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Ahrsct-The addition of &him to ef.~xyclooctcnc yklds the rrau-dkhlorido, which hu a dipole 
macncnt of 3+1D, that is slightly sdvent dependent. The corresponding c&Mhidc wru not 
obcainedbythechlorinrtionofthcr~lahn,butwrrssyn~irdiredly,andfoundto~vs~ 
dipok moII)olt of 2*3D, which is also aolwmt dapcmdent. The addition of balm to hrmrcydoocta~ 
wasahowntoykddacompkx ahurc of products. the major one being l.Mihalo-hncthykyclo- 

hap-. 

INTRODUCTION 

THE dipole moments of the cir and trwrs isomers of 1,2dichlorocyclohexane 
derivatives have been instructive in showing the conformations of the compounds, 
and how conformational equilibria shift with changing solvent.* It seemed likely 
that the same kind of information might be similarly informative regarding the 
cyclooctane ring. Prior to 1964 the available evidence appeared to indicate (although 
not conclusively) that the cyclooctane ring possessed some sort of a crown str~cture.~ 
Since that time, work from a number of different research groups has thrown the 
question open again? 

The dipole moments of the cfs and tram isomers of 1,2dichlorocyclooctane 
cannot by themselves establish the conformation of the ring, but depending on the 
numerical values found, they could well exclude from consideration numerous 
potential conformations. Theoretical calculations6 indicate that a number of cyclo- 
octane conformations may be similar in energy. Since the one case in which the 

1 This rwcarcb weu wpporwd by Grant GP 4290 from the National S&ax Fowhtioa 
‘PapcrLIl,N.LAllingaandC.L Neumann, Terrahedron 23, 1279 (1966). 
* W. Kwcutroo, F. A. Me+ and E Havinga, Rec. 7hv. CMm. 73,717 (1954). For a summary urd 

Rcfs see: E L Elkl. N. L. Allinga, S J. Angyal and G. A, Morrison, Co+rmur6nol AM’@, 
p. 159. Intera&nx Division of Wiky, New Yor& (1%5). Tbo dipole mommts of c&- and Ire 
dibromocydooctane wcrerc!portc!dinapqifwllichqparalaftcrcompktionofthiswork 
(P. w. Halniga, E WapcMAr 8nd E. Havingr. Rec. 7h?u. c&m. 81,1053 (1962)). The results 
thrcin for the rrundbromide and dichlori& agree reasonably well with those qorted has for 
tbo dichloride The marked diffcrcacc bctwan the dipolo momnt rqxwted foe the cit-dibromide. 
and that rqxmcd hem for the dichloride may be due to any of a number of reasons, the reported 
instability of the dibromidc being one. 

’ Ref. 3. p. 210. 
L l J. B. Hendrickson, /. Amer. Uwm. See. 86,48S4 (19&t); ’ K. Wibag, Ibid. 87.1070 (1965). 
e J. D. Dunitz and A. Mugnoli, Chem. Comma 166 (1966). 
’ F. A. L Anct and M. St. Jacques, J. Am. Chem. Sot. 88,2585,2S86 (1966). 
‘J. Dale, I. Laszlo aal W. Ruland, Froc. Cium. Sot. 190 (1964). 
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ring conformation has been definitely established6 concerns the conformation in a 

crystal, and this may or may not pertain to the conformation of that compound, 
or of the ring in general, in solution. The dipole moments might thus furnish evidence 
at least allowing one to exclude certain conformations as major ones for these 
molecules in solution, and furthermore, a study of the variation of the dipole 
moments of these compounds with change in solvent would be expected to 
yield information as to the existence of conformational equilibria in these 
molecules. 

RESULTS AND DISCUSSION 

As far as the authors arc aware, the 1,taddition of chlorine or bromine to an 
olefinic linkage by an ionic reaction mechanism proceeds in an rmri-fashion in all 
known cases. Thus one would predict, and it was found, that the addition of chlorine 
to &cyclooctcne should proceed to yield a 1,2dichloridc, and since the reaction 
was smooth and clean it was inferred that the product was rran.r1,2dichloro- 
cyclooctane. It was shown that the halogens were on adjacent carbons by the 
reaction of the compound with zinc dust to produce cb-cyclooctene. 

rrans-Cyclooctcne might similarly be expected to react with chlorine to yield 
cis- 1,2dichlorocyclooctane. However, since the bromination of the cyclodecenes 
yields l&dibromides,e and since rrons-cyclooctene is very highly strained,10 it might 
be anticipated that the outcome of the reaction would be less predictable in this 
case. It was in fact found that when trcms-cyclooctene was treated with chlorine 
under the same conditions which led to the smooth anti addition in the case of the 
isomeric olefin, there was obtained a mixture of six major products, corresponding 
to mono and dichlorides. It was subsequently shown that none of the six major 
products corresponded to the anticipated ci.r-1,2dichlorocyclooctane. The nature 
of these reaction products will be discussed below. 

ci.r-l,2-Dichlorocyclooctane was prepared by several step sequence (flow sheet) 
beginning with &cyclooctene, which upon oxidation with peracetic acid yielded 
the known &cyclooctene oxide. l1 The latter, upon treatment with dry hydrogen 
chloride, opened to yield the mvzs-1,2_cyclooctene chlorohydrin. This material, 
upon treatment with base, reclosed to give back the ci.r-epoxide. When the chloro- 
hydrin was treated with dry hydrogen chloride in trichloroacetonitrile, under reaction 
conditions which are known to strongly favor Ss2 substitution,” there was obtained 
a 1,2dichloridc. The same compound could also be obtained through the action 
of thionyl chloride and pyridine on the chlorohydrin. The vicinal nature of the 
halogens was shown by the reaction of the compound with sodium to yield cyclo- 
octane and circyclooctene. This dichloride was different from that obtained by the 
direct addition of halogen to cis-cyclooctcne, and the geometric relationships of 
these two dichlorides is assigned on the basis of the outcome expected for the reactions 
used in the syntheses. 

In the opinion of the authors, the bulk of the older evidence favors a distorted 
crown structure, either twisted or stretched,a for the cyclooctane ring, while recent 
evidenoeb’ tends to support a half-crown. In terms of the deformed crown, it will 

* J. Sick, J. Zavada and hi. Svoboda, cdl. Czech. Chem. Common. 27, 1927 (1962). 
*I R Il. Turner and W. R Meador. /. Am. Chem. .!Gc. f9.4133 (1957). 
I1 A. C. Cope. S. W. Fenton and C. F. Spanq 1. Am. Chem. Sot. 74.5884 (19S2). 
** F. Crama and H. J. Baldauf, C’hcm. hr. 92,370 (19S91. 
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be clear from the figure that to the extent that the deformation of the ring from a 
regular geometry is averaged out, the fruns isomer of a 1,2disubstituted cyclooctane 
is a mixture of diaxial and diequatorial conformations, while the cti isomer is a 
single axial-equatorial conformation. The latter has a dihedral angle of roughly 90’ 
between the dipoles, while of the former mixture of two conformations, one has 
a much smaller, and the other has a much larger, angle between the dipoles. The 
conformational equilibrium in the rrans isomer should be susceptible to shifting by 
changing the solvent polarity analogous to what was found with the six-membered 
ring, hence the dipole of the rrans isomer should increase markedly as the solvent 
becomes more polar. The cb isomer may show an increase in dipole moment with 
increasing solvent polarity also, simply from the deformation which gives the higher 
dipole moment being more firmly impressed on the molmle in the more polar solvent. 

The dipole moment of each isomer of the 1,2dichlorocyclooctanes was determined 
in heptane, benzene, and in dioxan. The rranr isomer indeed showed the predicted 
behaviour with the dipole moment increasing from 2.98D to 3.20D with increasing 
solvent polarity. The cis isomer showed an equal change, from 2.17D to 2.37D. 
Hence, it is not possible to ascribe a fundamentally Merent conformational behaviour 
to the two different isomers with respect to changes in solvent polarity. 

The contrast between the dipole moments of the isomeric l,2dichlorocyclooctanes 
compared to the corresponding cyclohexane derivatives is of interest. With the 
cyclohexane derivatives studied by earlier workers,’ as expected, it was found that 
the cir isomer has a dipole moment which is invariant with solvent, since it can 
exist as only a single conformation, and it has the value 3.1D. The frmu isomer, 
on the other hand, showed a dipole moment which was solvent dependent, and of a 
smaller magnitude, increasing from 2.3D in carbon tetrachloride to 2+7D in benzene. 
The results have been reasonably interpreted in terms of the rrans isomer being 
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a mixture of diaxial and diequatorial forms in similar amounts, with the fatter 
increasing in proportion to the former as the polarity of the solvent increased. 

Comparing these numbers with those obtained for the cyclooctyl derivatives, 
it may be noted that the rruns isomer is the more polar in the eight-membered ring 
case, contrary to the six-membered ring case. From models, it would seem that the 
cis isomer must have a dihedral angle of around 100” between the dipole in the crown 
conformation, although as the molecule twists about, this angle may vary by 20” or so 
in either direction. If the molecule has the chair-boat or half-crown conformation, 
the cis dipoles can be located in a co-planar arrangement, or with a dihedral angle 
similar to that observed in the crown conformation. The dipole moment observed 
for the cis isomer, besides being variable with solvent, also is considerably smaller 
than that observed for the cis isomer in the cyclohexane ring. Only a qualitative 
interpretation of these numbers will be attempted, which is as follows. As the crown 
(or the chair-boat) conformation deforms by twisting, or stretching, the average 
dihedral angle between cis positions on the ring remains near IW’, with certain of 
these positions increasing and others decreasing the angle in question. In cyclohexyl- 
chloride, the observed moment is 224D, which is within experimental error of that 
observed for cyclooctyl chloride. The bond moment of the carbon chlorine bond in 
1,2dichlorocyclohexane was found to be 1*9D, and using the same value here, assuming 
an approximately tetrahedral geometry, the dihedral angles between the carbon- 
chlorine bonds were calculated to be 107“ in heptane and 98” in dioxane. These 
numbers are certainly close to what would be expected, and are consistent with a 
deformed crown, (or chair-boat), in which the average deformation varies somewhat 
as a function of solvent, the more polar solvent tending to stabilize the smaller 
dihedral angle to a greater extent. 

In contrast to the six-membered ring, in the eight-membered ring the rrant-1,2- 
dichloride has a greater dipole moment than does the cis. The truns compound 
would be analogously considered to be a mixture of two conformations, diquatorial 
and diaxial, which have dihedral angles between the chlorines of about 40” and 160” 
respectively. The observed dipole moments correspond to similar amounts of the 
two conformations, with the diquatorial one increasing at the expense of the diaxial 
with increasing solvent polarity as would be anticipated. 

The observed dipole moment results are thus quite consistent with the cyclooctane 
ring having a crown conformation or a chair-boat conformation in these derivatives. 
The relative magnitudes of the moments and their behaviour with changing solvent 
is as would be anticipated on the basis of conformational analysis. 

The rather unusual reaction of rrmrJ_cyclooctene with chlorine was investigated 
further. It was found that the same type of reaction occurred when frrrscyclooctene 
was treated with bromine, and the latter case was actually studied in more detail. 
The principle product (isolated in 36% yield) resulting from the treatment of truns- 
cyclooctene with bromine was a dibromide, B, which was shown to be 1,3dibromo-2- 
methylcycloheptane. la The proof of structure is outlined on the flow sheet. Upon 
hydrogenolysis dibromide B yielded methylcycloheptane. Upon treatment of B 
with zinc dust, two compounds were obtained, C and D, both of which contain 

1’ This prodwt was apparently lirst isolatod (but not idud@ by K. Zicgkr and H. Wilma, Lkb@ 

Ann. 567, 1 (19so). 
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cyclopropane rings. One of these was independently synthesized from cyclohcxene 
by the reaction scheme shown, and the other one must be the corresponding stmo- 
isomer. The synthesis from cyclohtxene was completely stereospe&c in yielding 
just one stereoisomer. Because of the interference between the carboethoxyl group 
in the diaxo compound and the cyclohexene ring during the course of the addition 
to the double bond, the isomer obtained is presumed to be C, with the methyl group 
having the stereochemistry shown, and the one not obtained must be D. Upon 
treatment with either tetraethylamonium acetate in acetone, or with silver acetate 
in acetic acid, the dibromide B was converted to an unsaturated acetate, which was 
in turn converted to 2-methylcycloheptanone as shown on the flow sheet. 

Cope er al.” reported during the course of this work the identification of two 
of the minor solvolysis products of rrmucyclooctene oxide as 2-methyl-IJ-cyclo- 
heptanediol and 5-methyl-lJ-cycloheptanediol. The formation of dibromide B 
is visualixed as occurring by a mechanism analogous to that suggested by Cope for 
the former compound. One of the unidentified dibromidcs obtained probably 
corresponds to Cope’s second diol. The mechanism in either case involves the 
bromonium or corresponding ion as a starting point. While such an ion is geometrically 
more favorable than the rran.r olefin, it is nonetheless highly strained, and migration 
of the alkyl group as shown greatly relieves the strain. A hydride transfer must 
occur simultaneously or subsequently as indicated. 

; !i. 

c3 : -.a.. 
! . . 

x 

If it is a simultaneous process the intermediate (or transition state) ion (E) must 
be formed. If the process is a two-step one, the first formed ion (F) must undergo 

a l$hydridc transfer. The latter step would seem an unlikely one for such an ion 
to undergo, hence the pathway involving a nonclassical ion appears more probable. 

The stereochemistry of dibromide B was not established. Although the material 
appears to be a single compound from physical properties and VPC, different samples 
gave C and D in ratios varying from @3 to 5, and for a given sample, this ratio 

14 A. C. Cope, P. Schdna and M. 1. Youngquist, 1. Og. Chem 28,518 (1963). 
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Rcactiolu kading to the identification of dibromidc B. 

DIFOLP, y0MEh-r DATA 

-PO-d Mu Solvent a Cl 4 B ha2 MD) 
~---- 

Cy~kxWyl Chloride 41.81 Heptanc 3.844 1.9138 0.6795 0337 144.3 2.24 f Oa2D 
Cyhoctyl Chloride Dioxanc 7.246 2.2231 1 a282 0098 148-l 2.28 f Oa2D 
cf.+lf-Dkhloro- 

cyclo=t= 4664 Hcptanc 3.712 1.9144 0679s 0531 142.5 2.17 f 003D 
cfs-1,2-Dichloro- 

cydw B~KUK 7642 2.2717 @8731 @SO1 158.9 2.34 f M3D 
c&l J-Dkhloro- 

cydm Dioxmc 80M 2.223s 1.0284 @194 161.7 2.37 f 0-03D 
fmu-1,2-Dichloro- 

cyd_ 4664 Hcptane 6640 1.9134 06795 0521 227.6 2.98 f 0.02D 
tmn+l.2-Dichloro- 

CyCloOaaIE Bamnc 12.955 2.2714 0.8732 DS30 236.1 3-0s f @02D 
rran.F1.2-Dkhloro- 

cyclooctane Dioxana 14.622 2.2355 1.0282 0.223 2SS.S 3.20 -‘- Q03D 
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was independent of the exact reaction conditions (temperature, concentration, 
solvent), which would seem to indicate that the material is a mixture of stereoisomers, 
the proportions of which were different in different samples. 

EXPERIMENTAL 

tran+l,2-Dichkxrocyc~tanr. The dichloride was prepared in 73 % yidd by the addition of 
chlorine to cfr-qdooctcne amrding to the proadure of Braudc et aI.” thblopation with zinc 
yidded clrcydooct~~ the major product, (about 70% by gas chromatography) showing the addition 
product to be a 1,2-dkhloridc; b.p. 74” (1 mm), a: 15037 (reported” b.p. 74” (1 mm); a’d 1.5055). 
‘fIrera was a& &tained from the dehalogcnation 15% cyclooctane and 15% troN_cyd~~ 
(identi5al by gas chromatography only). 

&s-1,2-Diclrlorocycloocto. Similar to the preparation of the tront-dkhloride, chlorine WBS added 
to traxr-cydooctenel* in chloroform at -78”. Analysis of the reaction mixture on VFC (silicone gum 
rubber or Dow polyglycol E 20,000) after removal of the chf and excess Cl showed a complex mixture 
of at least six products, which from their retention times corresponded to mono- and diChlorid& 
The major dichloride product (A) estimated to be about 25-30x of the total products, was later 
shown to be neither cb- nor tranr-1,2dichlorocydooctane and in fact was clutcd faster on the VPC 
columns than either of these. 

Authentic cir-1,tdichlorocyclooctane was prepared by either of the following procedures, 
procedure B being preferred. 

Cyclooctcne chlorohydrin. cir-1 JCydooctcne oxide (49.5 g), b.p. 10>105” (53 mm). m.p. 57-58.5” 
prepared in 86% yield with pcrac&z acid,‘r was treated with anhyd HCl in chf mrding to the 
method described for the preparation of tram-2chlorocydohcxanol.” trua.r-Chlorocydooctanol was 
obtained in 88% yield. b.p. 965-97” (6.2 mm). m.p. 3031.5”. ng 1.4992. (Found: C, 59.11; 
H, 960; Cl, 2160. Calc. for C,H,,m: C, 5907; II, 9.30; Cl, 2180%) 

The chlorohydrin, when treated with potassium t-butoxide. reverted to the cir-cyclooctene oxide 
and was thaeforc the trehlorohydrin. 

Procedure A. To 59.5 g Socl, was added dropwisc a soln of 39.5 g pyridinc and &5 g (025 mole) 
trwu-2chlorcqd~anol. The reaction tcmp was kept around 75” by use of an ice bath when 
mzssary. Tha reaction was stirred at this tanp for 6 hr. after which it was hydrolyzed by pouring 
it into ice water. The organic layer was extracted with CIi,CI,. washed several times with HClaq. 
and dried over Na,SO,. After the solvent had barn evaporated. the mixture of cis- and truar-dichlorida 
was distilled on a spinning-band column. The trwu isomer, having the lower b.p., distilled first. 
Three middk fractions boiling at 94” (3.7 mm) were combined and redistilled on the spinning band 
column. The later fractions of the redistilled material were combined (2 g) and a sample was submittal 
for analysis; b.p. 89” (2.8 mm), n’D’ 15062. (Found: C, 5288; H, 7.67; Cl, 39.39. Calc. for 
C,H,,Cl,: C, 5305; H. 7.79; Cl. 39.16%) 

The dichloride reacted with excess Na in isopropyl alcohol to give a hydrocarbon mixture 
containing 90% cydooctane and lo:< cirqdooctene (by VPC only). 

Prow&w B. Anhyd HCl was bubbled into a cold (-5”) soln of 16.3 g (01 mole) tram-2chloro- 
cyclooctanol, 14.5 g (01 mole) trichloroacctonitrik. and 30 ml anhyd ether. After 7 hr the addition 
of HCl was stopped and the reaction mixture was kept at -15’ overnight. Trichloroacetamidc 
(14.7 g) was ranovod by filtration, the ctha soln was washed several times with water, dried over 
Mg!IO, and distilkd. The low boiling fractions were redistilled on a spinning band column to give a 
pure unsaturated monochloride, b.p. 72” (9.6 mm), a: 1.4947, which has tmtativcly been idcntilkd 
as 3-chlorocydooctcne by comparison of its IR and NMR spectra and VPC chromatogram with 
those obtained from the product of ciscyclocx~cnc and t-butyl hypochloritc. The NMR spectrum 
showed a multiplct at 4.39 T (vinyl protom) with twict the intensity of multiplet occuring at 5.93 T 
(H&-Cl). Three other multipkts occurred at 7.42.7.96 and 8.45 Z, corrmponding to the mcthyknc 
protons. (Found: C, 66.33; H, 9.11; Cl. 2464. Call. for C,H,,Cl: C. 66.43; IL, 9%; Cl, 24+52x.) 

r’ E. A. Braudc. W. F. Fork. B. I-. Gofton, R. P. Houghton and E. S. Waight, 1. Chem. Sot. 4711 
(1957). 

I’ A. C. Cope, R. A. Pike and C. F. Spencer. J. Am. Chrm. .Yoc. 75.3212 (1953). 
I’ R. A. Baxter and F. S. Spring, J. Chem. Sot. 613 (1943). 
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Tbs high boiling ffdom ware diatikl twiw on a sp*M column to give cb-1,2- 
dkhlorocycloouanc, b.p. W.7 (4-O mm), n’; 1.5063. Its IR spccuum and VPC chromate me 
supaimparabk on those of another sample prepared by procedure A. 

Chforocycfuucrane. Anhyd HCI was bubbled into a mixture of 10 g cycJooctana, 30 ml banmae 
andlganhydZnCl,. Aftaabout20hrthaproductwuWpshbdWithWBtQandN~CO~,dridd 
and distilled to give 9 g chlorwydooctanc. b.p. 78” (10 mm), ng 1.4821 (reported” b.p. 87-W 
at 19mm). 

Reac~bn of traa~-~yck~~~ene wi:h brotnk rrun.&ydoocteoo.” (16 g. in 75 ml of r-t grade 
chf was wokd to -78’ by means of a Dry-Icc/MeOH bath. Stirring was maintained by a mrgnctic 
stirrer while approximately 20 g (thwretical amount is 23.2 g) Br in SO ml chf was added dropwise 
until a slight ydlow color persist&. The soln was again d&olorizd by the addition of 1 or 2 drops 
franrcyclooctwc. The chf was ranovcd under reduced press on a steam bath. (The evolution of 
HBr gas could be noticed while the chf soln was warming to room temp. However, tbo prod- 
d to be a little c&tad whether or not the soln was 6rst w&cd with NaHCOgq.) Moat of 
the slightly yellow tidual oil, which consistal of 35.2 g czudn bromides, was thoa distilled on a 
spinning-bend column. After removing the forerun which consisted of at least 2 major unsaturatai 
mombromides (WC analysis on a polyglycol column at 135” gave 2 major peaks with a shoulder on 
the Crst peak), 14.2 g (36%) of dibromide (B) was obtained, having b.p. 68-69” (@2 mm), &’ 15432. 
This ma~uial appearal stable and on standing for a period of several months has ranai& wlorkaa. 
(Found: Br, 59.43 and 59.11. Cak. for C,H,,Br,: Br, 5919%; Found: 2.00. This is cquiv to 
@36 C--c)4. Cak. for C<H,: 5*50%.) 

This material reacted quite rapidly (approx. 5 sac) with 27; AgNO, in EtOH. It did not react 
with KI in acetone, An IR spwtrum of the material had a band of medium strength at 1380 an-’ 
(CMC). 

Hi@ boiling fractions (8.5 g) were also obtained as a mixture of dibromidcs with a boiling range 
of 70-80” (@2 mm), nz l+SS65. Analysis of the higbcat boiling fraction showed no iodka&m of 
the presence of any tribromides. This material gave an iodine color and also NaBr on treatment with 
NaI in tione. (Found: Br, 59.08 and 59.11. Cak. for GH,,Br,: Br, 59.197*) 

NMR spectrum of&+&o& 8. r - 8.7s (d. J - 7 c/s), 7 - 864 (d, J - 7 c/s), 7 - 8.31 (m), 
T - 7.86 (m), T - 6al (m). T - 5.63 (m). 

Hydrogmorkm of aV&omkfe B. A (t5 g sampk of dibromide B was addal to 5 ml AcOH wntaining 
@3 g AcONa and @S g 10% W-C. This material was hydrogtMtcd for 20 hr at atm press and took 
up8S%ofthathwreticalamountofH. Afterthisitwaspourcdinto~mlwaterandaxeecc4dwith 
peatam Tbepeo~solnwuwruhedwithdilNaHCO~mddribdovsrMgSO,. Aftcrthopwtanc 
was evaporated. the residue was analyzed on a VPC wlumn (nisl,2,3_gcyaMwrhox~) and 
was shown to contain essentially a singb hydroarbon plro a tracs of cydm ‘l%is hydroar- 
bon was found to be idwtkal, by comparison of IR and NMR spectra and VPC chromatogram 
with methykydoheptanc which had been prepared from cydohcptanone and MaMgI. dehydration of 
the rcaulting mrtiary alcohol and hydrogenation. 

Hydrogmot&n of rhc reaction mlxrwesfrom the oddirion of CiJorinr andbromlne to lran~~ydooctene. 
~ampka (@s g) of the wrrupondiog reaction mixtures afta removal of solvent were subjected to 
l tm hydroption a, de&bed above for dibromide B. VPC anal* showed the resulting llydro- 
carbons from the chloride mixture 10 consist of 70% cydooctam and 30% mcthykydohcptanu, and 
those from the bromide mixture to consist of 57 % cydooctano and 43 % methykycloheptanc 

71u reaction of rim with dibromia% B. The dibromide (3.0 g) was rdluxed at loo” for 2 hr with 
2.2 g Zn dust and 10 ml water. The produas were extractal with partane, dried, and wncsotrated 
by evaporation of the pwtane to give 1.2 g of a mixture of hydrocarbom (C and D). Pure sample 
were wllcctai by VPC and used for subsequent tests and dct crminations. Hydrocarbon C, b.p. lu)“, 
e 14478, reacted slowly with Br in ccl, but not at all with KMuO, in aoctona Ita NMR spwtnun 
was wnsistwt with a cydopropyl derivative (m at 9.25 7). Hydrocarbon D, b.p. 145-145*5”, # 
14637, exhibit4 the sanw properth as hydrocarbon C but its IR and NMR spaztra wcm somewhat 
diffcrmt although these likewise indicated a cydopropyl derivative (m at 9.27 I). Both NMR spectra 
showed the same pattan and no vinyl protons were obscrvcd. 

1’ S. A. Miller and W. 0. Jones, British Patwt NO. 738. 992 (to British Oxygen Co., Ltd.). Ckt. 26. 
1955. them. A&r/f. so, 10768f (19%). 
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Expcrimcnts cart&l out on the dibcomide with Zn in rdluxing McOH or in water at w gave tbc 
2 hydrocarbons in the some proportions. Howcvcr. in varying sampka of apparently similar purity, 
tha 2 hydrocarbons were obtained in dilfcrent proportions. This comspoadcd to a change in intcnsitiu 
of the Me peaks at 8.75 and 864 T in the NMR spectra of diffcrcnt dibromidc B sampks. In 5 
dilfcrcnt cxpcrimcnts the hydrocarbon composition varied from 26% hydrocarbon C and 747: 
hydrocarbon D to 84%C and 16%D. 

The pure compounds collcctcd by VPC wcrc also anal@. 
For Hydrocarbon C: (Found: C, 87.18; II, 12.88. Cak. for C,H,,: C, 87.19; II, 12.81%) 
For Hydrocarbon D: (Found: C, 87.32; II. 12.91. Cak, for C,Hi,; C. 87.19; II, 12.81%) 
NMR spectru ofh+curbvns C and D. Hydrocarbon C: 7 = 9.52 (m), T = 90 (d, J 7 5 c/s), 

7 n 8.82 (m), T - 8.31 (m). Hydrocarbon D: r - 9.27 (m), T = 9% (d. J = 4.5 c/s). T n 8.77 (m), 
T - 8.49 (m). 

tram-7-Merhyltwrcurutu. This hydrocarbon was prepared eocording to the method described.” 
Ethyl dhuoaatate was allowed to react with cyclohcxcnc in the prucnoc of a powdaal Cu catalyst 
to give a 40% yield of rru/u-cthylnotcaranc-7carboxylatc. which was converted in 1S % yidd to 
rrmu-7-methylnor by LAH reduction to the alcohol (b.p. 104” at 20 mm), convcrtcd to the 
toaylate which was not isolated, and UH reduction to the hy drotzbon (b.p. 131’). A pure sample 
of this material was collcctcd by VPC and was found to bc identical in all rupccts to hydrocarbon C 
as dctcrmincd from IR spectra, VPC retention timcs and NMR spectra (doscribed above). 

Reaction of deer acetate with dibromldc B. A mixture of 2.4 g of the dibromidc, 6.0 g AcOAg 
and 35 ml glacial AcOH was stirred at 90” for IS hr. The reaction mixture was filtcrcd into 130 ml 
cold water. The organic layer was cxtractcd 3 times with pcntanc. the peatanc solns were washed with 
dil NaHCQaq and then with water, and wcrc finally dried over Mg?Q. Evaporation of the pcntanc 
yiddcd a light ydlow oil, 148 g. which gave one major peak on VPC (carbowax) but which scemcd 
to partially daxmposc upon distillation or preparative scale VPC. Upon hydrogenation one molar 
cquiv of H was absorbed. The original aatate acetate also gave a strongly positive test with Br in 
CCl,. The material was apparently an unsaturated monoaatatc (IR spectrum showed a shoulder at 
3003 an-t and a strong absorption at 1745 an-‘). 

Reacfbn of tetrcuth#mmonium ucefatc and a%omi& B. A mixture of 6.8 g of the dibrornide 
and 18.9 g tctracthylmmo nium acctate in 100 ml acctooc was hcatcd under rdlux for 24 hr. Most 
of acctonc was then distilled and the white crystals of tctracthylammonium bromide were rcmovcd 
by suction filtration. The filtrate was poured into water and the organic layer was cxtractcd with 
pcntanc and dried. Evaporation of the pcntanc yicldcd 4.0 g of a ydlow oil which by IR and VPC 
appeared to be uscntially identical with the material obtained in the reaction with AfOAg. 

The crude acctatc was divided into 2 equal parts and each was subjected to a scrics of reactions. 
One part was rcduccd with LAH to a crude unsaturated alcohol which was oxidized with Jonas 
rcagcnt to an unsaturated kctonc mixture. This was then hydrogcnatcd over 2% WC in cthcr at 
atm press to yield a single saturated kc-tone. 

The suwnd part was first hydrogenated over PtO, in AcOH to give a saturated mixture of isomaic 
acctatca (as surmised from a doublet of equal intensities on VPC analysis). Thcrc wcrc rcduccd with 
LAH to the corresponding alcohols which wcrc then oxidircd with Jones rcagcnt to a single saturated 
kctonc. The kctoncs obtained from both methods wcrc identical and their IR and NMR spectra 
wcrc supcrimposablc on those of an authentic sample of 2-mcthykyclohcptanonc. 

Mearuremnrs of dipole moments. The dipole moments wcrc measured at 25” on a scrics of 5 solns 
for each compound, with the molt fraction of halida always less than O-1, and the data arc given in 
tha Table. The dipole moment apparatus has been described prcviously.n The moments wcrc 
c&t&tad by cssct~tially the method of Halvcrstadt and Kumlcr,” utilizing an IBM 650 computer 
program& as described earlier.” Atomic polarization was ncglcctcd. 

Acknowfe&menf.-The authors arc indebted to Dr. M. A. DaRoogc for the dipole moments 
rcportcd hcrcin. 
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