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TABLE I11 
SUMMARY OF N.M.R. DATA FOR DIOXOLAXES 

C-%Proton C-4,5-Protons 
Compound peaka peaksa 

Dioxolane 5.43b 6.  43b 
2-Ethyl-2-methyl (sa) . . .  6.08 
2,2’-Bis (6) 5 08 6.03 
2-Laurvl ( 5 b )  5.18 6.10, 6.14 

a Expressed in 7 units. * Converted from values given 
in “A Catalog of the Xuclear Magnetic Resonance Spectra 
of Hydrogen in Hydrocarbons and Their Derivatives,” 
Humble Oil and Refining Co., Baytomn, Texas, 1959. 

carbons 4 and 5 are not equivalent in the compounds 
used for this study. Inspection of models indicates 
that the ring is fairly rigid and that free rotation 
about the carbon-carbon or carbon-oxygen bonds 
is severely restricted. Consequently, conforma- 
tional inversion of the type found in dioxane would 
not be expected to cause a zero average of the 
chemical shift. For this reason splitting of the 
peak for the ring protons was expected to occur, 
but in most cases mas not observed. 

The ring protons of 2,2’-bis-1,3-dioxolane (6b) 
(Fig. 6B) gave a series of eight peaks for the 
protons on carbons 4 and 5. On cooling the solu- 
tion to -60°, these peaks began to merge. KO 
splitting was observed for the single downfield 

(14) ,J. Kalvoda, C:. Anner, D. Arigoni, K. Heusler, H. Immer. 0. 
Jeger, M. Lj. Mihailovic, K. Schaffner, and 4. Wettstein, H e l t .  
Chim. Acta, 44, 186 (1981); R. F. Ziircher and J. Kalvoda, ibid. ,  44, 
198 (1981). 

(15) E. Caspi, T. A. Wittstruck, and (Mrs.) N. Grover. to be sub- 
mitted for publication. 

Addition Reactions with 

peak which was assigned to the protons on carbons 
2 and 2’.  If there is no accidental superposition 
of the bands, then the two rings are either eclipsed 
or rapidly rotating about the 2-2‘ carbon-carbon 
bond. 

The appearance of two bands for the protons a t  
C-4 and C-5 of 2-lauryl-1,3-dioxolane (5b) (Fig. 
Gc), separated by 2.5 c.p.s., arises from the above 
mentioned non-equivalence of the ring protons, 
since two of the protons are cis to the lauryl group 
and two are trans. A somewhat similar situation 
should exist for the 2-rnethyl-2-ethyl-1,3-dioxolanel 
but here only an unsplit peak was observed for the 
protons a t  carbons 4 and 5. 

Comparison of Spectra for Five- and Six-Mem- 
bered Rings.-It is seen by a comparison of the 
spectra for dioxanes and dioxolanes that the 
chemical shift of the peaks for protons on carbons 
hearing two oxygen atoms is characteristic of the 
size of the ring. In the dioxolane derivative, 
this peak lies a t  lower field (ca. 5.1) than does the 
corresponding peak for the dioxane derivative 

The nature of the signals arising from the 
-0-CH2-CH2-0- portion of the ring is also 
characteristic of the size of the ring. Unless the 
molecule is inverting rapidly, the signal for the 
six-membered rings is split into a number of peaks, 
and the entire multiplet generally extends over a 
relatively wide portion of the spectrum. The 
signal for the analogous protons in five-membered 
rings is generally much narrower and often unsplit, 
especially when attached to steroids. 

(ca. 5.3). 
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Addition reactions with methylenecyclodecane which presumably proceed by way of intermediates with substantial car- 
bonium ion character lead to products which appear to have been formed by proton loss after the initial addition stpp. 
Methylenecyclodecae reacts with hydrogen bromide in acetic acid solution to give mainly 1-methylcyclodecene along Fith 
some 1-bromo-1-methylcyclodecane; with hypochlorous acid solution to give 1-( chloromethy1)cyclodecene and no chloro- 
hydrin; with 2,4-dinitrobeneenesulfenyl chloride to give an unsaturated, chlorine-free sulfide; and with peroxybenzoic acid to 
give cyclodecanecarboxaldehyde instead of epoxide. However witah hypobromous acid, which can form a bridged-ion inter- 
mediate, methylenecyclodecme reacts to  give a high yield of a true addition product, a bromohydrin with abnormal orientn- 
tion. The 1-bromocyclodecylmethanol undergoes rearrangement to 1-(bromomethy1)cyclodecene upon distillation. 

Investigations in a number of laboratories have 
established that alicyclic compounds with medium- 
sized rings (eight to  twelve members in the ring) 
exhibit features that set them apart from com- 

(1) (a) This research was supported in par t  by  a grant  from the 
National Science Foundation. We gratefully acknowledge this sup- 
port; (b) Presented in par t  a t  the 140th Meeting of the Bmerican 
Chemical Society, Chicago, Illinois, September, 1981: Abstracts. p. 
77-0; ( c )  Central Basic Research Laboratory, Esao Research Center, 
Linden, N. J, 

pounds with other ring sizes.2 For example, chem- 
ical equilibria and relative rates of reaction in- 
volving numerous alicyclic compounds often shoI7 
minima or maxima in the medium-ring ranyc. 
Organic chemists have long rationalized these dif- 
ferences by assuming unusual nonclassical strains in 
the medium-ring compounds, and very recently 

( 2 ,  For B Ruinmary of 8ome of the evidence for a medium-ring efferr. 
see V. Preloe, J. Chem. Sac., 4aO (1950). 
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Fig. 1 . S u m m a r y  of reaction data. 

physical data which indicate the validity of these 
assumptions have become available. Both thermo- 
chemicala and X-ray diffraction measurements4 
substantiate the presumption of strain, with the 
maximum effects being present in nine- and ten- 
membered rings. A large part of the strain in 
these rings stems from end-on interaction by hy- 
drogens pointing toward each other from trans- 
annular posi t ion~.~ Some of this strain is relieved 
by the introduction of trigonal carbons in the 
rings, and attempted substitution reactions are 
usually accompanied by large amounts of elimina- 
tion reactions.6 The intra-annular hydrogens are 
also responsible for reactions which are different in 
kind from those of other cyclane derivatives, 
namely, transannular reactions. Although trans- 
annular reactions, usually involving hydride shifts, 
have been described for smaller ring compounds, 
these reactions apparently are most favored in ten- 
(and nine-) membered rings. 

Studies of several types of cycloalkane deriva- 
tives in the medium-ring group have been reported, 
but few reactions of olefins in this class have been 
described. For several years, we have been in- 
vestigating addition reactions of cyclic olefins, and 

(3) H. van Ksmp. thesis. Vrije Univwiteit ,  Amsterdam, Nether- 
lands, 1957: J. Coops, H. van Kamp. W. -4. Lambregts, R. J. Visser. 
and H. Dekker, Ree. trav. chim.. 79, 1226 (1960). 

(4) R. R. Bryan and J. D. Dunitz, Hels. Chzm. Acta, 43, 760 (1960): 
J. D. Dunitz and H. M. M. Shearer, ibid. ,  4S, 18 (1960); J. D.  Dunits 
and V. Prelog, Anosw. Chem., 71,896 (1960). 
(5) A. C. Cope and H. E. Johnson, J .  Am.  Chem. Soc., 79, 3889 

(1957). 

some interesting and unexpected orientation effects 
have been observed. With a series of methylene- 
cycloalkanes (ring sizes four to  seven), hydrogen 
bromide adds only normally (tertiary bromide)6; hy- 
pochlorous acid gives mixtures of chlorohydrins, 
sometimes with abnormal orientation (tertiary 
chloride) predominating’; and hypobromous acid 
gives exclusively the abnormally oriented bromo- 
hydrins.’ We wished to extend those studies to  
medium-ring compounds in order to  investigate the 
possibility of transannular addition to  an olefin and 
to  delineate more precisely the nature of the inter- 
mediates in olefin addition reactions. This paper 
describes our studies with methylenecyclodecane. 

Methylenecyclodecane was prepared from cyclo- 
decanone by the Wittig reaction (triphenylphos- 
phorus-methylene).* Poor yields of olefin con- 
taminated with unchanged ketone were obtained in 
refluxing etherla but good yields of ketone-free olefin 
were obtained when the Wittig complex was heated 
at 85-90’ in diglyme (diethylene glycol dimethyl 
ether). A summary of our experiments with this 
olefin is presented in Fig. 1. 

Additions with Elimination.-Attempted addi- 
tion of anhydrous hydrogen bromide in glacial 
acetic acid to  methylenecyclodecane gave little or 
no alkyl bromide; instead isomerized olefin, 1- 
methylcyclodecene, was isolated as  the main or ex- 
clusive product, sometimes in quantitative yield. 
The tertiary bromide was isolated in good yield 
from reactions of the olefin with anhydrous hydro- 
gen bromide in pentane solution. It slowly lost 
hydrogen bromide on standing at  room temperature 
although it appeared stable for a few days in a 
refrigerator. Either spontaneously or on treat- 
ment with pyridine, the bromide lost hydrogen 
bromide to  form 1-methylcyclodecane. In  glacial 
acetic acid, 1-methylcyclodecene itself added hydro- 
gen bromide in fairly good yields to give the same 
1-bromo-1-methylcyclodecane. Since much higher 
yields of tertiary bromide are obtained from the 
endo olefin than from its exo isomer under identical 
conditions, and since we can isolate the relatively 
unstable bromide with little loss through decom- 
position, we suggest that isomerization of methylene- 
cyclodecane is the primary reaction and that forma- 
tion of l-bromo-l-methylcyclodecane in those reac- 
tion mixtures involving the e m  olefin is a result of 
relatively slow addition to  the isomerization prod- 
uct. Support for this suggestion is found in the 
report that isomerization of methylenecyclodecane 
to  1-methylcyclodecene, catalyzed by a non-adding 
acid (p-toluenesulfonic acid), in glacial acetic acid 
solution is complete only after about four hours a t  

(6) J. G. Traynham and 0. S. Pascual, J .  Org. Chem., 11, 1362 
(1956). 

(7) J. G. Traynham and 0. S. Pascual. Tetrahedron, 7, 165 (1959). 
@)(a) S. Trippett, in “Advances in Organic Chemistry,” ed. by 

R. A. Raphael, E. C. Taylor, and H. Wynberg, Vol. I,  Interscience 
Publishers, h a . .  New York, N. Y., 1960, p. 83: (b) G. Wittig and U. 
Schoellkopf, Ow. Syn. ,  40,66 (1960). 
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25°.9 (We used a reaction time of four hours a t  

No real attempt was made in our work to analyze 
the product 1-methylcyclodecene for cis and trans 
isomers, but the infrared spectra are consistent 
with the earlier reportg that equilibrium mixtures of 
olefins formed from methylenecyclodecane contain 
substantial amounts of trans- as well as cis-l- 
methylcyclodecene. 

In  several experiments the yield of l-methyl- 
cyclodecene was nearly quantitative; only small 
amounts of any other substances could be detected 
by gas chromatography, and those were of appreci- 
ably shorter retention times. Particularly notable 
was the absence of any detectable amount of a 
transannular product such as 5- or 6-methylcyclo- 
decene, indicating that the intermediate tertiary 
carbonium ion fails to  undergo a transannular 
hydride shift. Other examples, in cycloctyl deriv- 
atives, of the exclusion of transannular reactions 
which would require a rearrangement from a more 
stable (tertiary) carbonium ion to a less stable 
(secondary) one have been reported.1° This pres- 
ent example with a cyclodecane derivative, some 
of which react exclusively in the transannular 
manner, provides good evidence that such hydride 
shifts are most unlikely to  be observed. 

In a solvent with poor ion stabilizing ability 
(pentane), methylenecyclodecane reacts witjh hydro- 
gen bromide to give the true addition product, 1- 
bromo-1-methylcyclodecane. But in a bette ion 
stabilizing solveiit, such as glacial acetic acid, the 
intermediate tertiary carbonium io:i reacts l y  a 
different path. ilppareiitly elimination of a proton 
to  give the less strained olefin is the preferred path, 
rather than addition, once an intermediate with 
substantial tertiary carbonium ion character has 
been formed. This result suggcsted to  us that 

10-15O.) 

mCH3 

methylcnecyclodecane might well afford data which 
will be helpful in delineating the nature of inter- 
mediates in ionic addition reactions with olefins. 

A related result has been obtained in the at- 
tempted addition of hypochlorous acid to  methylene- 
cyclodecane. No chlorohydrin could be obtained, 
but an unsaturated chloride, shown by degradative 
(9) A. C. Cope, D. Ambros, E. Ciganek, C. F. Howell, and Z. 

(10) A. C. Cope, S. Moon, and P. E. Peterson, ibid.. 81, 1650 
Jscura, J .  Am. Chem. Soc., 88, 1750 (1960). 

(1959): A. C. Cope and P. E. Burton, ibid., 83, 5439 (1960). 

oxidation to be 1-(chloromethyl)cyclodecene, was 
formed instead. The intermediate ion, formed in 
aqueous solution by attack of positive chlorine on 
the olefin, fails to combine with nucleophilic rea- 
gent. Product is formed by loss of proton to give 
the less crowded cyclodecene derivative. 

c1 

(2) 

mCH* ' dH2 
Y f  

CY Hz- ~ C H Z - C ,  

Additions of 2,4-dinitrobenzenesulfeiiyl chloride 
to unsymmetrical olefins give adducts in which chlo- 
rine is attached to the more substituted carbon, 
--S-Ar to  the less substituted one.'l Sometimes 
mixtures are formed, but in those cases which have 
been carefully examined the predominant product 
is that one expected on the assumption that initial 
attack on the olefin is by 2,4dinitrobenzenesulfen- 
ylium ion. 
R-CH=CH2 + Ar-S-Cl+ 

c1 
+ I 

R-CII-CH? --+ Ii-CII-CHL 
I 

8-Ar 
1 

S--,Zr 
(3) 

A ~ - s -  = OLN 0 s- -9- NO2 

Whcii nictliylcticcyclodccaii~ atid 2,4-diiiitro- 
hizciiesiilfeiiyl chloridc are allowed to react under 
conditiolis which usually give high yields of addi- 
tion products," a chlorine-free, unsaturated product 
is obtaiiied in virtually quantitative yield. So far 
as we kiiow, this is the first reported instance of tho 
formatioil of uiisaturatcd sulfide rather than chloro 
sulfide iii such an olefin reation. Although we have 
iiot established the structure of this product un- 
equivocally, it gives aiialyses for C, I€, and N con- 
sistent with the formulation 

D c H 2 - s y o ~  

Here again, the apparent course for the reaction is 
formation of intermediate by attack of cationic sul- 
fur followed by loss of proton rather than by addi- 
tion of chloride. 

Attempted additions of hydrogen bromide, 
hypochlorous acid, and 2,4-dinitrobenzenesulfenyl 

(11) For a review and references, 8ee N. Kharasch, J .  Chem. Ed., 
33, 585 (1956). 
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chloride all apparently follow this half-addition, 
elimination course involving an intermediate with 
substantial tertiary carbonium ion character. One 
further example may provide information of par- 
ticular diagnostic value, so far as mechanisms are 
concerned. 

In an attempted epoxidation of melhylenecyclo- 
decane with perosybenzoic acid in chloroform 
solution, no epoxide at all could be found in the 
product mixture. Instead, the yield of cyclodec- 
anecarboxaldehyde is nearly quantitative. Some 
descriptions of the mechanisms of olefin epoxida- 
tions by peroxy acids include an intermediate car- 
bonium ion formed by addition of OH+ to the less 
substituted olefinic carbon (equation 4). 

H-CH=CH- + CsH,-COiH + 
+ 

It-CH-CH, + R-CH-CH, + H +  (4) 
T%., \/ 

OH 0 

If such a carbonium ion is indeed an importaiit 
part of the reaction, proton loss should intervene 
before epoxide formation is complete when methyl- 
enecyclodecane is used as olefin. Apparently elim- 
ination of proton does indeed occur, but not 
to  give the endo olefin obtained from the hydrogen 
bromide reaction. Proton from the exocyclic car- 
bon is lost to  give presumably an enol, arid then 
aldehyde (equation 5). 

OH 

OH 
I nCH 

(XYCHzoH D C H 0 ( 5 ,  

1 

Thc tlirt!ctioii of rliiniiintiou iii this case is ill- 
t crcst,ing. Thc equilibrium between the isomers 
iiietliylei~ec~c'lodecane and 1-methylcyclodeceiie has 
beeii studied, aud the endo olefin is favored by a 
factor of at least 1000.9 This amounts to a stabili- 
zatioii energy of about 3.5-1 kcal./mole, roughly 
the same as the resonance energy in ethyl vinyl 
c'ther,lZ which t,he enol intermediate might be ex- 
pect,ed to  resemble iii terms of stabilization energy. 
In other words, the usual preference for format,ion 
of the endo olefin is balanced in t'his case by the 
resonance energy contribution by t'he substituent, 

(12) \V. A. XVaterb, "Oxidation P r u c  * '  i n  Giliiian's "Organic 
L'liemistry." Vol. I V ,  .Tolin Wiley and  Suns. ln r . ,  New l o r k ,  N. Y., 
l!4,-1:4, p. 1163. 

(13) C:. W, \VhrIan,l, "lteaonani,r in Orrariic Cliri i i istn," . l u h  
\Yilry an t i  Suns, Inc. .  " l ,u  Y u r k ,  K. l-., l\L:, 1 1 .  83.  

oxygen, and subsequent formation of aldehyde may 
well provide the deciding driving force. Alter- 
natively, aldehyde formation may be pictured as an 
example of a pinacol-type rearrangement, with 
hydride migrating from exocyclic carbon t o  the 
electron-deficient ring carbon. 

The isolation of aldehyde rather than epoxide 
may he indicative simply of t'he instability of the 
epoxide rather than of mechanistic details. Other 
epoxides rearrange under the influence of acid 
catalysis to aldehydes, and in certain cases the 
epoxide has indeed been shown to be incapable of 
isolation from peroxy acid oxidation mixtures.14 
We intend to acquire data bearing on this point by 
attempting to prepare methylenecyclodecane oxide 
by other routes. 

Additions without Elimination.--If an inter- 
mediate with substantial tertiary carbonium ion 
character could be avoided, addition might be ex- 
pected to continue and be unaccompanied by elim- 
ination. Such a result has been realized in the 
addition of hypobromous acid. Attack by Brf or 
its kinetic equivalent leads to  pi-complex and then 
to bridged bromonium ion, which suffers attack by 
water at the primary position to  give abnormally 
oriented bromohydrin (tertiary bromide) (equation 
6). This 1-bromo-1-cyclodecylmethanol, which 

\+tib obtaiiied in 88% yield, gives iiifrared absorp- 
tious and chemical classification tests characteristic 
of tertiary bromide, primary alcohol rather than 
those for the isomeric primary bromide, tertiary 
alcohol. Similar abiiormal addition of hypobro- 
mous acid has been found for methylenecycloal- 
kanes with smaller rings, and it n-as attributed to 
bridged ion formatioi~.~ The present cabe seems to 
proyide uiiusually good evidence for the bridged- 
ion intermediate, since elimiiiatioii is apparently 
the preferred path for reaction involLiiig an inter- 
mediate with substantial tertiary carboiiium ioii 
character. 

A related situation may be found in the reaction 
betweeii cyclodecanone and tripheiiylphosphorus- 
methylene. The fact that high yields of methylene- 
cyclodecaiie were obtained in that reaction pro- 
vides, we feel, additional evidence for the accepted 
4-center type mechanism of the Wittig reaction.sa 
Intermediates with substantial electron-deficiency 
on carbon are not formed. 

(14) b. W 'rinsley. 1. O r y  C h e m ,  24, 11Y7 (1059). The olefins 
nh1~1i gal r hrtune? ra ther  tiian epinides In ti119 + t r i i l v  a1r oneh whroli 
uorilcl br e\liectrd to forlii niorr <table carbonium ion iiit~riiiediatos 
t h a n  the olefin< uhich dii1 yii e wo\ides 
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Substituents with divalent sulfur in appropriate 
position frequently exhibit good neighboring group 
participation, and an attack on methylenecyclodec- 
ane by arenesulfenyl cation might be expected to  
form a bridged-ion intermediate rather than a con- 
ventional carbonium ion, described earlier. We 
attribute the lack of bridged-ion formation to the 
relatively high electron deficiency on sulfur, in- 
duced by electron withdrawal by the dinitro sub- 
stituents. 

Rearrangement of Bromohydrin.-Characteriza- 
tion of methylenecyclodecane bromohydrin was 
based on experiments with undistilled material. l5 
During vacuum distillation of the bromohydrin, an 
interesting and surprising rearrangement occurred 
which led to  the formation of hydroxyl-free, un- 
saturated bromide. Oxidative degradation es- 
tablished the identity of the distillate as 1-(bromo- 
methy1)cyclodecene. Since the distillation system 
was evacuated before heating was begun, a mech- 
anism solely involving dehydrobromination to 
allylic alcohol followed by reaction between the al- 
cohol and hydrogen bromide (equation 7) seems 

unlikely. Most probably substantial amounts, if 
not all, of the hydrogen bromide would be lost 
through the evacuating system and some allylic 
alcohol would remain unconverted. Yo alcohol 
could be found in the product distillate. We sug- 
gest a mechanism represented by equation 8. X 

trace of acid, perhaps from dehVdrobroiniiiation of 
a few molecules of bromohydrin, protonates the 
hydroxyl group of a bromohydrin molecule. -1s- 
sistaiice by neighboring bromine leads to loss of 
water and to formation of the same bridged-ion 
intermediate involved in bromohydrin formation 
(equation 6). In the absence of a good nucleophilic 
reagent, however, displacement of the bromine in 
this bridged-ion intermediate does not occur, and 
an alternate course-migration of bromine and loss 
of proton-leads to product. The protoii call be 

(15) Sonic samples wcre chromatographed on aluinina i\itliout 
noticeable change in chemical behavior or in infrared spectra. 

lost directly to  another bromohydrin molecule to 
continue the reaction sequence. In  this scheme, 
hydrogen bromide molecules are never formed be- 
yond the init,ial trace amounts required, and no 
products other than 1-(bromomethy1)cyclodecene 
and water are formed during the process.16 

Studies of the chemistry of medium-ring olefins 
are being continued in our laboratory. 

Experimentall' 
Preparation of Methylenecyc1odecane.-To 31 g. (0.087 

mole) of methyltriphenylphosphonium bromide in a nitro- 
gen-filled three-nerk flask was added 100 ml. of 0.88 M 
phenyllithium solution (0.088 mole). After the reaction 
mixture had been stirred vigorously for 3.5 hr., a solution of 
13.5 g. (0.0875 mole) of cyclodecanone in 20 ml. of anhydrous 
ethyl ether was added slowly by drops. The react'on mix- 
ture was stirred under a nitrogen atmosphere for 24 hr. The 
ether was removed by distillation, 100 ml. of anhydrous 
diglyme was added, and the mixture was stirred and heated 
a t  80-90' for 5 hr. The mixture &-as cooled and filtered. 
The filter cake was washed with five 50-ml. port ons of 
pentane, and the pentane washings were used to extract the 
filtrate, which had been diluted with 250 ml. of water. The 
combined pentane extracts were washed with five 50-ml. 
portions of water to remove all diglyme, and the aqueous 
washings were extracted once with 25 ml. of pentane. The 
total pentane solution was dried over magnesium sulfate, 
and the solvent was removed by distillation through a 30- 
cm. Vigreux column. The residue was distilled at  reduced 
pressure to yield 11.2 g. (84%) of methylenecy~lodecane~: 
b.p. 103-111" (29 mm.), n Z 6 ~  1.4819-1.4822. Analysis by 
gas chromatography (6-ft. silicone column) indicated purity 
of 93-99% in different preparations. Definitive infrared 
absorptions: 3050 (=CHz), 1630 (olefin, =CHz?), and 
883 (=CH2) cm.-l. 

Reaction of Methylenecyclodecane with HBr. I. In 
Glacial Acetic Acid.-A. A solution of methylenecyclodec- 
ane (1.0 g., 0.0066 mole) in 15 ml. of glacial acetic acid, 
chilled to 10-15', was added to a chilled solution of anhy- 
drous hydrogen bromide (0.57 g., 0.0070 mole) in glacial ace- 
tic acid (6.5 ml.), and the mixture was stirred at  10-15" for 4 
hr. After being poured into 100 ml. of ice water, the mixture 
was extracted four times with 25-ml. portions of pentane. 
The combined organic solution was washed once with 25 nil. 
of 570 sodium bicarbonate solution and twice with 25-ml. 
portions of water. After drying and removal of solvent at 
reduced pressure a t  room temperature, 1 .O g. (100%) of 1- 
methylcyclodeceneg remained; nz6~ 1.4840; 95cj, purity in- 
dicated by gas chromatography (6-ft. silicone column; most 
of t.he remaining 5% was material with short retention time). 
The infrared spectrum of this olefin, with relatively strong 
absorptions a t  1660 (olefin), 1372 (CH3), 855 (internal C=C) 
824 (internal C=C) and 788 (R2C=CHR) cm.-', is clearly 
distinguishable from that of methylenecyclodecane. Several 
weaker absorptions (at 1319, 987, and 965 cm.-l) can be 

(16) Although the rearrangement is apparently complete during 
attempted distillation of the brornohydrin, some of our spectral data  
suggest that  i t  occurs slowly a t  room temperature; some spectra ob- 
tained several hours af ter  preparation of the bromohydrin showed de- 
creased hydroxyl absorption and increased olefin ahsurytion, compared 
with spectra of freshly prepared samples. No hydrogen bromide 
evolution was ever detected, even from Eamples of brornohydrin 
standing overnight a t  room temperature. 

(17) bficroanalyses were carried out  by Weiler and Htrauss Micro- 
analytical Laboratory, Oxford, England, and by Galbraith Labora- 
tories, Inc., Knoxville, Tennassee. Infrared spectra were obtained 
with a Beckman IR-5 spectrophotometer and were interpreted with 
the aid of the book b y  L. J. Bellamy, "The Infrared Speotra of Com- 
plex hlolecules," 2nd ed., John Wiley and  Sons, Inc., New York, N. Y., 
1968. Melting puints were determined with a Fisher-Johns apparatus 
and are uncorrected. 



3194 TRAYNHAM AND BAIRD VOL. 27 

attributed to the presence of trans olefin.18 Isomerization of 
methylenecyclodecane in acetic acid containing p-toluene- 
sulfonic acid has previously been shown to yield appreciable 
amounts of trans-1-methylcyclodecene along with the princi. 
pal product, cis-1-methylcyclodecene.~ The spectra of our 
1-methylcyclodecene products are entirely consistent with 
that report. 

Identity of the 1-methylcyclodecene was established by 
ozonolysis of the olefin in methanol solution a t  -78". After 
removal of methanol solvent, decomposition of the ozonide 
in 90% formic acid solution with 30% hydrogen peroxide 
gave an 88% yield of the known 10-ketoundecanoic acid, 
m.p. 57.5-58'.19 The keto acid was converted to its semi- 
carbazone, m.p. 133.5-134'.19 We were unable to obtain 
any evidence for the presence of any isomeric olefin, such 
as 4- or 5-methylcyclodecene, which would have been 
formed by a transannular hydride shift. 

When a solution of methylenecyclodecane (0.59 g.) in 
glacial acetic acid (10 ml.) was stirred a t  10-15' for 4 hr., 
the recovered olefin gave an infrared spectrum identical with 
that of starting methylenecyclodecane (different from iso- 
meric 1-methylcyclodecene). Apparently no isomerization 
occurs under these conditions in the absence of hydrogen bro- 
mide. 

B. In  a later experiment, after l-bromo-l-methylcy- 
clodecane had been isolated from the addition in pentane 
(I1 below), particular care was used to ensure that any t -  
bromide formed would not be lost during work-up. From 
1.0 g. (0.0066 mole) of methylenecyclodecane and 0.64 g. 
(0.0072 mole) of anhydrous hydrogen bromide in 13 ml. of 
glacial acetic acid was obtained, by the same procedure, 1.11 
g. of a mixture of olefin and t-bromide: n Z 5 ~  1.4868. On the 
basis of refractive index and weight of material, this mixture 
was estimated to be about 8595% 1-methylcyclodecene and 
about 15-5% 1-bromo-1-methylcyclodecane. 

11. In Pentane.--A. A slow stream of anhydrous hydro- 
gen bromide was passed for 2 hr. into a solution of methylene- 
cyclodecane (1.11 g., 0.0072 mole) in 50 ml. of pentane, 
chilled to -20" in a nitrogen-filled flask. The pentane solu- 
tion was washed twice with 10-ml. portions of 107" Rodium 
bicarbonate solution and twice with 25-ml. portions of 
water, it was dried over magnesium sulfate, and the solvent 
was removed under vacuum a t  room trmperature to give 1.53 
g.  (91%) of crude bromide. Vacuum distillation of the prod- 
uct gave 1 .ll g. (667,) of 1-bromo-I-methylcyclodecane; 
h.p. 78-80' (0.4 nim.), n% 1.5096, infrared absorptions at 
I370 (CH,) and 1090 cni.-l. The t-bromide gave an immedi- 
ate prccipit.atc with silver nitrate and slowly lost hydrogen 
Immide at, room temperature to form 1-metliylcyclodccenn. 
liccausc of thc iristahility of the 1-bromo-] -1nnthylcyr1o- 
decane, \YC did not ohtain microanalytical data for this com- 
pound. 

B. T n  anotlicr rxpcriment, an attempt, was nirl.tle t,o add 
liydrogen bromide under free radica.1 conditions. A xolut,ion 
of methyleneayclodecane (1.93 g.,  0.0127 mole) i n  50 ml. of 
pentane was irradiated in a quartz reaction flask with a GTC 
2.50-watt Type H lamp whilr a slow stream of anhydrous 
Iiydrogeu bromide was passed through the solution for 2 hr. 
Work-up very similar to that above gave 2.81 g. (9570) of 
crude 1-bromo-1-methylcyclodecane, 72% 1.5089, which was 
vacuum distilled; yield, 2.12 g. (72%); b.p. 75-77' (0.3 
mm.); n Z 3 ~  1.5108. The infrared spectrum was identical 
with that obtained for the sample of l-bromo-l-methyl- 
cyclodecane prepared in the absence of irradiation. KO evi- 
dence could be obtained for the formation of the isomer, 
(bromomethy1)cyclodecane. A control experiment with 1- 
octene under ident,ical reaction conditions gave a 76% yield 
of 1-bromooctane, b.p. 109-110' (40 mm.), n Z 6 ~  1.4523. 

Dehydrobromination of 1-Bromo-1-methylcyc1odecane.- 
A solution of 1-bromo-1-methylcyclodecane (0.64 g., 0.0027 

(18) I n  addition t o  the book by L. J. Bellamy," aee ill. Jacobson. 

(19) W. W. Myddleton and A. W. Barrett,  ibid. ,  49, 2263 (1927). 
M. Reroza, and W. A. Jones, J .  Am. Chem. Soc.,  83, 4820 (1961). 

mole) in 10 ml. of anhydrous pyridine was permitted to 
stand a t  room temperature for 1 hr. with occasional shaking 
and was then heated on a steam bath for 1 hr. The solution 
was poured into 100 ml. of ice water, the mixture was ex- 
tracted with three 20-ml. portions of pentane, and the pen- 
tane solution was washed with 10% hydrochloric acid and 
twice with water. After the solution had been dried over 
magnesium sulfate, the solvent was evaporated to leave 0.39 
g. (95%) of 1-methylcyclodecene. Other experiments gave 
yields of 87 and 98%. Distillation afforded olefin shown to 
be at least 98% pure by gas chromatography; b.p. 120-123' 
(40 mm.), n Z 4 ~  1.4858. 

Reaction of 1-Methylcyclodecene with Hydrogen Bromide. 
-1-Methylcyclodccene (0.0066 mole) and anhydrous hydro- 
gen bromide (0.0072 mole) were allowed to react in glacial 
acetic acid (15.8 ml.) under the same conditions as were 
used for methylenecyclodecane. After evaporation of sol- 
vent, there remained 1.3 g. (86%) of a mixture of l-bromo-l- 
methylcyclodecane and 1-methylcyclodecene; 1224D 1.5024. 
On the basis of weight of material and refractive index, the 
composition of the mixture was estimated to be about 55- 
70% t-bromide, 45-30% olefin. 

Reaction of Methylenecyclodecane with Hypochlorous 
Acid.-A suspension of methylenecyclodecane (1.35 g., 
0.0089 mole) in a mixture of 50 ml. of tetrahydrofuran and 
25 ml. of water was cooled to 5'. A solution prepared from 
5 ml. of 2.15 M (0.0108 mole) hypochlorous acid and 15 ml. 
of water was added to the stirred, chilled olefin suspension in 
5-ml. portions a t  10-15-min. intervals. The mixture was 
then stirred for 1 hr. a t  5-10', diluted with 100 ml. of water, 
and extract,ed three times with 30-ml. portions of ether. 
The combined ether solution was washed with 15 ml. of dilute 
potassium iodide solution, with 15 ml. of 10y0 potassium car- 
bonate solution, and :hree times with 20-ml. portions of 
water. The wash solutions were extracted with two 25-nll. 
portions of ether and the combined ether solution was driecl 
over magnesium sulfate. Removal of the solvent under 
vacuum a t  room temperature left 1.33 g. of chlorine-contairi- 
ing liquid which quickly gave a precipitate with silver nitrate 
solution at room temperature and decolorized potassium 
permanganate solution. Vacuum distillation gave 0.67 g. 
(40.5%) of 1-(chloromethyl)cyclodecene, b.p. 65-68' (0.2 
mm.), n25~ 1.5090, infrared absorptions a t  1670 (olefin), 
1260, 885, and 855 (internal C=C) cm.-l. 

Anal. Calcd. for Cl1HI9C1: C ,  70.80; TI, 10.26. Found: 
C, 70.86; H, 10.14. 

Oxidation of I-( Chloromethy1)cyclodecene .-llie stmi.- 
ture of the product froni the re:tc:tion of nieth~.lenec~clodc~t~- 
:me and hypochlorous arid was cstahlishrd by scqueiiti%~] 
oxidation wit>h ozone arid h~pl , rorni te  t.n sebacic arid. A 
solut,ion of 0.67 g. (0.0036 molt.) of 1-(chloromethyl)cyr~lr,- 
decenc in 30 ml. of absnlut,e mnthanol was Raturated with 
ozorie a t  -78". The alcohol solvrnt was removed under 
varrium, and t81ic ozonide residue was decomposed in 10 ml. 
of 90% formic acid with 7 nil. of 30% hydrogrn perosidr. 
After the reaction mixturc hati beeii poured int,n ice water 
and t,he aqueous solution had been clstractPd with t'hrw 15- 
ml. portions of ether, the ether solution was extracted twice 
with 10-ml. portions of 5y0 sodium hydroxide solut.ion and 
once with water. To the combined, alkaline aqueous soh- 
tion, chilled to 0-5', was added a chilled solution of fiodium 
hypobromite (prepared from 1 g. of sodium hydroxide, 0.58 
ml. of bromine, and 20 ml. of water; 0.011 mole). This 
mixture was stirred a t  0-5" for 30 min. and then at  room 
temperature for 2 hr. After extraction with carbon tetra- 
chloride and subsequelit acidification with hydrochloric 
acid, the aqueous mixture was extracted continuously with 
ether overnight. The ether extract vas dried over magne- 
sium sulfate and evaporated to give 0.4 g. (5570) of sebacic 
acid. After one recrystallization from water and vacuum 
sublimation, the material melted a t  129-131" and did not 
depress the melting point of authentic sebacic acid. 

The ether extract of the ozonolysis reaction mixture 
yielded 0.11 g. of neutral material which was not identified. 
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Reaction of Methylenecyclodecane with 2,4-Dinitroben- 
zenesulfenyl Chloride.-A mixture of methyleneoyclodec- 
ane (1.0 g., 0.0066 mole) and 2,4-dinitrobenzenesulfenyl 
chloride (1.57 g., 0.0067 mole) in 30 ml. of glacial acetic 
acid was warmed on a steam bath for 30 min., during which 
time hydrogen chloride was evolved. After the mixture had 
been chilled in a refrigerator overnight, the precipitated 
solid (1.37 9.) was collected. The filtrate was poured over 
crushed ice, and the aqueous solution was extracted with 
three 50-ml. portions of pentane. After being washed and 
dried, the pentane solution yielded an additional 0.81 g. of 
yellow solid; total yield, 2.18 g. (937,); m.p. 94-96'. -4 
single recrystallization from ethyl alcohol raised the m.p. 
to 99.5-101"; when the product was mixed with 2,4-dinitro- 
benzenesulfenyl chloride (m.p. 95-96"), the melting point 
was depressed to 60". 

The product was chlorine-free and gave a positive test 
for unsaturation with potassium permanganate. The in- 
frared spectrum contained a shoulder a t  about 1635 cm.-l 
suggesting olefinic unsaturation but lacked the several 
bands usually associated with trans olefins. 

Anal. Calcd. for C17H&204S: C, 58.27; H,  6.33; S, 
8.00. Found: C, 58.57; H, 6.44; N, 7.94. 

Attempts to oxidize the unsaturated sulfide to known 
compounds with ozone, potassium permanganate and chro- 
mic acid all were unsuccessful: only oils or solids which have 
not yet been characterized were obtained. We were unable 
to find any cyclodecanone among the oxidation products. 
This, together with the appearance of a medium-intensity 
absorption band a t  665 cm. -1 (in addition to a stronger one 
a t  677 cm.-l for Ar-S) which suggests CHZ-S rather than 
=CH-S, leads us to suggest tentatively that the sulfide 
product is 1-cyclodecenylmethyl 2,4-dinitrophenyl sulfide. 

Reaction of Methylenecyclodecane with Peroxybenzoic 
Acid.--;\, mixture of methylenecyclodecane (1 .O g.,  0.0066 
mole) and an anhydrous chloroform solution of peroxyben- 
zoic acid (0.48 Jf, 18 ml., 0.0087 mole) was chilled to O o ,  
shaken frequently during 45 min., and then placed in a re- 
frigerator for 48 hr. The chloroform solution was washed 
twice with 10-ml. portions of lOyc sodium hydroxide solution 
and three times with 25-1111. portions of water. The organic 
laycr was dried over magnesium sulfate, and the chloroform 
was removed under vacuum a t  room temperature. Distilla- 
tion of the rezidue (1.24 g.) gave 1.0 g. (goy0) of cyclodecane- 
carboxaldehyde; b.p. 62-63.5" (0.3 mm.); @D 1.4830; 

infrared absorptions a t  3450 (enol) and 1725 (-CHO) cm.-l 
but none a t  1250 (epoxide) cm.-l. 

Anal. Calcd. for Cl1H2,0: C, 78.50; H,  11.98. Found: 
C, 78.79; H, 11.85. 

A sample of the aldehyde was converted to its 2,4-dinitro- 
phenylhydrazone, m.p. 131-132". 

Anal. Calcd. for C17H&;404: C, 58.60; H, 6.94; K, 
16.08. Found: C, 58.94; H,6.80; K, 16.04. 

Reaction of Methylenecyclodecane with Hypobromous 
Acid.-By essentially the same procedure described for the 
reaction with hypochlorous acid above, reaction between 
methylenecyclodecane (1.0 g., 0.0066 mole) in 50 ml. of 507, 
aqueous tetrahydrofuran and hypobromous arid (28 ml. of 
aqueous solution containing 0.008 mole of hypobromous 
acid) was carried out. Final removal of ether solvent a t  room 
temperature under vacuum gave 1.44 g. (8870) of methylene- 
cyclodecane bromohydrin; 72% 1.5429. Infrared absorp- 
tions at  3400, 1080, and 1045 em.-' strongly suggest primary 
alcohol; there was no tertiary alcohol absorption in the region 
1410-1310 cm.-l. The bromohydrin gave positive tests for 
tertiary bromide with silver nitrate and for primary alcohol 
with potassium permanganate and Iiessler's reagent. It did 
not react with bromine in carbon tetrachloride. The bromo- 
hydrin was oxidized by chromic anhydride in acetic acid at  
0-5' to carboxylic acid and by aqueous permanganate (cal- 
culated quantity) to a carbonyl compound which gave a 
positive test with 2,4-dinitrophenylhydrazine. On the basis 
of these data, we assign the structure of l-bromocyclodecyl- 
methanol to the bromohydrin. 

Bttempted vacuum distillation of l-bromocyclodecyl- 
methanol gave only 1-(bromomethyl)cyclodecene, b.p. 83- 
85" (0.3 mm.), n z s ~  1.5323. The distillate gave positive 
tests for reactive bromine with alcoholic silver nitrate and 
for unsaturation with aqueous potassium permanganate. 
Its infrared spectrum contained absorption bands at  1690 
(olefin), 1205, 890, 851 (internal C=C), and 822 (internal 
C=C) em.-'. 

L4nal. Calcd. for CllHlgBr: C, 57.15; H, 8.28. Found: 
C, 56.99; H,  8.17. 

The structure of the 1-( bromomethy1)cyclodecene product 
(0.84 g., 0.0036 mole) was established by its oxidation to 
sebacic acid in 85% yield by essentially the same procedure 
used for the oxidation of 1-(chloromethg1)cyclodecene. The 
intermediate a-bromoketo acid was isolated in crude yield 
of 1.11 g. 


