibonate solution, there remained 
0.59 g. of an oil which solidified on standing. Recrystalliza- 
tion from pentane gave m.p. 71.5-71.7'. 

Anal. Calcd. for C17HI8Oa: C, 75.53; H, 6.71; sapon. 
equiv., 270. Found: C, 75.6; H, 6.9; sapon. equiv., 
274. 

From saponification of 0.12 g. of 111, there were isolated 
60 mg. of mesitol, m.p. 72.5-73.0', mixture m.p. with 
authentic mesitol, 73.0-73.5'; and 40 mg. of benzoic acid, 
m.p. 118-123'. The acidified aqueous solution yielded a 
2,4dinitrophenylhydrazone, m.p. 165-166.5', alone and 
mixed with authentic formaldehyde 2,4-dinitrophenylhydra- 
zone. 
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(11) R. IIiittel, 11. Schmid, and  H. Ross, Ber., 92, GO9 (1950), rrport  
the  synthesis of a n  oil which is ca. 70% I. 
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The mechanism of thc tert-butyl peroxide-induced free radical addition of four-, five-, and six-membered cyclic ethcrs to 1- 
Ketones in addition to ethers were identified as the major products from all reactions studied. 

The products also suggest that the inter- 
The infrared spectra show a trace of carbon-carbon unsaturation 

The mechanistic implications of these results are discussed. 

initiat,ed react,ions. In  1937, Kuchler and Lam- 
bert a demonstrated that the homogeneous thermal 
decomposition of p-dioxane procepds mainly by a 
chain reaction. A similar study was carried out by 

nctene has been clarified. 
Thus, the chain transfer atom is the hydrogcn atom alpha to the oxygen atom. 
mediate alpha-ethereal radicals undergo decyclization. 
indicating that disproportionation is the chain termination step. 

Previous work on the free radical chemistry of 
four-, five- and six-membered cyclic ethers has been 
limited to thermal decomposition and ultraviolet 

(1) P a r t  I1 and a previous communication on this work have an- Klute and Walters4 on the thermal decomposition 
peared, T. J. T a l l a c e  and  R. J. Grit ter,  J. Org. Chem.., 26,  5256 (1961). 

(2) Present addrefis: Rsso Research & Engineering Company, Proc- (3) L. Ruchler and  .J. Lambert ,  Z. phys ib .  Chem. (Leipzig), B37, 
rs8 Research Division, Linden, New Jersey. Abstracted from t h e  285 (1937). 
Ph .D.  dissertation of T. J. Wallace, June ,  1960. (4) C. IT. Klute and  W. Walters, J .  Am. Chem. Soc. ,  68, 506 (1946). 
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TABLE I 
ItEAC'I'rOX CoIiDITIONS USED AIiD PRODUCTS ISOLATED FROM THE CYCLIC I<'THERS STUDIED 

Time,  
fert-Butyl hr. 

Reac tan t  1-Octene, peroxide, temp., Product, Residue, 

Tetrahydrofuran 0.25,52 0.03 2 4-Dodecanone 6,475 

Tetrahydrofuran 20,35 . 06 6 4-Dodedanone and 18.1 

(moles) moles, 70 conv. mole deg. % yield,a conv. %b g., mol. wt .  

(1.3) 150 41,79 

(2.0) 150 2-octyltetrahydrofursn 
12,67 

Tetrahydrofuran .32 ,0003 24 4-Dodecanone and . . .  

Tetrahydrofuran . 0604 ,0003 24 4-Dodecanone and . .  

Tet,rahpdropyran .20,79 .06 2 5-Tridecanone 9 

(0.626) 135 2-octyltetrahydrofuran 

(0,626) 135 2-octyltetrshydrofuran 

(1.5) 150 39,49 

10,25 
.20,25 ,03 2 3-Hendecanone 19, 9 i S  

145 14, 65 

Tetrahydropyrnn .154,40 .03 2 5-Tridecanone and 
190 2-octyltetrahydropyran 5 . 5  

r , .  1 riincthyler~e oxide . 
h s e d  on the t'otal amount of 1-octene used. Based on the amount of 1-octene converted t o  product'. 

of tetrahydrofuran at  about 550". Recently, 
reactions involving the isomerization and dehydro- 
genation of 2-methyltetrahydrofuran a t  300-400' 
over platinum and other metals on activated 
charcoal were ~ t u d i e d . ~  The reaction appears to 
have some radical character since 2-pentanone was 
obtained in 65-7070 yields. A similar reaction 
occurred when m-dioxane was passed over pumice.e 

The photoreaction of p-dioxane has been studied 
by Pfordte,' mho isolated the dimer of p-dioxane 
indicating that the alpha carbon-hydrogen bond 
undergoes homolytic cleavage under these condi- 
tions. This is also true in the case of acyclic 
&hem8 I n  the photochemical chlorination of 
tetrahydrofuran, alpha carbon-hydrogen bond 
cleavage also occurs to  give 2-chloro- and 2,s- 
dichlorotetrahydr~furan.~ Based on these studies, 
one would expect that the alpha carbon-hydrogen 
bonds in cyclic ethers would be most reactive 
toward tert-butoxy radicals and intermediate 
alkyl radicals. The present study was undertaken 
to confirm this assumption and also to  identify 
the intermediate radicals resulting from hydrogen 
atom abstraction. 

Results 
The tert-butyl peroxide-induced free radical ad- 

dition of four-, five-, and six-membered cyclic 
ethers to  1-octene has been studied in the tempera- 
ture range of 145 to  150'. In  the case of tetra- 
hydrofuran and tetrahydropyran; 4-dodecanone 
and 2-octyltetrahvdrofuran, and 5-tridecanone and 
2-octyltetrahydropyran were found to  be the 1 :1 
addit'ion product's, respectively, with the ketone 

(A)  F RPlrkii. S. I. Shizikin, and  N. .4. Karakhanoi- ,  Doki. Aknd .  

(6) C .  S. KoniIestredt, J r . ,  and  C. .J. 3lant?ll, J .  A m .  Citcm. Soc. .  82, 
.Vnuk. ,S.,S.S./?., 138, 831 (1961). 

6419 (istin). 
(7)  IC. Pfimlte .  Alln. ,  625, 30 (1959). 
( 8 )  IC. Pfordte a n d  G Leuscliner, %bid., 643, 1 (1961). 
(9) H. (;ross, Angew. Chem., 72, 268 (1SfiO). 

the dominant product. With trimethylene oxidc 
the main product was 3-hendecanone. The in- 
dividual reaction conditions and product yields 
are summarized in Table I. All compounds were 
identified by gas chromatography and infrared by 
comparison to  authentic samples of each ketone. 
With the exception of 4-dodecanone, it was not 
possible to isolate solid derivatives of the products. 

Authentic 4-dodecanone was prepared by the 
free radical addition of butyraldehyde to  1-octene 
according to  the method of Kharasch, Urry, and 
Kuderna.10 Authentic 3-hendecanone and 5-tri- 
decanone were prepared by the free radical addition 
of 1-propanol and 1-pentanol to 1-octene to give 
3-hendecanol and 5-tridecanol, respectively. The 
alcohols were then oxidized to  the respective 
ketones in dichromate-acetic acid solution. The 
yields obtained and the reaction conditions em- 
ployed are summarized in Table 11. 

TABLE I1 
COMPOGSD5 SYKTHESIZED BY FREE RADIc.kL ?VIETlIOUS 

Time, 
1-Octene, teit-But11 h r  

Reactant  mole, peroxide, t e m p ,  Ploduct  
(moles) % con i .  mole deg ('2 yield') 

Butrraldehvde 0 40. 69 0 06 2 4-Dodecanone 
(i.0) " 149 (6?) 

1-Pentanol 0 40. 69 0 06 20 5-'l'ridecanol 
130 (55) 

3 3-Hendecanol 
(2.0) 145 (41) 
a Based 011 the amount of 1-octcne convertcd to product. 

(2.0) 
1-Propanol 0 40, 92 0.06 

Discussion of Results 

The fact that ketones were identified as products 
from every reaction indicates that the alpha hy- 
drogen atom in each cyclic ether is the chain trans- 
fer atom, and the formation of both ether and 

(10) X I  S Kharasch TV H U r r j ,  and B 31 Kiiderna, 1 Om. 
Cliern , 14 ,  248 (1949) 
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ketone indicates that some additional reactions are 
occurring beside the normal olefin addition reac- 
tion. The ketones would suggest that one of two 
possible reaction sequences was involved in these 
reactions. The first sequence would demand that 
most of the initial cyclic ethereal radicals undergo 
decyclization in a manner similar to that proposed 
by Huyser." This is followed by an intramolecu- 
lar hydrogen atom transfer ~ ~ i a  intermediates I, 11, 
and I11 to give aldehydo radicals before addition to 

I11 

1-octene occurs. This mechanism has been out- 
lined in greater detail in an earlier communication.2 
The second sequence would involve an attac,k of 
intermediate free radicals on most of the 2-octyl- 
ether t o  give an intermediate radical which de- 
cyclizes and chain transfers t o  give the ketonic 
products. The second possibility would involve 
the following additional reactions. 

0 

0 
I V  

\/ 

\/ 
0 

In  addition to  the bands for the ketone and ketone 
and ether, the infrared spectra of the products 
showed a trace of carbon-carbon unsaturation in- 
dicating that chain termination probably occurs by 
disproportionation. 

Abstraction of the alpha hydrogen atoms by 
tert-hitoxy radicals and alkyl radicals was expected 
for the ethers since it is known that acyclic and 
cyclic ketones, alcohols, and amines all undergo 

hydrogen atom abstraction at the alpha position.lZ 
However, the decyclization of the intermediate 
radicals by electron shifts and the possibility of 
simultaneous intramolecular hydrogen atom ab- 
struction are unique in cyclic systems of this 
general type under the reaction conditions em- 
ployed. Hence, these warrant further discussion. 

The decyclization of the intermediate ethereal 
radicals was suggested by the work of Huyser" 
and of M~Donne l l ' ~  who found that butyl ether not 
only adds to 1-octene a t  the alpha position but 
also readily rearranges by an electron shift to give 
butyraldehyde and butyl radicals (equation 4). 

C~H?CHOCIHS + CaHjCHO + CAHs. (4 1 
In  the presence of excess either and peroxide frag- 
ments, these intermediates then add to I-octene to 
give 4-dodecanone and dodecane in competing free 
radical chain reactions. In the cyclic ethers, de- 
cyclization should be even more facile once the 
initial cyclic radical is formed since the carbon- 
carbon bond angles are deformed from the normal 
bond angle of 109'. This fact, as well as the noii- 
bonded hydrogen interactions that are present, 
should make the relative ease of decyclization 4 
> 5 > 6 for each cyclic ethereal radical. 

Intramolecular transfer reactions similar to 
those proposed above have been suggested for other 
free radical reactions and have recently been sum- 
marized bp Barton.14 Barton has brought out 
that the transition state for rearrangements of this 
type was usually a six-membered ring, which ha. 
also been found to be so in other systems by DeTar,l6 
Greene,l6 Rust,17 and Jenner.15 However, a trnnsi- 
tion state involving a five-membered ring has been 
suggested by Gordon and Al~? ;c sby~~  and Pritzkau 
and DietzschZO and a four-membered ring i n t w  
mediate has been described by both T'oevodskii and 
his co-workersZ1 and Reutov and Shatkina.2L 
Gordon found that the 1-pentyl radicals formed 2- 
pentyl radicals and Pritzkau suggested that the 
predominance of p-attack of free radicals on acids 
was possibly due to the formation of carhoxy 
radicals which give an intramolecular H-transfer t o  
form the new radical. Reutov found that the 1- 

RCH,C"1CO?. -+ KCHCH:CO,E1 ( 5 )  

(12) C. \Tallin& "E'ree Radicals in Solittion" John  \Tiley m d  Pons, 

(13) C. H. .\IcL)onnell, P1i.D. dissertation, L-niversity of Cliicapo, 

(14) I ) .  H. R .  RtLrton a n d  1,. R.  Moriran, J .  Chem. Soc . .  R22 (1062). 

Inc. ,  Ken P o r k ,  19.57. 

1034. 

(15)  L ) .  1,'. IIrTar and r). I .  Ke lyw,  .1. A V L .  Chrm. SOC.. 76, 1202 
(1954). 

(16) F. Greene, ibid., 83, 2196 (1961). 
(17) F. F. Rus t  a n d  D. 0. Coilmer, ibid., 76, 150.5 (1934). 
(18) E. L. Jenner ,  J .  O m .  Chem., 22, 1031 (1962). 
(19) A .  S. Gordon and .I. R .  RIcSesh:., .I. C'hem. P h y s . ,  31,  833 

( 1 9 5 Y ) .  
(20) H'. 1'i.itikxii a n d  E;. I)ir 
(21) V. 1. Voevodukii, et al., Dokl.  A k n d .  .Vauk. 

(22) 0. A. Reiitov and T. N. Fliatkina, ?!)id,, 133, 3bl  (1!360), 

rli,  B L I . . ,  93, 17:K$ ( l ! l t i ~ J ] .  

(1 Y 5 1  J .  
S w  

1 1 )  E. S. I€iiys?r, . I .  Org .  Chem., 26, 1820 (1SOO). also Chem. ..Lbst?., 5 4 ,  8.58Xc (1DBD) 
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pr0py1-l-C'~ radical isomerizes to give 4% of the 
1-propyl-3-C14 radical in carbon tetrachloride, and 
Voevodskii found that the 1-propyl radical under- 
goes deuterium exchange at  the terminal positions 
indicating a cyclic radical intermediate is formed 
in which the terminal positions are equivalent. 
They suggest that this is due to  the nonlinear car- 
bon chain in propane; thus hydrogen transfer from 
the terminal methyl group is more favored than 
that from the central carbon atom. They also 
suggest that the ease of transfer increases with the 
chain length since the cyclic intermediate becomes 
more stable. This also seems to be true in the 
cyclic ethers since the yield of 3-hendecanone from 
trimethylene oxide is relatively low in comparison 
to the yields obtained from the five- and six- 
mpmbered rings. 

The data discussed above and the results ob- 
tained in the present study are support for both 
sequences and for a chain mechanism, for appreci 
able amounts of 2:l addition products and higher 
telomers are formed. The latter fact is especially 
true in the case of trimethylene oxide and is 
analogous to previous work with butyl ether.13 
These results are significant because they indicate 
that the alpha carbon-hydrogen bonds in ethers 
do not act as chain transfer agents as well as those 
in aldehydes in which 1 :1 addition predominates.l0 
The absence of aldehyde in the products isolated 
could possibly be due to  this high reactivity of 
aldehydes toward free radical attack and would be 
support for the intramolecular mechanism pro- 
posed. However, when the results are considered 
in totality, the second mechanism cannot be ruled 
out completely. It is anticipated that a deter- 
mination of the relative reactivities of various 
cyclic ethers toward tert-butoxy radicals may shed 
further light on this phase of the work. 

Experimental 
Reagents .-The following materials were distilled through 

a 14-in. silvered column equipped with a tantalum-wire 
spiral: tert-butyl peroxide (Lucidol Corp., b.p. 40' a t  65 
mm., +'D 1.3893); butyraldehyde (Fisher Scientific Co., 
b.p. 83", ~ * O D  1.3843); propionaldehyde (Eastman Co., 
h.p. 49", n 2 0 ~  1.3635); I-octene (hlatheuon, Coleman and 
Bell, b.p. 121", n% 1.4088); trimethylene oxide (K and K 
Laboratories, b.p. 46', n2% 1.3662); tetrahydrofuran 
(Matheson, Coleman and Bell, b.p. 64-66', n z o ~  1.4061); 
tetrahydropyran (Matheson, Coleman and Bell, b.p. 86- 
88', +OD 1.4061); and 1-propanol (Fischer Scientific Co., 
b.p. 97-98', TFD 1.3855). 

The Free Radical Reactions of Tetrahydrofuran with 1- 
Octene and tert-Butyl Peroxide.-In a Parr autoclave were 
placed 1.32 moles of tetrahydrofuran, 0.25 mole of 1-octene 
(28 g.), and 0.03 mole of tert-butyl peroxide (5 ml.). The 
autoclave wva9 then deaerated, sealed, heated to 150', and 
maintained at  this temperature for 2 hr. by a Thermocap 
Relay (Siagra Electron Labs, Andover, New York). The 
reaction mixture was distilled through a 14411. column 
equipped with a tantalum-wire spiral to remove the peroxide 
decomposition products and unchanged 1-octene. No butyr- 
aldehyde was present in these fractions. The remainder was 
distilled throiigh a Metroware column under reduced prcs- 
sure to separate the 1: 1 adduct from the telomeric products. 

The 1 : 1 adduct wits redistilled through a 14411. tantalum- 
wire spiral column and 18.7 g. of 4-dodecanone was isolated 
(b.p. 65-68' a t  0.10 mm., 1.4428, mol. wt., 183.5, calcd. 
184.3,41% yield based on I-octene). 

Anal. Calcd. for C I Z H ~ ~ O :  C, 78.15; H, 13.13. Found: 
C, 77.99; H,  13.01. 

An infrared spectrum of the product indicated a strong 
carbonyl band a t  5.85 p. A hydantoin prepared according 
to the method of SpeerZa was isolated after two attempts and 
melted a t  112-114" (reported rn.p., 114-115°).24 A mixturc 
melting point with an authentic sample was not depressed. 
A total residue of 6 g. waa obtained (n2% 1.4650, mol. wt. 
475.5). 

When the reaction was carried out with 2.0 moles (144.0 
g.) of tetrahydrofuran, 0.2 mole of 1-octene (22.4 g.), and 
0.06 mole of peroxide (10 ml.) in the same container for 5 
hr. a t  150', both 4-dodecanone and 2-octyltetrahydrofuran 
were obtained aa the products in 67% yield based on con- 
version. The ketone was the predominant product,. 

Two similar reactions were run with 0.616 mole of tptra- 
hydrofuran (4.44 g.), 0.0003 mole (50 ul.) of tert-butyl per- 
oxide, and one with 0.32 mole (3.59 9.) of 1-octene and the 
other with 0.0604 mole (0.716 g.) of 1-octene a t  135" for 24 
hr. These were run in an attempt to get a different ratio of 
ether to ketone. Gas chromatography showed that the ratio 
of ether to ketone in the former was 1 : 5 and in the lattcr was 
1:4.5. There was no significant difference. 

The Synthesis of 4-Dodecanone.-Two moles of hutyr- 
aldehyde (144 g.), 0.40 mole of 1-octene (48.8 g.), and 0.06 
mole of tert-butyl peroxide (10 ml.) were placed in a deaerated 
Parr autoclave, heated to 145:, and maintained a t  this tern- 
perature for 6 hr. by a Thermocap Relay. The reaction 
mixture was distilled as above to yield 35.4 g. of 4-dodeca- 
none (b.p. 48-50' a t  0.10 mm. ~ O D  1.4318, 48.1% yield, re- 
ported b.p. 65" a t  0.25 mm., 72% 1.4318.12 A hydantoin 
prepared according to the method of Speerz3 melted a t  114- 
115" (reported m.p. 114-115°).12 A residue (16.3 g., @D 
1.4551) remained in the pot. 

The Free Radical Reactions of Tetrahydropyran with 1- 
Octene and tert-Butyl Peroxide.-One and one-half moles of 
tetrahydropyran (129.0 g.), 0.20 mole of I-octene (22.4 g.), 
and 0.06 mole of tert-butyl peroxide (10 ml.) were heated to 
150' in a deaerated autoclave and maintained a t  this tem- 
perature for 6 hr. by a Thermocap Relay. The reaction 
mixture was treated as above to remove 1 : I adduct from the 
telomer. The 1 : 1 adduct was redistilled through an 8-in. 
tantalum-wire spiral column under reduced pressure to yield 
14.8 g. of presumed 5-tridecanone (b.p. 60-62' a t  0.15 mm., 
n% 1.4400, 39y0 yield based on 1-octene, mol. wt. 199, 
calcd. 198). About 9 g. of residue (TPD 1.4641) wa ob- 
tained. An infrared spectrum of the 1:  I adduct indicated 
a ketone was present by the band a t  5.85 p .  

Anal. Calcd. for C I J H ~ ~ O :  C, 78.77; H, 13.23. Found: 
C, 79.15; H, 13.29. 

Since several attempts to isolate derivatives of the ketone 
were unsuccessful, gas chromatography w m  used to prove 
the structure. A gas chromatogram (Wilkens Instrument 
and Research Inc., Recorder by Varian Associates) of the 
adduct (IO-ft. silicone column, 183") yielded a peak with a 
retention time of 34 min. (8.5 in.). A pure sample of 5- 
tridecanone had the same retention time when chromato- 
graphed under the same conditions. An equal mixture of 
the 1 : 1 adduct and 5-tridecanone gave a single peak with the 
same retention time. Thus, the 1: 1 adduct is 5-tridecanone. 

When the reaction was carried out with 1.54 moles of 
tetrahydropyran (132.0g.), 0.154 mole of 1-octene( 17.24g.), 
and 0.3 mole of tert-butyl peroxide (5.0 ml.), a mixture of 
products was produced. This mixture was shown to be 
composed of the 2-octyl ether and 5-tridecanone by infrared 

(23) R. J. Speer and H. R. IIenze, J .  Am. Chem. Soc., 64, 522 

(24) M. S. Kharasch, J. 12. Rowe and W. H. Urry, J .  Org. Chem.. 16, 
( 1  942). 

1405 (1951). 
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and gas chromatographic analysis. Another reaction which 
used a larger concentration of olefin-10 ml. of tetrahydro- 
pyran, 10 ml. of I-octene, and 0.3 ml. of peroxide-also 
yielded the mixture of products. 

The Preparation of 5-Tridecanone.-Two moles of 1- 
pentanol (176.3 g.), 0.40 mole of 1-octene (48.8 g.), and 0.06 
mole of tert-butyl peroxide ( I O  ml.) were placed in a flask 
equipped with a condenser and mercury bubbler. The flask 
was deaerated, hcnted to 130', and maintained a t  this tem- 
perature for 20 hr. by a Thermocap Relay. The reaction 
mixture was distil ed as before to produce 33.5 g. of 5-tri- 
decanol (b.p. 60" a t  0.16 mm., Y L ~ O D  1.440, 41.47( yield). 
A residue (8.5 g., n 2 0 ~  1.4640) remained in the pot. 

In a flask equipped with reflux condenser and stirrer was 
placed 0.074 mole of potassium dichromate (22 g.). A mix- 
ture of 0.0'74 mole of tridecanol (15 g.), 0.67 mole of acetic 
acid (40 g.), and 40 ml. of water was added with stirring 
over an interval of 0.5 hr. The reaction mixture was heated 
a t  50-63" for 3.5 hr., allowed to cool, sodium bicarbonate 
was added to neutralize the acid, and the organic layer was 
removed by ether extraction. After removal of the ether, 
the remainder was distilled through an 8-in. tantalum-wire 
spiral column and 9.0 g. of 5-tridecanone (b.p. 64-66' a t  0.5 
mm.,nSOu 1.4412, 60.1% yield, mol. wt. 202, calcd. 198) was 
obtained. No derivatives have been reported for this com- 
pound. Several attempts to make a semicarbazone were un- 
successful, even though the infrared spectrum showed a 
strong carbonyl peak. The usual ketone test reagents also 
gave negative te&. 

Anal. Calcd. for CI3HS6O: C, 78.77; H, 13.23. 
Found: C, 78.35; H, 13.28. 

The Free Radical Reaction of Trimethylene Oxide with 
1-Octene and tert-Butyl Peroxide .-One mole of trimethylene 
oxide (58 g.), 0.20 mole of 1-octene (22.4 g.), and 0.03 mole 
of tert-butyl peroxide ( 5  ml.) were placed in a deaerated auto- 
clave heated t o  145" and maintained a t  this temperature for 
6 hr. by a Thermocap Relay. The reaction mixture was 
treated in the previously described manner to give 6.50 g. of 
product ( n m ~  1.4490, b.p. 60-65 a t  0.35 mm., mol. wt. 124, 
calcd. 116) which was thought to be 3-hendecanone. A 
residue (19 g., mol. wt. ,578) was obtained. An infrared 
spectrum of the product showed a strong carbonyl band, a 
slight hydroxyl band, and a slight carbon-carbon unsatura- 
tion band. Several attempts to make a semicarbazone were 
unsuccessful and a positive carbonyl test could not be ob- 
tained with hydroxylamine hydrochloride indicator test 
solution.25 Proof of structure was established by gas chro- 
matography. A gas chromatogram of the product ( 5  ~ l . ,  

( 2 5 )  R. L. Siirinrr and R. E. Fuson, "Identification of Ornariic 
C ~ ~ ~ i i p o ~ i i d ~ , "  .JoIm \Vilry & Sons, lnc. ,  Nr.w York, 19-18, 

10-ft. silicone column, 197", 5 lb. helium, 200 ma. and a I-mv. 
span on the recorder) gave a major peak with a retention 
time of 20 min. (7.5 in.) and two minor peaks with a reten- 
tion time of 8 min. (2 in.) and 30 min. (11.25 in.). A gas 
chromatogram of authentic 3-hendecanone gave a peak with 
a retention time of 20 min. under the same conditions. A 
gas chromatogram of an equal mixture of the product and 3- 
hendecanone (10 pl.) gave a peak with a retention time of 
20 min. and the peak height was doubled; thus, the major 
product is 3-hendecanone. The relative areas indicate the 
previously distilled material contains approximately 80% 
3-hendecanone (5.30 g., 14% yield based on 1-octene). 
An attempt to isolate any alcohol that might have formed 
as a side product was made, but none could be obtained. 

The Preparation of 3-Hendecanone.-Two moles of 1- 
propanol (120 g.), 0.40 mole of I-octene (48.8 g.), and 0.06 
mole of tert-butyl peroxide (10 ml.) were placed in a Parr 
autoclave. The reaction mixture vas  deaerated with argon 
before the bomb was sealed, heated to 145O, and maintained 
a t  this temperature for 3 hr. by a Thermocap Relay. The 
autoclave was cooled to  15", the reaction mixture was re- 
moved and distilled to produce 25.8 g. of 3-hendecanol 
( ~ * O D  1.4387, b.p. a t  0.15 mm., yield 33%, reported b.p. 
117' a t  20 mm.,*6 nSOo 1.4367) was obtained. A residue (20 
g., n% 1.4660) remained. 

In  a Morton flask equipped with a reflux condenser and 
dropping funnel was placed 0.058 mole of potassium di- 
chromate (17.05 g.). To this a precooled mixture (0 to 5 " )  
of 0.058 mole of 3-hendecanol (10 g.) and 40 nil. of glacial 
acetic acid wm added over 0.5 hr. The reaction mixture was 
allowed to warm to room temperature and subsequently 
heated to 56' and kepr a t  this temperature for 2 hr. by a 
Thermocap Relay. The reaction mixture was neutralized 
with sodium bicarbonate, extracted with ether, and the 
ether extract evaporated to remove the ether. The high 
boiling material was distilled through an 8-in. tantalum- 
wire spiral column under reduced pressure to give 6.0 g. of 
3-hendecanone (YPD 1.4300, b.p. 46" at  0.10 mm., reported 
b.p. 104" at  11 mm.,26 n% 1.4295). An infrared spectrum 
showed a strong carbonyl band at  5.85 p and a weak hydroxyl 
band a t  3 p .  A semicarbazone melted at  90-91" (reported 
m.p. 90").26 
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