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INTRODUCTION

The noncatelyzed addition of hyidrogen halides to
olefins has received little study. Therse 1s an amazing
lack of knowledpe, exverimental evidence and agreement
on & mechenlism for this se mincly simple reaction run
under evidently simple conditions., The stereochenlstry
of thils reaction ls known only throush conjecture, and
the kinetie studies on this reaction are far from complete.

The reason for tiils state of affairs becomes apparent
on reviewin~ the llterature. From the studlies that heve
been made, the resctlon appsesars to be evceedingly complex.
Changes of exverimental conditions materially affect
results. In work with hydrogen hromide, both radical and
lonic resctions frequently occur at the same t1 o, Sreall
amounts of impurities can catalyze the lonlc additlon of
both hydroren broamide and hydrogen ci:loride. Unfortunately,
sim.le systems, amenable to klnetic studies, masnify the
various slde reactlions.

The stereochemistry of hydrogen hallde additi-n was
investigated with cowmpounds containins fanetional ~roups
which are now kxnown to affect meterlally the course of
many reactions. Thls lesves considerable doubt as to the

general appllicablility of these studies and perhars exnleins



some of the conflicting concluslons that can be drawn
from them.

Fuarthermors, olefins used to study this resctlion seem
to have been chosen becsuse ol their ready availability.
There has been no investiration undertaker on an olefin
specifically designed to obviate many o7 the difficultles
described above. It was the object of this investirsation
to synthesize a sultable system for a study of the
hydrobromination of olefins and to study the stereochemistry

of the reaction.
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HISTORICAL REVIEW
The Addition of Hydrogen Tromide to 0Olefins

Very early 1t was reslized thsat hydrogen halides add
to unsymmetrical olefins 1In a structurally speciflc way.
This was the basis for the well known empirical ruls of
addition to multinle bonds formulated by Markownikoff in
18751. The rule states that the positive uortion of the
adding reesgent will be found on the carbon atom richest in
hydroren. For examyle, isobutylene would be e:pected to
produce t-butyl chloride rether than l1sobutyl chloride when
treated with hydrochloric acid. Hany years lster Kharasch
reviewed data on the orientation of olefin additionsz. In
order to clarifly certain contredictory data, he and his
studerts undertook a reinvestigation of hydroren hallde
additions. In brief they found two tvpes of hydroren
bromide addition, & normal or Markownikoff additlon
involving lonic intermediates and an abnormal, peroxide

catalyzed, addition lavolvin~ free radical intermediates,

1w, warkownikoff Compt. rend., 81, 670 (1875).
b4 8 e

211, 8. Kharasch, J. Chem. Education, 8, 172% (1931).
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The peroxide catalyzed reaction is in general faster and
is never observed with hydrogen chloride under ordinary
conditions. The subjisect of peroxide catalyzed additions
has been treated fullv elsewhere and will not be discussed
further here3.

Evidence concerning the stereochemistry of the ionle
addition of hydrogen bromide to olefins 1s msager. Goering
has shown that the free radical addition of hydrogen
bromide to l-bromocyclohexene and l-methyleyclohexene
occurs in & trans ma ner, glving cils 1,2-dibromocyclohexene
and cis l-bromo-a—methylcyclohexeneh.

Addition of hydrogen halides to triple bonds inveriably
leads to trans olefins. The trans olefin was obtained when
hvdrorsen chlorlde was added to methylproplolic acid in
Waters. In an ionic solvent, hydrogen bromide added to
acetylene dlcarboxylic acid to gilve bromofumaric acidé.

Hydraren chloride adds in a similar manner7.

3.-}:’- Ro !’\‘iayo ané Ca '"'alling, C}leMn Revso, gl, 351 (l?LLO)o

uH. L. Goerinz, P. 1. Abell and B, F. Aycock, J. Am,

Chem, So0c., 1&, 35éé (1552).
SH. Friederich, Ann., 219, 322 (1883).

64. ¥ichael end C. M. Rrowne, 2er., lg, 1378 (1886);
20, 550 (1887); J. Erakt. Chem., (2T 35, 257 (1827);

K. ¥ichael, 1ibid,, LD, 224 (1892).

Ty, Lossen, Ann., 3Q8, 261 (1906).
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Two examples are avallable of the adéitlion of hydrogen
bromicde to olefins. The addition of hydrogen bromide to
bromofumaric acid and bromomalelc acid glves, in each case,
the dibromomeso acids. The reaction between hydrogen
bromide and dibenzo(2,2,2)blcyclooctatriene-2,3-dicarboxylic
acid in glecliel acetlc acld roesults in frans additiong.

There are several objections to drawing any conclus ons
sbout the ionic addition reaction from the results described
above., Flrst, all of the above reactlons were conducted in
hydroxylic solvents and the reaction may take a different
path resulting in different products in nonpoler solvents.
The work done with acetylenes does vot necessarily apply to
olefins. The possibility of isomerizatlon of the acid
prior to the addition of the hydrogen halide exlsts,.
Minally, all of the above cases involve compounds with a
carboxyl group adjacent to the multiple bond. The carboxyl
sroup has been shown to participate in some substitution
reactions and the same type of intermediate is possible in

the addition reactionlo.

8n

C. W, Whelend, "Advanced Organic Chenistry", 2nd ed.,
John "iley and Sons, Inc., New Vork, 1948, ». 302, Kharasch,
Yansfield and Mayo, unpublished results.

9
(1952).
10g

. Vaughan end X. “ilton, J. Am. Chem, Soc., 7L, 5623

ee page 17, this thesis.
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About 1910 Maass became interested in studylns additlon
complexes of various acids with alcohol, ether, etc. Evi-
dence for or agseinst com.lex formation was based on the
melting polint curvés of various mixtures of acld and the
comzlexing compound. As an oubtrrowth of thls work the
addltion of hydroren hallides to olefins was studtedtl-17,

Waass found that essentially no reaction takes place
between hydrogen chloride or hydrogen bromide end olefins
in the vapor phase In the absence of catalystslu. These
results have been confirmed by other workers who found that
data taken from the thermal decomuosition of t~hutyl chloridé
showed that the activation enerpy for addition 1n the vanor

phase is unfavorably highla. Recent work indicetes that

ll0. Maass, J, Am., Chem., Soc., é&, 1273 (1912).

129, iaess and J. Russell, ibid., Lo, 1561 (1917);
43, 1227 (1921).

130, Meass and R. #. wright, ibid., L3, 1098 (1929);
L&, 26el (192l). -

1“0. Maass and C. Siverts, 1bid., L7, 2883 (1925).

Ce Coffin, H. C. Sutherland and 0. Yaass, Can. J.
Research, 2, 207 (1930). -

160. H. Holder and 0. lasss, ibid., 3, 526 (1930).
17¢. ¢. Coffin and O. Y“amss, ibld., 16B, 453 (193%9).

18;, B, Kistlekowsky and C. H. Steuffer, J. Aw. Chem.
Soc., 59, 165 (1937). —
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the addition of hydrogen bromlde to olefins occurs in the
vapor phaselg. In a study of the kinetics of the decom=
position of isopropyl brounlde, corsiderable evidence wasg

faund that the reszction shown below occurs.
H + Br H,Rr
03 6 HB —_—— C3 78

A marked falling off of the rate of decomposlitlion was
obsarved at high initiel pressures and 1n runs contalning
added propene.

No reaction occurs between hydrogen chlorlde and olefins
of the types RHC=Cl,, R,C=CH,, RHC=CRH, and RpC=CHR at -78°
in toluenezo. The addition resetion Iin the ligquild phase
occurs readily even at -70° with hydrogen tromide and certailn
olefins. Leendertse found that olefins of the type, =-CH=CR,,
reacted at this teanpersture to glve very pure tertiary
bromides. Olefins of the type, RHC=CRH, for example cyclo~
hexene, did not react under similar conditions?l,

Meass and co-workers measured the melting point of

hydrogzen halide-olefin or ecetylene mixtures. They fmuind

194. maccoll ang P. T. Thomas, J. Chem. Physics, 19,
977 (1951).

205, ¢. Brown and J. D. 2rady, J. An. Chem. Soc., 1&,

3572 (1952).

2ly, J. Leendertse, Rec. trav. chim., 57, 759 (193£);
J. J. Loendertse, A. J. Tulleners and H. I. Waterman, ibid.,

52, 515 (1933); 53, 715 (1934).




that unsymmetrical unsaturated hydrocarbons formed one %o
one complexes with hydroren “romide or chloride. Complex
formation at these low temperatures was very rapid, and it
was compleote before any appreciable amount of addition
reactlon had occurred. The syumetrical compounds, ethylene
and acetylene, gave no svidence lor complex formationlB'ls.
Recently, this interaction between hydro-en chlorlde and
olefins has heen used as a measure of the basic strength of
olefinas0,

When NMaass allowed the hydrogen bromlde-propvlene
complex to warm in the sabsence of solvent, addition took
place., Hexyl bromide was slso formed, In order to account
for a8ll the propene they also assumed sowme polymer formationﬂh
Yayo and Sevoy were abls to isolate only & trace of hexyl
bromide and reported no polymer formation when ths reasction
was run under similsr cond’tionsaz. Maass found that an
eguimolar mixture of hydrorcen bromide, hydroren chloride and
propene reacted almost as fast as a two t: one mixture of
hydrogen bromldée and propene. Althou;h, under the same

concéitlions, hydrogen chloride does not reaet with propene.

ZEF. Re Mayo and M. C. Savoy, J., Am. Chem. Soc., 92,
1348 (1947).
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According to Maass, the smount of reaction in & given
time is roughly proportional to the stabillty of the
hydrocen halide-olefin com:lex. Thus, he proposed these
compounds as intermedlates in thls reaction. However, the
demonstration of the existence of these compounds cannot
be rergarded as conclusive evidence of their partlicipation
in this reaction as intermediates, Further work tended to
support this proposal of ¥aasz. Some of the resction rates
Wgaess had run had a negative temperature coefficlient., This
fits nicely with the fact that complex formetion I1s Tavored
by lowiering Uhe temperasture. ™Mavo and Katz found that
cooling a reaction mixture containine hydrogen chloride,
isobutylene and pentane gave the resction a remarkable
temporary acceleration23. After rapid cooling and slow
warning to the former resction tempersture, lncrsases in
rate from 100 to 100C fold were observed. I the mixtures
were warmed rapldly the rate was only doubled. Thev gave
two glternative explenetlions for this behavior.

The decom osition of the complex may Le slow enough so
that when the mixture 1s wermed an artificlelly hish concen-
tration of complex allows the reaction to proceed at an

ertiflceially hish rate. Or, at some intermediate temperature,

»

23p, g.
1339 (1947).

Yayo and Je. J. Katz, J. An. Chem. Soc.,



conditions miyht be favorabls for a ra.ld chaln mechanlsnm,
involvings earbonium lons, to proceed. Other examples of
this phenomenon are the polymerization of isobutvlene by
boron trichloride wihich procesds wore rapldly &t very low
oah_

temperatures then it does at O The polymerization of

styrene by stennic chloride also has a very low activation
energyzs.

0f'Connor, Raldinger, Vort and Hennion have studied,
cualitatively, the rates of addition of hydrogen chloride
and hydrogen bromide to 3-hexene and cyclohexene 1n several
solvents. They were unable to obtain satisfactory kineticszq
The reaction proceeded rapidly in hydrocarbon solvents,

while such solvents as ether and dioxane slowed the rsaction

conslderably, presumably by lowering the effective concen-

tration of the halogen hydride through complex formation.

These results were confirmed by additional experiments with

a—pinen927.

Zhﬁ. M. Thomas, W. I. Sparks, I'« K. Frolich, ¥, Otto
and ¥. Mueller-Cunradi, ibid., 62, 276 (1940).

25@. williems, J. Cheu. Soc., 1946 (1938); 775 (19L0).

268. O'Connor, S. Fedelis, R. Rsldlnger, L. Vogt &nd
G. F. Hennion, J. Am. Chem. Soc., 61, 1&55 (1939).

273, P. Hennion and C. F. Irwin, ibld., 63, 860 (1541).




Mayo and Savoy attempted to correlate previoug work
in this field and attempted to ontein rates for this
reactionzz. This investiration was Interrupted by the
war and apparently the authors Jdo not intend to complete
it. The Tirst ettempt to study this reaction was made
with vropylene and hydrogen bromide. The reactlon was run
in n~pentane and was followed dilatomstrically. TFriefly
the following facts were ohtslned. [Ireliminary experiments
showed thet 1n the absence of eny solvent hydrosen bromide
reacts wlth propylene in ths presence or absence of alr to
glve lsopropyl bromide and & trace of hexyl bromide. The
presence of peroxides cavsed abnormal addition to take
place. Vhen the reaction mlixture was diluted with n-pentane,
the normal mode of addition was suppressed, the reaction
ziving nesrly completely n-propyl bromide even thourh alr
and veroxides were carefully excluded. Similar abnormal
aGdition was observed frequently even In the presence of
inhibltors., In runs containlng inhibvltor that gave isopropyl
bromide, the normal product, the reaction was roughly third
order in hydrogen bromide and first order in propylene. The
results were not very satisfsctory since the presenée of the
inhititors often caused two phases to appesar in the resction
mixture., PFor this resson work on this particular reaction

was discontinued.



Two supplementary experiments run with hydrogsen bromide
and propylene ere of interest. JMayo and Savoy found that
in ether an almost instantaneous reaction occurred giving
both the normal and the abnormal product. Thi= leaves the
earlier work of Hennion and co-workers, discussed briefly
above, open to some qusstion since they found an opposite
order of reactivity of hydrogen halides with 3-hexene or
cyclohexene in ether and in hydrocarbon solvent826’27.

Since Hennion's runs were made with symumctrical olefins 1%
is impossible to determine 1 abnormal addition hed occurred.
Hlannicon felt that beceause lnhibitors did not affect the rate
and because the rates were slowest in ether where neroxide
formation was wmost probable, normal addition had occurred.
(Also, peroxicde catalvysis has never been observed in nitro-
benzene, in which Hennlon observed intermediate rates.)

The maln result of this investigation bv Mayo and Savoy
was to show how sensitlive to promoiion of the abnormal chain
mechanlsm the addition of hydrogen bronmlde to simple olefins
bacomes on dilution. As a further result of this worik, it
was s*own that advanta~e could be talen of this effect to
prepare fB-brouostyrene from styrene, 1,2-dibromobutane from
2-bromobutane, and 2-bromo-3-nethylbutane from trimethvl-

28

ethylene, compounds otherwise difficult to prspare<™,

28¢, walling, ¥. S. Kharasch and F. R. Mayo, J. Am. Chem,
Soc. ‘1, 1711, 2093 (1939). |
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Jiayo and Yatz worked with the hviroren chloride-
lsobutvlens svstem in the hogpe ol ohvliating snia ol the
difficulties which occurred whren hydrogen bromlide was
used?3, The kinetics here, too, were not very satisfactory.
Thev found thset such diverse subkstances as sleohels, phos-

"

nhorous pantoxide, and mercury (chloride) catslvze the

*

ionle reactlion, so that the reaction bec-ues first order in

1

rodrocen bromidae.

Y

n the’'r kinetic studlies shoved evi-

4
=N

vy
4
i

gence ior a THhurth order rsaction. Some evidence was ob-

o)

A

tained for complex formetion. Ase ming "reasonable values"
for the eculilibrium constant for cyrizlex formation smoothed
out the ourth ordfsr rats constunts.

To sumaarize, there are aht laest three altsrnative
mnechanisms by whiich this reactlon may be accomnlished in
nonagueous solvents. Pirst, there is the possibility of
some chain reaction process ocecurring et some temperature
below 09, Second, there 1s the process surcested by Yeass
and appearently fevored by Katz and Mayo involving the
resction of a h:dro~en hallde-olefin complex,

The third alternst’ve nut forward by Mayo and Katz
involves the assocliation of the complex wlith an indefinite
number of hvdro-en chloride molecules "much as in indefinite
number of water molecules 1s assoclated with the Syl

hydrolysis of t-rutyl chloride". Thus the a .parent
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activation energy mirht decrease as the temperature is
lowered and more hydrogen hallde becomes assoclated with
the complex.

These reactlion mechanliasms are not complete enouch to
predict the stereochemistry of the resction. Conversely,
knowledge of the stereochenistry may help eluclidate the

reaction mechanism,
The Reaction of Hydrogen RBromide VWith Alcohols

Hydroren bromide and alcohols resact to form alkyl
bromides. Tuls reaction 1s vell “nown and there sare numerous
exsmples of it in the litereture. HNo attempt will be made
here to review this literature critically. A discussion of
the resction paths this reaction can take 1s given below.

In polar solvents an Snl* reaction 1s favored., The
maln feature of this reaction path 1s the, formetion of an
intermediate carbonium 1lon, thus destroyins the assyvmmetry
of the original alcohol and resulting in extensive racemi-
zation. A widelv accepted concept of the course of this

reaction 1s shown belowzg.

{ + 3 A + - \
-c—0_ —A . o0 o oo _BrT L
| Ny fast § 6\H sTow. ~& TFast $-Br

%Substitution, nmuclesphilic, first order.

2%, D. Tiughes, Trans. Faraday Soc., 37, 60k, <12 (1941
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The driving force for this reaction is considered to be the
solvation of the leaving group. Xither the solvent or an
electrophlilic solute solvates the leaving group by means of
simple electrostatic interaction or by the formation of a
coorcéinate bond. The rezction is first order in alcohol and
it 1is indaspendent of the concentration of the bromide 1on.
Nonpolar solvents favor the inverslon of the confisura-
tion of the original alcohol. This type of reaction is
called Sy2 or a Walden inversion3®, The reactlon is rirst
order in aleohol and bromide lon. The mechanism of this

reaction can be disgramed as shown below:
- + N/ l -
Br -{3-052—3» Pr--=-C---0H,— Br-C- + OK

The driving force for this reaction is provided by the
entaring groupe.e The carbon atom at the rescti:n site under-
coes nucleophilic attac: by the erntering groun, the new
bond is mede as the old tond is broken, and the conflruration
ol tiie carbon atom is inverted3l.

There 18 a growing body of evidence to show that the
difference between the Syl pr.«2ss and the Syé process is

one of degree rather than one of kind. Swaln has found

30¢, walden, Ber., 28, 1287 (1%95).

i

31, 1. Hammett, "Physical Organic Chenistry", MceCraw-
Hill Book Co., Kew York, 1040, p. 181,
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that in the benzene sclutions both the carbonium lon process
and the bimolscular displacement reaction of alkyl halidss
are termolecular processesBa. There 18 no apparent reason
why the concerted termolecular process does not hold in
solvents such as water and alcohol. If thls 1s the case,
then these processes may involve the electrophic solvolysls
of the lsaving group end the nucleophilic attacl or solvol=-
ysis of the carbon atom at the reactlion site, If the
entering group participates in this process, inversion of
the carbon atom nccurs. The observed kinetlie order of the
reaction 18 a measure of the derree of perticipation of

the solvent in the resctlion. It should be pointed out that
there 1s no direct experimental evidence that the reactlion
of hydrogen bromide with alcoliols ever exhibits termolecular
kinetics.,

Jnder rather speclal clrecumstances more or less complete
retention of conflouration 1s observed. Two such reactlions
are known. The neighboring group displacement reaction
occurs in systems where there 1s & neirhboring croup with
an unshared palr of electrons. #vidence for the mechanism
of this reaction is fairly com:lete. Often Intermedlate

products are isolab1333. The first step of the resction

32Cu G SW@ivl, J Am, Cr.ema ».:OC. %_9 1119 (19&'0);
C. G. Swain and €. Eddy, 1bid., . 1_75""2'98 {19L48).

33g. r. Alexander, "Ionic Organic Reactions", John Wiley
and Sons, Ine., New York, 1950, p. 102.
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consists of an intramolecular SNZ reactlion effected by the
unshared electron pair of the nelghboring group. The ring
formed 1s opened by the attackinz reagent in a second Sy2
reaction. The net result of the two lnversions 1s a
retention of configuration. An example of thls reaction 1s
the conversion of threo 3-bromo~-2-butanol (I) to dl 2,3~
dibronobutane (II) with complete stereospecificity in that

no meso dibromide is produced3u.

fHa clma ?Ha
H-G-0H __ H*. -0-3Hy inversion_  C-H
| Br| + Hga0
Br-C-H Br-C-H C-H
' I |
CiHg CHg CHg
cI:H.,, clma ?Ha
_C=H inversion H=C=Br Br-C-H +
ts . o
Brl ) BreH | and | + H
h ?'-H Br-C-H H-(]':-Br
l
CHg CHa CHs

Hydrogen bromide reacts in one other way to rive
retention of configuration. Agparently only two examples

of this reactlion were kinown nrevious to the studies presented

3hs, winstein and H. J. Lucas, J. Am. Chem. Soc., €1,
1576 (1939).
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in thds thesis, PEoth involved phenyl alkyl carbinols,
Unlecss the reaction is caerried out at low tewmneratures
about -700, partial inverslion of configuratlion occurs.
This reactlon was dlscovercd by Lovine and RothenBS. The
reaction was carricd out by coatins the bottom of a flask
with a thin layer of d or 1 methyl phenyl carbinol and
allowins gasevus hydroagon Lromice, R. P, =67°, to diffuse
into the flask. An aldltion coumplex forme. On waraing,

the addlition couplex deco. oses Into the alkyl hromide and

water.
OH =X Dr
I g Br I
foeCmmClHy — HBT FClCHy = F—C=—Cl,
-800 | o
H H H
d serles

Ho details sre avallable on the other known example of thls

reaction except that it was run at =-80° in pentans36.

?H ? Br ?
f—C—C—g e ﬁ—-}:-c—-ﬁ
[ -0 ]
H D H

_ BSP. A. Levine and A. Rothren, J. Blol., Chem., 127, 237
(1939).

36D. B. Kellom and D. Y. Curtin, Abstracts of the 1:2nd
leetin~ ol the American Chemical Soclety, p. ?35, 1952,




rythro Z-deutero-1,2~0% senylathanol (III) ~ave re=

srthro 2-deutero=1,2-"1nhinnylethyl hromtde (TV),

1 ~ - Kl o a B
guter than 67 5 retention of confiruration was achleved,
Irn this present ctuds 1t was necessars to ex lore the
cenerality of tlie low tewperature resciion of hydroren

hromide and alcohole.
Blimination nieactlions

The eliminatlon of the elements of hydroscen bro=nicde can
occur kinetically iIn two dilferent ways. The reaction rate
can he Jdacendent only on the concentration of the alkyl
bromide, the Tl reaction, or thc reac
a Tirst order dependsnce on Lot the concentration of the
allkyl brosice and the concentration of a baszedT., In the

uninolecular

+
CRg=CRg=X ——— HCRga=CRgy + :X
El

+
Y:  HCRa=CR, ——s YH + CRg=CRg

+
¥Y: 4 HORg=CRgX — = YH + CRg=CR, + :X E2

37E D. Hughes and C. K. Incold, Trsns. Farasdav Soc.,

37, 657 (1941).




élimination, the reactive intsrmediate is formed in the same
way a5 that for unimoleculsr substitution. The carbonium
ion then loses a p~hydrogen.

The bimolecular elimination resction is inttiated by
the extraction of a B-hydrogen by & nucleophilic agent. The
haloren may or may not be removed at the same tine, The
term, E2 recction, is reserved for the former 033338.

svidence that the removal of the proton and the nega-
tive pgroup 18 a sgimultaneous process has been obtained by an
experiment by Skell and Hauser39. An E2 reaction was carried
cut on a-phenylethyl bromide in a solution of CzHEOD cone-
taining sodium ethylate. The rerction was allowed to run
until approximately healf complete. The mixture was worked
up and the a-phenylethrl bromide was found to contain no
deuterium. In this case, the equilibrium shown below must

not exlst.

CZHSO + CéHSCHZCHZBr
CZHSOH+-06H50HCHZBr

—

CoHZ0™ 4  CEHGCHCHoBr
D

BSE. D. Hughes, Cuart. Revs., 5, 201 (1951).

39 S. Skell and C. R. Hauser, J. fwm. Chem. Zoc., 67,

1661 (1@&5).




It then follows that the carbanion must lose bro~'de ion
muce’. faster than it can pick up deuterium. I deuteriunm
exchange could occur 1t would be extremely rapid.

In hoth E1 and T2 processes eliminstion of al»vl halides
proceeds to fﬁrm the most hichly branched olefin (within the
restrictions on the E2 urocess discussed below)uo. This
observation has been termed the Saytzeff rule. Arother way
of stating this rule is that the olefin forwusd will te the
olefin most stabllized by hyperconjucation because the more
hyperconjuzation, the lower the sctivation anersy for the
process. for exeample, one would predict that the dehvdro=-
halogenation of secondary batyl brouide wiild prodice 2-
butene and not l-butene, since one can write six hyparcon=-
jugation structures for the former product but only two lor
the latter. FPecause thisg treatuent successafully predicts
the products for a leorps nurber of reactions, the transitlion
gtate for the loss of the .roton must have a struct:re very
gixnilar to that of tha olefinic ;roduct.

The E2 reaction has an importent stereospec: ficity.

* : : I
This was first damonstrasted by Hlickel and his co-workars‘l.

'AOE. Pe Hughes and C. K. Inrold, Trans. Faraday Soc.
37, 680 (1941) ’
2 I %) L‘- L]

(19‘6%1W. Hlickel, W. Tappe and 4. Lerutke, Ann., 5&}, 191
"i‘.{. ) e
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Several alkyl chlorides were allowed to reasct under hboth
El and E2 conditions. The results of this studv are glven
in Table I. It can be seen that althourh the El reaction
glves as major products the wost stable olefin, the B2
reaction glves predominantly products that cannot be pre-
dicted on the basis of the Saytzeff rule. On further
examination, 1t can be seen that the products formed are
those in which the eliminated halide and proton are trans
to each other. Hlckel suprested that the electrostatic
repulsion between the base exiracting the oroton and the
negative leaving group favors itrans elimination.

Cristol and his co-workers have added much to our
knowledge of the E2 reaction, Theyr first investigated the
rate of dehvdrochlorination in acueous ethanol with sodium
hydroxide of the four isoweric 1,2,3,4,5,6-hexachlorocvclo=-
hexanesuz. The B=ilgomer, which cannot undergzo trans
alinination (2ll adjacent crlorine and hydrogen atoms are
cis to each other) reacted at a rate some 7000-24000 times
slower than the other three isomers in which trans elimi-
nation is possible. A difference of 9.6-12.5 Kcel. was
found in the activation enerpgy of the B-isomer relestive to
thie other three isomers. Ro- rh calculations show that the

electrostatic repulsion between the base extracting the

has. J. Cristol, ¥. L. Hause and J. S. Mzek, J. Am.
Chem. Soc., 73, 674-9 (1951).




Table I

Comparison of Products of El and E2 Reactlions

Reactant

E; Products (B‘=co§)

E, Products (B'=OCH§)

l-Menthyl chloride
l1-Menthyl tosylate

trans a-Lecalyl

fos Tate

cls a-Decalyl
tosylate

trans f-Decalyl
tosyiate

Ag- (70%)= Ay~(30%)
enthene

a3, 2-(75%) + trans
Al 2-(25%) -Octalin

9-(75%) + cis
Al 2-(25p) Oectalin

trans 4o 3(50;&5, trans

A7, 2(20%) octalin

A s-lMenthene (100%)

A]_g-(lo%) - trans
a1)2-(90%) octalin

23 g Octelin (100%)

trans 83 p Octalin
(100%)

- €2 -
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proton and the negative leavinr group could account for

only a swall part of the sdditional activstion enercy
necessary in the c¢is elimination, The superiority of the
trans vrocess seems best explained on the basls of different
mechanisms for the c¢is and trans eliminations. 1t secms
very likely that the trsns elimination i1s a one stage con-
certed ovrocess., It was oroposed that cls elimination 1s a
miltiple stage process involving the formation of a transient

carbanlon and its posslible inversion:

R c«c'R__Ii,. R\cv‘c’R + BH
R’ B CI'R Slow RZ ", CDR

In a subsequent study Cristol and his co-workers ob-
tainsd kinetie data on the dehydrochlorinaetion in ethanolic
alkali of the cis-trans isomers of 1l1,12-dichloro~%,10-

ethanoanthracene (I)u3.

h33. J. Cristol and N. L. Hause, J. Am. Chem. Soc., zg,
2193 (1952). \
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In the ¢is isomer, the trans hydrogen and chlorine atoms are
each removed about 35° out of the plane A as shown in the
diagram below drawn perpendicular to the Clland 012 carbon

stoms:

In the trans lsomer, trans elimlnation is impossible. The
Irans dichloride (Eii hydropen and chloride stoms) unexpect-
edly reacted seven to nine times faster than the ¢ils
dichloride (Egggg hydrogen and chlorine atoms). This dif-
ference in rate was found to be due to a favorable entr- py
of activetion and to the relatively high reaction temperature
(about 100°). The energy of asctivation favored the trans
elinination by sbout l Kcal. per mole. T:is difference in

sctivation energles bstween the cls and trans processes is

gbout & Keal. less than the difference in activation energles
observed in the case of the hexachlorocyeclohexanes. This
can mean that the preferred orientation of the transition
state is probably planar for faclle trans elimination.

The results of a kinetic investigsation of the dehydro-

chlorination of various 2,Z-dlarylchloroethanes
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R X =Hor Cl

<
]

H or C1
| R = CHgO, CHs, H, ¥, Cl, Br.

seemed best explained by the model of the transition state
described abovetll, It was found that 1f X and Y are both
chlorine atoms, DDT, ths reaction rate constant for dehydro-
chlorination,is Z.A to 1«3 tiwmes as grest as in compounds
where X 1s a chlorine and Y is a hydrogen, DDD. And, in
turn, the reaction rate constants for DDD are 5 to 6 times
as great as the second order rate constants for DDM, in
which X and Y are both hydrogens. The actlvation energy of
the reaction is about 1.6 Kcal. less in DDT than in DDD and
DDM, and accounts for most of the rate difference. The
decrease in the reactivity of the DDM compounds over the DDD
compounds is due entirely to a decrease in entropy of
activation. 3riefly, these results are explained best if

we assume, &as before, that both the carbon-hydrosen bond and
the carbon-chlorine bond are broken in the rate determining

step. As the number of chlorine atoms B to the hydrogen to

bis, 7. cristol, W. L. Heuse, A. J. ‘uant, H. W, ¥iller
14 4 2
K. R. Eiler and J. S. Meek, J. Am. Chem. Soc., 7h. 3333 (1952),
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be removed 1s increased, the strength of the hydrogen carbon
bond 1s decreased by a negative Inductive effect. This
lowers the activation enercy, However, lncre:s ng the
number of chlorine atoms strengthens the carbon-chlorine
bond, increasing the actlvsiion energy. Asparently in DDM
eand DDD these two effects are balanced, resultins in about
the same energy of activation for the dehydrochlorination
compounds. In DDT the inductive effect predominates,
lowering the activation energv for dehydroechlorination,
This 1s consistent with the facts that the lonization con-
stants of the chloroacetic acids increase as the number of
chlorine atoms 1s increased and that although the carbon-
hlorine bond strength 1ls inecreased in going from methyl
chloride to methylene chloride, it is not strengthened
aspreciably in going from methylene chloride to chloroform.
In still enother invesztigation Cristol and Pegoon found
thiat trans elimlination was the superior process in the de-
hydrohalogenatlon of the chlorofumarate, chloromalsate,
bromomaleate, and bronofumarate ions with sodium hydroxide
in water and aqueous ethanolus. »imple ecalculations would
predict larcer electrostatic repulsions (and hence hicher

activation energies) for the halofumarates than for the

455, 7. cristol and A. regoon, J, Am. Chem, Soc., Tk,
5025 (1952).
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halomaleates. This study shows "that the effect of
electrostatic repulsion upon the enersy of activation for
elimination reactlons is not of =najor lmportance™ in solvents
such a8 water and aqueous ethanol,

The E2 process, as the result of Cristol's work, is
now fairly clear. Two mechanisms operate. The rate-wise
superlor trans process is a one stage concerted process,
A planar transition state is preferred. A proton 1s removed
by a base, a multiple bond is formed and the halide lon is
lost, The actlvation energy of the process 1s a reflection

of the ionic bond strengths of the hydrogen-carbon and the

halogen-carbon bonds 1involved. The cis process is a two
stage process. The rate determining step 13 the removal of
the proton and the formation of a carbanlion ion. The
activation energy in the cis process reflects only the
carbon-hydrogen bond strength.

In the course of this work, the E2 reaction was used
in proving some structures and az a kinetic analytical

method.

Acetate Pyrolysis

The acid catalyzed dehyvdration sometimes results in

the rearrangement of the carbon skeleton. The amount of
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rearrangement 1s dependent on the structure of the alcohol
and can ocecur to the excluslon of the formatlon of the
unresrranged product.

It is poassible to dehydrate slcohols without sany
structural change occurring. Two methods are avallable,
The method of Tschugaef involves the distillation of the
methyl xanthate of the alconol. Xanthate formation 1s at
best inconvenlent and Tschugeaef!s method has been gradually
superseded by a procedure in which a carboxvlate ester of
the alcohol 1s passed through a gless packed tube heated
at L00~-600°, The acetate 1s senerally used. Other esters
frequently utilized include benzoates, stearstes, and ethyl
carbonatesuéo A self=-explanatory example of the utility
of this method is shown belowh7.

CH

C CH
cff HQCHCH,;OA:: 5000  ¢h ‘Qc=cH,. pafe cff NCH=CH,
I | | | — | 1
CH _ClCHgOAe CH _C=CHg __CH=CHg
NcHg {mu q{m(

The stereochemicsl course of boith xanthate and acetate

decomposition with compounds containing a B-hydrogen atom

héG. L. O'Connor end . R. Nace, J. Am. Chem. Soc., zg,
45l (1952).

by, Bailey and J. Rosenberg, "Abstracts of the 13th
International Congress of Fure and Applied Chemistry",

p. 22 (1951).
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has been extensively studied and both give predominantly

cis eliminationul’hg'ug’so’sl’52’53’5h. That is, loss of

& proton itrans to the negative lesving group observed in

the E2 elirinatlion does not occur. An examlnation of the
products of both xanthate and acetate decomposition indicates
that = frontal atteck is preferred. A cyclic mechanism has

been proposed for this re&ctionugo

| H._ L H (I : AN
¢ {0 ¢y o —-c 0

| I —_— I \\ ‘
-—?\(;5,c-cﬂ. —? O‘¢C-CH3 ~? o/c-czl5

Alexander and *udrack studled the decomposition of cis

and trans 2-phenylcyclohexyl acetatessl. They found that

hac. D. Hurd and F. Blunck, J. Am, Chem. Soc., ég,
2h21 (1938).

ugP. G+ Stevens and J, H. Richmond, 1ibid., é}, 3132
(1941). I

50p, 7. Cram, ibid., 71, 5883 (1949).

51D. He Barton, J. Chem. Soc., 2174 (1949).

52E. Alexander and A. ¥udrak, J. Am. Chem. Soc., 72,
1810 (1950).

533. Alexander and 4. Hudrak, ibld., 72, 3194 (1950).

5hw. Bailey and C. King, "Abstracts of the 122nd Meeting
of the American Chemical Soclety™, p. 31 (1952).
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the cils acetate (I) pave G3 % of the 3-phenylevclohexene
(IT), the product of cis elimination, and 7 % of l-phenyl-
cyclohexene (III). The trans acetate (IV), 1n which cis

elimination can lead to either of the phenylcyclohexenes.
gave 1. % of IT and 86 % of IIX,

H
Ac
H
H \
I
H "] H
H
0 / II 111
H
7 H
IV

In another paper Alexander and Mudrak describe the
results of the pyrolysis of cis and trans 2-methyltetralyl
acetateSB. It was found thet the cis sacetate, in which
cre oliminstlon is impossible, was more stable than the
trans acetate, The trans acetate (V) geve the expected
2-methyl-3,l-dihydronaphthalene (VI). The cis acetate,
when run under comparable conditions, did not give enough
product for characterization. At higher tempsratures, the
cls acetate gave 2-methylnaphthalene (VIII). Since cis
elimination 18 impossible for the cls acetate, 2-methyl=-

naphthalene was formed by another reaction path.
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OAc H CHg

&
9

QAc CH@ ¢ La
VII VITI

tost elimination reactlions proceed to rive an olefin
having the largest number of alkyl proups as the principle
productsg. The second order ellmination reaction involving
an onium salt gives, as the principle product, the olefin
contalning the least number of alkyl groups (the Hoffman
rule)37. The Tschugaef reactlion has not been studied in
this respects A rather recent study indicates that the
pyrolysls of esters follows the Uoffman rulesh. The
following resctions were run at 5000. Only one product

was detected 1In each case.

(Clis ) g CHCHCHg >~ (CHs)gCHCH=CHq
OAc

Esp. 21, this thesis.
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OAc

(CHg ) g CHCHCHgCHgCHy ———> (CHg ) g CHCH=CHCHgCH,
QAc

( CHQ ) QGCHQ CHg AE— CH=CCHQCH5
OAc Ha

(CH; )QCGH( CHa )8 ——e D CH=GCH( CHa )a
OAc CHg

From this study 1t appears that the pyrolysis of
acetates follows a highly selective path.

In the course of the present investigation this reactlon
was utllized as a tool for the proof of structure of certaln
substances and further observations were made as to the

structural specificity of the reaction.
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EXPERIMENTALY

The Prepsration of the Isomeric 1,2-Dimethylcrclohexanols,

l-ethylcyclohexanol and Their Derivatives

The preparation of 2=-uethyleyclohexanone

This preperation 1s essentially that of Signaigo and
Crammersé. Five hundred grams of Tastman practical grade
2-methylcyclohexanol (L.l moles) was mixed with a solution
of one mole of sodium dichromate in 1.2 liters of water in
a four liter besker equipped with an efficient stirrer.

The mixture was stirred rapidly and a mixture of 78h orams

(8 moles) of sulfuric acid, one mole of sodium dichromate

and 1.2 lliters of water was added slowly to the reaction
medium. The temperature of the reaction wmixture soon reached
700 énd the rate of addition was regulated to wmaintain thils
tenperature. This addition took 3=l hours. After the
addition was complete the stirring was continued for an
additionsl hour. The crude ketone was separated from the

reaction medium using a four liter separetory funnel and

*a11 melting points and bolling points in this section
are uncorrected. Unless otherwise noted, the rearents were
reegent grade and were used without further purificeation.

56?. Ko Signalgo and Pe L. Crammer, J. Arn. Chome Soc.,
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the aqueous layer was extracted with several portions of
chloroform. The crude ketone and the chiloroform extracts
were conbined and washed with water and then with a 10 %
sodium bicarbonate solution. The chloroform solution was
dried over potsssium carbonate. The solvent was removed
snd the ketone was dlstilled. The bolling point was

16 .8-5.,0°%, Since the original elcohol has approximately
the same bolling point (165-6%), the ketone always contains
some Z2-methylcyeclohexanol as an Impurlty.

For certain preparations an alcohol free product was
prepared, The alcohol was removed by vrecipliating the
2-methyleyeclohexanone with sodium blsulfite, collecting the
addition product Iin a large Buchner funnel, and washing the
addition product well with ether. The ketone wes regenerated
by dissolving the additlion product in a 10 % sodium carbonate
solution., The ketone was teen up on benzene, dried and
distilled,

Oxldatlion of ﬁhe alcohol with chromic anhydride in
acetic acid gave lower yields of the ketone than the method
described above. An unidentified acid was produced in
consliderable amounts by the chromic anhydride oxidation.

A modification of the »rocedure described above
involves the separation of the crude ketone from the

reaction mlxture by steam distillation.
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The prepsration of the 1,2-dimethylevclohexanols and thelr

separation

These compounds have been prepsarced and purifled by
Ghiurdoglu57. The Grignard reactlon bhetween Z2-methyleyclo-
hexanone and methyl magnesium halide was csrried out in the
ususal manner. Care must be talen to kesp the reaction
mixture at the reflux temperature of ether becausas the
addition product solidifies on cooling end msekes proper
stirring of the solution impossible. Hydrolyslis of the
reaction mixture was best carried out with a saturated

solution of armonium chloride. The reaction mixture was

(SN

then worked up in the usual manner. The yield is about Q0 7
A swmall amount of unreacted ketone alwsys remsained.
This ketons cannot be removed by shaking the 1l xture with
sodium bisulfite. In one experiment the crude slenhol was
stirred for 2, hours with a satur-ted sodiuuz bisulflte
solution. An examination of the infrared snectra of the
crude alcohol in a 0.1 millimeter cell still showsd the
presence of a katone. The ketone could be removed quanti-
tatively by warming the crude alcohol with p-nitrophenvl-

hydrezine for sevsral hours followed by distillation.

57G. Chiurdoglu, P. Barchewitz and R. ¥reymann, Rull.
soc. chim. Pelg., 47, L53 (1938).
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Alcohols purified in this msnner tended to color on standing
about & week, although thelr physical constants did not
chanre. This color did not form in several months 1f the
alcohols were stored in a deep freeze. Alcohols purified

by fractiamal distillation and containing a small amount of
ketone remalned clear indefinitely. The pure alcoh»ls can
be dlstilled at thelr boilings points.

Fractionation of the is-merlc a2leochols at oressurss of
25-45 millimeters through a center rod column operasting at
an efficiency of about 5C theoretical plat s afforded a rood
separation. Less then a nilliliter of wixed alcohols was
usually obtained. Center cuts were used unless otherwise
mentioned. The ratio of trans dimethyl alcohol to cis
dimethyl elcokhol was grester than 10:1. In en effort to
obtain a larger supply of the ¢ls alcohol the Orignard
rearent was replaced in the preparstion by methyl lithium.
¥o noticesble change in the Elﬁfﬁféﬁﬂ retio could be observed.
The purlity of these alcohols can be ascertained ost readily
by the determinetion of thelr melting points, sines their
crrroscoptiec constants are rather larpge. A table of the

phyaicel constonts of these compounds 1s given below.



Table II

Physical Constants of the Isomeric l,2-Dimethylcyclohexanocls

(o]
B. P. M. P. 2>
a b a b a b
eis 1,2-c¢imethyl- 95.7°(53 m) 82.8(25 ma) 23.2° 24° 1.h628 1.h6Lh8

cyclohexanol

trans 1,2-dimethyl-  86.8%°(52 mm) 7&.6%25 yom ) 13.2° 13° 1.4588 1.h613
cyclohexanol

aThis thesis.

Bs. Chiurdoglu, Bull. soc. chim. Relz., L7, 249 (1938); ibid., 50, 20 (1941).

- g =
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The preparztion of l-methvleyclohexanol

This compound was prepared by the reaction of cyclo=-
hexanons and methyl megnesiun halide. The vreparation is
similar to the preparation of the 1,2-dimethyleyclohexanols,
Sodlum blsulfite will remove any unreacted cyclohexanone.
The compound, prepared in this manner, 1s cuite pure and
fractionation 1s probably unnecessary. The alcohol was
fractionated through a center rod column. A 90 & vyield of
l-methylevelohexenol, P. P. 62° (24 mr), n§5 1.4582, Lit.

B. Pe 56.5 (10 mm), np 1.4587, was obtained>®,

The preparcstlion of the acetates of l-methyleyclohexenol and

the 1,2-dimethvlcvelohexanols

The following edaptsestion of conventlio-nal tethods was
found esuvecially useful in the prepsration of these acetates
in yields of 90 % or vetter. About 0.05 mole of the alcohol
was wixed with 30 millilliters of dimethyleniline and c¢noled
in an ice bath. About 0.1 wole of scetvl chloride was

added to this mixture in seversal portions with stirring.

58K. Auwers, R. Hinterseber and W. Treppman, Ann., 410,

27l (1915).
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The mixture was allowed to stand at room temperature for
about an hour and heated on the steam bath for 3-L hours.
The reaction mixture wes then cooled and poured into ice
water containing about 10 4 hvdrochloric acid and covered
with abont 25 milliliters of pentane. The pentane was
senarated and extracted with 10 % hydroc-loric acid in ice
water until all the aniline was removed. The acetate in
pentane was drled over potassiym carbonate gnd distilled,

Fhyslcal constants for the acetates are shown helow,

Table III

Physical Constants of Some Alkylcyclohexyl Acetates

Cyclohexyl acetate ' Be P ngg

cis 1,2-dimethyl- 84°(18 mm) 1.hlko
trans 1,2-dimethyl= 78°(20 mm) 1.hho1
l-methyl 749 (20 mm) 1.1435

In one experiment, the reaction mixture was hezted on

the steam bath for about 18 hours. The yield of acetate
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dropped to 50 4. An addftional 35 % of the product was
a mixture of olefins and acetate.

Other methods tried gave low ylelds and conslderable
amounts of unreacted alcohol. Heatinz the product on the
steam bath is nscessary, since very low yields of acetats
were obtalned on letting the re-ctlon mixture stand for
seversal days at room temperature.

The purity of the scetat:s was ascertained by an
examlnation of thelr Infrared spectra. Several strong
lines present in the gég-dimethyl acetate were absent in

the trans-dimethyl acetate and vice versa., The acetates

were converted back to the slcohols by reduction with
lithium aluminum hydride. The infrared spectra of the
alcohols used as starting materlals for the preparation of
the acetates were identical with the alcohols obtalned from

the reduction of the acetates with lithlum aluminum hyéride.

Attempts to prepare l-methylceyelchexyl p-toluenesulfonate

Considerable effort was siven to the sreparation of
this tertiary tosylate {rom the alcohol snd tosyl chloride.
At no time was any product isolated.

The preparatlion wes flrst attempted using sodium
hydroxide or pyridine as the esterifying agent. The reaction

temperature was varied from 50° to -20°, At hich temperatures
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and short reaction times polymerization occurred. At lower
temperatures ané resction times up to two weeks only the
reactants could be recoverecd.

The reaction was‘also attenpted using the alecoholate
of sodlium or potassium and tosyl chloride, The resction
of a tertiary alcohol and sodium or sodium hydrlde was too
slovw to be of any use. The slcoholate of potassium could
be formed using potassium and refluxing in benzene or by
the use of sodlum-potassium alloy at room temperature.

This reaction is slow and about a 100 % excess alcohol is
necesssry for the resction time of about 8 hours., Azain,
elther the resction of the alcoholate with tosyl chlorlde
did not occur to any extent at low temperatures and long
reaction times, or at hicher temperatures decompositlion
products rendered recovery of the reaction product, if
formed, impossible.

There is no recorded preparation of a tertiary tosvlate
in the chemlical literaturs. From the experience galned in
tlie above attempts, the prepsration of a tertlary tosvlate
is thourht to be possibhle althourh the prepar:tli-sn of these
compounds will probably demand exacting technique and

carefully controlled conditions.



The Preparation of the Dimethylecyclohexenes

and Proof of Their Structure

The preparzstion of 1,2-dimethyvlcyclohexene and 2,3-dimethyl-

cyclohexene

These compounds were prepsared by distilling crude
1,2-dimethyleyclohexanocl from a few grams of iodimegé. The
crude dimethylecyclohexenes were washed thorourhly with con-
centrated sodium hydroxide and dried over Drlerite. The
olefins were fractionated from barlum oxide with a center-

rod column operstin~

m

t en efficlency of about 50 nlates.
In & trypleel run, 50 grars of crude product geve a trace of
l-ucthylene=-2=-nethyleyclohexane, 7-0 crars of a nroduct
boiling from 129-131 and yleldiny about 5 grems of 2,3-
dimsthyleyelohexene, and about L0 grams of pure 1,2-
dimethyleyclohexane boilins sharply at 136.2° (ng5 1.4587).

The 1,2-dimethylcyclohexene has been prepared by many
investigators. The welpghted average of several values is
B. P. 135.4-9, 02> 1.459059,

The 2,3~-dimethylcyclohexene was isolated from the
fractional distilletlon of the nixture of olefins boiling

from 129-131°, The distilletion was carried out in a

5%. Egloff, "Physical Constants of Hydrocarbons, Vol.
II," Reinhold Fublishin~ Corporation, N. Y., 1940.
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center rod coluan operating at an efficlency of about 70
plates. ¥rom sbout thirty crams of the mixture & grams

of pure 2,3-dimethyleyclohexene wns recovered. An additional
12 grams of materisl of better than 90 % purity was obtained.
The eriterion of purity was the comparlison of the infrared
spectra of successive sanples with synthetlc semples, The
2,3-dimethylhexane, B. P. 130.3-C.71, ngs 1.&53&, could not

be found in the literature,

The preparation of g-nethyladiplc acid from 2,3-dimethyl-

ecyclohexene

Thlis acid was preparsd from 2,3-dimethyleyclohexene by
-oxidation 1in aqueous permanganate to the keto-acid and then
by treatment of the keto-acid with sodium hypochlorite.

Four grans of 2,3-dimethyleyclohexane was treatsd wlith

12 zrams of potassi:m permancanate In MOO milliliters of
water and stlrred at ambient tempersatures until the color
of the permenganate dlsappeared., The solution was boilled
to coagulate the manganese dloxide foruud and filtersd.
The copoled solution was acidified with sulfuric acid and
extracted with chloroform. The chloroform solution was
dried and the chloroforn wes removed leaving a brown oll,

No attempt was mede to identify the oil. The oil wes

oxidized wit!: sodium hypochlorite by stirring the oll with
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an excess of sodium hypochlorlite for 12 hours. At the end
of this time the solution was brought to a boil, cooled

and acidified. The solutlon was extrscted with chloroform,
dried and the chloroform removed. Reerystallization from
hexane gave 1.3 grams of pure a-methyladiplc acid, M. P. 6h°,
and 1,2 grams of crude a-methyladipic acid M. P. 62-64°.
Total yleld wes 3.0 grams, 53 %. This product did not
depress the wmelting polint of a-methyladiplce acid prepered

by the permanganate oxidation of 3-methy1cyclohexeneéo.

The preparation of l=-methylene-2-methyleyclohexane

61

This coumpound has been prepared previously by Vallach~ .
A Reformansky reaction was run with ethyl bromoacetate on
2=methylcyclohexenone followed by dehydration of the resulting
hydroxy-ester, saponlfication of the ester and pyrelysis of
the resulting unsaturated acld.

Following Vallach's procedure the unsaturated ascid was
prepared. Simple distillation did not cause the unsaturated

acid to decarboxvlate.

501, Bouveault and R. Locquin, Bull. soc. chiu., 3,
1136 (1908).

610, wallach and ¥. Seshke, Ann., 3L7, 333 (1906).
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The compound was then prepared by the pyrolysis of
trans 1,2-dimethylcyclohexyl acetate. The method 1s
described in a followin~ scction. An 8C % vield of 2-

methylenemethyleyclohexane, 3. P, 12l.5-1.8°, ngg 1.5,

22

Lit. B. P. 122-125°, np

1.1,516, was obtainsd on fractinnation

Fal

of the olefin wmixture.

The compound was identified by its oxidation in neutral
permansanate to 2-methylcyclohexanone, The yleld was 65 %,
The 2-m:zthylcyclohexsnone was characterized by its oxime

. Po h2-3°, nit. K. P. 13°, and 2,l-dinitrophenylhycrazone,

M. P. 137-8°, Lit. 1. p. 13792,

The Pyrolysis of the Isomeric 1,2-Dimethyleyvelohexyl

Acetates and l=-ilethylcyclohexyl Acetate

The aoparetus

The pyrolysis furnace conslsted of a Fischer micro
combustion furnace mounted vertically. The ends of the
furnace were enlarged slishitly to accommodate a 10 milliliter
pyrex tube packed with 1/16 inch pyrex helices and fitted

with rround rlass joints. A plurp of pslass wool was used to

2R, Snriner and R. Fuson, "The Systematle Identification
of Orsanic Compounds," 2nd ed., John %iley and Sons, Inc.,

Hew York, p. 221, 1940,
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keep the helices in place. A dropping funnel wlth a by-pass
(so that the nitrogen pressure was constant in the dropping
funnel and the pyrolysis tube) wes connected to the top of
the pyrolysis tube., The bottom of the pyrolysis tube
extended beyond the ground glass joint 1nto a two-necired
flask immersed in & salt l1ce bath., The second neck of the
flask wes provided with a nltrogen outlet., During e run,
nitrogen was passed through the pyrolysis tube at a very
slow rate. The tempersture was measured with a 500o

thermomater placed in the combustion furnsce.

The procedurse

The acetate pyrolysis wes carried out in the conventional
mannerua. The acetate was added to the pyrolysis tube at a
rate of 2-3 drops per mlnute. One pass throurh the pyrolysis
tube was used., The pyrolvsis products were collscted in
pentans over aqueous sodium bicarbonate. At the end of the
run the pentane layer was separated and extracted with
sodlum bicarbonate. The pentane layer was dried over potas=
=iunt carbonate. The pentane solvent wa: removed and the
inivared spectrum of the residue was exemined. Operating
with one grem samples of the acetates, practicaelly auanti-
tatlve recovery of pyrolvsls products was obtained. From

97-99 4 of the ascetate was convsrted to olefins.,
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The acetic acld olefin mixture obtained from trans
acetate did not rearrange when passed through the pyrolysls
tube a second time. The 2,3-dimathvleyclohexene and acetlce
acid passed through the pyrolysis tube unchanpged.

The olefins on tre~tment with hydrogen and palladium
on charcoal gave predominantly cls-1,2~dimethylcyclohexane
and some of the itrans compound. No 1,l-dimethyleyclohexane

conld be found by examlination of the infrared spectra.

The anslyvsis

The analysis of the pyrolysis products was accomplished
with the ald of g Balrd Associates lModel B Infrsared Svectro-
photometsr. The infrared spectra of the pyrolysis products
wers coapared to those of synthetlice nixtures. A4 cell of
CC73 mm was used throu~hout thls work. The results of the

analysis ere shown in Talble IV,

The Reaction of Hydrogen Bramlde

and Alcohols and Acetates

Reagents

Uydrogen brouide (Matheson, 99.9 %, bromine free) was

condensed in the vacuum line and distilled twice hefore 1t

was used.,



Table IV

The Composition of the 0lefins Obtained from the Acetate Pvrolysis

Cyclohexyl
Acetate

Percent Qlefins

trans 1,2-
Tdimethyl

trans 1,2-
dimethyl

l-methylcyclo
l-methylecyclo

1,2-dimethyl=- 2,3-dimethyl- 2-methyl-
cyclohexens cyclohexene nethylene-
cyclohexane
0 713 9315
0 12%3 88ty
423 513 9115
913 5%3 8625
methylene=- l-methyl-
cyclohexane cyclohexene
86ty 1,5
87t 1335

- 6t -
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Normal pentane (Phillins, 99 %, 1 7 isopentane) was

dried over phosphorous pentoxide and distilled in the vacuun
line from phosphorous psntoxide.

Acetic acid (Baksr and Adamsnn, reagent grade) was

used without furtier purification.

cis and trans l,2-Dinethylcyclohexanol were prepared

as described sbove.

cis and trans 1,2-Dicethylerclohexv]l acetate were

prepared as descrlbed sbove.

The vacuum lline

The vecuum line used for the reactlon of hydrogen
bromide with alcohols 1s shown in Figure 1. The apparatus
was sugrested by the vacuum llne used by TolbertéB. Some
examnles of the use of this 1l rne will be deseribesd below.

Rafore the line wzs to be used, the entire s stem was
evacuated overni~ht at a osressure of about 1 mieron. At
the start of & rerction hydro-en bromide was introduced
into the system and purified in the followirgz fashion. The
stopcocks lezdin- to the storasge bulb A and the resction

flaske, ¢, D, B, ¥ and 7, to the traps and pumps and to

the vacuum gage were closed. A tank of hydrocen tromide

63

B. ¥. Tolbert, J. Am. Chem. Soc., 69, 1530 (19L7).
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was attached at the inlet H with & short plece of Tygon
tubing. The stopcock leading to the pumps and traps was
opened and the line and the connection to the tank of
hydror-en bromide was evacuated. The stopcock lesding to
the pumps and traps was closed, and the stopcocks leading
to F and ¢ were opened. T and G were immersed in llquid
nitrogens !Hvdrogen bromide wes ellowed to flow into the
system and condensed Iin P and G. After sufficlent hydrogen
bromide had condensed, the tank of hydrogen brom’de and the
stopcocks at E were closed, The stoncock to the trans and
pumps was opened anc the system pumped out briefly. The
hydrogen bromide collected in ¢ was distilled into V. G
was closed off frox the rest of the system and the entire
syatem including F was evacunted for about ten minutes,

The pumps and traps were acalin closed off and G was opened
to the rest of the system. The contents of 2 were distilled
stepwise into F by filling A untll the pressure of ths
system rose to nenrly 760 millimeters, closinz off 1 and
then condensing the contents of A Into ¥, P was then
closed, G was opened and the procegs continued. Since A
holds asbout 2.2 liters, the hydrogen bromlde could be
measured into F by approvimately tenths of moles. Some
rogidual hydrogén bromide was always left in ¢, This served
to trap any water that may have been present. When as much

hydrogen br-mide as was needed was moved to F, F was closed
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off and the remsalining hydrosen bromide in C was pumped into
the rewmovable trap D. 4s Lydrogen bromlde was needed for
a reaction 1t was moved from ¥ %o A and thence to the resction
flask. At the end of a series of resctlons somne hydrogen
bromide was left in F to trap any water or browine present,
At any point excess hydroren bromide could be disvosed of
by pumpings 1t into the removable trap R,

Other reactants could be handled and purified using
simllar techniques. Pentane, for example, w s purlfled
by distlllation from phosphoroué pentoxide from E onto
phosphorous pentoxide in D and finally Into C. DBecause
C could bhe removed from the line seversl reaction flasks

could he filled from D.

Analysis

The yields from the resction were essentlally gquantie
tative. Infrared spectra were run on 8ll products, in
CeQ07 millimeter cells. Lvidence for olefin formaticn or
for the presence of unre:scted alcohol ¢ou1ld not be Lound
in the infrared spectra.

In the case of the els-trans bromides, analysis was
carried out by an examinsation of the B2 kinetics if the
anount of cis bromide was more than 20 %. A qualltative

estimate of the isomer ratlio of the reuctlion products, if
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the amount of cis brouide was less than 20 %, could be made
by comparing the Infrared spectra with synthetic mixtures.
A sumuary of these reactions 1s given 1n Table V.

Detalls of the individual reactions are glven below.

Reactions in acetic acid

l1-iethyleyclohexanol, 1 gram, was mixed with 20 milli-
liters of glecial scztie acid. The flask was attached to
the vacuum line, cooled in dry ice, evacuated to the vaoor
pressure of escetic acid at —750 and allowed %to warwm to near
room temperature. As the nixture started to melt, a buld
containing 2.1 liters of gaseous hydrogen bromide at

pproximetely 1 atinrosphere was opened. The pressure dropped
sharply. The flask was cooled in liquid nitrogen, the
residual hydropen bromlide condensed on the neck of the
reasction flask, the bulb origsinally contain®ng the hydrogen
bromide was closed off and the contents of the flask allowad
to warn to room temperature. This was accomplished quickly
and the acetic aclid=alcohol mixture soon melted arcain and
absorbed most of the remainlng hydroren bromide. The mix-
ture on melting wes stirred for a few minutes and allowed

to stand for about two hours at 25°. On occasion, the
reaction wixture was worked up after shorter intervals and

the rezction was found to be comaslete. After two hours the
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Table V

The Reaction of Hydrogen [Fromlde and e¢ls and trans

1,2=Dimethylcrclohexanyl Aleohols,

Acetates and‘Bromides

Reaction Temp. Minute Reactant cls
Medium Reaction Bromide®
) o]
acetic acid 25 3 trans alcohol 8
" " ] 6 RN | M " 12
L] " " 60 4] n l 6
" " n &0 " " 16
r ] n 120 " " 15
17" " " 1 2 o " n 1 6
1" " " 3 cis " 28
" " " 60 -m " zu
" n " 6 0 " " 20
" n " 180 " 1" 16
" " " 60 trans acetate 16
1" " " 6 0 c; s n a 1 7
" " " &0 trans bromide 17
" " 1] 6 0 cls " 2 3
" " " 60 - " c 19
pentane 0° 60 trans alcohol 23
n " 60 [ n 20
i " 6 0 c i s " 6
" " 6 0 1] " g 5
d

" -78° 60 rans n 26
: g, 6o e, ok
n -7 8 0 £0 cls " 1

1 4] 60 " 1" g

n -7 80 6 's) " 1t 5
n " 6 0 " " 6 2
] " &0 " " h 8
" " () 0 " " 52

8nstimated error, 2 %.

btrans

bromide.

(€l %) and

Ctrans (75 %) and

broxide,

dReaction mixture
warmed to -78° during the reaction time.

cis (36 %) 1,2-Dimethyleyclohexyl

cls

(25 $) 1,2-Dimethyvlcyclohexyl

was frozen in licuid nitrogen and
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reaction mixture was poured into a separatory funnel con-
taining 3C milliliters of pentane and 20 milliliters of
water. The heterogpeneous mixture wasg shaken and the aqueous
layer was separated, The pentane solution was washed twlce
with 10 milliliter portions of water and once with 5§ milli-
liters of sodlum bicarbonate. The pentane solution was then
dried over Drierlte for about 15 minutes and the pentane
was removed at 20 milliliters on the vacuum line.
In some runs and in large scale preparations, 30-32 9
hydrogen bromide in acetlic acid (TZastman, reagent grade)
was used. Three to four tlimes the calculet>d anount of this
rea;ent was added. The rest of the procedurs is the same
as descrived above., Both procedures gave the same results.
One gram samples of cls and trans l,2-dimethylcyclo-
hexsnol and ¢ls and irans 1,2-dimethylcyclohexyl acetstes
and bromides were treated with hydrogen broride in acstic

acid by the wmethod des:ribed above.

Heactions In puntane near 0°

The 0° bath was praeparasd from chipped lece and water.
In a typlcal run ¢ls 1,2-dimethylecrclohexanol, 1 gram, was
placed in a2 25 milliliter flask on the vacwr~ line. Ten
milliliters of pentane was distilled from phosphorous

pentoxide into the flask containing the alcohol, The



solution of pentane and alcohol was placed in e bath at
the desired teuper-ture. The solutlion oI alcohol and
pentane was stirred and sllowed to absorb hydromer bromide
gas. The initial pressure in the system was about (00
milliliters. The pressure of the hydrogen bromlde decreased
and within ten minutes became constent. The rezction mix-
ture was stirred for about 45 minutes. At the end of the
reaction time, the tromide was recovered by the method
described in the last section,

One gran samples of trans l,2-dimethyleyclohexyl

alcohol were trested in the some manner,

Reactlons in pentane near =78°

The solution was maintalned at about-?SO by means of
a powdered dry lce bath. One gram samples were run In
the same manner descrlted above exceyt for the foliowing
modifications. When the “hwyirogen bromide was released in
trhe system the pressure dropped rapidly to sbout 100 milli-
meters and a solid addition eonumpound formed. At ths end
of the hS minute reaction time the excess hydrogen bromide
was distilled from the sclution. The solution was then
worked up in the usuel way. In some runs the hydrogen

bromide was condensed in the reaction mixture at -180o

and warmed quickly to -80°.
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The Solvolysis of Some Alkylcyclohexyl Bromides

Rearsnts

Yethyl ethyl ketone (Dastman Xodak, reagent pgrade)

was drled over Drierite for two days and dlistilled throuch
a short column.

Lithium perchlorste (LiCl0g*3Hg0~~0. F. Smith Co.)

was deh drated 1ln vacuo for 12 hours at 1300. An agueous
solution was made up to 2.5 I by dissolving the dehydrated
1ithium perchlorate in the requisite amount of redlstilled
water.

Triethyl amine (Bastmen Kodsk, resgent grade) was

dried over socium and distilled. A center cut, 2. P, 88°,
was used. An arproximately 0.01 N solution was prepared
in tolusne or benzene and stancdardized agalinst a standard
hydrochloric acid solutlon before and after each run.
The normality of this solutlion remained falrly constant
for several months.

Toluene (lierck, reacent grade) was dried over ssdium
and distilled thirough a short column.

Benzene (allinckrodt, rearent grade) was dried over

gsodium and distilled throurh a short column.

Brom phenol blue (Marleco) was dissolved in methyl
J

ethyl ketone to make & 0.2 % solution.



..)9..

Hyérochloric acld was used to prepare a stendard

aqueous acld solution, ayproximately 0,03 N. It weas
standardized poeriodicelly apainst standard barfum hvdroxide.

Bar!lum hydroxide was used as a standard aqueous base,

approximately 0.0h Ne. The base was standsrdized periodically
with potassi.m acid phthalate.

l-¥ethylcvclohexyl bromide, cis-l,2-dimethylcveclohexyl

bromide and trans l,2~éimethylecvelohexyl bromide have been

described elsewhere,

The kinetic method

The method uscd to follow the solvolysis of the
alkylecyclohexyl bromides consist.d of placing sbout 0.2
milliliters of the bromide in a sclutlion of water and
methyl ethyl ketone. A measureinortion of this solution
was renoved from the resction mixture, placed in methyl
ethyl ketone (to guench the resction) and the hydro~en
bromide liberated was titrated with a stendard solution of
triethyl smine in Lenzene or toluene, The amount of alkyl
bromide was found by tiltrating & inown emount of solution
at "infinite time",

The followlng procedure was used. The solvolysls
mixture was prepared by mixing tozether 200 milliliters

of methyl ethyl ketone, 10 milliliters of 2.5 N lithium
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perchlorate solution and 10 milliliters of weter. The

total volume of thls solution is 245,0%0.5 milliliters at
259 and the final normallty of the lithium psrchlorate is
0.,0980., The solvolysis szdium was allowed to adjust itselfl
to the tempersture of the constarnt tenperature hath for at
least one hour. At this tire, ten milliliters of solution
was removed and titrated Iin the manner descrlhed below., This
wes taken as the blank and was invariably zero.

About 190 milligcrams (1 millimole) of the alkyleyclo-
hexyl br mlde was pipetted into the reaction flask with
vigorous swirling. Zero tiine wes taken as the timze when
about half the bromide was inftroduced. The flasks were
qulekly returned to the constant temperature hath. The temper-
ature of the bath was 25.30. The temperzture remained cone
stant to £0.02°, After about 60 minutes, 10 milliliters was
pipetted from the reaction flasi to a beaker containing
about 50 milliliters of wmethyl ethyl ketone, and titrated
with previously standardized (.01 N triethyl amine. One
drop of 0.2 % solution of brom phenol hlue was used as an
indicator. The endpoint 1s quite sharp. The indicator
chances {rom yellow to green to deep blue. The aspearance
of the green color was taken as the endpoint., Simllar
titrations were run at intervals of 30 to 90 minutes over
the first part of the run. The reasctlon was generally
allowed to proceed overnisht and titrations were continued

the next day.
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Occaslonally, the alkylcsiclohexyl broumides were
weighed into the solvolysis mixture. *ore often, the
amo int of bromide was deternined by sllowing the reaction
to stand at room tewpeorstire for 3 or h da: s, when the
solvolysis was essentlally complete, and then determlning

g final titsr.

Calculations

The unimolecular rate constants were caleulated from

the integrated form of the rate equation,

where a 1s the initlal concentration of the alkylevelohexyl
bromide and X is the concentrztion of hy’irogen bromide
liberated after time t. A typlcal rate run is shown in
Tabhle VI. Table VII shows the values obtained for the

uninoclecular rate constants.
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Table VI

The Solvolyslis of trans 1,2-Dimethylcyclohexyl Proanlde
in 55.4 Mole Percent Water in Wethyl Tthyl Xetone

at 25.3°% and Constant Ionic Strength

Vol. of Titrant™ Time {(min.) thk (min‘l)
0.95 73 207
1.97 167 207
245 26l 219
3.52 350 208
b9 50t 212
5.21 6n2 215
E.y3 1325 203
Co5h 1430 215
.72 1938 216
Lol

Avel"age. sesses e 0211

*Initial normality of the bromide.....0.00729
Normelity of the titrant.............0.01065
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Table VII

The Solvolyses of Alkylciclohexyl Bromides at 25.3°

Cyclohexyl Dromlde Initial k x 1 7 Total
Normality (min™+) Reactlion
of Tromide

trans 1,2-Dimathyl 0.00458 207 98

T " 0.00722 211 97

" " 0.00563 209 93

" " 0.00541 209 97

" " 0.00397 200 9y

" " 0.00795 205 98
Average....200

cis 1,2-Dimethyl® 0.00541 209 98

- " 0,006l 3 21l 33

" " 0.00613 21¢ 5@

" " 0.00lL52 208 Q

Average....212

1-¥ethyl 0.005L0 194 95

" 0.00ElE 197 92

" 0.0067L, 199 k4

" 0.00716 194 89

AVi&I’&ge. .e .196

¥4 mixture of cis and trans compound containing 71 %

clis.

>



The Eliminatlior Reactlions of Sone
Alkyleveclohexrl Promides
‘Reecents
Zthanol (reagent grade) was distilled from sodiunm

hydroxide after refluxing over sodlum hydroxide for about

10 hourzs. Water was added to the ethanol to malte 8 solution

25
D

Ifethanol (Raker and Adamson reagent crade) ras used

o
98 weight percent ethanol, n 1.35999, d. 0.79106.

wlithout further purification.

Sodiurm methvlate and sndium hydroxide were prepared

by dissolving freshly cut sodium in methanol or 98 welcht
porcent ethanol. The solution was made up fresh before use
and standardized against standard hydrochloric acid.

Cyelohexane (Eastmen rearent r~rade) was distilled from

soc¢lum shavings.

Lithium perchlorate has heen described elsewhere.

Silver nitrate (Bak r and Adanson rearent ~rade) was

dissolved in distilled water %o make a 0.05 normal solution.
The solution wes standardized periodically areinst sodium
bromide.

Fotassium thiocvenate (Baker and Adamson rearent orade)

was dissolved in distilled water to mak%e a 0.0% normal
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solution and compared with the standard silver nitrate
solution before each run.

Ferric ammonium sulfate (Rarer and Adamson rear—ent

grade) was dissolved in 3 normal nitric acld to meve a
saturated solution.

Nitric acid (Beker and Adauson reagent crade) was mlxed

with distilled water to give a 3 normal solution.

Triethyl amine in henzene has been described elsewhers.

c¢ls 1,2-Dimethvleyelohexyl bromide and trans 1,2-

dimethyleyclohexyl bromlde have been described elsewhere.

The kinetlc method

Procedure I was used to detect tiie solvolys's rates of
the cis and trans 1,2-dimethylcvclohexyl bromides in 98
welnht percent ethanol or methiegnol. The met od was essentially
the same as thst descrilbed on pace 59. Lithium perchlorate
was added to lve the deslired ionic strength. The Infinite
titer was detsrmined by asllowin~ an aliquot to stand sbout
2l hours with Il to 5 times its volume of water.

Procedure II was used to determine the E2 rates of the
cls and trans 1,2-dlmethylcyclohexyl bromide. Exactly 100
milliliters of previously standardized sodium hvdroxide in
08 weight percent ethanol or sodium methylate in methsnol
wes plpetted into the reaction flasls and allowed to stand

in the constant tenperature hath at 25.30. The constant
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teuperature bath has been described on page 60. After
allowing the temperature of the solution to adjust iltself
to that of the bath about 0.l milliliter of browide was
quickly pipetted intc the reaction flask, #ive milliliter
aliq ots were removed from the rerction flask from time to
time. The reaction was quenched by allowing the contents
of the pipette to nix «ith about 25 milliliters of cvclo=-
hezxane., The mixture in the c¢cveclohexane was extracted twice
with 20 milliliter portions of 3 normal nitric acid. The
water extracts weve tiltr-ted for bromide v the Volhard
methodb32  The originsl concentration of the br-ride was
determined by mixiny a five milliliter sample of the reaction
mixture into I to 5 times 1ts volume of water and allowing
the mixture to stend for 2l hours. A final titer was then

determined.

Calculations

The unimoleculaer rate constants were calculated from

the Integrated form of the raste equation,

k = 1n E%E (1)

1
T

where a8 1s the orlglnal concentration of the alkyleyclohexyl

bromide and X 1s the concentration of hydrogen bronaide

bia. by ivoagd 1 Tuneey
N
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liverated after time t. Table VIII shows a tycical rate
determlination, Table IX shows the effect of varying the
ionic strength of the solvolysis rate. Table X shows the
solvolyslis rates obtained.

The pseudounimolecular rate constants, k!, were calcu=~
lated from the equation above. The second order rate
constants, k,, were then calculated from the equation shown
below, where B ls the averare concentration of the base

during time %.
kt = kz [B] + kl (2)

Since samples of cls 1,2-dimethyleyelohexyl bromide free
from trang 1,2-dimethyleyclohexyl bromide were unottainable,
advantage was taken of the fact that the cis 1,2-d1uethyl-
cyclohexyl bromide reacted at a rate slower than the trans
1,2-dlmethyleyclohexyl bromide. #Oates on the cls comvound
were determined after more than 99 % of the trans compound
had reacted. Typiecal rate runs ere shown in Table XI. The
effect of varyin- the base concentration is shown in Table
XII. The second order rates obtalned are shown in Table

XIIZL.
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Table VIII

The Solvolysis of trans 1,2-Dimethylcyclohexyl Bromide

in 98 Weight Percent Aqueous Ethanol at 25,3°

and Constant Ionic Strength

Vol. of Titrant® Time (min.) 10% (min=1)

A6 126 L6
.68 2€0 L7
1.00 380 li7

1.20 Lés 7

1.61 630 L6

2.17 1225 L5

2.43 1845 ' L6

2.53 2020 17

6.22

Average.......ué.s

*Initial normelity of the bromide..seceses0.179
Normality of the titrant..cieeeevcenseessa0.0289



Table IX

The Effect of Verying ths Ionic Strenpgth
on the Solvolysis of trans-l,2-Dimethylcyclohsxyl
Bromlde in 98 ¥Weight Percent

Aqueous Tthanol at 25.3°

Normality Initial 105k (min'l)
LiCl04 Formallty
Bromide
0.000 0.0GE3 36
0.059% 0.008) b1
G.118 0.0073 L7
0.177 0.0091 53

0.235 0.0088 58
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Taeble X

The Solvolysis of c¢is and trans

1,2-Dimethyleyclohexyl Bromide

1,2-Direthyl- initial 1051:1 % Total
Cvclohexyl Normality (min™+) Reaction
Bromide of Fromide Followed
trens 0.179 Q6.5 o
" 0.248 455 26
" 00193 )4-24.07 32

AVerage......hS.g

" 0.0189 3078 32
" 0.02L9 » 3128 62
" 0.0256 3028 3l

AVersge.....307%

c1sb 0.213 Lh.s 82
" 0.18k bli.g 79
" 0.255 hé. 88

Average......L45.,

8351volysis run in methanol.

o by mixture of cis and trans compound containing
Ce % cis.
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Table XI

The Second Order Tliminatlion Reaction
of trans 1,2-Di=z2thylcyclohexyl Promide
in 28 Weirsht Percent Aqueous %Tthanol,

0.520 Normal in Sodium Yydroxide at 2%5,3°

Vol. of Titrant® Time (min.) 104 (min=1)
0.78 32 93
0.9 b1 90
1.07 52 8l
1.33 66 1/2 &8
1.49 75 90
1.7k 96 1/2 88
1.86 108 86
1.98g 12l 85
2.1l 138 88
2431 164 87

AVeragB...e. 08

*ormality of the titranteessececeeeees0.047
Initial normallty of the bromides.....0.030



Table XIT

The Effect of the Vari-tion of the

“age Concentration On the

climination Resctlor of e¢is and trans 1,2-Dimethylevelobexyl

Bromlide in ¥thannl and

“athanol at 25.3°

Reactlon “edlum 1,2-Dinethyl- ormality Virst Sacond
¢ clohexyl oF Buse Ordsr ¥Fato Jrder iiate
Brouidse Csnstint Constant
(nin™+) (r1in=1)¥
gadium msthylate/methanol trans ¢.0000 0.003% -
" " " - L0151 0,002 emeee
" " " " 0.0303 000G Ge032
" " " " 0.0605 0.008hL 0.03C
n " " " 04158 C.O0L7T 0.020
sodlvm hydroxlde/ethannl v 0.G0C0 0.000h S -
# ] " 4] 0.0395 6.0012 G.O2O
" w " " 0.079C 0. 001U G.01
" " " " Ce345 G.0052 A PRR #3
5 " ' " G.520C C.C050 0,915
" " " cis 0.0000 0.COCLE —————
" " " - 0.3L5 0400079 0.0012
" " " " C.520 0.001L6E 0.0013

®omlculeted from eguation 2, pare €7.
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Table XIII

Second Order Rste Constants for the Elimination
Reaction Petween c¢ls and trans
1,2-Dimecthyleyclohexyl Bromlde

in 0.520 Hormal Sodium Hydroxide

in 9€ Vel ht Percent Zthanol

at 25.3°
1,2-Dimethyl- Initial k'(min-l) ka(min'l)
Cyclohexyl Normality
Bromlde of Bromide (a) (b)
trans 0.030L 0.0088 0.015%
" 0. 0291 0.0090 0.0160
" 0.0230 0.008l 0.0149
Average....0.C155%
cis 0.0236 0.001lly 0.00126
n 0.0302 0.0014¢ 0.00130
" 0.0307 0.00149 0.00135

Average....0.00130

a . ,
Paeudo first order rate constant.

bSecond order rate constant. The first order rate
constant in this medium is estimated to be 0,00080.
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Product anslysis

It was of interest to obtain a knowledge of the
vroducts obtained from the alkyleveclohexyl bromides when
treated with various bases. The results of this investi-
gation are shown in Table XIV. These results are of a
qualitative nature (with the exception of the reaction of
trans 1,2-dimethylecyclohexyl bromlde wilth sodlum hydroxide
in ethanol) and must be considered as unconfirmed results,
The procedures used ars given below. The contents of these
mixtures were determined by comparling their infrared
spectra with the Infrared spectra of synthetic mixtures by
the method described on page 8.

Pyridine, 2-picoline and 2,0-lutidine were used %o

prepare olefins from trans 1,2-dimethylcyclohexv]l bromide.

A 2 srom sample of the bromlde was trested with 3C milli-
liters of either pyridine and collidine for ahout L days

at room temperasture. At thls tinse the mixture was heasted

at 60o for 3 hours. The ulxture was cooled to room tempera-
ture and carefully washed into & separatory funnei with 60
milliliters of pentane and 30 milliliters of water. The
solution was washed free of organic base with dillute sulfuric
acide. The pentane solution was dried and the pentane removed
in the usual manner, The residual oll was dried over a few

grains of potassium carbonate. The yield of product was



Table XIV

Product Analysis of the Reaction of cis and trans

1,2-Dimethylcyclohexyl Bromide with Various Bases at 250

1,2-Dimethyl-~ Products
cyclohexyl Base 1,2-Dimethyl-  2,3-Dimethyl-  2-methylene-
Bromide cveclohexene cvclohexene cvclohexene
trans 2,6=1utidine® 100 0 0
" 2=picoline 100 0 0
" pyridine 100 0 o
" LiAlH, 100 0 0
1t " l OO O O
" sodium 100 0 0
methylate
" sodium 10C 0 0
methylate
n sodium 100 0 0
ethylate
" sodium
ethylate 100 0 0
b .
cis sodium +
ethylate 8745 0 1325
nc sodium ot 0 ot
ethylate 5025 5025
trans ethanol- 2613 0 L*3
- water

8Reaction incomplete after four days.

b - .

Mixture of cis and trans bromides containins 22 % cis.
c .
Mixturs of cis and trans bromides containing 63.% cis.
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better than 95 %. An infrared spectrum was taken of the
mixture and the mixture of olefins was hydrogenasted at
atmospheric pressure in ethyl alcohol with palladium on
charcoal as a hydrogenatiorn catalyst. The product from the
reaction of lutidine contained large amounts of unreacted
bromide and was not hydrorenated. The satursted hydrocarbons
were taken up In pentane washed wlth water and passed through
a small column packed with alunina to remove the last traces
of ethyl alcohol. The pentane was removed and an infrared
spectrum taken. The infrared spectra revealed no rearranged
products and was ldentical with the spectra of pure cis
l,2-dimethylecyclohexane. The trans isomer could not be
detectad.

Sodlun methylate in absolute methyl alcohol was used

to prepare olefins from the trans 1,2-dimethylcyclohexyl
bromide. A 2 grax sample of the bromide was 'xed with a

2 normal solution of sodium methylate and allowed to stand
for three days. The solution was then amixed with an equal
volume of pentane and washad thoroughly with water end dried.
The pentane solution contalning the olefins was %then chromato-
graphed to remove the last traces of methyl alcohol and the
pentane was removed. The yields were better than 95 %, An
Infrared spectrum was taken of the products. The products
were hydrogenated, as descri>ed above, and ylelded cis

1,2-dimethyleyclohexane (infrared spectra).
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Lithium aluminwn hydr’ide in ether gave olefins from

trans 1,2-dimethyleyclohexyl bronide. The alkyl bromide
was treated with three times the calculcted amount of a
gsaturated etlier solution of lithilum aluminum hydride in

he usual menner. The nmixbture was allowed to stend at
room temperature for three dearvs and hydrolized with sodium
potassium tartrate soluticn. The olefins were taken up in
pentane, dr'ed and the pentene removed. The yield was about
85 %, An infrared spectrum of the mixture was taZen. The
olefin mixture was hydrogenat-d, as described above, and
took up the theoretical amount of hydrogen ylelding cis
1,2-dimethyleyeclohexane.

The solvolyssls products of trans 1,2-dimethylevclohexyl-

Lromide in & €0 ¥ by volume methyl aleohol snlution were
examined., After the mixture of 2 grams of alkyl bromide

and 50 milliliters of the sleohol-water mixti re were sllowed
to stand for 2 days, the mixture was extruacted with pentane,
washed with water, dried, passed through a crhromatorraphy
column and the pentane removed. An infrared spectrum was
taken of the products. The products were hydrogsenated to

cis 1,2-dimethylcyeclohexane as descr’'bed above,
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Additlon of Hydrogen Bromide to

1,2-Dimethylevyclohexsne and other 0leflins

The olefins and other reagents and the vacuum line
have been previously described. The methods used were
deseribed on peges 50~57. The results are shown in

Table XV. Soue observations srs recorded below.

Heactlons in scetlic aeid

The 1,2-dimethylecyclohexene, 2,3-dimetliylcrclohexene
and 2-uethylenemethylcyclohexane were treated with hydrogen
bromide in acetic acid. The reaction was exothermic and
rapid. The solution was colored an intense r=d at the end
of & run. This color formed almost immediately with the
2,3-dimethylcvclohexens. The red color could be removed

br extracting with water.

Reactions in pentane near 0° and -78°

The 1l,2-dimethylcvclohexene reacted readily even at
-78°, Apparently the recction is coxmplete in about 10
minutes. The reactlion mixture remsined colorless throuchout

the reaction at both temperatures.



R

Table XV
eaction Products of Iydroren Dromide Addition to

1,2-Dinethvlecyclohevene

Solvent Temp. Resaction Percent
Time cls 1,2-
(Min.) Direthyl-
cyclohexyl
Bromide

acetic acild 250 o 16

n n " 60 17

" 3] 1" 3

1" " " 60 lha

" n " 3 12&

" i 1 60 160

" " 1t 3 28b
ether " 30 0
pentane 0° 30 1l

" " 30 2

" " 30 10

" n 30 Sc

" -78° 30 33d

" 1 30 22d

1 1 30 191‘3

1 1] 30 O

" 1" 30 1

" L 30 O

" " 30 36

] " 30 OC

8pddition to 3,li-Dimethylerclohexene.

bAddition to 2-Methylenemethylcyclohexene.

Ccare to operate in a clean vacuum line was neglected

in these runs.

warme

dreaction mixture wes frozen in liquid nltrogen and
d to =78° during the reaction tirme.



Some Infrared Spscira

The infrared spectra for several compounds described
previously are shown on the following paces. The spectra
were obtained on a Paird Assoclates ¥odel B infrared
spectrophotoneter. Dands useful in the identification of
these compounds are evident. The infrared spectre for
the ¢ls and trans 1l,2-dimethylcyclohexanols have been

recorded elsewhereST.



Plate 1., trans 1,2-Dimethylcvelohexyl ascetate in e

capillary cell.

Plate 2., cis 1,2=Dimethylcyclohexyl acetate in a

capillary cell.

Plate 3. l-Methylecyclohexyl acetats In a capillary cell.
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Plate li. 1,2-Dimethyleyclohexene. Cell length: 0.072 mm.
Note the faint band at ©.02 mierons cheracteristic of
symmetrical olefins., -The 7.40 band 1s uselful in the

identification of thls compound.

Plate 5., 2,3-Dimethyleyclohexene. Call length: 0.072 mn.

Characteristlic bands are marksd.

Plate 6. 2-Vethylenemethyleyclohexane. Cell lengtht
0.072 mn, This compound 18 contaminated with 1 % trans
acetate {Figure 2) and about 2 4 2,3-dimethylevelohexene

{Pigure §).

Plate 7. Olefin mixture from pyrolysis of cis 1,2~

dimethyleyelohexyl acetate, Cell lengthy 0,072 mm.
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Plate 8. 1-Methyleyclohexene. Cell length: 0.072 mm.

Plate 9. Methylenecyclohexane. C(Cell lengtht 0.072 wm.

Plate 10. O0Qlefing from pyrolysis of le-methylecvelohexyl
acetate. Cell length: 0.072 mm.
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Plate 11%. trans 1,2«Dimethyleyelohexyl bromide. Cell

length: 0,072 mm.

plate 12%, 85 4 trang and 15 % gis dimethylevelohexyl
bromide. Cell length: 0,072 .

Plate 13%, 72 % trans and 28 % cls dimethyleyelohexyl

bromide. Cell length: 0.072 wmm,

Plate lﬁ%u 30 % trans and 70 % cis dimethyleyelohexyl
bromlide. Cell length: 0C.072 mm.

%ﬂats how bands at 7.75, 930, 93 and 10.30 microns
inerease as the amount of eis bromlde increnses,
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DISCUSSION
Acetate Pyrolysis

The evldence of the confipuration of the cis and
trans 1,2-dimetlyleyeclohexanol 1s reasonsble but not con-
clusive, “The assignment of conflguration has been made on
the basis of Infrsred absorptlon svcectira, relative rates of
hydrorsenatlion and the reactlion between 1lithium aluminum
hydride and and 1,2-dimethyl-l,2~epoxycyclohexan657’6u’65.
Since some of the concluslons of thls thesls depend on the
accuracy of the assignuents of the configursation of these
alcohols, an additionel, more conclusive determination of
their structure was undertaken. lence, the pyrolvsis of the
acetates of these alcohols was carried out.

The stercospeciflcity of acetate pyrolysls has been
discussed above6 « In this reactlion, the cis eleuzents of
acetic acid ere lost. On pyrolysis, the trans 1,2-dimethyl=-
cyclohexyl acetate (I) can rcive elther Z2-methylenensthyl-

cyclohexene (II) or 2,3-dlmethylcyclohexene but not

A
OAG. Chiurdoglu, Bull. soc. chim. Belg., g&, 531 (1935).

65}. W, Trevoy and W. 5. Drown, J, Am. Chen. Soc., 71,
675 (1949).

66Page 29, this thesis,
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1,2-dimethyleyclohexene (IV) 1f cis elimination occurs.
The cis 1,2-dimethyleyclohexyl acetate (V) can give all

three olefins on pyrolysis.

CH50C0 Cilg CHs  CH, CHg s,
/ﬁgggzr
8 Fe)
450 Q
CHa0C0 CH,  CHg

The 1,2-dimethylcyclohexyl acetetes were prepared from

the pure c¢is and trans dimethylcyclohsexanols by treatment

with acetyl chloride in dimethyl sniline. The acetetes

could be reduced with lithium aluminum hydride to the original
a8lcohol with no loss in confipuratlion. Hence, the alecohols
mist have been converted tc the acetate with no loss iIn

confi@uration.*

#rhe cleavage with lithiuwn aluminum hydride must have
resulted in acyl-oxy;en clsavage and hence retention in
confirveati !> saince alkyl-oxvsen fisslon would have resulted

in & hydrocarben and not sn aleohol in this medium.



gN(Ch,) g

CHaCOCL

Ho Clls Cliz0CO CHa

Li Al I’I‘

A knowledge of the olefinic products of the reaction
was also necessary. The 1,2-dimethylevclohexene is well
knownsg. Apparently 2,3~-dimethylcyclohexene has never been
reported. 1t was obtalined as & by=-product from the prepara-
tlion of 1,2-dimethylcyclohexene. This olefin was identified
by oxidation, in two steps, to the known a-methyladipic
acid (VI). The 2-methylenecyclohexene had been prepsred
previouslyél. Its structure vwas checked by oxldizing 1t

to the k¥nown 2-methyleyclohexanone (VII).
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CHg Kl
o _Lin0, CHs COCH(CHg ) (CHg ) 3COOH
Hs
lNaOCl
HOgCCH(CHg ) (CHg ) 3COgH

VI
CH“ KMHO‘ 0
CHg CHg

Vil

The results of the prrolysis of the isomeric 1,2-
dimethylcyclohexanyl acetates are shown in Table IV. Roth
isomers gave predominantly 2-methylenemethyleyclohexane
and some 2,3-dimethyleyclohexene. The cls acetate gave
substantial amounts of 1,2-dimethyleyclohexene which was
absent in the pyrolysis procducts of the trans acetate.

In order to prove that no isomerization had occurred during
the pyrolysis, two experiments were performed. The olefinic
products of the pyrolysls of cis 1,2-dimethylcyclohexyl
acetate were wixed with acetlie mcld and passed throurh the
pyrolysis tube agzain. The ratio of the olefins present did
not change. A sample of olefin rich in 3,li-dimethylcyclohex=

ene was trested in the same manner with no isomerization

occurring.
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From the results discussed above, it 1s apparent that
the confilguratlions of the alcohols have bceen assizned
correctly.

Recently it has been reported that prrolysis of acyclic
acetates results exclusively in the formation of olefins
having the smallest number of alkyl groupssu. In the cyelice
compounds described above, althourh the olefin with the
smallest number of alkyl croups predominated, consliderable
amounts of the other lsomers were formed. In order to
further check these results, the pyrolysis of l-methylecyvclo=-
hexyl acetate (VIII) was carried out. The products obta’ned
agaln were mixtures, with the exocyclic olefin, methylene=

cyclohexene predominating.

CHg —_—

OCOCHg CHg CHy

It 1s not altogether clear why simple eliphatic
acetates lexad to the formation of olefins havine the smallest
number of alkyl groups. # few rcenerallzaiions may be made

4

regardirg this reaction. The vreferred transition state for

thermal eliminations o this tvpe 1s that the four centers
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of importance in the re:uction should lie in one plan367'68.
A primary hydrogen 1s more susceptible to nucleophilice
attack by the carbonyl oxygen then secondar: or tertiaryég.
Sterlic interaction between the scetate sroup and the rest
of the molecule favors ths formation of olefins with the
smallest number of alkyl groups. Attalrment of a planar
transition state presents no difficultles with simple ali~
phetic ascetates. Therefore the course of the reaction 1s
determined by the lattsr two factors.

Cyelic compounds present clarifying data. The cone-
fipurations of these compounds can be known wit: more
certainty. An analysls of the conformatlions ol some sub-
stituted cyclohexanes 18 given in the following section.

It will be sufficient here to point out that imposine a
plenar transition state for thls process makes c¢cis eliml-
nation to form an endocyeclic olefin possible only 1n the
"bvout" form of the cvelohexane wmolecule. The nreferred
exocyelic compound cen arise from the "chalr™ form of the
moleculé. The chealr form of the cvelohexarne molecule 18

about 5 kilocalories more stabls than the "boat" form/O,

670. He R. Barton, J. Chem, Soc., 217k (1949).
68

3. Glasstone, He. Erying and K. %. Laldler, "Theory of
Rate Processes", D. Van Nostrand Co., Inc., New York, 1941,
D 90.

69J. Morton, Doctorial Dissertation, Iowa State College,
1952.

70z, ». Turner, J. Aw, Chem. Soec., 7h, 2118 (1952).
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It therefore seems probable that a higher actlvation energy
is necessar - to obtain the endncyclic olefin,

It 1s not obvious why exclusive formation of olefins
having the smallest nmamber of alkyl grouns is not observed
in the case of cyclic compounds. The arguments set forth
above are, in fact, stronger for cveclic compounds than for
the aliphatic compounds which show an even hirher structural

specificity in the pyrolysis resction.

Flimlination Reazctions

The elimination reactions of the isomeric 1,2-dimethyl-
cveclohexyvl bromnides were studied 1n order to establish their
confiruretions andéd to obtain a method of anslysis for mix-
tures of the two bromldes. In a previous section the stereo-
specificlity of the E2 resction has been dlscussed. The E2
resction involv=s the simultaneous elimination of an atom
or sroup and a trans B hydrocen. A planar transitlon state
is at lesast preferred.

It 1s apparent that cis 1,2-dimethyleyclohexyl bromide
cannot zive 1l,2-dimethylcyclohexene, whereas the formation
of thlis olefin is possible with the irans isomer. Initlal
experiments showed that 1,2-dimethylcyclohexyl bromide,
from the resctlon of hydro~en bromide in acetic acid, gave

nearly pure 1l,2-dimethylcreclohexene when treated with sodium
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methylate in wmethanol. Since this olefin could arise from
either the ¢is or trans 1,2-dimethylcyclohexyl btromide
under E1 conditions 1t became necessary to establish the
kinetic ordsr of the reaction. The rate expression for the

elinination in sodium methyl-te was found to be:

& o.00h [1] + 0.03 [vaocH,] [

T = 1,2-dinethylcyclohexyl bromide®

From the rats equation it can be ssen that a conslder-
able portion of the reaction goeg by the E1l path. The high
base concentrations necessary to obtain a relatively nure
second order reaction is prohibitive. Tollowinz reaction
rates 1n this wmedium in order to aralyze mixtures of c¢ls
and trans bromnides would be unnecesserily difficult.,

Lowerins the lonlzing power of the medium should

decrease the El rate3', Accordingly, the resction rates

¥Phe bromide used here will be shown to be a mixture
containing 15 % of the cls bromide and 85 ¥ of the trans in
a section below. These rzte constants hold within experi-
mental error for the pure trans bromide. There are two
reasons for this. At the Tow base concentrations studied
the El resction accounts for a large part of the rate and
the El rates for the two isomeric bromides are nearly equal,
The E2 rate constants were deter.ined over the first 15 4
of each run. Over this peart ol the renction the slower E2
rate of the cis compound contributes 1little to the over-all
rate.,
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were obteined in ethyl alcohol-sodium hydroxide mixtures.
In thle medium, the E2 reactlon was roughly 100 times as
fast as the E1l reaction in 3 normal base. Again the priqary
resction nroduct was 1,2-dimethylcyclohaxene. Hence, the
rezction 2roduct was 1,2-dimethylevclohexanol ané hydrosen
bromide In acetic acid must have glven trans 1,2-dimethyl-
cyclohexyl bromlde as the major product.

The pure frans l,2-dimethylecyclohexyl bromlde gave only
1,2-dimethylecyclohexene when treatsd withr sodium hydroxide

in ethanol. The rate equetion 1s given below,

%%3 = 0.00045 [T] +  0,0155 ['r] [OH]

A sample of pure cis 1,2-dimethyleyclohexyl bromide was

unavailable. ¥ixtures of cis and trans bromldes gave mix-

tures of the three olefins; 1,2~dimethylecyclohexene, 2,3~
dimethyleyclohexene and 2-methylenemethylcyclohexane. The
amount of 2,3-dimethyleyclohexsne and 2-methylenemethyl=-
;yclohexane formed corraesponded rouchly to the smount of the
cls isomer present. “uasntitative conversion of the ¢is 1,2-
dimethylcyclohexyl bromide to olefins salonz the E2 resctlion
paitn is difficult on the basis of the rate equation shown

below because of the hirh concertrotion of base needed.
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¥ = 0.00045 ['Ij + 0.00130 [1] [og]

The configuration of the bromides were thus established
by the criterion of trans elimination in the E2 reaction.

Hughes and Ingold have statzd that electromeric effects
control the course of the E2 reaction37. The producis are
oredicted on the basis of the Saytzeff rule. The olefinic
croducts of certain of the elimination reactions of the
1,2-dimethylcyclohexyl bromides do not conform to this rule.
In order to show this it will be necessarr to examine the
conformations of these moleecules™, Cristol has postulated
thaet a plasnar transition state is necessary for faclle
second order eliminationuB. The conformations to be con=-
sidered are shown in Table XVI, together with the possible
products if & planar intermcdlate 1s essential. In this
analysis 1t 1s assumed that original geometry of the cyclo=-

hexyl bromide influences the geometry of the transition

state.

¥17he word 'conformation! is used to denote those
arrangements in space of atoms of a molecule which are free
from strain (other than that imposed by valence requirements)
and yet are not superimposable on each other." D. H. R,
Barton, J. Chem. Soc., 1027 (1953).
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Table XVI

Conformations of cls and trans

1,2-Dimethylcyclohexyl Bromide

3
. 13 12 11
| e
AN
| I
1 6 77T r 1 9
8 10
Position Product
Confor=- Bromide Methyl Bromine
mation Isomer rroups group (a) (v) (e)
a trans i,b L X
b )5 3 X X X
c " 7,10 8 X
d " 7,10 9 X
e " 10,12 9 X
£ " 10,12 11 X
& " 9,11 12 X X
h " 9,11 10 X
i cla 3’5 ‘} X
J " 3,5 o X X
k " 8,10 7 X
1 " 7,9 3 X
m " 10,11 9 X
n " 10,11 12 X X
o " 9,12 10 X
p " 9,12 11 X

81,2-dimethyleyclohexene
b2,3-dimethylcyclohexane
cE—methylenemethylcyclohexane
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Some of the structures shown in Table XVI are so
strained that thev can be disecounted. In varticular 1t is
not llkely that any atom larzsr than hydrogen can be at
position 12. The 1ntrocduction of an atom larwver than hydro-
gen at position 12 caused the molecule to shift into a dif-
ferent conformsestion due to interference from the hydrogen at
position 13. Ry the same reasoning it is unlikely that nucle~
ophillic attack on a hydror~en at position 12 is possible. We
will therefore nseglect conformations e, , =, h, m, n, o and p.

Smaller differences in strein can be postulat..d for the
remalning conformations. Althouch 1t is difficult to make a
case for the removal of any of the remain:ng conformations
from consicderation it 1s instructive to discuss the relative
stabilities of the remalning conformations. Other fectors
being equal conformations having the chalr form are in gen-
erel wore stable then those having the boat form71. Also
conforaations having groups or bulky atoms at both L and §
and either 3 or 6 are wore steble than compounds having
groups at 3 and 6 and either li or 5*. In general large

groups are most stable at positions lj and 572,

71p, H. R. Barton, “xperientia, 6, 316 (1950).

*Phis postulste neplects electrostatic interaction
between groups. For example, l,2-difluorocyclohexane prob-
ably exists alimost exclusively in the 3,6 conformation.

725, pose, ibid., 8, 458 (1952); A. J. Rirch, Ann.
Reports, 48, 1927 (1951)%
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A more quantitative estimate of the rslative stabilities
of the four conformations can be made. If wo take the valus,
1.0 Kcal/mocle, for the steric Interaction between a methyl
group and a neighboring hydropen and O.h Kcal. for the steric
interaction between a bromine atom and a neighboring hydrogen
we obtain the following energies for intersctlon. Confor-
mation b (trans isomer) has & sterlc intersaction of 3,0 Kcal.
Conformations 1 and J (cls isomers) have intermediaste values
of 11,0 and lj.5 Kcal. respectively. Conformation a, the least
favoreble conformation, has a steric interactlon of 5.5 Kcal,

The value, 1.0 Ecal., for methyl-hydrocen interaction
gives the best agreement between observed and calculated
entropies for a number of alkylevclohexanes (gesseous stateﬂn.
The value of 0.5 for hydroren-bromine interaction is esti-
mated. It is apparent from & study of the models of n-butane
and n-usropyl bromide thet the steric interaction is wuch
less in the case of n=-vropyl bromice. Values from 0.2 to
0.7 would not effect the sasrgument.

Conzidering trans 1,2-dimethylcrclohexyl bromide, it
can be se>n that conformetion b 1s the most stable. Thls
conformation allows for the formation of 1,2-dimethylcyclo-
hexene, the product predictec on the basis of the Savtzeff
rule.

The ¢is 1,2~dimethyleyclohexyl bromide pave a wixture

~f 3,-dimethylcyclohexene and 2-msthylenemethylcyclohexane.
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Oonly 3,L-dimethylcyclohexene w>uld be predicted on the
basis of the Savtzeff rule. It us consider conformations
i and j. Conformations k snd 1 are less stable and lesad to
the same product a&s conformation i and arguments about con-
formetion 1 are similar to arguments about corformations k
and 1.

In comsidering conformations 1 end § 1t can be seen
from the above dilscusslon that conformation i is favored.
Since the formation of 2,3-dimethylcyeclohexene occurs
it must arise from the less stable j conformation. The
difference In stabllity of the two conformations, estimated
at about Kcal., explsins ir part the formation of 2-methylene=
methylecyclohexane 1n violation of the Savizeff rule. A
further examination of conformation j shows that nucleo=-
philllc attack on the trans hydrogen is sterically wmore
favorable on the methyl group. Thilsg same methyl group
shields the trans hydrozen on the ring. Also, the bulk of
the two cls methyl groups may render attaimment of a strictly
vlanar transition state for the formstlon of 2,3-dinethyl-
cyclohexene difflcult.

These steric effects must more than countertalance the
electromerlic effect favorable to the formation of 2,3-
dimsthyleyclohexene., That is, qualitatively, the energ

lost thirough the steric offect 1In the transition state
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leadliny to 2,3-dlmethylc clohexene 18 prester than the
energy ceined by hyperconjugation in the transition state.

Both steric effects and electromeric effects are
reflected 1In the E2 rat:a, The E2 raete of the trans 1,2-
dimethylcyeclohexyl bromide 1s ten tlmes the E2 rete of the
cis 1,2-dimathyleyclohexl broaide at 250, Intermedintes
from the trans bromide leadins to the formastion of 1,2-
dimethyleyclohezene are nore stabllized by hyo-rconiugation
and hence have a lower energy of activation than the intar-
@medlates leadin~ to the formstion of 2,3-dimethylc- clohexene
and Z2=unsthylenemethylcyclohexene. There 1s little steric
inhiblition of the ellminatlion reaction of the trans bromide,
while steric effects control the products of the elimination
reaction of the ¢is bromicde. On the other hand, the T1
(solvolysis) rates of the two bromides are egual over a
range of conditions. Here the rate controslling step is the
cleavepe of the bromine-carbon bond which is subjected to
similar effects in both isoners.

Some investigaetors believe that the directive effects
In elimlnation reactions are primarily controlled by steric
effects73. It was of interest to vary the steric requirse-
ments of the attacking base In the resctinsn with trans

1,2-¢imethyleyclohexyl hromide. The 1,2-d'methylevclohexene

’BH. Ce Brown and Ichiro !orltani, Abstracts of the
122nd ‘eeting of the American Chemnlcal Society, 1952, p. 2.
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was obtained as the exclusive .roduct of the E2 reaction
when the series of hases--sodium mathylate, sodium ethrlate

3

and lithium alumipum hydride--was used. In the series,
pyridine, 2-plcolirne and 2,({-lutidine, only 1,2-dimcthyl-
cyclohexene could be detected. The rate of resction
decreased as the sterlc requirements of the baese were
inecreased. The resction with pyridire seemed comnlete in
one day. The reasction with 2-picoline was complete in 2-3
days. And the reaction with 2,6-lutidine was only half
complete in four days. When the resction was forced by
refluxing the mixtures 2-mcthylenemethylcyclohexane and

2,3~=dimethylcrclohexene sppesred in the reaction product.

These results are shown 1n Table XIV,

The Reactions of Hydrogen Bromide and Alcohols

The cls and trans l,2-dimsthylcyclohexyl bromides are

products of the addition of 1,2-dimethylecyclohexene and
hydrogen bromide. It was necessary to prepare these com=
pounds by some indesendent means and obtain their propertles

in order to study the additlon reaction.

¥It 1s of interest to note that the E2 reaction occurs
to the -exclusion of the Sy2 process when lithium alumlnum
hydride is used as the base in this reaction.
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The 1,2=-dimethylevclohexvl bromides were prenared by
the reactlion of hydro-en bromide and the mixed 1,2~dimethyl-
cyclohexsnols. The mixture of bromides obtalned from this
reactlon was found to be _.redominantly trans 1,2-dimethyl-
crelohexyl bromide. The necessity for the nrepsration of
the cls 1,2-dimethylcyclohexyl bromide led to investipation
of the reasctiors of the pure isounsric alcohols with a
varlety of respgents. The wost comprehenslve study was made
on the feaction of the pure isomeric alcohols with hydrogzen
bromide. Thesse reasctions will be dlscussed in some detall
below. Some other attempted reactions will be described
briefly first.

An unsuccessful attenpt was made to prepere the bromides
by reacting the alcochols with phosphorous tribromide. The
tertiary alcohols failed to react in several days at room
tempesrature. Unidentilied phosphorous esters were recovered.
Such esters can form from the resction of elkyl bromides and
phosghorous acid. However, since phosphorous acid is
insoluble in this solvent the browides very probably were
never formed.

Another approach involving the svnthesis of the bromides
by wav of the reaction of sodium bromide with the tosylates
of the 1l,2-dimethylcyclohexanols was unsuccessful. The
synthesis of these tertiary tosylates could not be

accomplished.
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A summary of the reactions of hydrogen btromide with
the 1,2~dimethyleyclohexanols and some related compounds 1s
shown 1n Teble V, page 55. It can be seen that ¢is 1,2-
dimethiyleyelohexyl bromide was obtained in amounts varyling
from 15 4 to over 70 7 depending on the reaction mediim.
The lowest yleld of c¢is bromide was ohtained 1n acetic acld
with the trans alcohol. The highest percentages of c¢is
bromide were obtalned in pentane at low temperatures with
the ¢ls alcohol.

The dete indlcate that in acetlc mcid the ratio of

cls to trans 1,2-dimathyleyclohexyl bromide reasches an

equilibrium value of about 1:5, 16 % cis bromide. The
reaction of hydrogen bromide in acetlc acid for one hour

with trans 1,2-dimethylcyclohexyl aleohol, cis and trans

1,2-dimethyleyclohexyl acetate and trans 1,2-dimethyleyclo-
hexyl bromide gave this equlllbrium mixture. The cis
- aleohol gave this equilibrium mixture after a resction time
of three hours., It way shown in the previous section that
he stabillty of the wost stable trans conformation relative
to the most stable cls conformation is about 1.0 Kcal./mole.
The free energy change for the reaction, cis to trans
bromide, derived from the equilibtrium concentrations of the
isomeric bromides in acetlc acid emounts to 1.1 Kcal./mole.

This good agreement betwesn the two values 1s probably
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fortultous. The correlation cdoes show that this equilibrium
value 1s reasonable.

If the reaction product of cis 1,2-dimethylereclo-
hexanol 18 worked up after a reaction time of one hour the
reaction mixture contained a somewhat lsrger proportion of
cis 1,2-dimethyleyclohexyl bromide than the equilibrium
value, Further experiments showed that when & sample of
1,2-dimethyleyclohexyl bromide containing 36 % cis bromide
was placed in the reaction medium with hydrogen tromide the
anount of ¢is bromide present was decressed to asbout 23 %
after an hour. A sample of trans bromide attained the
equilibrium value 1in one hour. Experiments In which trans
alcohol was allowed to reusln ‘n contact w) th acetic acid-
hydrogen bromide for a consideratly shorter time, 3 and 6
minutes, showed more trans browulde than found in eouilibrated
bromide mixtures.

The reactlons in acetic acid are shown 1n Figure 2.
Both the Syl and Syl processes operate in this solvent. The
exvected reaction path is the Syl process since this resction
i1s favored by tertiary compounds and polar solverts, The
intermediate carbonium in the SNI reaction cen reect to form
s brounlde of either configurastlion. The intermediate car-
boniun ion can &lso resct with the solvent to form elther

isomeric acetate. Since, as shown in Figure 2, the acetates
ere in equilibrium with the carbonium ion, this males no

difference in the fate of the original alcohol.



cis-1,2-dimethyl- trans-1,2-dimethyl-
cyclohexanol cyclohexanol

A

1 s-1,2-dimethyl- —S10W 1 o_aimethyl- trans-1,2-dizethyl-
‘clohexyl bromide cyclohexl SLoW  Tvciohexyl bromide
cartonium ion

‘:::Et 2=-dimethyl-

cis 1,2-dinethyl-

cyclohexyl acetate cyc[ohexyl acetate
N Figure 2

Reactions of Hydrogen Bromids in Acetlc Acid at 25° with cis and

transg 1,2-Dimethylcrclohexanols and Their Derivatives

- 80T -
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Alzyl-oxypen fission was observed 1n the formatlon of
the 1,2-dimethylcyclohexyl bromides from the 1,2-dimesthyl-
erclohexyl mcetates., This reaction must have occurred to
a considerable extent since the alternative reaction path,
acyl-oxrcen fission, 1n the case of the cls acetate, leads
to the formation of egis 1,2-dimrthyleyclohexanol as an
Intervediate, The ¢is alcohol gave a different product
ratio than was observed with the cls acetates and hence
could not have been an intermediste. This is believed to
be the Tirst unamblguous demonstration of this cleavage
leading to the forwmation of an unrearranged hallde,

The reaction which results 1n retention of configuration
noted with ¢is snd trans 1,2~dimethyleyclohexanol must pro-
ceed along a different reaction path. Since the c¢cis bromide,
in excess of 16 #, is slowly converted to the trans bromide,
the amo-nt of elsg 1,2-dimethylcyclohrexyl bromide initially
produced is somewhat greater than the product ratio indlcates.
Ry similar reasoning it can be seen that initisl yields in
experiments which give less than 16 % cls bromide must have
been altered by the equilibration process. FTetentlion of
confi-uration must have occurred in both cases. Decsuse the
isomeric 1l,2-dinethyleyclobexyl bromlides proceed to equilib-
rium concentrations fairly repidly and tecause the determina-

lon of amount of itrans bronlde in excess of the equilibrium

concentrstion 1s not highly accurate, 1t is impossible to
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calculate precisely the amount of reactlon golng by the Syl
path. A qualitative estimate based on the bromide ratis in
reactions run for three minutes indicate that about one
fourth of the procduct obtained from ¢ls alcohol is formed
through an Syl mechanism and thet roughly half the bromide
obtaired from the trans alcohol is formed by this mechanism,

In pentane the products of the hydrobromination of
1,2-dim=thyleyclohexanol have no chance to eguilibrate. The
products can be recovered in the same ratio as they were
formed, The SNl reaction should not be of as much importance
in this wedium since 1t 1l much slower than the cowmpetitive
Sy2 or Syl processes in nonpolar solvents. The Sy2 and Syl
reactions are less affected by & chanre of solvent tecause
of the greater charge separation in thelr transition stateszg.
However, the Syl process 1s favored in resctlon of tertiary
compounds and so cannot be neglected.

It can be seen that groups in the polar position on
the crclohexane ring are more susceptible to bimonlecular
displacements than cgroups in the equatorial position. Back-
side attack in the latter compounds 1s strongly hindered by
the bulk of the cyclonhexane ring. Conformations of the

isomeric cis and trans dimethylcyclohexanols which have

hydroxyl groups in the polar position should be preferred.
The geometry of the transition state of the Sy2 reaction

is much better known than that of the SNi reactlion. The
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proposed for the Syl reaction, would seem to r~ive vreference
to disrlacement of substituents In the equatorlal position,

Thus far the attainment of the transition state has
been considered by exauining the stability of the reactants.
It is vwossible that the stability of the products influences
the transition state, as is the case in the Syl reaction.
Unfortunately, the nature of the Sy2 reactlion makes consid-
eration of both reectante and products necessary and our
knowledge of the 8yl reaction 1s insufficient to predict
whether consideration of reactants or products or both are
necessary.

From the data in Table V, we can obtain somre knowledge
of the resctions taklng place. The trans 1,2-dimsthyleyclo-
hexanol gave about 25 % of the c¢is bromide at 0° and -789.
The ¢ls bromide can form by way of the Sy2 process or the
Syl process. The remeining 75 % trans bromide 1s formed by
way of Syl and Syl reactions. The Syl resction will con=
tribute predominantly to the flnal concentration of the trans
bromlde if the equllibrium betweosn the ¢ls and trans forms
13 the same 1n pentane as 1t was in acetic acid. Since in
any case the SNl reaction would not be expected to »nredominate
in this solvent most of the observed c¢is bromide was formed
by way of the Sy2 reaction. A conformational examination of

the products and the resctants of this reactiosn shows that
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the reactant, trans 1,2-diuwethylcyclohexanol contains a
hydroxyl group in the polar position in i1ts most stable
conformation and the product, els 1,Z-dlmethylcyclohexyl
bromide contains the bronine atom in the polar position.
Although iIn the latter conformation 18 not the most stable
for the ¢ls bromide It i1s not energetically far removed
from the most stable conformation. It 1s impossible to
tell what percentage of the trans bromide formed in this
reaction was formed by the Syl reaction and what percentage
was formed by the Syl reaction. However, as stated above,
it seems unlikely that the Syl reaction would predominate
in this medium,

Ir pentane at 0° the cis 1,2-dimethylcyclohexancl gives
about 30 % cis 1,2-dimethyleyclohexyl bromide. At =780
yields of cis bromide approaching 70 % were realized. Using
the same reasoning outlined above it c¢can be s=en that most
of the cis bromide formed as a result of an SNi reaction,
the Syl reaction g¢iving predominantly the trans bromids.

Comparing the results of the reactions of both cls and
trans 1,2-dimethylecyclohexanols with hydrogen bromide in
pentane at -78° 1t can be seen that the Syl reaction proceeds
to about 70 % with both alcohols. Most of the remainder of
the reaction follows the Sy2 path. The possibility of the

SNl reaction cannot be excluded.
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The situation of the reactions in pentane at 0° is
less clear. A conformational analysis of the ¢is and trans
products and reactants shows no important energy difference
that would favor one mode of resctlion over another. From
this analysls there is every reason to suppose the ratio
xSyl/kSy2 should be approximztely the same for both isomers.
If this 1s the case then in pentsne at 0° about 30 % of the
reaction goes by the Syl path, 25 % by the Sy2 path and the
remainder by & different mechanism presumably somewhat the
analogous to the Syl path. Yet 1t 1s difficult to ration-
elize 80 large a portion of the resctlion proceeding by a
carbonium lon mechanism In thls medium.

The most striking fact achleved by the investigation
of the reactions of the 1,2-dimethylcyclohexanols with
hydrogen bromlide 1s the generality of the Syl mechanism in
polar and nonpolar solvents over a range of tempersastures.
Althourh the SNi reaction seems to be fairly common in the
case of chlorosulfite esters and similar compounds only two
examples of this mechanism operating wlith hydrogen bromide
have been described prior to this investigation and these

both involved secondary benzyl alcohols.,
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The Addition of Hydrogen Rromide

to 1,2-Dimethylcyclohexene

The 1,2=dimethyleyclohexene was chosen as the olefin
with which to study the addition to hydrogen bromide to a
double bond. It had some obvious advantages. It was readily
available., Belng cvellc, cls-trans lsomerization of the
olefin, which has led to certeain ambigulities in other
studles, is impossible. The 1l,2-dimethyleyclohexene con-
talns no groups or atoms contzining unshared electron palrs,
rendering the possibllity of neighboring group reactions
remote. The olefin, being tetrasubstituted, will undergo
extremely rapld lonic reactions, and hence will obviate the
difficulties arising from compectitive free radical processes.

This oleflin also hed certain disadvantages, the most
unfortunate being the lack of knowledge of its structural
1somers, and the bromide products. Another disadventage 1s
that the cveclohexyl system 1s not rigid and therefore
several conformations of easch molecule must be considered
in any dlscussion of reaction mechanisms. Also, the product
being a tertiery bromrlde lsomerlizes or solvolyzes rapidly
in polar solvents.

The »nroof of structure of the compounds used in this

study has been discussed 1In a previous section.



The results to be discussed are shown in Table XV,

The addition reactions were run first in acetic acid. The
equlililiration of the resctlon products, the 1l,2-dimethyl-
cyclohexyl bromides in thils solvent,was discussed in the
previous section. The equilibrium ration of ¢ls to irans
1,2-dimethyleyclohexyl bromide was 16 % cis.

The isomeric olefins, 1,2-dimethyleyeclohexene, 2,3=-
dimethylcyclohexene and 2-methylenemethylcvclohexane were
treatasd with 32 ¢ hydrogsen tromide in acetic acid to rive
1,2-dimethyleyclohexyl bromide 7 #, 12 % and 20 % in eis
1,2-dimethyleyclohexyl bromide respectively when the reszction
was terminated after 3 minutes. Equilibrium concentrations
were obtained when the re:ctlon time was Increased to one
hour. Since the bromldes isomerize in this medium to the
equilibrium concentration, 16 % cls, the inltial concen-
trations of c¢is bromide in eac!: case above are souewhat
furtier from 16 % than the percent of recovered cis bromide
Iindlcates.

The reaction of 1,2-d¢imethylc,clohexene with hydrogen
bromide in pentane at 0° anc at -78°% pave almost exclusively
the trans bromide. Then hydrogen bromide and the olefin
were frozen in liquid alr to obtain hirher concentrations
of hydroren bromide, about 25 % cls 1,2-dimethyleyclohexyl
bromxide was formed. Since the reaction mixture was warmed

rapidly to -78°, the observed cis addition is thought to be
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a function of the hydrogen bromide concentration and not
due to the lower temperature during the first part of the
reaction. The temperature and the concentration effects
were rnot separated by thls investigetion.

A postulation of two modes of additlion of hydrogen
bronide to olefins 1s useful for purposes of discussion7h.

These are shown in the egquations below,

Br Br
Br~ | |
e TP Tem 0TS0 !
+ slow H (3) H
H (2)
, H* l trans
;c=c\-»fast =6/ additTon
(1)
slow Br
(l'l') 1] 1 l {
—S-? fast "Q"?— 11
a (%) q
mixed
addition

The first stey in elither reaction path is the snrotona=-
tion of the double bond. Th & kind of carbonium ion has

been called a yr complex, and can be considered as an

7hc. C. Price, "Mechanisms of Reactions at the Carbone
Carbon Double Bond," Intersclence Publishers, Inc., XNew York,
1946, ». Lo,
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interasction between & protorn and the electrons in the
orbitels of an olefin’, This fast equllibration 1s con-
sidared not to change the stereocnemnlstry of the double
bond. Similar complexes of silver ion with the cis and
trons 2-butenes or 2-pentenes are formed without isomsriza-
tlon of the olefins76.

If trens eddition is observed, a concerted att-ck of
bromide lon on the more electropositive carbon stom 1s
indicated.s The geometry of the reactive interwed!'ate snecles
resemhbles the sroduct of Resction ITI shown above.

If stereosneciflic irans addition 1s not observed and
a mixture of the cis and trans forms ls produced, then the
reaction must sroceed throush an intermediste in which the
steric Integrity of the oleflin is lost. The postulsted
vrotonated double btond formed rearranges to a classical
carbonium ion. This 1s telieved to be a discrete step and
requires a certain activatlion energy77. This, then, is the
rate determining stes. The planar carbtonium ion 1s gquickly

destroyed by bromide lon, and either cils or trans 1,2-

dinethyleyclohexyl bromicde 1s produced.

75%. Je S. Dewar, J. Chem. Soc., Lo6 (19446).

Soc., 65, 227 (19L43); S. Winstein and H. J. Lucas,
T3, LS (1937).

u. 7. S, Dewar, Bull, Soc, chim, France, €75 (1951).

76H. J. Lucas, R. J. Yoore and D. Pressman, J. Am. Chen.
’

1514,




- 118 -

The reaction of uydrs-en broalde and 1,2-dlmethylevelo=

hexene in acetlic acld showed some stercospecificity., "ore

trans bromlide was Iorasd than that obtalned at ecuilibrium.
Therefore, part of the reaction must zo by Yechanism I shown
above. Since the resction product is not »ire trans hromlde,
the gis bromide obssrved in the reaction nroduct was formed
by way of Mechanism II or by partlal equ:libration of the
trans bromide.

The reaction of hydroren bromide with 2,3-dlmethyl-
cyvclohexene and 2-methylenemethyleyclohexans gave nroduct
ratios differins from sach other and also from 1,2-3Imcthyle
cevclohexene. Had the three isomeric olefins piven similer
product ratios 1t would have seocmad orobasble that thisy had
vroceeded throush a comon intermediaste carhonium lon as
indicated in ¥echanlsn II. 3ince different product rstios
wore observed in the hydrocen bromide addition in acetic
acid with the tiwree olefins, it 1s apparent that three dif-
ferent reactlion interuedlates are involved. These inter-
mediates are the three diffsrent proton-=olefin conplexes
which undergo attaclr by bromide ion, in the rate determining
step, to glve three differont product ratios.

The date obtained from the elimination reactions of
the isomeric bromides support this view. The rate of the
Bl renction is nearly equal for the cis ané trans 1,2-dimethyl-

cvelohexyl bromides, while thelr E2 rates dlffer by a factor



of 100, The El reactlon can he seen to follow the reverse
of the path shown in Reactlions 1, li and 5§, with sten §

bein~ slow and rate deterninings and Reactlons 1 and I ve'ng

fast and practically irreversible. Recause of the eaquallty
of ratez it 1s 1likely that the Wl reasction of hoth ls-merle
brosides invelves slmilar, if not the same, carboniux ions.
Further, thig is the carbonium ion postulated as an inter-
mediate In the addltion reaction. 1In the case of the El
reaction as well as the case of hvdroszen bromide addition
under discusslon this corbonium lon decormposes to ~ive wost
stable produets In a nonstereospecific manner,

On the other hand the E2 reaction follows a cath vhich
is the reverse of Reactions 1, 2 and 3., The rnte deterwining
step 1s ths Reaction 3. #s evidenced by the reaction rates,
a d4ifferent intermediste 1s involved depending on which
olefin is form-d, Conversely, 1t seems unlikel  the inter-
mediates {rom threc different olefins would decom - ose to
cive a sizllar mixturs of bromides.

The acdiltlion of hydroren Tromide, at low concentratlons

o

in pentans, to 1l,2-dimethylcrclohexene results in only one
nroduect, trans 1l,2-dimet™vlieyclohnexyl hromide. The reection
may sroceed by direct attack of lrom’ de ion on the “rnton-
olefiv coxnglex au s8hown In Yechanlsm I. It ls interesting

et Yenion found & larce difference in rete ol acdditioan in

hydrocarbon solvents and In ether inesmuch as Loth rlve the



same ?roduct827. As fer as the similarity of products shows
g sizilarity of mschanism, Henion's concluslon that the
difference in ratss results from conwetlition with the donor
solvent for halogen ecld is ressonable.

Our discussion thus far has not taken into account the
fourtl: order ratcs observed for the addition of hydrogen
bronide and hydrogen chiloride to oleflins in hexane resorted
by ¥avo and co-workers?2s23, The several possibllities for
the high order kinetles sugprested by Vayo 1ncl:de; the
reaction of a 1:1 hydrogen halide-oleflin complex with the
dimer hydrogen halide, tlie reaction of a 2:1 complex with
e sincle molecule of hycdrogen bromlde, the reaction of a 1:1
comrlex with an indefinite number of hycdrogen hallde mole-
cules, and some kind of chaln transfer resction. !one of
these possibilities can he ellninated on the basis of the
resalts reported in thie thesis. Xechanism I deseribed
above can account for only two molecules of hydrogen brou.de,
but can readily be adapted to account for anv of Mavo's
possibllities. There remains the possibillity thet the olefins
studied by ¥avo add hydroren bromide by a mechanism different
than 1,2-dimethyleyclohexene. This is regarded as unlikely,
however,

The enomolous cls eddition encountered at low tempera-
tures nust proceed by a resctio» path different than any

descrlbed above. From the data presented, 1t appesrs that



hich concentretions of hvdrorcen hrov’de favor this reaction.
An Intermsdlste similar to the species postulated for the
S;1 reaction may occur. Tuls Intermediate 1s shown below,

whers n ranges from O to 3., The low temperature favors the

-H- - -\(
HBr)p
--Bp.--°

rcstricted orientation necessary as does the manyfold

excoss of hydrogen bromide.
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The structure assigned to the isomerlic cis end trans
1,2~dimethylevclohexyl alecohols was substantieted by the
results of the pyrolysis of their acetates. The pyrolysis
of tertiasry cvclohexyl alcohols gave leest substituted
olefins, following the Yofmann rule,

The lsomeric ¢ls and trans 1,2-dlmethyleyclohexyl
bromides were prepared and their structure was proven by
nroduct and rate studies of their slimlination resctinns.,
The sscond order eliminetlon resctlons of the cis and trans
1,2-dimethylevelohexyl bromides demonstrate that the
planarity of the transition state 18 more impor{ant than
electromeric affects in determining the olefinic resaction
product. Thie difference In produets was reflescted ir the
rates. The procducts of the =limlnation reaction of trans
1,2-dimethyleyelohexyl bromide with pyridine, 2-nicoline and
2,0-1lutidine are controlled hy the steric requirenents of
the base.

A study was made of the reaction of the lszorerlc cls
and trens 1,2-dilmsthylecyclohexancls and the corresnonding
acetates with hydrogen bromide in order to obtalin a method

of preparation for cis 1,2-dimethyleyclohexyl bromide., The

reaction in acetic acld ~ave procducts Indicating some



retention of confiruration occurred. Fetentlion of conflcru-
ration was &lso observed in pentane at 0° and -78%. The
reaction of ¢is 1,2-dimecthylcvelohexenol and hydropen bromlide
at -78% constituted a preparative mothod for cis 1,2~
dimethylcyclohexyl bromide.

The adcltion of hy'roren bromida to 1,2-dim thyleyclo-
hexene in acetlc scid was fourd te procesd by both a clas-
sical carboniuwm lon mechanlsm to eclve ¢is and trans
edditlon and by a process which gave trans s’dition. In
psntsne st 0° trans addition occurred. The stercochenistry
of the edditlon reactlion at -78° can be controlled by the
concentratlion of hydrogen Lromlde. Low concentrations of
hydrogen bronide give transg ad-2tion while massive hydroren

bronide concentrations zive mixed cls and trans addition.

g+
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