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INTRCDUCTION

Part 1 describes an investigation of silver benzoate as a source
of phenyl and benzoyloxy radicals. Advantages envisioned for silver
benzoate over other radical sources include use over a wider temperature
range, convenient preparation in high purity, and freedom from hazards
in handling and reaction work-up. Salient features of the present
work are analysis of products by gas liquid chromatography (GLC) and
structure confirmation by unequivocal syntheses,

Part IL describes the isolation and characterization as separate
entities of the stereomers resulting from electrophilic addition of
hydrogen halides to a cyclic alkene, 4-tert-butyl-l-phenylcyclohexene.
Isolation and rigorous characterization of the products from this type
of reaction do not appear to have been reported previously. A striking
example of the influence of the tert-butyl group on chemical reactivity
is presented. Also, one of the few known unambiguous examples of
possible SNimtype reaction between an alcohol aznd hydrogen halide is

discussed.

ix



CHAPTER I

HISTORICAL

Photochemistry of Silver Salts of

Carboxylic Acids

A wide variety of silver salts of carboxylic acids have been: shown
to be 1ight-sensitive.41 Variations in photosensitivity of different
salts may be due to absorption maxima, degree of optical rotation, and

.cis-trans isomerism.43 Colorless silver salts exhibit the greatest ab-
sorption in the 5490-5700 i region., Chemical constitution apﬁears to
affect sensitivity only as structure influences color of the silver
compounds.45 The long-wavelength limit of photosensitivity of aliphatic
salts was observed to increase.with the number of carbon. atoms.

Photographic emulsions prepared with silver salts of aromatic acids
were one hundred times. less sensitive than those with silver chloride,29

‘while emulsions containing aliphatic salts were only twc to three times
less sensitive.28 . 8ilver oxalate (I) has been studied far more exten-
sively than any other salt. The.impossibility of generating hydro-
carbon species from the oxalate limits analogies with other salts, but
mechanistic studies on the oxalate may be generally useful. In an in-
vestigation of the kinetics and mechanism of the photolysis of I,
prolonged irradiation of 25372 wavelength resulted in:.90% decomposi-

. 17 ;s \ . s s .
tion. Carbon dioxide and silver were formed in stoichiometric



amounts. The activation energy was determined to be 950 cal./mole,
‘Electron paramagnetic.resonance-spectroscopy;indiéated,the presence of
a radical ion in UV-irradiated 1,40 The effect of impurities on rate
of photolysis was measured by observing silver nuclei formation via
electren microscopyo8 Cupric.ions (3 x 10_3 mole %) markedly increased
the rate, presumably because of the facility for accepting electrons.
Applications for silver salts as’radical sources. have been found.
For example, vinyl polymers were effectively photopolymerized in the

presence of silver acetate (II) and silver benzoate (III),19

Pyrolysis of Silver Salts of Carboxylic. Acids

From the dry distillation of silver acetate (II), Chenevix re-
ported acetic acid (IV), carbon dioxide, and a residue of silver and

carbonolo In repeating this experiment, Iwig and Hecht failed to

H3CCQZAg~————b,HBCCOZH + €0, + H,C=CH, + Ag +C

observe any'ethylene,,25 When II was heated with toluene in a sealed
tube for 14 hr. at 23003 only silver and IV were observed; no acetic

anhydride (V) or carbon dioxide was detected,36 -S8ilver acetate (II)

dehydrogenated tetralin to naphthalene at 2300, 36

ol ) O
H.CCO.Ag '+ 230"y y.cco.m + +
3449, 3¢40,
. other
IT

d
v products

'Liquid media may affect the reaction path. From silver phenyl-

acetate (VI) in toluene. at 230?‘bn1y benzene and phenylacetic acid

C6HSCHZCO

2

230°
—_— .Y _C '
Ag toluene C6HSCHZCOZH + C6H6

VI | S VII



(VII) could be isolated,36‘ Dry pyrolysis of VI at the same tempera-
ture gave benzene, benzoic acid (VIZI) and two unidentified organicv
products, neither of which could be VII or its anhydride,36

Evidence for the intermediacy of anhydrides was provided by Kamevs-
kaya and co-workers. Since formation of anhydride and metal oxide are
exothermic and decomposition to prodﬁcts is endothermic, intermediates
may be isolated by quenching partially pyrolyzed silver salts,27 Some
acetic anhydride (V) was obtained with the acid IV from silver acetate
(XI). The major products from silver benzoate (LII) were benzoic an-
hydride (IX), benzoic acid (VILL), phenyl benzoate (X), and small

amounts of phenol (XI) and benzaldehyde (XII).26 The ester X was sup-

C6H5002Ag———D»C6H5002H + (C6H5CO)20 + C6H5C02C6H5 + C6H50H + C6H5CHO

I1I VIII IX X XTI XIL.

posed to have resulted from reaction of XI and IX. . Pyrolysis of silver
benzoate (LII) in XI also gives X.36 Further work showed that the sil-
ver, copper, and calcium salts of a variety of carboxylic acids give
anhydrides on pyrolysis.42

Decomposition of silver carboxylates to the corresponding anhy-
drides and the metal oxide are thermodypamically allowed. The salts
of many other metals cannot decompose by this routeo4

Extension of carbon chains predominates in the pyrolysis of fluor-

31

inated salts., Thus, silver trifluorcactate (XILILI) at 400° gives
hexafluoroethane (XILV) in good yield. Similarly, the perfluoroproc-
pionate (XV) gives perfluorobutane (XVL); the perfluorcbutyrate (XVLL)

gives perfluorohexane (XVIIIL). Anhydrides were postulated as inter-

mediates because carbon monoxide was evolwved. Under conditicns of the



reactlon, silver oxide decomposes to the free metal.
2 CF,(CF,) CO,Ag —Z’L-QE?-)[CF {CF ).<CO] O-LCO"—G‘ CF,(CF,) (CF,) CF,
37 2n 72 -AgZO 37 2'n 2 -co 3 2'n 2’n -3

Dichlorocarbene (XIX) apparently results from the pyrolysis of sil-

ver trichloroacetate (XX).24 The stoichiometry was found to be

'3 C1,CC0,Ag L, (C1,0€0) 0 + €O, + CO+3 3AgC1
The following mechanism was proposed:
1. Cl,CC0,Ag —P :CCl, + CO, + AgCl

XX XIX

, . -AgCl
2, XX + : .0012——)0130@020012Ag _TCb_meccom.

3. 013ccoci +-.n;§ﬂb<013@co)zo

‘More direct evidence for the carbene XIX was furnished by heating XX in
cyclohexene (XXI) at 700. In addition to trichloroacetic anhydride

(XXII), significant quantities of l-formyl-cyclopentene (XXILIL} and

dichloronorcarane (XXIV) were obtai‘ned.z4

70° :
C1,0C0,A8 + @—-——) (€156€0,) ,0 + @»CHO +®12

XX X¥I XXII XXITL XXIV

Neighboring group participation was observed for the pyrolysis of

si,_lverchlorobenzoate’(.XXV).44

: , O-
—_ i
c1

XXV

=0

]

+ AgCl + co,

(@]



Benzyne (XXVI) was, proposed as an infermediate° No orgénic products

_.O

co A -C == .
& "*O mAgCI ' |
cl > ~co ‘
. 2 i
XXV

0-C 0=

other than benzoic acid (VIIL) were detected in an unexplained pyrolysis

@:‘:@

- of XXV in furan at 2500. The same materials at 175° géve chlorobenzoic
acid (XVII).**

The pyrolysis of previously irradiated silver oxalate (L) was
shown to be autocatalyzed by silvera4 Surprisingly, decomposition did
'notlappéar.to be influenced by foreigmn silver, Sulfur compounds greatly

accelerated the reaction while oxygen. retarded it,

Decomposition of Benzoyl Peroxide in Cyclohexene

Benzoyl peroxide (XXVIII) on being heated alone gave CO, and bi-
phenyl (XXIX) plus small amounts of phenyl benzoate (X) and bemzene°13

Initial formation of benzoyloxy radicals was demonstrated by decomposi-

(CH 002)2————4> €O, + (C/Bg), + CH.COC B, + CB

2 65772765 676

tion of XXVIIT in CCl4 containing traces of water and iodime°21 Quan-
titative conversion»to benzoic acid (VIIX), presumably via benzoyl

hypoiodite (XXX), was realized. A similar reaction in cyclohexene

(C6H5002)2——————4> 206H5002° : C6H5002“ + T ———ﬁb@6u CO,I + 1

XXVIII XXX



XXX + H)0 —— CH.COH + HOI

VIII

(XXI) gave cyclohexylene 1,2-dibenzoate (XXXI) and 2-iodocyclohexyl

benzoate (XXXII).39

O + (CgHCO )2——)©°2‘3‘36H5 QI
02CC6H5 OZCC6H5
XXT XXVIIL : XXXI - XXXII

In general, when XXVIII is decomposed in alkenes, the quantity of
benzoic acid (VIII) formed accounts for about‘half of the reacted perox-
ide XXVIII. The rémainder of XXVIII mostly gives rise to benzoates
through solvent attack by benzoyloxy radicals. Little carbon dioxide
is evolved and phenylation products can be isolated only in low.yield.
Since‘\CO2 evolution increases with temperature, the activation energy
for formation of benzoyloxy radicals appears to be higher than for
attack of many solvents.

Apparently the first attempt to identify products resulting from
pyrolysis of XXVIII in XXT was that of Farmer and Michael.15 Reaction
at 140° for 6 hr, gave a complex mixture which was partially separated
by repeated fractional distillations. The products positively identi-
fied weré benzene, benzoic acid (VIII), 3,3'-bicyclohexenyl (XXXiII),
and cyclohexyl benzoate (XXXIV). Tentatlve evidence for the production
of 3-cyclohexenyl benzoate (XXXV) was obtained. A tricyclic olefinic
ester (XXXVI) was also isolated. No evidence was found for the pres-
ence of cyclohexane (XXXVII), bicyclohexyl (XXXVIII), or phenylcyclo-

hexane (XXXIX).



(CeH5C0.),  +

- XXXVIIL - XXL

140° | 6.hr.
Cgly + CgHgCO,H + CGHCO,CcH,,

VIIL XXXIV

+ unknqwn ester, 019H24O2

gDistillatioﬁ fractions, none of which were pure compounds, were
aﬁalyzed by carBon-hydrogen determination9 iodine number, and degrada-
tion. Esters XXXV and XXXVI couI&'not be separated by distillation.
Saponification of the Cl3-ester fractipn gave cyclohexanol (XL} and
3~cyclohexeﬁol (XLI). From the occurrence of the latter alcochol, XXXV
was éssumed.to be 3—cycloﬁexeny1 benzoate. Esters X¥XV and XXXV wefe
obtained iﬁ a ratio of 3:10 based on iodine and bénzoyl values., Sapon~
ification of a.Clgmegfer fraétion yielded a céﬁpound'Clezooﬂ from
elemental analysis and molecular weight déterminationo This product

was assumed to be 2-(3-=cyclohexenyl)cyclohexancl (XLII) and XXXVI, the

correspoﬁding benzoate, without further justification.

OH
XLI XLIE

A more quantitative study of the decempesition. of XXVIIL in XXT

23

has Béen made-by_Hermansﬁand Van Eyk. The averaée number of chain

-stebs‘was 2-3; Behééyloxy'radigals preferentially attacked the double



bond. The resulting secondary radicals tended to attack the allylic
position., To judge by the yield of COZ’ one mole of XXXVIII gavé 1.7
mole benzoyloxy radicals and only 053 mole phenyl radicals. The fate

of the latter was not determined. Of the benzoyloxy radicals, 0.31 mole
appeared as benzoic acid (VIII); the remainder, as benzoates. In addi-
tion to the products of Farmer and Michael, evidence was obtained for
the presence of a hydrocarbon assumed to be 3-cyclohexylcyclohexene

(XLIII) and a cyclohexylcyclohexyl benzoate (XLIV}. 1=Cyclohexenyl

o]
"
XLII1 X
benzoate (XLV) was shown to be absent. No further evidence was acquired
on the structure of XXXVI.
Noma and Tsuchida studied the decomposition of XXVIII in XXI at
60° for 200 hr.37 The major product reported was 3-cyclohexenyl ben-
zoate (XXXV) with less of the l-isomer XLV and a trace of cyclohexyl

benzoate (XXXIV). Small amounts of benzoyloxycyelohexane polymers

were also reported with tentative structures.

(o]
60 o e
(CglgC0y, + @ 700 Fit. Caﬁsc‘z‘@ T CgigtYy

XXVIII XX XXHV ALY

i () ==
06H5( JZO



CHAPTER II
DISCUSSION OF RESULTS AND CONCLUSIONS

In the photolysis of silver benzoate (III) in cyclohexene (XXI) at
700, significant products are benzoic acid (VIII) and 3-cyclohexenyl
benzoate (XXXV).6 About 5% of the cyclohexene undergoes reaction in

24-26 hr. at 70°. Phenylation is a minor reaction, Several major

hv
C,H.CO . Ag + |__.___.;CHCOH + CHCOO
6572 0700’24”“ 65772 675 2N\

ITT XXI VIIIL XXXV

o)

"L
products_remain unidentified. - Either heat or irradiation alone promotes
little decomposition of IIL. The reaction is accelerated by cuprous
ion,

Positive identification of cyclohéxyl benzoate (XXXIV) is lacking.
This ester and XXXV were not cleaniy éeparated by any of the three GLGC
columns’employed. A component of the reaction mixture had a retention
~ time comparable to that of XXXIV, but peak reinforcement did not appear
to take place with mixed injections, Tf XXXIV is present, the amount
is considerably less than that of XXXV.

No bicyclohexyl (XXXVIII) was found, suggesting that the participa-

tion of cyclohexyl radicals is negligible. - Attack of cyclohexene by



10.

cyclohexyl radical would be expected a priori to give XXXVIII.

O O — OO
— O - O

The generation of benzoyl radicals in the photolysisvof silver
benzoate (ILI) in cyclohexene (XXIL) has been discounted by inference
from the photolysis of III in anisole (XLVI).S The possibility was
raised by the discovery that benzoyl chloride (XLVIIL) in XLVI

subjécted to gamma radiation gave methoxybemzophenones.14 Xf the

ﬂ gamma 8
C6H5001 + C6HSOCH3 Lays CéHSCC6H4OCH3
XLVII XLVI

energy of activation for nuclear substitution were too high to occur
under photolytic conditions, beﬁzaldehyde (XII) or benzil (XLVIII)
would be expected. However, none of the possible products was observed.
Structure XXXVI proposed by previous worker:s15 for one photolysis
product has been disproven by an independent synthesis, A likely path
for the formation of XXXVI involves attack of the secondary radical
XLIX on the readily available cyclohexene (XXI). That no XXXVI was

found suggests that hydrogen abstraction apnd/or disproportionation are

more likely than addition of XLIX to cyclohexene.
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<:::> +  CH/C00- — <C::>»»oocc6ﬂ5 XXI

XXI T XLIX

—>

OZCC6H5 02€C6H5

+ others

Phenylation accounts for a very small portion of the identified
products. Since the phenyl radical has been shown to add readily to
olefin bonds, l-phenylcyclohexene (L) would be expecfeda The produc-

tion of L in only trace amounts in benzoate photolysis seems to preclude

’ L

phenylation as being significant.

Benzoic anhydride (IX) was examined as a ﬁossible intermediate in
silver benzoate (ILIL) photolysi:s3 since IX has been shown to form upon
pyrolysis of III.,26"’27342 Neither heat nor UV irradiation gave reac-
tion mixtures.comparable to photolyzates of IIL ir cyclohexene (XX1)
or anisole (XLVI). Cyclohexene and IX did give 3-cyclohexenyl benzoate

(XXXV), but this product was shown to arise from cyclchexyl hydroperox-

ide (LI).’

XXT -———p@-o v 2LE—PH)O + < >_oo + Ooa
O;O’ 4+ XXL ————D @‘OH + < > .
) L XLI

XLI + (C6H Co) O~—w—~) C6H Co —{(::j> +  VIIT

XXXV
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Carefully purified IX under conditions designed to promote radical reac-
tions gave none of ester XXXV. No benzoic anhydride (IX) could be de-
tected by GLC under a variety of conditions.

Added silver oxide was without significant effect on the photoly-
sis of III in anisole (XLVI). Silver oxide and IX were found to give
III in almost quantitative yield when heated together at 150° for 1 hr;

the same starting materials gave no visible reaction at 70-80o (2 hre).5
150°
(C6H5CO)20 + Ag20 —p 2 C6H5C02Ag
IX III

Hence, if IX were a crucial intermediate, a large excess of silver oxide
should suppress product formation.b Such an effect for the yield of ben-
zoic acid (VIII) was not observed.5 Therefore, IX 'does not appear to
be an intermediate.

A composite of peroxide and benzoate decompositions may be ration-

alized by the following reactions:

C6H5C02- + <;> -——--)06115(:0'2 ———-9C6HSCO=-2—D,
}+' C6HSCOZ—@ + c»6?.&5002-<;>
c6ﬂscoz,~ + <:>——) C6H5C02H +©»
Z@‘ - Qﬂﬁ
OO —= 00 —
OO - OO«
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Other reactions could well give rise to the above products, but: those
cited seem most reasonable in view of the concentrations of reactive
species.

There is fair correlation among products of the pyrolysis of benzoyl
peroxide (XXVIII) in cyclohexene (XXI) and the photolysis of silver
benzoate (III) in XXI., Pronounced differences exist, however, concern-
ing the relative amounts of certain products. Ratios of 3-cyclohexenyl
benzoate (XXXV) to cyclohexyl benzoate (XXXIV) in the mixtures have been
determined as 23 (600, 200 hr.,);37 0.2 (7009 24 hru);z3 and 0.3 (14009
6 hru).16 If ester XXXIV is produced by photolysis of III in XXI, its
concentration is much less than that of ester. XXXV, Ester XXXV would
almost certainly undergo radical attack more readily than would XXXIV,
Thus, there is presently po simple explanation for the wariation in the
ratio of XXXIV to XXXV reported in the present work as well ééffﬁomlﬂhlb.f

other studies..16’23’37



CHAPTER IIIL

EXPERIMENTALZ™ €

Preparétion of Silver Benzoate (III). To a suspension of 31.0 g,

(0.250 mole) benzoic acid (VIII) in 100 ml., water was added 40 ml.of con-
centrated ammonium hydroxide., After the solution was neutralized with
-benzoic acid (about 1.0 g.), 38.5 g. (0.250 mole) of silver nitrate in
100 ml. of water was added with rapid stirring. The white precipitate
-was removed by suction filtration and washed successively with 500 ml.
of water, methanol, and ethef.

Since the salt III is partially decomposed by heat, it was dried
over phosphorus pento#ide at 1 mm. for 8 hr; yield was quantitative,
To ensure complete removal of moisture, the product was recrystallized
from hot pyridine which had been distilled from barium oxide; Because
this precaution had no observed effect on photolyzate analyses, silver
benzoate (III) was ordinarily used without purification,

Photolysis of Silver Benzoate (ILI) in Cyclohexene (XXI). Photolysis

aChromatographic gnalyses were made on an Aerograph A-550 appar-
atus (Wilkens Instruments, Inc.) with a hydrogen flame ionization de-
tector. Three columns were used: 10% silicone rubber (1/8 in. by
8 ft.), 20% SE-30 (1/8 in. by 8 ft.), and 4% UCON non-polar (1/8 in.
by 4 ft,). - All substrates were on acid-washed Chromosorb V.

b .
Infrared spectra were determined on a Beckman IR-5A spectrophotom-
eter, Liquids were examined as films on sodium chloride plates, and

solids, as potassium bromide pellets.

Cofs . . ,
Microanalyses were performed by Galbraith Laboratories, Knoxville,
Tennessee. :

14
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was conducted in a 100-ml. quartz flask equipped with a reflux condenser..
The ultraviolet source was a Hanovia mercury lamp which emitted radia-
tion of wavelength 1849 to 4000 L. The intensity of 3130 X radiation
-at 40 cm, was 250 microwatts. The reaction mixture was held 10 cm.

from the source. In a typical experiment,,l,SQ g. (0.00560 mole) of
silver benzoate (IIIL) suspended in 20 ml. of cyclohexene (XXI) (dried
over MgSO4 and redistilled) was irradiated 26 hr. while being stirred
magnetically. The resulting deposit of silver on the reaction vessel
was mechanically removed as necessary.

In some runs the apparatus was flushed with dry ﬁitrogen and pro-
tected by a calcium chloride tube. - These precautioné appeared to have
no influence on the reaction.

- Heating of the irradiated mixture was necessary for any significant
reaction, When the UV source was fitted with a quartz heat filter, only
. trace amounts of products were detected., Without this filter, the
reaction mixture was heated under reflux (700) by the UV source alone.

The reaction mixture was filtered agnd the filtrate concentrated on
a water bath under aSpirator pressure, The IR spectrum of the result~
ing yellow oil was similar to a composite of the spectra §f VIL and
XXXV, |

The photolyzate, dissolved in ether, was shaken with aqueous sodium
bicarbonate solution, dried (Mg504), and analyzed by GLC. ' Analysis of
the photolyzate prior to bicarbonate treatment showed this step affected
none of the products except benzoic acid.

The influence of cuprous ion was studied under the same conditions
as described by adding 0.50 g. of anhydrous cuprous chloride. Work-up

in the same way gave a green oil. The color indicated the presence of
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organic copper compoﬁnds as cuprous éhloride is.not noticeably soluble
in the sta?ting materials;

Control experiments performed by irradiating cyclohexene neat
showed that none .of the high~boiling photolysis products were formed,

. Pyrolysis of Silver Benzoate (IIIL) in Cyclohexene (XXI). Reaction

conditions were the same as outlined previously for photolysis except
that electrical heating of the mixture in a flask protected from light
by aluminum foil was employed. Silver benzoate (III) was only. slightly
. darkened. The pyrolyzate contained components corresponding in reten-
tion times to those from photolysis, Amounts were near the detection

limits of the instrument,

Preparation of Cyclohexyl Benzoate (XXXIV). While a solution of
10 ml. (0.10 mole) of cyclohexanol, 20 ml, {0.25 mole) of pyridine, and
30 ml., of benzene was stirred vigorouslys 14 ml. (0.12 mole) of benzoyl
chloride was added in several portions over a pericd of 14 minutes.
’Precipitation began within 3 minutes. Stirring was continued 1 hr.
The reaction mixture was filtered by suction, and the residue was
washed with benzene. After solvent was removed from the combined fil-
trate and washings, the product was distilled to give three fractions:
(1) b.p. 112-124/10 mm, (2) b.p. 133;137/10 mm, and (3) b.p. 140

143/7 mm; (1it.,>>

b.p, for XXXIV, 132-3°/15 mm). The last fraction
had a refractive index of 1.5175D35 and was pure cyclohexyl benzoate
(XXXIV) by gas chromatography; yield 19 g. (93%). Absorption maxima
were observed for C=0 (1700 cmowl) and C6H5 (710 cmoml)g see Plate II.

Anal. Calcd. for CyqH C, 76.44; H, 7,90,

1692°
Found: C, 75.95; H, 7.64,

Attempted preparation of XXXIV from cyclohexanol and benzoyl
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chloride in aqueous sodium hydroxide gave only benzoic acid. Virtually
none of ester XXXIV resulted when the sodium salt of cyclohexanol was
treated with benzoyl chloride in dry benzene,

Preparation of 3~Bromocyclohexene (LII). A mixture of 89.0 g.

(0.500 mole) of N-bromosuccinimide and 2.0 g (0.0083 mole) of benzoyl
peroxide (XXVIII) was added over a period of 20 minutes to a boiling

solution of 100 ml. (1.10 mole) of cyclohexene (XXI), 2.0 g. (0.0083

mole) of benzoyl peroxide, and 350 ml. of CCI4°16’22’47

minutes of heating, the yellow solid was replaced by the white, less

During 30

dense succinimide., After the reaction mixture was cooled with an ice
bath, it was filtered by suction., The filtrate was concentrated to
180 ml, on a steam bath under aspirator pressure and stored over marble
chips in a refrigerétor, This solution was used directly for synthetic
. . . 21 . -1
purposes; characteristic absorption = was observed at 731 cm, .,
Further concentration of the above solution always resulted in
decomposition, as evidenced by gas evolution and prenounced discolora-
tion. Samples shaken with aqueous ferrous ammonium sulfate to remove

peroxides decomposed similarly upon concentration,

Preparation of 3-Cyclohexenyl Benzcate (XXXV), Method I. To a

suspension of 20,0 g. (0.0830 mole) of silver benzoate (IIL).in 50 ml.
of benzene was added 42 ml, (0012vm01e maximum) of a solution of 3-
bromocyclohexene (LII). in 00143 with vigorous swirling after addition
of each portion.  Removal of silver bromide by filtration and concentra-
tion of the filtrate under reduced pressure gave a light yellow oil.

Frationation of this oil afforded, after a forerun b.p. 59-84Y1 mm., a

25

colorless liquid, pure XXXV by GLC,b.p. 84%1 mm., np 1.5382; yield

1

7.05 g. (42%). Peaks for H-C=C (2560 cm.” 1), =0 (1710 em.” 1), c=C
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(1670 cm.ml), and C6H5 (705 cm.ml)<were observed for XXXV,

Anal. Calcd. for Cl3Hl402: C, 77.20; H, 6.98.
Found: C, 76,82; H, 6.99.
The forerun of the distillation deposited solid upon cooling which,

after recrystallization from hexane, was shown to be benzoic acid.

. Preparation of 3-Cyclohexenyl Benzoate (¥XXV). Method 2, Follow-

ing the procedure of Miles and SurgenorSBA.EEEEwbutyl perbenzoate was
made by simultaneous addition of 14.05:g. (0.1000 mole) of benzoyl
chloride and\7,20 g. (0.130 mole) of potassium hydroxide .in 17 ml. of
water to a rapidly stirred mixture of 12.8 ml. (0.110 mole) of tert-
butyl hydroperoxide and 7.0 ml. of water at 8-12° over a period of 45
minutes. After the mixture had been stirred 11 hr., the upper layer
was. washed with 5% aqueous sodium bicarbonate and dried (MgSOa), Disg-
tillation gave three fractions: (1) b.p. 88-89.5°/3 mm,, (2) b.p.
89.5-91°/3 mm., and (3) b.p. 91-100°/3 mm. The third fraction was

light yellow. The center cut, pure tert-butyl perbenzoate n 34 1.4982

D
(litv334 n%o 1,5007, b.p. 75-77/2 mm.), was used in the following syn-
thesis.
A general procedure for preparation cof XXXV has been given by
. Kharasch and Sosnovskya?’o”11 although no physical properties for this
ester were reported. To a soluticn of 0.82 g. (0.0040 mole) of terg-
butyl perbenzoate in 0.53 g. (0.0060 mole) of cyclichexene (XXI) (dried

over CaCl,, b.p. 82.5-3.5%°/740 mm.) cooled by an ice bath was added

T2°
0.104 g, (0.000350 mole) of anhydrous, freshly prepared cuprous brom-
ide. The ensuing exothermic reaction gave a dark blue-green mixture,

which was heated under reflux for 30 minutes and then extracted with

benzene, Evaporation of the benzene left a green cil, which was
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chromatographed on a 25 x 2.5 cm. column of acid-washed alumina with
vbenzene—ether mixtures as eluent. The product, obtained in 5% yield
(40 mg.), had an IR spectrum identical to that of 3-cyclohexenyl ben-
zoate (XXXV) obtained by method 1 (Plate III).

Preparation of 2-(3-Cyclohexenyl)cvclohexyl Benzoate (XXXVI,

Using the procedure of Peltong38 XLII was made by adding 40 ml. (0.50

mole) of cyclohexanone in small portions with hand stirring to a gel
made from 50 ml. (0.50 mole) of cyclohexanol, 27 g. of sodium hydroxide,
and 6.0 ml. of water. After being heated under vigorous reflux for
2,5 hr., the yellow semi-solid was stirred while being extracted with
200 ml. each of benzene and ether.  Removal of solvent on a rotary
evaporator and distillation of the residue gave, after a forerun of
b.p. 42-1100/3_mm°, a colorless liquid, b.,p. 110-13/3 mm. (lit0538
135-45/20 mmo)'ng6 1.5010; yield 36.0 g. (40%)., The product, 2-(3=-
cyclohexenyl)cyclohexanol (XLIL}), contaiped some cyclohexanone by GLC
analysis.,

To a stirred solution of 27.3 g. (0.135 mole) of XXXV, 20 ml. of
pyridine, and 15 ml. of benzene was added dropwise 19 ml, (0.15 mole)
of benzoyl chloride, After being stirred 1 hr,, pyridine hydrochloride

was removed by filtration and the filtrate was concentrated on a steam

bath under reduced pressure, Distillation gave a slightly yellow prod-

25

uct which solidified near room temperature, b.p,. 168-70/2 mm., n,

1.5375, yield 33.0 g, (86% based on XLIL). Absorption maxima were ob-
served at 1710 (C=0), 1650 (C=C), and 710 (C6H5) em.” L for 2-(3-
cyclohexenyl)cyclohexyllbenzoate (XXXV1); see Plate 1V.

Anal. Calcd. for CigHy,0,: €, 80.28; .1, 8.45,

Found: G, 80.08: H, 8.38.
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Preparation of 1-Phenylcyclohexene (L). Method 1. A 500-ml.

pre-marked Morton stirring flask flushed with N, was charged with 8.51

2
g. (0.350 g.-atom) of magnesium turnings. After the metal was covered
with 30 ml. anhydrous ether, 4.0 ml. of bromobenzene (dried cver Linde
4-A molecular sie&e) was added, and the reaction was initiated by vig-
orous stirring (required 10 minutes). To the rapidly boiling mixture,
25 ml, ether was added. When the liéuid became dark brown, the remaind-
er of the bromobenzene in 100 ml. of ether was added dropwise during

35 minutes., Heating under reflux with rapid stirring was continued for
2 hr; yield of Grignard reagent, 95%, as determined by the standard
titration technique,

A solution of 26.3 g. (6,2673m01e) of cyclchexanone in 70 ml. ether
was added to the phenylmagneéium bromide at such a rate as to maintain
vigorous reflux (20 minutes). After being kept under nitrogen for 12
hr., the suspension was poured into 1 liter of ice~water mixture con-
taining 100 ml. of 6N HCl which was extracted with 600 then 100 ml. of
ether, The extracts were combined, washed with 250 ml. of 3% aqueous
sodium chloride, and dried (Mgsoq)ﬂ Concentration and, finally, air-
drying gave 44.0 g. of crude l-phenylcyclohexanol.

The l-phenylcyclohexanol thus prepared was dehydrated by the
method of Ga;‘bisch18 for tertiary benzylic alcohols. Powdered, crude
alcohol (44 g., 0.25 mole) was shaken 5 minutes with a freshly prepared
(warm): solution of 12 ml. concentrated sulfuric acid and 48 ml. of gla-
cial acetic acid. The resulting orange emulsion was poured into a
mixture of 200 ml of ether and 300 ml, df water, The separated aqueous
phase was extracted with 100 ml. of ether. To the ether solution was

added 200 ml. of water followed by sufficient sodium carbonate
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monohydrate to neutralize the acid (required 23,0 g.). - The organic
layer, after washing with 200 ml. of 5% aqueous NaCl, was dried (MgSO4)
and concentrated, first by a rotary evaporator, then under high wvacuum
(2 mm.). The yield of crude l-phenylcyclohexene (L) was 34.8 g., 88%
based on cyclohexanone.

By distillation of the crude alkene, three fractions, in addition

to forerun, were obtained: (1) b.p. 59-63%0.6-0.8 mm., ngs 1.5674,
8.1 g.; (2) b.p. 63.5-4.5/0.7 mm., ng4 1.5684, 19.9 g.; and (3) b.p.
24 9

64.5-6570.7 mm., n 1.5664, 0.60 g. of l-phenylcyclohexene (L) (lit.,

D
25

b.p. 82°/1 mm., np

1.5660), The yield of fractions 1, 2, and 3 com-
bined was 24.8 g., or 62% based on ketone. The IR spectrum of fraction
three. (Plate V) corresponded‘ to the tabulated maxima34 of L, with
characteristic absorption3 occurring at 1310 (RIRQCmEH&Q, 1650 (C=C),
1600 (conjugated C=C), and 793 R Ry C=gR3) em.”t,  The MR spectrum
(20%. in 0014) exhibited multiplet; at §1.6, 8 2.2, 65.95, and 87.1,

Preparation of 1-Phenylcyclohexene (L). Method 2. 1-Phenylcyclo-

hexanol was recrystallized from hexane as large rhombic crystals, m.p.
56.5-57°, A second recrystallization (hexane) gave a colorless solid,

20 629).  Alcohol of m.p. 60° (21.8 g., 0.120 mole) was

m.p. 60° (lit.,
heated in a sand bath with 30.0 g. (0.220 mole) of powdered, freshly
fused potassium ﬁydrogen sulfate at 110-140° for 1.5 hr. The dark
product was ground with ether until the liquid was no longer colored.
Distillation of the combined washings gave a colorless liquid, h.p.
67.5-72/0.3 mm.; yield of<l-phenylecyclohexene (L) was 16.3 g., 86%
based on the alcohol, The chromatographically pure fraction»used'as
25

an analytical standard had a b.p. 69-70/0.3 mm., nD‘ 1,5665. KMR and

IR spectra were identical to those for the product of method 1. Use of
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purified alcohol does not appear to be necessary for the preparation of
L. |

When 2-phenylcyclohexanol (LLIL) (cis-trans-mixture) was subjected
to the procedure of methodxlﬂ a complex mixture free of glcohol was ob-
tained from which L could Aot be isolated easily. Likewise, complex
mixtures were invariably realized when LILI was heated with 85% phos-
phoric acid. Extensive rearrangement with the trans isomer and phos-
phoric acid has been reportedu12

Preparation of Bicyclohexyl (XXXVIIL). Zinc dust (35.0 g., 0.540

g.atom) was quickly sifted into a solution of 3 g. of mercuric chloride
in 200 ml. of water. After the mixture had been stirred vigorously for
30 miputes, the liquid was decanted. To the reéidue was added 40 ml., of
water followed by 90 ml, of conc. hydrochleoric acid. The ensuing exo-
thermic reaction subsided within 1 minute. 2~Cyclohexylcyclohexanone
(18 g., 0.10 mole) was introduced followed by 50 ml. of benzene, The
mixture was heated under reflux for 9 hrs. During this time, “hree 20-ml,
portions of conc. hydrochloric acid were added with the feactiom-flask
being cooled prior to each addition. Heating was finslly discontinued
when only a few granules of amalgam remained and no gas was being
evolved. ' The organic layer was washed with water and dried (CaClz>u
Distillation gave a colorless liquid, bicyclchexyl (XXXVZIII) b.p. 81-

;6 1.4830 (1it°532 b.p. 76=8/2 mm., mﬁo

by GLC analysis at'18803 contained a small amount of starting material

o . X
81.5/2.6 mm., n 1.4801), which
(retention time 8 minutes) in addition to the single product (retention
. . . X 3
.time 4.3 minutes). IR absorption corresponded to reported values.

Preparation of 3-Cyclohexyleyclohexene (XLIL). All liquid re-

agents were dried with Linde 4-A molecular sieve, Glassware was dried



at 110° and flushed with dry nitrogen. while still warm,

A 200-ml, flask was charged with 2.0 g. (0.083 g.-atom) of mag-
nesium turnings. The metal was covered with 10 ml. of ether; 1.0 ml.
of chlorocyclohexane (LIV) was added followed by a crystal of iodine.
The mixture was heated until the iodine color had disappeared (required
5 min.); heating was continued 5 min., longer, After 13 ml, of ether
had been added, stilirring was begun. ' The remainder of a total of 9.0 g.
(0.075 mole) of chlorocyclohexane (LIV) in 23 ml. of ether was added
dropwise over a period of 30 min. The resulting dark brown suspension
was then heated under reflux for 20 min. and filtered through glass wool
into - a 250-ml. Morton flask. The light brown sclution of cyclohexyl-
magnesium chloride (LV) was diluted with‘80 ml, of ether and treated
dropwise with a mixture prepared from 20 ml. of a soluticn of 3-bromo-
cyclohexene (LII) in CCl4 (density 1.237 g./ml,) and 30 ml. of ether,.
The solution of LII was added until no more white precipitate formed.
An ice-bath maintained the reaction. temperature at 109150° Over a
pericd of 1 hr,, 13 ml. of the solution containing LIL was used. The
white suspension was stirred 5 hr., at 25° and filtered by suction. - The
yellow filtrate was concentrated then distilled to give 3.0 g. (25%) of

3-cyclohexylcyclohexene (XLIII), a colorless, mobile liquid; b,p, 57-

28

60°/0.4 mm., ng

1,4930, Absorption (Plate VI) was observed at 3000

(HC=C), 1640 (C=C), and 723 cm, =L {BC=C); these maxima are character-
' ]

istic of cyclohexene derivatives,

Hydrocarbon XLIIL was shown by mixed injections to be agbsent from

the photolyzate of silver benzoate (IIL} in cyclohexene (XX1),
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CHAPTER 1
HISTORICAL

Dewar and co-workers have proposed thét gii.addition is the normal
mode of electrophilic reaction of alkenes with hydrogen halideso9
Addition of deuterium bromide to acenaphthaiene (I) gave the cis
adduct II, assuming that dehydrohalogenationQOf the adduct was a trans

elimination.9 Excellent agreement was achieved between two different

O DBr
———
CHZCIZ

~-60

methods of product analysis. One method was determimation of deuterium
orientation in the adducts using the coupling constants of vicinal
protons, which will be discussed in detail later. The other method
consisted of measuring the deuterium content of the elimination pro-
ducts from treatment of the adduct mixtures with base.

Mass spectral and NMR detection of l-deuteriocacenaphthalenme (IILI)
indicated that the cis adduct II comprised 74-90% of the‘produc£9

10

the remainder being trans adduct. The latter compound was shown by

controls to be a primary product of polar addition rather than a product

39
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of isomerization-.or radical addition.
The stereochemistry of addition of deuterium bromide to I was
. o n
independent of temperature (-78 to 25°) and DBr concentration (0.2 to

2M).10 At high DBr concentration (1IM) equal amounts of cis and trans

adducts resulted. Increasing solvent polarify also increased the yield
of trans adduct.

Addition of deuterium chloride to I was slower than addition of
DBr. Significant isomerization of the chlorides was observed.

Addition of deuterium bromide and chloride to indene (IV) gave

80% of the cis adduct (V) and 20% of trams adduct (VI),II Ratios of

v v ' VI
X = Br,Cl

V and VI were obtained from NMR peak heights. The magnitude of vicinal
coupling constants depends on the dihedral angle inVolvedo1 With the
aid of molecular models, the JlNZ value‘for V was predicted to be
7 c.p.s., and for VI, 2 c,.p.s. Observed values were 6.8 and 2.7 ¢.p.s.,
respectively. Attempted elimination of V and VI gave very little
indene (IV).

Predominance of cis addition of DBr to cis~- and Ezggi-lwbhenylm

»propéne (VII and VIII) has also been observeda12

\ s Cetts
SN N
VIL ‘ . ' VILI

HBC
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The reactions presented thus far progressively provided conditions
favorable to participation of 7 complexes. An extreme is found in
acenaphthalene (I) for which steric effects would not favor one mode
of attack over another. Furthermore, a classical icn would be resonance
stabilized while a 11 complex would be destabilized by the strain of
the five-membered ring in I. The preponderance of c¢is addition in all
of the preceding examples led Dewar to reject the intermediacy of 11
complexes in favor of classical ions or ion pairsall Wheré steric
hindrance prevented immediate collapse of the ion pair, rearrangement
could occur to give trans adducts.

The reply has been well made that electrophilic additions have
never been completely described in terms of ¢ complexes.30 By only
slight changes in geometry, initial 1 complexes could form cis adducts
provided the halide ion were still associated with the proton in an
ion pair.

A proton bridge (m complex) has been proposed to explain the

trans addition of DC1 to 3-methylcholest-2-ene (IX)aB Configurational

H
LﬁB

I

X
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agssignments for X were based on well-founded IR (absorption associated
with C-C1 stretch at 782 cmil)vgnd elimination data.

Addition of DBr to cyciohexene (XI1) has been studiede37 The yield
of cis-2-d-bromocyclohexane (XII) increased from 267% at 10° to 74% at

60°. This trend, which is opposite the temperature effect found by

10 . ; : . .
Dewar and coworkers, should be investigated further. No consideration

Br ’
[:::] DBr base
— i
: D
XI XI1 XIII

seems to have been given to the possibility of isomerization or to the

effect of temperature on ionization of DBr.
For the polar reaction of DBr with norbormene (XIV) cis addition

2
has been reported. 7 As shown by deuterium distribution in degradation

A7

X1V
DBr,DZO l 600, 3 hr.
D Br D Br
Br + +
D
Xv AVI XVII

products (cis elimination), 46% of the original reaction mixture was
the cis-exo product XV.
The reaction of hydrogen halide with 1,2-dimethylcyclopentene

(XVIII) at 0° and -78° can be explained most readily in terms of trams
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addition.19 For addition of HBr, the product of both kinetic and

CH3
CH HX CH
3,_______,_;» + 3
: / x
pentane
major
XVIII XIX XX
X = Br,Cl

thermodynamic control was the trams adduct XIX (X=Br). However, the
cis adduct XX (X=Cl) from HC1l appeared more stable than the trans adduct
XIX (X=Cl),

.The addition products XIX and XX were not isolated; their relative
amounts were deduced from the assumption that each halide would give

primarily a different alkene upon base-catalyzed elimination. It was

X §fC4H90Na CH3

“ cn ; >
mesitylene
XIX XVIIL

s~-C H_ ONa
2749

mesitylene

XX XX11

assumed that El elimination was insignificant, although no information
was available on this point.,
A high degree of trans addition of HBr to 1,2-dimethylcyclohexene

(XXII1), 2,3-dimethylcyclohexene (XXIV), and 2-methylmethylenecyclohexane
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(XXV) has been reported.20 It was claimed that bromide XXVI was

oo L
‘ CH CH

3 -3
. CH
XXIII 3
CH3 HBI‘ H
» [:::I:: A | g XXVI (major)
CH 002H .
CH, 3 + Br
XXIV CH
: CH . H 3
o
' ' CH
3
CH3
XXV ’ XXVII

isolated free from the isomeric XXVII, but the only justification seems
td be the uniform rate of solvolysis of the isolated material. Unfor-
tunately, NMR analysis of the products has not been reported. Reaction
mixtures were analyzed by a kinetic method involving elimination
catalyzed by 0.3N NaOH in 98% ethanol.32 After the timé interval
calculated as necessary for reaction of 99% of the trans bromide XXVI,
the rate of elimination was followed by titration. The second-order
plot for this phase was extrapolated,to zero time to give to initial
concentration of cis bromide XXVII.

No invgstigation was made of the importance of radical addition
of HBr to ahy of the alkenes XXIII, XXIV, or XXV. The rate of addition
at -78° was so rapid that it was assumed that the polar addition was
the exclusive reaction.

A significant feature was the finding that alkenes XXIII, XXIV,

and XXV did not give the same ratios of bromides XVI and XVII under
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comparable conditions. These variations; comnsiderably beyond the range
of experimental error, require that the additions proceed in some way
other than through a common carbonium ion of classical planar configu-
ration.

Teﬁtative structural evidence has been presented for the products
from ionic addition of HBr to 4-£g££~butylflwchlorocyclohexene

(XXVIII).33 At low HBr concentration the radical process éompeted with

HBr,25° ’
(CH,) 4C c1 ‘ P -
radical
XXVIII inhibitor B

Br

(CHB)BC
XXX

ionic addition. Radical addition appeared insignificant in the presence
of ferric chloride or a padital inhibitor [4,4/-bis(2,5-di-tert-
butylphenol) (XXXI)]. With either of these compounds present, the only
products detected by IR and NMR were those of ionic addition, the C-1
geminal dihalides XXIX and XXX. In the presence of inhibitor XXXI,
reaction‘in a sealed tube without solvent (250, 8.5 Hra) gave cis-1-
bromo-4-tert-butyl-l-chlorocyclohexane (XXIX) and trans-l-bromo-4-tert-
butyl-l-chlorocyclohexane (XXX) in a ratio of 9:1 (estimated by IR).
When the radical inhibitor XXXI was replaced with ferric chlofide
(25°, 4 hr.), the ratio of XXIX to XXX was 7:3, Neither of the addition
products was isolated. However, product XXIX could be removed with
ethanolic NaOH. The second-order rate constant for this dehydro-

3
halogenation was in good agreement with rates for model compounds,



46

1,1-dibromocyclohexane (XXXII) and l-bromo-l-chlorocyclohexane (XXXIII).
Addition of HBr to-a,B-unsaturated acids was found to occur in a
trans fashion, as shown in the example of cyclohexencarboxylic acid

(XXXIV).38 It has been argued that protonation of XXXIV would give

HBr, CH,CO H

3772
S »
1007, 24 hr.
COZH | Br COZH
XXXV XXXV
carbonium ion XXXVI.12 The rate-determining step would be attack on
—>
X- -
~ + f———OH X &— OH
OH OH
XXXVI XXXVIL

XXXVI by halide ion to form enol XXXVII.v Thus, the reaction would be
a nucleophilic addition not directly related to the electrophilic
addition of hydrogen halide to other alkenes,

In reply to the precedingvview3 it has been maintained that an
enol could not be involved,38 The addition product XXV was isomerized
_po'the more stable trans isomer with HBr in acetic acid (1000, 24 hr.);
muchvless of the_Eiggg isomer resulted with potassiuﬁ bromide in acetic
acid. Consequently, enol formation was thereby implicated in the re-
arranéement.but was rendered unlikely for the additiom reaction. These

results are open to question since reaction mixture compositions were .
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determined only by phase diagrams. More evidence is needed before
the results with these unsaturated acids can be related with electro-

philic additions to alkenes in general.



CHAPTER 1II
DISCUSSION OF RESULTS AND CONCLUSIONS

Addition of hydrogen bromide to 4-tert-butyl-l-phenylcyclohexene
(XXXVIII), under the appropriate conditions, gives cis-4-tert-butyl-l-

‘phenylcyclohexyl bromide (XXXIX) and tramns-4-tert-butyl-l-phenylcyclo-

hexyl bromide (XL). Likewise, hydrogen chloride gives the corresponding

chlorides XLI and XLII. The cis chloride is the product of kinetic

Cetts
X
(CHy) 40
X%¥XIX (X = Br)
XLI (X = Cl)
(CH3)3G—~<C::>~—-C6H5 HX_ P *
pentane
XXXVIII -78° N
 _H
(CHy) 4C 65
XL (X = Br)
= C1)

XLI1 (X

control, and the trans chloride, the product of thermodynamic control.

All four of the halides were isolated. Structures were elucidated,
in part, by Raman and NMR spectroscopy. The trans chloride XLII was
also obtained by a stereospecific synthesis.

Raman spectra clearly'distinguish the ¢cis and trans chlorides

48
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XLI and XLII which were separated by fractional recrystallization of the
mixture from the reaction of hydrochloric acid with cis- and trans-4-

tert-~butyl-1l-phenylcyclohexanols (XLIITI and XLIV). The identity of

: OH
Cetls

8 OH C6H5

CH.).C CH.).C

(CHg) 4 " 5 (CHg) 4
 XLIIT . XLIV
. 25°
) HCl,HZO hexane
\ c1
Cotls
8 .

(CH.).C > o (CH.) %'

373" T 4 373

XLI | XLIT
~ 100%

the mixture from this reaction with that from the addition of HCl té
alkene XXXVIII was established by comparison of NMR and IR spectra.
Also, cis chloride XLI was isolated directly from the alkéﬁé feaCtion.
A correlation of Raman spectra (Table I) shows that only two
maxima can be attributed to carbon-chlorine stfétching,»namely those at
689 and 647 cmml. The higher frequency is attributed to the equatorial
carbon-chlorine bond as a result of studies on compounds of unambiguous

, 2,4
conformation.”’

This relation has been explained on the basis of
ring expansion.,7 When the halogen is axial, there is a small restoring
force on the associated carbon, the vibration being perpendicular to

the plane of the ring. When the substituent is equatorial, the motion

of the carbon forces a ring expansion. The restoring force is greater,
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hence the frequency of this motion is higher.

For the compound l-chloro-l-phenylcyclohexane (XLV), maxima for
both chlorine orientations should be observed. This is the case as
Table I shows. Further confirmation of these assignments comes from
the relative intensities of these bands for XLV (see Plate III). That
conformation XLVb will predominate is most probable from the large

C6H5
cl

Cl

XLVa XLVb

difference in the conformational free energies of the two groups in

the monosubstituted compounds: A = 0.4 kecal./mole, AGg = 3.0

H

o
G
Cl 65

k’cal./mole.13

A rough approximation of the expected frequencies for chlorides
XLI and XLII may be made on the basis of simpler molecules. The
influence of the phenyl group on the C-Cl frequency in the Raman
spectra may be estimated from the C-Cl frequency of 712 cmm,1 for
chloromethane (XLVI) and 679 cm‘.1 for @-chlorotoluene (XL?II),36 The
phenyl group is seen to cause a hypsochromic shift of 33 cmwl, For
chlorocyclohexane (XLVIII) the axial and equatorial maxima have been
identified as 684.5 and 731 cmi}, respectively,26 Phenyl substitution,
then, might be expected to shift the frequencies associated with the
C-Cl stretch to 652 and 698 cm':1 for the c¢cis isomer XLI and the trans
isomer XLII, respectively. This prediction is in fair agreement with

the observed values of 647 and 689 cmal.
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IR absorption occurs at 685 cm.- for the cis chloride XLI
(equatorial C1) aﬁd at 643 cmﬂl1 for the trans chloride XLII (axial Cl).
While these maxima are near those observed in the Raman spectra, it
cannot be stated with any certainty that the IR absorption arises
solely from C-Cl stretching. One reason is that the bromides
XXXIX and XL absorb at 678 and 638 cmjl, respectively. It is
unlikely. that the C-Br. and C-Cl stretching frequencies should
be so similar, Furthermore,  the band at 638“cm:1 is
Raman active, but the intensity is much less than would be expected if
this absorption arose purely from a C-Br stretch. The Raman spectrum
of bromide XXXIX was not determined. Presently, it can only be con-
cluded that the IR frequencies discussed can distinguish these isomeric
halides, but their origin cannot be specified.

Proton NMR spectra also clearly distinguish chlorides XLI and XLII.
Evidence ié provided by the field positions for both the tert-butyl
protons and the equatorial protons on C-2 and GC-6. When the phenyl
substituent is axial, the 4-tert-butyl protons resonate at a higher
field than when the phenyl group is equatorial. These frequencies are
compared in Table II.

Regions of magnetic shielding exist above and below the plane of
aromatic rings.23 The tert-butyl protons apparently may fall within
this region when the phenyl group is axial; thus, the prbtons of the
tert-butyl group of XLI may thereby be shielded more than in XLII as a
result of the magnetic anisotropy of the aromatic ring. This situation
is depicted by structure XLIX,' The tert-butyl protons thus shielded
resonate at a higher field than they would otherwise.’

From Table II it is seen that the magnitude of the shielding effect
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\
AN y// XLIX

appears to be related to the size of the X substituent in structure

XLIX. The order of increasing covalent atomic radii, parallels the

H < 0 < " Ccl1 < Br
covalent 0.28 0.74 0.99 1.14
X 18
radius, ﬁ
?Ag§ (OH) 1.0 0.4 0.5
kcal,/mole13

postulated shielding effect. The observed trend does not correspohd

to that of the conformational free energies AG;, Indeed, it is not

reasonable that such a correlation should exist. The steric interaction

of the phenyl group with X is probably so severe that factors other

than atomic size which influence AG§ may be much less significant,5
Another distinguishing feature in the NMR spectra of chlorides

XLI and XLII is a doublet ceﬁtered at §2.96 in the spectrum of the cis

isomer XLI. Apparently, a comparable distinction exists between the

spectra of alcohols XLIII and XLIV. Since the latter compounds have

been studied in detail along with their 2,2,6,6-tetradeuterio deriva-

tives, they will be considered firstn16



53

The NMR spectrum of the cis alcohol XLIII exhibits a doublet
centered at §2.52. The spectrum of the 2,2,6,6=-tetradeuterio derivative
of XLIII shows this doublet to be the low field half of an AB spectrum
and that it arises from the protons om C-2 and $-6, in particular,
the equatorial protons. The observed coupling constant of 11.5 c.p.s.
corresponding to coupling between H296e and H2,6a is consistent with
known couplings of this typeal The chemical shift difference between
axial and equatorial protons for many cyclohexane derivatives is 0.5
to 0.6 p.p.m. with equatorial absorption occurring at lower field,l
The greater difference between H2,6e and H2,6a of 0.82 p.p.m. may
arise from the magnetic anisotropy of the benzene ring. Calculations
show that the C-2 and C-6 equatorial protons will be deshielded about
0,25 p.p.m. more than the C-2 and C-6 axial protons.,16 As expected,

no methylene absorption for the trams alcohol XLIV is observed above

$§1.65.

0.73 §0.95
C6H5 Cl
Cl 6H5
(CH,) 4C | H (CHy) 4
82,96

XLI ' XLIT

The spectra of chlorides XLI and XLII are readily understood in
view of the preceding discussion. The doublet at §2.96 for the cis
chloride XLI has a width at half-height of 7 c.p.s. and . J = 12 c.p.s.

This signal is, therefore, attributed to the -2 and C-6 equatorial
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protons in the compound having the axial phenyl group, that is, the
cis chloride XLI. For the trans chloride XLII no absorption occurs
above §2.7, except, of course, for the aromatic protons at §7.5.

Very few examples of the stereochemical implications of NMR
spectra of alkyl substituents have beeg reported. The acetylenic protons
of the cis- and trans-l-ethynyl-2=-o-tolylcyclohexanols (L and LL) re-
sonate at §2.39 aﬁd $2.07, réspectively,23 The equatorial ethynyl

HyC

OH

I
E 44— 52.39 §2.07

L LI

group of alcohol LI hinders rotation of the tolyl group causing the
aromatic ring to approach a position perpendicular to the cyclohexane
ring. The acetylenic hydrogen is thus subjected to a region of shield-
ing.

A second example is provided by 3wketo~steroidso40 If the A ring
is forced into a twist conformation by interaction of a Bwlumethy1‘
group with the g-1l-hydrogen, the C-=19 angulor methyl group moves into
the diamagnetic anisotropy cone of the carbonyl function as shown by
structure LII. Thus, the C-19 ﬁrotonsbwill reéonate at a higher field
than if the molecule were in the all-chair conformation LIII. It
should be pointed out here that the preceding explanation has been
opened to question, Karabatsos and coworkers have presented some

evidence that the regions of shielding and deshielding associated
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LII - LIIT

2
-with the carbonyl function may be as shown below. "

In addition to spectral evidence, the proposed structures for the
addition products are supported by reasonable elemental analyses for
the trans bromide XL and the trans chloride XLIL. The cis halides
XXXIX and XLI lose hydrogen halide so readily that satisfactory
analyses could not be obtained.

Such instability is in: itself structural evidence. By operation
of "steric assistance' for reactants proceading through a common tran-
sition state, generally the structure with the greater ground state
energy will react more readily.,6 The cis halides, being the less
stable thermodynamically, would be expeéted to undergo elimination
by an El process with greater ease than the trams isomer.

From the AG§ values for the following equilibria, the equatorial
conformers are favored in each case, but the equatorial:axial ratio
is different for each system.13 On the basis of fhe marked preference
of the phenyl group for the equatorial position in phenylcyclohexane

(LIV), the instability of chloride XLI is perhaps the result of
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C
615 i
H Cc H
—) 65
‘.._
LIV (1%) (997%)
-0G = 3.0 kcal.
T = 25°
Cl H
H S Cl
<«
XLVIII (30%) (70%)

-AG = 0.4 kcal.

considerable 1l,3-interaction, thereby facilitating an El process for
XLI as compared to XLII.

Experimental evidence for the relative stabilities of XLI and
XLII is provided by heating.chloride XLI at‘its melting point., The
product consists almost entirely of trans chloride XLII and the alkene
XXXVIII.

The kinetic and thermodynamic products of addition may be identified
from the results at different temperatures (Table IV).

For less than complete addition of HC1 (Table IV, reaction 2),
the cis chloride XLI is formed in decidedly greater amount than trans
chloride XLII. Since thermal equilibration favors XLII rather than
XLI, the higher yield of XLI in the addition reaction may result from
XLI being formed more readily (in other words, it is the kinetic
product). At -78° (reaction 1) the yield of XLI remains high. It
may be objected that such a high yield results from the equilibrium

between XLI and XLII being altered by the lower temperature. However,
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the trans chloride XLII experienced no rearrangement under these reaction
. o

conditions. The results can be explained by assuming that at =78,

XLI is definitely the major initial product, being the result of kinetic

control and is partially isomerized to the more stable XLIIL. Since the

(CH3)30-—<i::>>——CéH5

XXXVIII
HC1, -78°
pentane 15 min.
v
C6H5 Cl
Cl CH
+ o 65
(CH3)3C (VH3)3C
XLI XLIL
HCL, -78°
pentane 1 hr.
no reaction
?
XLI P XLII

cis chloride XLI is stable in €Cl, at 25° for at least a day, it is

4
improbabla that isomerization results from simple elimination and sub-
sequent addition of HCl. It is also difficult to imagine chloride ion
(from HC1l) being present in pentane at -78° in sufficiently high con-

centration to effect extensive isomerization. From these considerations

arises the possibility that nucleophilic substitution is involved as
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shown below. The heavy lines indicate original bonds.

|

H——C1~==C—C1--=H—C1

The results with HBr are inconclusive but at least appear to co-
incide with HC1l addition (Table-IIIL). Only traces of a suspected
radical addition product could be detected (see Experimental, page 87),.
Either the rate of ionic addition far exceeds that of radical addition
or the initially formed radical products are readily rearranged. The
latter possibility was invoked to explain, for example, why styrene
(LV) gave almostﬁéﬁtirely either l-bromo-l-phenylethane (LVI) or

2-bromo-1l-phenylethane (LVII), depending on reaction conditions.39

liquid HBr
- > CHBICH,
pentane
LV
=C
CH H2
LV
HBr, pentane
2 ~CH, CH, Br
o . 2772
25", peroxide
LVIT

With identification of the kinetic product as chloride XLI, it
is now possible to consider the mechanism of addition of HCl to alkene
XXXVIII. Without deuterium labeling a definite conclusion concerning
the mode of addition is not possible, but cis addition of hydrogen
halide to alkene XXXVIII appears as reasonable as does trans
addition.

The reasoning involved may be explained with the following examples.
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A possible mechanism for cis addition to XXXVIIL, involving ion pairs
as suggested by Dewar, is outlined in Figure 1,11 The termolecular
association of hydrogen halide is proposed to agree with the finding
that additions are near third order in HX,31 There appears to be no
significant steric hindrance to immediate collapse of the ion pair
LVIII to the twist form of the product. Form LVIII may actually be
nearer the configuration of the initial.conformer produced than 1is
the chair form of the product,35

For the ion pairs resulting initially from attack either cjis or
trans to the tert-butyl group there appears to be the same degree of
interaction between the phenyl group and the C-2 hydrogens. The only
other apparently significant interaction arises from the tert-butyl
group. Thus, it would be expected that the kinetic product would
arise from the approach for which this interaction between the tert-
butyl group and the incoming HX complex would be minimized. Thus, the
predicted initial product is the cis chloride XLI, which is in agree-
ment with experimental result.

It is true that for addition of HCl to 1,2-dimethylecyclopentene
(XVIII) the kinetic product incorporates the elements of HCLl in a
trans arrangement (see Historical, p,43),19 Care is taken here not
to ascribe this result to trans addition of HCIl by a comcerted process
or by way of a protonium ion for such need not be the case. The rate
determining protonation of the double bond in XVIII could give ion pair
XVIIIa, collapse of which would form thé cis adduct (Figure 2)., 1In
so doing, however, form XVIIIa must pass through a state in which the
methyl groups are eclipsed. Consequently, rearrangement to ion pair

XVIIIb occurs, from which the product XIX is formed.
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Figure 1. cis Addition of Hydrogen Halide to 4-tert-Butyl-l-phenylcyclohexene (XXXVIII)
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As already discussed, the type of interaction which favors ion
pair XVIIIb over XVIIIa does not exist for addition to alkene XXXVIII.
A pronounced preference is observed for cis addition to other systems
(see Historical, p. 41) for which steric effects do not favor rearrange-
ment of the initial ion pair. There appears, then, no reason why cis
addition to XXXVIII should not occur.

It is possible, however, to account for the initial product of
the reaction of HC1l with XXXVIII by a Egggi’addition, Since addition
is rapid at -78° it is likely that the transition state formed by

-attack of a proton or HC1 on XXXVIII more closely resembles product
than starting materia}r In this light, three intermediates with
approximate chair conformations may be deemed candidates for consider-

ation., On the basis of the strong preference of the phenyl group for

Cots

+

C N J
Cl

XXXVIIIa XXXVIIIDb

XXXVIIIc

the equatorial position, the open carbonium ion XXXVIIIa with the
phenyl group axial is the least attractive candidate for the intermediate

precursor of the kinetic product XLI. This argument assumes the vacant
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orbital occupies less space than.the phenyl group which seems reasonable.
In the bridged ion XXXVIIIb, with the tert-butyl group trans to

the bridge, it is observed that 1,3-interaction of protoms at C-3

and C-5 would create an increased energy requirement for chloride ion

attack at G-1, This factor might explain the lower yield of XLII com-

pared to XLI.

Thus, inﬁermediate XXXVIIIc seems to afford the best COmprdmise
withkregard to ease of attack by chloride ion to give the\kinetic
product XLI. Since the reaction of HCl with XXXVIII at -78° is fast,
the resemblance of intermediate XXXVIIIc, or the tramsitiom state
resulting Eherefrom, to product seems reascnable. This isualso in
keeping with the known ability of the tert-butyl group to }mpart a high
degree of conformational hémogeneity to cyclohexane systems so that
chair forms are preferred to minimize intermal torsomnial strain,42
Similar afguments could be applied to aikenemhydrogen chloride com-

plexes as shown below.

cl
[}
\\
Cels ;'Hf\\. |
o
A C H
4% \\442:::::32%‘\ 65
‘ : ] .
(CH,) 5C { (CH,) 5C ,
\ ‘
H
\
\
Cl

There is also the possibility of an intermediate ion XXXVIIId, the
structure of which is somewhat between that of starting materiél and
product. The binodal orbital (with the phenyl group, C-1, C-2, and
C-6 coplanar or nearly so) could be attacked from either side. However,

attack from above would encounter interference from axial protons at
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| XXXVIIId

C-3 and C-S. Consequently, attack from below could be favored to give
XLI more readily as is observed. TIon XXXVIIId cannot be entirely
discounted as the intermediate from‘the evidence available.

The addition of HC1l to XXXVIII is accelerated by decreasing the
temperature. . Negative temperature coefficients have also been observed
for other hydrogen halide additioﬁs.21 These results are consistent
with formation of an alkene-hydrogen halide complex which is less
stable at higher temperatures.30

As reported for many other examples, HBr adds more readily than

HC1 to alkene XXXVIII.3O

This trend is probably a consequence of
bromine being more easily polarized than chlorine.

Interestingly, addition of HBr to a solution of alkene XXXVIII
in C82 in the presénce of ferric chloride gives exclusively the trans
bromide. The role of ferric chloride in this case cannot be evaluated,

however, until addition in CS_, without ferric chloride has been inves-

2
tigated. Also, a detailed study of addition in the presence of ferric
chloride in pentane, the solvent used for the other reactions, is
needed.

Rather surprisingly, substitution rather than elimination pre-

dominates in the reaction of cis~- and trans-4-tert-butyl-l-phenyl-
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cyclohexanols (XLIII and XLIV) with aqueous hydrogen halide. Under the
same conditions, l-phenylcyclohexanol (LIX) gives only the expected

alkene LX, while at a lower temperature the halide XLV is the major

product.
[
Cetls 6ils
\\[f::::::;7L\ OH HC1 ) c1
(o}
(CH,) ,C H)0 25 (CH,) ,C i
XLIIT XXXIX, 45%
+
c1
(CH,) 4C
XL, 55%
OH
CH HC1
(CH,) c\\ZZ::::::j)\\ °> 250 > XRXIX, 33%
373 HZO 5 +
XLIV XL, 67%
HC1, H,0 1
(o} ’ 4
1, oo
0 .
XLV
LIX ' HCL, H,0
- > - CGH
25
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The difference in reactivity of alcohol LIX as compared with XLIII
and XLIV does not arise from differences in stability of the products
since chloride XLV is unaltered under the reaction conditions at 25°.
Also, the alkenes XXXVIII and 1LX are not precursors,K for the respective
halides in the reactions with the alcohols since both alkenes are re-
covered quantitatively when subjected to the reaction conditions used
for the alcohols. The conclusion, then, is that the tert-butyl group
alters an intermediate in the reaction with HX. An intermediate
approximating an open carbonium ion is proposed and will be discussed
in detail shortly.

It appears unlikely that addition of HX in penténe to alkene
XXXVIII and reaction of aqueous HX with alcohols XLIII and XLIV proceed
through a common intermediate. The reason is that the ratio of cis
halide to trans halide for the two reactioms is not the same.

The evidence available indicates that the ratio of halides
observed from reaction of alcohols and HX approximates initial ratios
of products. In other words, isomerization of ome or both halides is
probably minimal. Prolonged contact of HEr in pentane with alkene
XXXVIII affords the trans bromide XXXIX exclusively (Table III).

On the other hand, no change, within experimental error, is observed

in the ratio of halides from alcohols XLIIT amnd XLI¥. In other words,
the halide ratio for reaction of HX with the alcohols does not represent
an equilibrated mixture.

An example of the reaction of HX with alcohols and alkene giving
different ratios of the Sii and trans halides has already been reported.

Reaction of either cis- or tramns-1,2-dimethylcyclopentancl (LXI and

LXII) with hydrogen bromide in pentame gave the same mixture of cis
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and trans bromides XX and XIX (X = Br) over the temperature range of

9

-780 to 250..1 The bromide mixtures from the alcohols were richer in

CH3
Br
CH3
XX XIX
20% 80%

LXTI

the trans bromide XIX (X = Bx) which is in keeping with the proposed
greater thermodynamic stability of this isomer. Similar results were
obtained for reaction of HCl with alcohols LXI and LXII, except that
the chloride mixture from the alcohols contained less df the trans
chloride XIX (X = Cl) than did the alkene reaction mixture. Again,
this relationvis consistent with the cis chloride being the more stable
isomer. The comparison between reactions with alkene XVIII and
alcohols LXI and LXIIL i; especially appropriate since the same reaction
conditions were used for both types of compounds.

A possible reason for the course of substitution versus elimination
for alcohols LXIII, LXIV, and LIX may now be comsidered. To the extent
that an incipient carbonium ion is stabilized by benzylic resonance,
sp2 hybridization at C-1 is involved. The change from sp3 hybridization
of C-1 in the ground state to something approximating sp2 hybfidization

in the transition state or intermediate may involve comsiderable ring
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deformation. Such deformation will be rendered more difficult by
strain imposed from the tert-butyl substituent. The intermediate of
lower energy, LXIIIb could possibly exist in preference to IXIIIa

and, hence, would be product determining.

CH3)3C
(—*%4——»

(CH3)3C LIIIa

Cl

Cotls

C H
65 ——Pp
(CH (CHB)BC

3)3
LILIb XLIV

In the case of l-phenylcyclohexanol (LIX) sufficient emergy is
available at 25° to give the twist—boaf intermediate LIXa mnecessary
for alkene formation. However, the activation emergy is apparently
too great for LIXa to fofm at 0°. Insfead, a hybrid approximated
by LIXb may reéult from ionization of the hydroxyl group from LIX.

Substitution, then, occurs on cation LIXb.

Surprisingly, reaction of trans—4wtert—butylwlwphghylcyc1ohexanol
(X1LIV) with HC1l in pentane at -78° occurs with at least 85% retention
of configuration. This finding is one of the few unambiguous examples
available of what appears Fo be an SNiétype reaction with hydrogen
chloride. Addition of HCl to alkene XXXV1 under these conditions

gives cis chloride XLI as the major product.
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A model example is also provided by the reaction of the erythro
and threo forms of 1,2-diphenylethanol (LXIV and LXVII),8 For reaction
of either isomer in pentane at -78°, 85-90% retention was found.

The use of optically active alcohols for reactior with HX is
generally complicated by the difficulty of determining the optical
purity of the resulting halide. The reactionvbf‘phenylcarbinols of

the type LXX had been reported to proceed with essentially complete
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retention of-configuration.29 Later, the bromides were prepared having

optical rotations of twice the values
earlier work.17
The study of the phenylcarbinols

activity of products as a function of

investigated.

assumed for pure XLLI in the

is valuable in that the optical

temperature was carefully

Three mechanisms were indicated over the temperature
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HBr
H_CHROH p C H_CERBr
5 65
pentane

C

6

LXX LXXT

= OOy T ~H "
R = CH,,CH,CH,) ,CH,CH,CH,

range studied (-80O to 250); these are represented in Figure 3.

In summary, structural assignments for chlorides XLI and XLII
are based on the following evidence. One of the compounds XLII,
m.p. 56.5-580, dec., analyzes for C16H23C1. Passage of this compound
through a column of neutral alumina gives 4-tert-butyl-l-phenylcyclo-
hexene (XXXVIII) as the only isolable product. For this chloride, a
Raman maximum occurs at 647 cm:13 which is consistent with axial
chlorine. NMR absorption for the tert-butyl group (9 protons by
integration) occurs at §0.95. The reduced shielding, as compared with
the other chloride XLI, is in agreement with an equatorial orientation

for the phenyl group. Therefore, the preceding compound described is

proposed to be trams-4-tert-butyl-l-phemylcyclohexyl chloride (XL1I) .

The other chloride XLI, m.p. 77.5-78°, dec., exhibits a Raman
maximum at 689 cmil, which is consistent with equatorial chlorine.
NMR absorption for the tert-butyl protons occurs at 50,733 which is in
keeping with shielding by an axial phenyl group. Also, a doublet at
§2.96 is observed, corresponding to two protoms. By its field position
and coupling constant this signal is assigned to the equatorial protons
on C-2 and C-6. The deshielding of these two protons is in keeping
with the phenyl group being axial. Upon being heated at its melting

point, this chloride is converted to the trans chloride XLII plus
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Figure 3. Reaction of Alcohols with Hydrogen Halide
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TABLE I

1

- RAMAN SPECTRA OF SUBSTITUTED CYCLOHEXANES IN THE 600-800 CM = REGION
Y
X ~
7, _
Cells
' a . a : ., ,a b b,c
LXXXI (trans) X1.II .  (trans) XLI (cis) XLV LIV
X = (CH,C, Y = H X = (CHy)4C, y = C1 X = (CHy)4C, Y = Cl1 =H, Y =Cl =H, Y=H
623 622 - | 623 623 621
647 642
689 686
748 748 740-760 745 741
792 779 782 786 773

agmHeptane solution.
b R
‘Neat liquid.

cReference 14.

YL



TABLE I

RAMAN SPECTRA OF SUBSTITUTED CYCLOHEXANES IN THE 600-800 CM-1 REGION
Y
X “r
‘y
Cells
a a . 4 b b,c
LXXXI (trans) XLII (trans) XLI (cis) XLV LIV
X = (CHy),C, Y = H X = (CHy)4C, Y = C1 X = (CHy)4C, ¥ = Cl =H, Y=Cl =H, Y=H
623 622 623 623 621
647 642
689 686
748 748 740-760 745 741
792 779 782 786 773

a_1;1_=-Heptane solution.
b A
Neat liquid.

CReference 14.

YL



TERT-BUTYL PROTON NMR DATA FOR SUBSTITUTED CYCLOHEXANES

TABLE II

(CHy) 4C
Cpd. X Y Plate s(p.p.m.)

b

XLIII C.He OH XX 0.77
XL C H, Br XVI 0.70°
XLI CH cl XVII 0.73
65 b

LXXXI C He q XXVII 0.80
XLIV OH G Hg XXI 0.89
XXXIX Br C.H, XV 0.90
XLIT cl C H, XVIII 0.95
LXXX H € He XXVI 0.88

aCCl4 solution.

b . . .
Determined from a mixture of cis and trans

isomers.

6L



TABLE III

ADDITION OF HYDROGEN BROMIDE TO 4-TERT-BUTYL-1-PHENYLCYCLOHEXENE (XXXVIII) IN n-PENTANE

Reaction Alkene, Additives Temp. ilOC Time, min. Product Composition %
moles/50 ml. 5 mole % XL XXXIX XXXVIII
1 0.0023 none. 54 15 60 40 0
2 0.0023 none -78 15 60 40 0
3 0.0023 none 25 15 70 30 0
4 0.0250 FeCl3(CSZa) 25 60 100 0 0
5 0.0250 FeCl, 25 60 70 30 0
6 0.0390 (C6H5)2NH 25 480 ma jor
7 0.0250 A1BN,UVE 25 480 major’
8 0.0023 H,0,0.50 g. -s4 15 ~100°

aCarbon disulfide as solvent.

bEstimated by IR.

c - s . . R
s/ -Azobisisobutyronitrile, ultraviolet irradiation.

9L



TABLE IV

ADDITION OF HYDROGEN CHLORIDE TO 4-TERT=BUTYL-1-PHENYLCYCLOHEXENE (XXXVIII) IN n-PENTANE

Reaction Alkene Temp., +1 C Time, min. Product. Composition, %
moles/50 ml. ' XLII XLI XXXVIIL
1 0.0023 -78 15 46 54 0
2 0.0023 =54 15 11 48 41
3 ©0.0023 =15 15 0 0 100
4 0.0023 25 180 0 0 100
5 0.0100 =78 15 40 60 0
6 0.0100 -78 45 33 67 0

LL



CHAPTER III
EXPERIMENTAL® "8

Preparation of 4-tert-Butyl-l-phenylcyclohexene (XXXVIII). For the

preparation of phenylmagnesium bromide (LXXII) all liquid reagents were
dried with Linde 4-A molecular sieve. Reaction vessels were dried at
110° and flushed with nitrogen while they were still warm.

A 500-ml. Morton flask was equipped with a mechanical'stirrer,

aThe infrared spectra were determined with a Beckman IR-5A spectro-
photometer as films on sodium chloride plates or as potassium bromide
pellets.

The Raman spectra were determined using a helium-neon laser Raman
spectrophotometer with a Jerrall-Ash double monochromator. Liquid
samples were measured neat and solids as solutions in n-heptane.

“The proton nuclear magnetic. resonance spectra were measured on a
Varian A-60 high resolution spectrometer., Tetramethylsilane was used
as an internal standard. The solvent was carbon tetrachloride unless
otherwise indicated.

dGas-liquid chromatographic analyses were made with a Varian-
Aerograph 1520 apparatus using a thermal conductivity bridge. Columns
used were 5% silicone rubber (with dimethyldichlorosilane) on acid-
washed Chromosorb G (1/8 in. by 8 ft.), 2% fluorosilicone (QF-1) with
hexamethyldisilane on Chromosorb W (1/8 in. by 6 ft.), and 5% nitrile
gum (XE-60) on Chromosorb W (1/8 in. by 6 ft.).

e .
Areas on spectrograms were measured with a Keuffel and Esser
compensating polar planimeter.

£ .
Microanalyses were performed by Galbraith Laboratories, Knoxville,
Tennessee. :

gMelting points were determined on a Fisher-Johns heating stage
and are uncorrected.

78
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addition funnel with nitf§gen inlet, and a Friederich condenser. To
the flask was added 8.41 g. (0.350 .g.~atom) of magnesium turnings and
20 ml. of ether followed by 3.0 ml. of bromobenzene (LXXIII). Reaction
was initiated by rapid stirring for 1-2 min. When the mixture was
boiling vigorously and had become dark brown, 25 ml. of ether was
introduced. The remainder of a total of 50.0 g. (0.318 mole) of
bromobenzene (LXXIII) in 100 ml. of ether was added during 30 min. with
rapid stirring. The mixture was heated under reflux for 1.5 hr, and

‘ then»brought up to 200 ml, with additionai ether. Three 1500.m1~
aliquots were added to 50.00 ml. of 0.04855N HC1l, heated almost to
boiling, cooled, and titrated to a phenolphthalein end point with
0.04671N NaOH. The yield was 0.312 mole (98%).

While being stirred, the solution of phemylmagnesium bromide
(LXXI1), containing some unreacted magnesium, was treated dropwise
under nitrogen with 43.3 g. (0.281 mole) of 4w£g££—butyicyclohexanone
(LXXIV) [Dow Chemical Co., m.p. 39-40° (lit,.,22 m.p. 47.8-48.7°)]
dissolved in 100 ml; of ether. Addition at a rate which maintained
vigorous reflux required 30 min. Solid was deposited within 15-20
min., after addition of LXXIV had begun.

The thick mixture was stirred 2 hr. and then poured into 300 ml.
of ice water; 300 ml. of 3N BCl was added followed by 600 ml. of ether.
Stirring for 15-20 min. was necessary to dissolve the solid. The
organic phase was dried (MgSOa) and concentrated under aspirator pres-
sure. Thé tan solid thus obtained was pulverized and air-dried. The
yield was 61.6 g. (95%) of a mixture of cis-4-tert-butyl-l-phenyl-
cyclohexanol (XLIII) and trans-4~tert-butyl-l-phenylcyclohexanol

(XLIV). NMR analysis indicated equal amounts of each isomer to be
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present.

The product was always contaminated with ketone LXXIV. Heating
the reaction mixture undef reflux for 2 hr; and stirring for up to
18 hr. at 25° did not result in complete reaction‘of the ketone. Using
30% in excess of the theoretical amount of Grignard reagent was also
ineffective.

An unsuccessful attempt was made to extract the impurities from
the Grignard-ketone complex prior to hydrolysis. The complex was
easily filtered by suction, but washing with a total of 800 ml. of
anhydrous ether left ketone in the product as shown by infrared absorp-
tion at 1720 cm .

However, ketone LXXIV was remO?ed by derivation. Crude product
(alcohols XLIII and XLIV) (10.0 g.) with 2.5 g. of Girard's reagent T
[ (carboxymethyl) trimethylammonium chloride, hydrazide (LXXV)] in
50 ml. of methanol and 5 ml. of écetic acid was heated under reflux
4 hr. The‘coéled solution was pourgd into a mixture of ether-water
{250 ml1:250 ml). The ether iayer was washed (100 ml. of water) and
dried (MgSOA)' The concentrated preduct exhibited no carbonyl absorp-
tion.

Since ketone LXXIV could be removed from the compounds dérived
from the crude mixture of alcohols either by distillation or crystal-
lization;the purificafion just described was not usually employed.

The mixtufe of alcohols XLIII and XLIV was dehydrated by the
procedure of Garbisch.15 Crude alcohol (61,6 g.) was shaken 5 min.,
with a freshly prepared solution of 20 ml. of concentrated sulfuric
acid and 30 ml. of acetic acid. The resulting red, opaque suspension

was poured into a mixture of ether-water (150 ml:250 ml). The organic
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phase was washed with 100 ml. of water and 100 ml. of 10% aqueous

potassium carbonate solution then dried (MgSO Removal of solvent

nE
gave a brown oil weighing 54.5 g. (91% yield of crude alkene based on
ketone). Distillation yielded the following fractioms: (1) b.p.
42-85°/0.05 mm., 1.96 g.; (2) b.p. 90—950/0005.mm., 8.02 g., ﬂ;3 1.5436;
and (3) b.p. 95—990/0.05-0,08 mm., 36.45 g. (61% based on ketone),

ﬂ§3 1.5432,0f 4-tert-butyl-l-phenylcyclohexene (XXXVIII) (1it,,15

b.p. 106-107°/0.4 mm., ngo 1.5437) .

The first two fractions contained biphenyl (LXXVI) and 4-tert-
butylecyclohexanone (LXXIV) in addition to XXXVIIL. The third fraction
was pure alkene XXXVIII. Analysis was performed by TLC (Silica G with
chloroform) and GLC (5% silicone rubber on Chromosorb G).

Alkene XXXVIII showed an ultraviolet absorption maximum at 248 myy
(emax 11,300). Characteristic infrared absorption (Plate V ) occurred
at 1650, 1260, and 655 cm'l. Absorption at 1650 em™ ! was also observed
in saturated derivatives of XXXVIII but at_reduced intensity.

NMR spectroscopy was the most convenient means of detecting 4-
tert-butyl-l-phenylcyclohexene (XXXVIII}. Absorption was observed

(Plate XIV) at §0.88[(CH,) €], §5.95(vinyl H), and §7.15(Ar-H).

Preparation of cis~ and trans-4-tert-Butyl=-1-phenylcyclohexyl

Bromides: (XXXIX) and (XL). Hydrogen bromide was bubbled for 1 hr.

into a solution of 21.4 g. (0.100 mole) of 4-tert butyl-l-phenyl-
cyclohexene (XXXVIII) in 100 ml. of hexane. The solution rapidly
turned orange and deposited a few drops of brown oil, which adhered

to the flask wall when the solution was poured out. After being con-
centrated under aspirator pressure, the product was taken up in 50 ml.

of hexane and clarified by swirling 2 min. with 200 mg. of activated
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charcoal (Darco G-60)., Gravity filtration and removal of solvent
(aspirator at 250) gave a white crystalline mass, which after three
recrystallizations over a 12-hr. period from hexane at =15°, afforded

8.8 g. (30%) of transm4wtertwbuty1m1=pheny1cyclohexyl bromide (XL),

m.p. 73-75°, dec.
Anal. Caled for Cl6H23Br:_ C? 65.09; H, 7.85; Br, 27.06.
Found: C, 64.90; H, 7.64; Br, 26.84,

The crude bromide, free of alcohol by infrared measurement,
exhibited maxima at 678 and 638 c:mgl9 whereas only the latter absorp-
tion was observed for XL (Plate VII). In the 400m600 cmi1 region, only
two maxima were seemn, at 495 and 546 cmmla The Raman spectrum (powder)
of XL displayed an intense maximum at 555 cmnla

In the NMR spectrum (Plate XV) of bromide XL absorption for the
tert-butyl protons occurred at §0.90. A doublet at §2.6 corresponded
to two protons for equatorial hydrogens on C-2 and C-6.

Crude bromide was prepared as described above but was recrystal-
lized twice from iggpropyl ether within 1 hr. Oﬁe gram (0.0034 mole)
of this product was immediately dissolved in 30 mlabof tetrahydrofuran9
which had been heated under reflux with sodium ribbon for 20 hr. and
distilled from LiAlH4 just prior to use. Under an atmosphere of dry
Nzg 0.049g, (0.0070 gratom) of 1lithium cut in small pieces was quickly
added., The mixture was stirred 12 hr, during which time a white
precipitate formed. Titration of a 3 ml. aliquct showed no basic
compounds to be present, The reaction mixturevwas rapidly filtered
and concentrated. The precipitate mentioned above appeared by solu-

bility and flame tests to be LiBr.

The organic residue was recrystallized from isopropyl ether (30
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min. at -150), m.p. 84-84.50, dec., for cis-4-tert-butyl-l-phenylcyclo-
hexyl bromide (XXXIX). The infrared spectrum (Plate.VI) showed absorp-
tion at 678 but not at 638 cm-l. A composite of the spectra of XXXIX
and XL was identical to that of crude bromide.

Rapid deterioratioﬁ of XXXIX prevented furthér investigations.
Recrystallization of crude bromide provided enrichmernt of the crystals
in the cis bromide (XXXIX) as evidenced by the ratio of NMR signals at
§0.90 (trans) and at §0.70 (cis) for the resbective tert-butyl groups.
However, after 3-4 recr&stallizations (hexane or isopropyl ether) the

amount of the cis-bromide in the solid began to decrease.

Preparation of c¢is- and trans-4-tert-Butyl-l-phenylcyclohexyl

Chlorides: (XLI) and (XLII). The crude mixture of alcohols XLITI and

XLIV (42.2 g., 0.182 mole) suspended in 120 ml. of hexane was shaken
with 100 ml. of concentrated‘HCl (1.16 moles) at 26° until all solid
had disappeared (10 min.). The yellow mixture was separated and the
aqueous layer extracted with two 25-ml. portions of hexane. The hexane
solution was stirred in a stoppered flask for 1.5 hr. with 14.0 g. of
MgSO4. The filtered solution was éoncentrated on a rotavry evaporator
at 26-30o to'avconstant weight of 36.4 g.; the yield of crude XLI and
XLII was 80%.

The mixture of chlorides XLI and XLII was subjected to the
"diamond' fractional recrystallization scheme described by Richards
and Hall.34 The scheme is outlined below.

starting material

la 1b
Crystals 25{ \*ZEK \NZC
3 N N
o " arore

5a
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All crystallizations were performed at -150 using hexane as solvent.
Details are summarized in Table V. For example, 14.9 g. of solid
la was obtained by dissolving the starting material (36.4 g.) in 25

ml. of hexane and keeping the solution at -15° for 40 min.

TABLE V

FRACTIONAL RECRYSTALLIZATION OF CIS- AND TRANS-4-TERT~BUTYL-
1-PHENYLCYCLOHEXYL CHLORIDES (XLI AND XLII)

Product Volume, ml. Time, min. Weight, g. M.P., C
la 25 40 14.9
2a 25 75 4.3
3a 20 210 2.9 72-6 d.
Lta 20 600 1.9 74-7 4.
5a 10 120 0.9 - 75-7 d.
2b 10 75 3.7
3b 7 45 4.5
4D 20 20 2.6
la’ 10 240 5.5
2a’ 8 210
3a’ 5 60 0.8 53-6 d.
La’ 5 ~ 120 0.3 56.5-8 d.

Mother liquors (2c) and (3c) were concentrated to 21.6 g. of
orange solid. vThis.solid, dissolved in 35 ml. of hexane, was stirred

3 hr. with a solution of 5.2 g. (0.13 mole) of NaOH in 25 ml. of water.
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The organic layer was washed (5% aqueous sodium chloride solution)
until the washings were neutral (required three 100-ml. portions).
The dried (MgSOa) product was concentrated and recrystallized (pro-
ducts la’~4a’) according to the aforementioned scheme.

Product (4a’) was trans-4~tertébutyl-l—phenylcyclohexy1 chloride

(XLII). Characteristic maxima occurred in the Raman spectrum
(Plate II) at 647 cm>! and in the infrared (Plate IX) at 643 and 848
cmml, NMR absorption (Plate XV) for the tert-butyl protons was measured
at §0.95 plus §0.5-2.6(cyclohexyl H), and 87.5(Ar H).
Anal. Calcd for Cl6H23Clz' G, 76.60; H, 9.26; Cl, 14,14,
Found: C, 76.56; H, 9.17; Cl, 14.02.

Product (5a) was cis-4-tert-butyl-l-phenylcyclohexyl chloride
(XLL) shown by elemental and NMR analysis to contaiﬁ 10% of trans-4-
tert-butyl-l-phenylchclohexanol (XLIV). Identifying maxima were
observed in the Raman spectrum (Plate I ) at 689 cm“1 and iq the
infrared (Plate VII) at 685 and 837 cm-l. NMR absorption (Plate XVI) of
the EEEE—butyl protons occurred at §0.73.

Chloride XLI, free from the alcohol XLIV and the isomeric chloride
¥LIT (NMR analysis), was. prepared by bubbling hydrogen chloride intov
a solution of 3.0 g, of 4-tert-hutyl-l-phenylcyclohexene (XXXVIIIL} in
50 ml. of hexane at -780 for 1 hr. Concentration and three recrystal-
lizations of the product from hexane at -15° gave 0.30 g. of cis-4-
tert-butyl-l-phenylcyclohexyl chloride (XLI), m,p. 77.5@780, dec.

The compound decomposes rapidly and a good analysis could not be
obtained.

Apnal. Calcd for C, H,,Cl; C, 76.60; H, 9.26; Cl, 14.14.

1623 |
Found: C, 77.25; H, 9.49; C1, 13.20.
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When chloride XLI was kept at 75-80o for 10 min. and then quickly
cooled, essentially complete conversion to alkene XXXVIII and chloride
XLII was realized as determined by infrared analysis.

Addition of Hydrogen Bromide to 4-tert-Butyl-l-phenylcyclohexene

(XXXVIII) . Hydroggn'bromide gas (99.87% minimum) was passed from a
cylinder through a 4 x 20 cm. column of anhydrous calcium chloride and
then through a fritted glass inlet into a flask covered with aluminum
foil and fitted with a thermometer. The effluent gas passed through a
7 x 7 cm. column of calcium chloride, over a 30% solution of potassium
hydroxide, and finally through a U-tube partially filled with concen-
trated hydrobromic acid. Reaction mixtures were stirred magnetically
except at low temperatures where shaking was used. Glass components
were connected with Tygon tubing, which had to be replaced frequently
because it was readily attacked by the gas.

Reaction temperatufes could be maintained within iloc, For
studies at -78° and -540, Dry Ice-acetone baths were employed, and
for -15° an ethanol-ice mixture was used. These baths were contained
in Dewaf flasks. Repeated experiments showed that expansion of hydrogen
bromide had noc measurable affect on the temperature of the reaction
mixture. |

Product compositions were determined by NMR analysis. The signals
used were those at §7.15 (aromatic); 65.95 (vinyl H), 60.90 (tert-
butyl H for trans-bromide XL), aﬁd §0.70 (tert-butyl H for Sii-bromide
XXXIX) . Since absorption for the tert-butyl protons of alkene XXXVIII,
occurring at §0.88, overlapped with the §0.90 absorption (in XIL),
correction for alkene content had to be made to determine the amount

of trans-bromide XXXIX present. Experimental results varied +37%.
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Thus, composition values differing by as much as 6% cannot be considered
- significant.

Reactions were performéd in 5-pentahe (spectroquality); samples
were made up to a total volume of 50.0 ml. At the end of -the reaction
time, solvent was removed under aspirator pressure (10 min.); the
residue was kept at 0,10 mm. at 25° for 30 min. Analytical samples
were dissolved in CC14 containing tétramethylsilane for NMR analysis.,
Results afe summarized in Table I.

Rigorous purification of solvents did not appear to be necessary.
Petroleum ether (bp 35-500) ﬁas stirred 20 hr. with 10% alkaline
potassium permanganate and then for énother 20 hr, with concentrated
sulfuric acid, and distilled. Solvent thus prepared gave the same
results as did reagent‘grade hexane or petroleum ether (b.p. 35~54O)n
However, water in more than tracé amounts did inhibit a reaction
(Table III,reaction 8).

The formation of products of radical addition was investigated
under a variety of conditions. From reactioﬁ 7 (Table III) three com-
ponents were isolated by preparative TLC ($ilica G with pentane) with
Rf values of 0.00, 0.17, and 0.32, The latter fraction was identified
by 1R and NMR spectra as pure 4-E§££rbuty1-1-phenylcyclohexene
(XXXVIII). The fraction with Rf = 0,17 was.a colorless oil, which
eventually formed a solid giving a positive halogen test (ethanolic
AgNOS); it was tentafively identifiéd as 3-bromo-Eggg-buty1-4vpheny1=
cyclohexane (LXXVII) on spectroscopic evidence...The NMR spectrum
(CCIA) showed absorption at §0.8-2.8 (aliphatic ring protons), 6§0.91

[(cH,),C], 64.65 (1 HCBr), and §7.13 (aromatic protons), Assignment

3)3
for the absorption at §4.65 was based on the values of §4.60-§3.80
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: 41
reported for 4-bromo-tert-butyleyclohexane (LXXVIII). All of the

infrared absorption maxima df LXXVII (neat) occurred in the spectra
of either trans-bromide XL‘Of ¢is bromide XXXIX with variations'in
relative inténsities.
When addition of hydrogen bromide was performed in the dark
(Table III, reaction 3), a lesser amount of LXXVII was obtained than
in reaction (7). With diphenylamine»(LXXIX), and again with exclusion
of light, none of bromide LXXVIIbwas detected. Yields of LXXVII were
visually estimated from TLC spot areas. Recrystallized trans bromide
XL was judged free from the secondary bromide LXXVII by TLC analysis.
All attempts at column chromatography (neutral alumina and silica)
and gas-liquid chromatography (5% silicone rubber on Chromosorb G) of
mixtures of cis- and trans bromides XXXIX and XL resulted only in
formation of 4-tert-butyl-l-phenylcyclohexene (XXXVIII).

Addition of Hydrogen Chloride -to 4-tert-Butyl-l-phenylcyclohexene

gXXXVIIIg. The procedure was the same as that described for the addi-
tion of hydfogen bromide except that ligﬁt was not excluded from the
reaction mixturé.

NMR analysis for the reactants and products was based on absorp-
tion at 57.15 (aromatic H), §5.95 (vinyl H), §0.95 (tert-butyl H for
trans chloride-XLII), and §0.73 (ggggvbutyl H for gig chloride XLI).
Semi-quantitative determination of produéts was possible with IR
analysis.

Addition did not appear to occur when an aqueous solutjon of
hydrogen chloride was used. 4—E£££rButyl—l-phenylcycloﬁexene
(XXXVIII) (4.60 g. 0.0430 mole) in 8.0 ml. of hexane was shaken for

15 min. with 25.0 ml. of concentrated hydrochloric acid. Drying
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(MgSO4) and concentration of the hexane solution gave a liquid which
was shown by IR and NMR to be identical to starting material.

Reaction of Hydrogen Bromide with cis~ and trans-4-tert-Butyl-1-

phenylcyclohekanols: (XLIIT and XLIV). A mixture of bromides XXXIX

and XL was also obtained from the corresponding alcohols. A suspension

of 16.34 g. (approximately 0.07 mole) of a 50:50 mixture of the cis

and trans- alcohols XLIII and XLIV in 65 ml. of hexane was shaken

5 min. with 80 ml. of fuming hydrobromic acid. ‘Work-up and treatment

at 25° with activated charcoal (hexane solution) gave 19.2 g. (92%)

of light yellow solid consisting of 63% trans bromide XL, 24% cis

bromide XXXIX{ and 13% 4-tert-butyl-l-phenylcyclohexene (XXXVIII).

For a reaction time of 30 min.; the fespective percentages were 62,

21, and 17. No hydroxyl absorption was observed in the IR spectrum,
Isolation of trans-4-tert-butyl-l-phenylcyclohexanol (XLIV) was

réalized'in preparing»bromides XXXIX and XL. The solid reaction

mixture from 23 g. of alcohols XLIII and XLIV, 150 ml. of hexane, and

100 ml. of fuming hydrobromic acid (shaken 15 min. at 250) was treated

with 60 ml. of hexane. Most of tﬁe solid dissolved leaving a white

crystalline solid. Recrystallization of this residue from hexane

gave 1.3 g. of colorless needles, m.p. 110.5-111.5°, having an IR

spectrum jidentical to that of trans~4~tert-butyl-l-phenylcyclohexanol

(XLIV) .

Reaction of Hydrogen Chldride with cis- and trans-4-tert-Butyl-1l-

phenylcyclohexanols: (XLIII and XLIV). An equimolar mixture of cisg~

and trans-4-tert-butyl-l-phenylcyclohexanols (XLIII apd XLIV) (5.0 g.,

0.022 mole) suspénded in 15 ml. of hexane was shaken 15 min. at 25°

with 50 ml. of concentrated hydrochloric acid. The layers were
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separated, and the aqueous layer was extracted with two 10-ml.
portions of hexane. Drying (MgSO4) and . removal of the hexane gave a
pale yellow o0il which solidified after being kept at -15° for 12 hr;
yield 4.7 g. (85%).IR absorption maxima corresponded ekactly to those
of thé cis- and trans-chlorides XLI and XLII plus weak absorption at
3330 (hydroxyl) and 1720 cm-1 (carbonyl). The NMR spectrum exhibited
tert-butyl pr;tOn absorption at §0.90 and §0.70 in a ratio of 2:1.
4—£g££-Buty1-1—pheninyclohexene (XXXVIII) was present but in amounts
too small to be measured. TLC (alumina with péntane) showed two com=-
ponents, Rf = 0.0 an& Rf = 0,4, the latter corresponding to alkene

XXXVIII.

trans-4-tert-Butyl-l-phenylcyclohexanol (XLIV) was isolated by

column chromatOgraphyf An equimolar mixture of cis- and trans
alcohols XLIII an& XLIV (2.0 g.) dissolved in 20 ml. of ether was put
onto 80 g. of alumina (Mexck acid-washed) in a 3 x 23 cm. column
packed in hexane. Every 20 min., 100-ml. fractions were collected.
Following'700 ml. of héxane which gave some alkene and 200 ml. of
hexane:ether (9:1), 300 ml. of ether gave a solid, which éfter re-
crystallization from.hexane afforded 40 mg. of trans alcohol XLIV,

16 117r118°). NMR absorption (Plate XXI)

m.p. 109.8-110° (lit.,
qc;urred at 0.90 tert-butyl H), §1-2 (aliphatic ring H), §1.59 (OH),
and §7.3 (aromatic H) in agreement with reported v.alues.16 IR absorption
(Plate X) useful for distingﬁiéhing XLIV from the cis isomer XLIII
occurred at 825 and 755 cm_l.

The trans -alcohol XLIV thus prepared (30 mg., 0.0013 mole) in

5 ml. of hexane was shaken 5 min. with 5 ml. of concentrated hydro-

chloric acid and worked up in the usual way. Assuming the amount of
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alcohols XLIIT and XLIV‘EO bé negligisle (éé indicated by TR) the
product was 76% trans chloride XLII and 33% cis chloride XLI. No
alkene XXXVIIIvéould be.deﬁected by NMR as -evidence by absence of a
signal at §5.95. | |
A suspension of trans alcohol [0.30 g., 0.013 mole, m.p. 110.5-

111.5%hexane), 98% by‘GLC (5% silicone rubber on Chromosorb G)] in
50 ml. of pentane was cooied to -780, Hydrogen chloride was bpbbled
in for 1 hr, By NMR anélysis the product was 85% Eggggv:hloride XLII
and 15% cis-chloride XLI.

| cis-4-tert-Butyl-1l-phenylcyclohexanol (XLIII) was isolated by
chromatography of the cis-trans mixture (50:50) on silicic acid (2.0 g.
on a 3 x 23 cm. column). ﬁé?elopment was with hexane using 100;m1.
fractions, Fractions IOFlibcohtained 50 mg. of cis-alcohol XLIII, m.p.

138-1420 (methanol-water) (1it.,16

158-159°) . NMR absorption (Plate
XX) was obééréed at 50.77 [(CHB)BC], 51.82'(OH), and $7.3 (aromatic H).
A doublet'centeféd at 62.50, corresponding to twé protons, was cleanly
separated from'the remaining absorption (§0.7-2.0) and tentatively
assigned to protons on C-~2 and.C;6.

Reaption.of cis alcohol XLIII with hydrochloric acid at 25° was
performedbas described for thergggggﬂisomer XLIV. The product was
55% trans: (XLII) and 45% cis chloride XLI (again assuming the alcohol
content to be negligible as evideﬁced by IR absorption for the hydroxyl
group) . | o |

- Preparation of cis- and trans-4-tert-Butyl-l-phenylcyclohexane:

(IXXX) and (LXXXI). A mixture of 6.0 g;'(0.028 mole) of Lrtert~butyl~
lwphenylcyclohexene‘(XXXVIII), 10 g. of W-6 Raney nickel, and 50 ml.

of absolute ethanoi was stirred 30 min., gravity filtered, and the
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filtrate concentrated to 3.5 g. (59%) of the cis- and trans alkanes

LXXX and LXXXI. Complete reduction of XXXVIII was indicated ty TLC

(alumina with pentane) and GLC analysis (5% SE-30 on Chromosorb W).
Equilibrétion of the alkéne mixture was accomplished by the

method of G_arbisch-.16 A mixture of 2.8 g. of cis-trans alkane mixture,

100 mg. of 10% palladium on charcoal, and 10 ml. of glacial acetic

aicd was heated under reflux 1.5 hr. then filtered into 25 ml, of water.

Crystalline trans-4-tert-butyl-l-phenylcyclohexane (LXXXI) appeared

immediately. Reérystallization from ethanol gave XLLLI m.p. 38°
(1it., ' 41-29.

The NMR spectrum of LXXXI (Plate XXVI) showed absorption at §0.88
[(CH3)3C], §7.07 (aromatic H), and in a range of g1.0-2.8 (aliphatic
ring H) and indicated the product was free of the cis isomer LXXX.
Absorption occurring at 80.80 and §2.97 in the mixture of cis and
trans alkanes LXXX and LXXXI was attribyted to the tert-butyl and C-1

Pprotons, respectively, of the cis alkane LXXX (Plate XXVII).

Preparatidn of l—chloro-l-phenylcyclohexane (XLV) : Hydrogen

chloride was bubbled for 1 hr. into a solution of 3.0 g.(0.019 mole)
1~pheny1cyci§heXene (LX) (See Part I) in 50 ml. of pentane at -78°.
The colorless liquid remaining after removal of solvent was kept at
0.1 mm. (25°)vuntil a constanf index of refraction was achieved,
nD27 1'5524f Characteristic IR absorption (Plate XI) was observed
at 835 and 638 cm” | with weak shoulders at 823 and 680 cm . The NMR
spectrum (Plate XXIII) showed"only multiplets at 61;8 and §7.3.

Anal., Calce for C12H15C1: C, 74.01; H, 7.77; Cl1, 18.22,

| Found: C, 74.86; H. 7.51; Cl, 17,52;

A portion of the material used for analysis showed evidence of decom-
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position within a day (discoloration and evolution of HC1).
1-Phenylcyclohexanol (LIX) (Part I, 3.77 g., 0.0215 mole) suspended‘
in 15 ml, of hexane was shaken 5 min. with 50 ml. of cbncentréted
hydrochloric acid. The usual work-up gave a liquid identified by its
IR (Part I, Plate V) and NMR (Plate XXV) spectra as IX.
With the same procedure at -10 to 0° the product was 937 l-chloro-
l-phenylcyclohexane (XLV).

7

When XLV (ﬂDz 1.5515) was subjected to the procedure at 250,

chloride XLV was recovered unaffected (ﬂD26 1.5520) .



Plate 1
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‘cis-4-tert-Butyl-l-phenylcyclohexyl Chloride (XLI),
Solution in n-Heptane
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Plate II
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trans-4-tert-Butyl-1-phenylcyclohexyl Chloride (XLII),
' Solution in n-Heptane
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Plate III

600 R 700 o 800

1-Chloro-1-phenylcyclohexane (XLV),
Neat Liquid
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- Plate IV
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traﬁs-4-tert—Buty1-l-phenylcyélohexane:(LXXXI),
’ Solution in n-Heptane
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