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tion mechanism proposed for the isomerization of the
xylenes using a zeolite catalyst may also be operative in
an acid-catalyzed system but obscured by hydrocarbon-
catalyst complex formation.

Experimental Section

The di- and trimethylbenzenes were obtained from Matheson
Coleman and Bell, Norwood, Ohio, and were used without further
purification. The xylenes were all over 99.8% pure and the tri-
methylbenzenes were all over 96.7% pure. The crystalline
catalyst was synthesized from Type Y zeolite with a 8i0,/Al:0;
molar ratio of 5.0 by partial rare earth cation exchange (459, rare
earth) and partial decationization (509%). The balance of the
cations was sodium. The preparation and pertinent properties
of this material have been previously reported.®®

The batch experiments were carried out in a 250-ml Hartalloy
Magnadash, a magnetically stirred autoclave fitted with a dip-
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tube for withdrawing samples. Five grams of catalyst powder was
used for 0.5 mol of xylene.

The flow experiments were carried out in a high-pressure
stainless steel fixed bed reactor of conventional design. For
these experiments the catalyst was used in the form of 1/s in. X
1/s in. tablets. The reaction temperature and pressure were
maintained at 300° and 500 psig respectively in all experiments.
The hydrogen to hydrocarbon ratio was held at 5:1 while the
space velocities varied between 0.5 and 20 g of feed /g of catalyst/
hr.
The analyses were made on a Perkin-Elmer 880 chromatograph
equipped with 150-ft [m-bis(m-phenoxyphenoxy )benzene~Apiezon
L] capillary column and a flame ionization detector.

Registry No.—o-Xylene, 95-47-6; m-xylene, 108-

38-3; p-xylene, 106-42-3; 1,2,3-trimethylbenzene,
526-73-8; 1,3,5-trimethylbenzene, 108-67-8; 1,2,4-
trimethylbenzene, 95-63-6.
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Radical chain addition of hydrogen bromide to 2-chloro-4-t-butyleyclohexene (1) gave exclusively 2e-chloro-
4o t-butyleyclohexyl bromide (8), the product of trans-diaxial addition. AIBN- and uv-initiated free-radical
additions of benzyl mercaptan (A), hydrogen sulfide (B), methanethiol (C), and thiolacetic acid (D) to 1- and
2-chloro- and 1- and 2-methyl-4-t-butylcyclohexene (3, 1, 4, and 5, respectively) were investigated. The
relative proportions of the diastereomeric adducts produced under varying reaction conditions were determined
for the following reactions: A and 1; B and 3 and 1; C and 3 and 1; D and 1 and 3-5. In all cases, trans-
diaxial addition predominated, and the relative proportions of products were shown to be dependent upon the
addendum to olefin ratio. Conformational energy factors associated with the transition state appear to be re-
sponsible for preferential axial attack by a thiyl radical. The lower stereoselectivity of thiol additions, as con-
trasted to those of hydrogen bromide, are best explained in terms of a reversal of the thiyl-radical addition step.
Differences in the extent of this reversibility appear to be dependent upon the relative stabilities of the thiyl
radicals and the 2-thiyl-l1-substituted cyclohexyl radicals, as well as on the rate of chain transfer. Bridged
thiyl radical intermediates are not considered important in these additions. The concentration and temperature
effects observed for free-radical additions of thiols to 1- and 2-chloro-4-t-butyleyclohexene compared with those
observed for additions to 1- and 2-methyl-4-{-butylcyclohexene are of the same order of magnitude, but in op-
posite directions. The energy difference between the cyclohexyl-radical intermediates arising from “equatorial”’
thiyl-radical attack is probably responsible for the opposing trends. The extent of reversibility of the initial
radical addition step is greatest for hydrogen sulfide and thiolacetic acid, less for methanethiol, and nonexistent

for hydrogen bromide.

Free-radical additions of hydrogen bromide to vari-
ous l-substituted cyclohexenes have been reported to
proceed exclusively in a {frans, anti-Markovnikov
manner.2® On the other hand, the addition of thiol
compounds was shown to be nonstereospecifie;** a mix-
ture of isomers was obtained in which the {rans-addi-
tion product predominated. Several explanations have
been offered to account for these results.—¢ One of the
factors taken into consideration was a chair—chair
interconversion of the intermediate radical formed in
the addition step. The importance of such chair—chair
interconversions in the nonstereospecific additions of
thiols can presumably be ascertained by causing the six-
membered ring to prefer a single conformation.” To

(1) A preliminary communication describing a portion of the work has ap-
peared: N. A. LeBel and A. DeBoer, J. Amer. Chem. Soc., 89, 2784 (1967).

(2) H. L. Goering, P. I. Abell, and B. F. Aycock, ibid., T4, 3588 (1952).

(3) H. L. Goering and L, L. Sims, ibid., T7, 3465 (1955).

(4) H. L. Goering, D. I. Relyea, and D. W, Larsen, ibid., T8, 348 (1956).

(5) F. G. Bordwell and W. A. Hewett, ibid., 79, 3403 (1957).

(6) B. A. Bohm and P. I. Abell, Chem. Rev., 62, 599 (1962). This article
contains a comprehensive review of the stereochemistry of free radical addi-
tions.

(7) Cf. E. L. Eliel, “‘Stereochemistry of Carbon Compounds,” McGraw-
Hill Book Co., Inc., New York, N. Y., 1962, pp 219-227.

this end, we have chosen to study the stereochemistry
of the radical-chain additions of hydrogen bromide to
2-chloro-4-t-butyleyclohexene (1), and of several thiols
to 1, 1-chloro-4-t-butyleyclohexene (3), 1-methyl-(4),
and 2-methyl-4-t-butyleyclohexene (5). The light-
catalyzed addition of hydrogen bromide to 3 has been
reported to give predominantly, but not exclusively, 2°-
chloro-5t-t-butyleyclohexyl bromide,® and a bromine-
bridged, radical intermediate nicely accommodated the
data.® Sulfur-bridging has been invoked to ration-
alize the high degree of stereoselectivity observed in the
addition of methanethiol to 1-chloro-4-t-butyleyclo-
hexene (3).1 Only two adducts were identified as pro-
ducts of the reaction between thiolacetic acid and 1-
methyl-4-t-butyleyclohexene (4); the major isomer was
that resulting from diaxial addition, namely 2°-methyl-
5t-butyleyclohexanethiol acetate.!* In methanethiol

(8) The nomenclature system adopted by Curtin and Harder, J. Amer.
Chem. Soc., 82, 2357 (1960), is utilized in this paper.

(9) P. D. Readio and P. 8. 8kell, J. Org. Chem., 81, 753 (1966).

(10) P. D. Readio and P. 8. Skell, 1b¢d., 81, 759 (1966).

(11) F. G. Bordwell, P. 8. Landis, and G. 8. Whitney, ibid., 80, 3764
(1965).
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additions to 4-t-butyleyclohexene and frans-A?-octalin,
the predominant adduct(s) resulted from axial attach-
ment of the methanethiyl moiety.!? In none of the
cited recent studies*—1? has a concentration or tempera-
ture effect upon the stereoselectivity of the thiol addi-
tions been noted, apparently contradicting the earlier
observations.*

Starting Materials.—The vinyl chloride 1 was pre-
pared in 85%, yield by base-catalyzed elimination of
2¢-chloro-4°-t-butylcyclohexyl tosylate (2). Both 1-
chloro-4-t-butylcyclohexene (3)¢ and 1-methyl-4-t-
butyleyclohexene (4)'!® were readily acquired. Cat-
alytic hydrogenation of 2-methyl-4-f-butylphenol fol-
lowed by dehydration of the mixture of cyclohexanols
gave nearly equal amounts of the desired 2-methyl-4-t-
butyleyclohexene (5) and the isomeric 1-methyl-3-¢-
butyleyclohexene (6). These compounds were sep-
arated by preparativege. The structure of 5 was estab-
lished via hydroboration followed by direct oxidation
with chromic acid, which gave an 80:20 (cis-trans) mix-
ture of the epimeric 2-methyl-4--butyleyclohexanones,
as shown by ge and ir comparisons with an 85:15 mixture
of authentic material.’¥ The nmr spectrum of 5 very
closely resembled that of 4, and it is important to ob-
serve that the half band widths of the vinyl proton mul-
tiplets at § 5.42 were identical in both cases (ca. 8.5 Hz).

The nmr spectrum of 6 indicated the presence of one
olefinic proton (5 5.40) and one methyl group attached
to a double bond (6 1.65). The narrower half band
width (4.5 Hz) of the olefinic proton multiplet agrees
with the proposed structure. Hydroboration followed
by oxidation gave a very low yield of a 75:25 mixture of
two ketones. The low yield is most readily explained
in terms of a highly hindered olefinic group in 6.

Jif““@ O
O 4Q

CH3 H3
4

Hydrogenation of 5 and 6 over palladium-charcoal
catalyst in ethanol gave mixtures of the same two iso-
meric hydrocarbons, as demonstrated by ge admixture.
This mixture, containing the czs- and trans-1-methyl-3-¢-
butyleyclohexanes, was different from that obtained
from the reduction of 4 (which gave a mixture, 80:20,
of trans- and cis-1-methyl-4-t-butyleyclohexane, respec-
tively).

It is of interest to note at this point that in the dehy-
dration of the mixture of diastereomeric alcohols to give
5 and 6, a substantial amount of 2t-methyl-4t-t-butyley-
clohexanol (7) was recovered unreacted. A nmr spec-
trum permitted assignment of the axial stereochem-

(12) (a) E. 8. Huyser and J. R. Jeffrey, Tetrahedron, 81, 3083 (1965),
(b) E. 8. Huyser, H. Benson, and H. J. Sinnige, J. Org. Chem., 83, 622
(1967).

(13) N. A. LeBel and G. G. Ecke, 1bid., 80, 4316 (1965).

(14) N. L. Allinger and H. M. Blatter, J. Amer. Chem. Soc., 83, 994
(1961).
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istry (/ = 22 Hz, é 2.95) to the hydrogen « to the hy-
droxyl function.’ The methyl group was assigned the
equatorial position on the basis that oxidation with
aqueous chromic acid in a water-ether system gave a
ketonic product which showed an identical ge retention
time to that of c¢is-2-methyl-4-t-butyleyclohexanone.
Lithium aluminum hydride reduction of 2t-methyl-4t-
t-butyleyelohexyl tosylate (7-OTs) gave a hydrocarbon
whose ir spectrum identified it as cis-3-methyl-t-butyl-
cyclohexane, and this material was indistinguishable
from the major product obtained from the catalytic hy-
drogenation of 5 (vide supra).

Br

OH H
CH, al

-~
oo

OH
cl

9

Radical Additions and Product Identification.—
When 1 reacted with hydrogen bromide in pentane
solution, using benzoyl peroxide or ultraviolet light as
initiators, a single bromochloride was detected by gas
chromatography. The product was identified as
2¢-chloro-4°-t-butylcyclohexyl bromide (8), resulting
from a trans-diaxial addition. Evidence for the struc-
ture of 8 was based on its production in the reaction of
phosphorous tribromide with the ¢rans trans-chloro-
hydrin 9 by way of an SN2 diplacement.’®* The mea-~
sured dipole moment of 8, 3.17 = 0.04 D, is in excellent
agreement with the cis- as well as the frans-diequatorial
configuration of the halogen atoms.” The reaction of
8 with potassium ¢-butoxide to give only 1 provides fur-
ther evidence for a Br-a, Cl-¢ configuration, and ir bands
at 680 and 736 cm—! confirm this assignment,.

Both azobisisobutyronitrile- (AIBN) and ultraviolet
light initiated additions of thiolacetic acid to 1 gave the
four expected diastereomeric 2-chloro-4-t-butyleyclo-
hexanethiol acetates 10-13. The reactions were usually
complete in 1 hr, The excess thiolacetic acid was re-
moved by washing the reaction mixture with aqueous
sodium bicarbonate solution. Control experiments in-

(15) The melting point of 7 has been reported as 72-73°, and that of i as
61-62°; F, Sipos, J. Krupicka, M. Tichy and J. Sicher, Coll. Czech. Chem.
Commun., 87, 2079 (1962). The recovered alcohol, after recrystallization
from pentane and sublimation at reduced pressure, had mp 61-62°, but

on the basis of the chemical evidence offered it was assigned structure 7.
The reported melting points for T and 1 may have been inadvertently trans-

H

S

CH,
H

posed, since the position of the nmr absorption band (5 2.95) for the hydro-
gen « to the hydroxyl moiety in 7 agrees with that reported: E. L. Eliel,
M. H. Gianni, Th. H. Williams, and J. B. Stothers, Tetrahedron Lett., 741
(1962).
(18) E. L. Eliel and R. G. Haber, J. Amer. Chem. Soc., 81, 1249 (1959).
(17) P. Bender, D. L. Flowers, and H. L. Goering, tbid., 77, 3463 (1955).



3114 LeBEL, Czasa, aAND DEBOER

The Journal of Organic Chemistry

TaBLE I

TrE EFFeEcT OF TEMPERATURE AND ACID CONCENTRATION ON PRoDUCT DISTRIBUTIONS FROM THIOLACETIC ACID
AppITIONS TO 2-CHLOR0O-4-{~-BUTYLCYCLOHEXENE (1).

Molar
ratio, Ratio:
AcSH: AcSH ——————Composition, %%————— (10 + 1I):

Run® olefin conen, M Solvent (temp, °C) 10 11 12 13 (12 4 13) 10:11 12:13
1 1:10 0.045 Hexane (5)¢ 57.9 5.1 24.8 12.2 1.7 11.4 2.0
2 1:10 0.1 Hexane (63) 47.0 7.6 30.0 15.5 1.2 6.3 1.9
3 1:1 1.0 Hexane (—60)° 78.7 1.6 12.8 6.9 4.1 49.2 1.9
4 1:1 0.45 Hexane (5)° 67.7 5.3 18.3 8.8 2.7 12.9 2.1
5 1:1 1.0 Pentane (37) 63.5 5.4 21.9 9.2 2.2 12.4 2.4
6 1:1 1.0 Hexane (63) 53.0 5.7 27.7 13.6 1.4 9.4 2.0
7 1:1 0.59 Heptane (86) 46.3 6.8 31.7 15.2 1.1 6.8 2.1
8 1:1 0.59 Heptane (106) 46.2 7.2 32.9 12.8 1.2 6.6 2.6
9 10:1 4.5 Hexane (5) 74.6 5.7 13.1 6.5 4.1 13.0 2.0
10 10:1 5.9 Pentane (40) 70.8 4.6 17.4 7.3 3.1 15.5 2.4
11 10:1 5.9 Hexane (65) 60.5 7.6 20.6 11.4 2.1 8.0 1.8
12 10:1 5.9 Heptane (86) 56.8 6.9 24.9 11.3 1.8 8.2 2.2
13 10:1 5.9 Heptane (106) 53.5 6.6 28.0 11.8 1.5 8.1 2.4
14 30:1 13.5 None (5) 75.8 5.4 12.0 6.8 4.3 14.0 1.8
15 30:1 10 Hexane (68) 63.7 5.1 21.5 9.6 2.2 8.2 2.0

¢ Reaction times were 1 hr. The reactions were run to 40-1009, completion.
b The reactions were carried out under an atmosphere of nitrogen.

tiator.

Unless otherwise specified, AIBN was used as the ini-
The temperature reported is that of the solution at reflux,

except for runs 1, 4, 8, 9, 13, and 14, which were run in a sealed tube in a constant-temperature bath. Run 3 was carried out using a

2-propanol-Dry Ice bath.

¢ Ultraviolet light was used as the initiator.

d The reported percentages are normalized; the deviations

observed from duplicate runs and multiple analysis were ==1.0%, for 10 and 12 and 0.5 for 11 and 13.

dicated that longer reaction times and the sodium bi-
carbonate washings did not change the relative propor-

tions of products.
SR R
H H
Cl H
H Cl
10, R = Ac 11, R = Ac
18, R=H 19, R=H
26, R = CH, 27, R = CH;
34, R = CH.Ph 35, R = CH,Ph
38, R = Ph 39, R = Ph
H H
SR SR
H Cl
Ct H
12, R = Ac 13, R = Ac
200R=H 21, R=H
28, R = CH; 29, R = CH,
36, R = CH,Ph 37, R = CH.Ph
40, R = Ph 41, R = Ph

A cis relationship between the chloro and thiolacet-
oxy groups in 10 and 12 was strongly indicated by the
fact that saponification and subsequent reacetylation
of the chlorothiolacetate mixture afforded these as the
sole chlorothiolacetates. The {rans isomers 11 and 13
were expected to be converted to episulfides under these
conditions, and chlorothiolacetates could not be regen-
erated upon reaction with acetic anhydride. When the
adduct mixture was treated with a stoichiometric
amount of sodium ethoxide in ethanol followed by the
addition of excess methyl iodide, only two chloromethyl
sulfides, 26 and 28, were produced. These were formed
in exactly the same ratio as that of 10:12 in the orig-
inal mixture.

Additional support for the structural assignments of
diastereomers 10-13 was obtained from the infrared and
nmr spectra. Each isomer was separated by prepara-

tive gc and was examined independently. The band
positions for the C—Cl stretching frequency were consis-
tent with the respective configurations of the chloro
substituents, and the observed nmr patterns unambig-
uously define the positions of the protons geminal to
chlorine and to thiolacetoxy. For example, the dis-
tinction between 10 and 12 follows: for 12 the ir bands
at 675 and 740 em—! indicated axial chlorine, and the
nmr absorptions at § 3.72 (1 H, W1, = 21 Hz) and §4.50
(1H, W:,,= 8 Hz) were consistent with an axial hydrogen
a to thiolacetoxy and an equatorial hydrogen « to chlo-
rine; the ir bands at 710 and 735 cm.~'in 10 are for equa-
torial chlorine, and the poorly resolved nmr multiplet
at § 3.78-4.58 (2 H) compared with the well-separated
resonances in 12 results from upfield shift of the axial
proton « to chlorine and a downfield shift of the equa-
torial proton « to thiolacetoxy. A 50-Hz scan of the
acetyl methyl region [SCOCH,, & 2.28-2.37] of
the mixture of these chlorothiolacetates showed four
distinet bands. In addition, the thiolacetate 11 was
prepared by the reaction of cis-4-t-butyleyclohexene
episulfide with acetyl chloride.

The radical-chain addition of thiolacetic acid to 1 was
examined under varying reaction conditions, and repro-
ducible concentration and temperature effects were ob-
served as listed in Table I. The results of solvent de-
pendency on the product distribution were also investi-
gated, and these data are summarized in Table II.

The radical addition of thiolacetic acid to 3 to give the
2-chloro-5-t-butylecyclohexanethiol acetates 14-17 was
also investigated in order to determine whether the posi-
tion of the chlorine atom had any marked effect on the
stereochemical consequences of the over-all addition
process. The effects of concentration and temperature
for these additions are shown in Table II1.

A detailed structure proof of the chlorothiolacetates
14-17 was not undertaken. It was assumed that the
ge elution order would be identical with that for the iso-
meric 2-chloro-4-t-butylcyclohexanethiol acetates (10—
13). Saponification and subsequent methylation of the
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TasLE I1

Propuct DISTRIBUTIONS FROM THIOLACETIC ACID ADDITIONS TO 2-CHLOR0-4-/~BUTYLCYCLOHEXENE (1) IN
Various SOLVENTS

Molar
ratio, Ratio
AcSH: AcSH ——mmm——e—QComposition, %° 19 + 11):

Run® olefin conen, M Solvent (temp,® °C) 10 11 12 13 (12 4 13) 10:11 12:13
6 1:1 1.0 Hexane (63) 53.0 5.7 27.7 13.6 1.4 9.4 2.0
16 1:1 1.0 C8, (46) 56.4 6.6 25.0 12.0 1.7 8.6 2.1
17 1:1 1.0 Methanol (64) 49.5 7.2 27.9 15.4 1.3 6.9 1.8
18 1:1 1.0 C¢H;Cl1 (67) 53.1 5.4 27.4 14.1 1.4 9.9 1.9
19 1:1 1.0 CeH;Cl (105) 46.4 6.7 31.5 15.3 1.1 7.1 2.1
11 10:1 5.9 Hexane (65) 60.5 7.6 20.6 11.4 2.1 8.0 1.8
20 10:1 5.9 CS; (45) 63.5 7.6 18.2 10.7 2.5 8.4 1.7
21 10:1 5.9 Methanol (63) 58.3 7.6 22.0 12.1 1.9 7.7 1.8
22 10:1 5.9 CH;Cl (67) 64.7 5.6 19.3 10.4 2.4 11.6 1.9
23 10:1 5.9 CsH;Cl (98) 49.2 8.0 27.7 15.2 1.3 6.2 1.8
15 30:1 10 Hexane (68) 63.7 5.1 21.5 9.6 2.2 12.5 2.2
24 30:1 10 Methanol (66) 61.0 7.4 21.0 10.6 2.2 8.2 2.0

¢ Runs 6, 11, and 15 are from Table I and are included here for comparison. Reaction times were 1 hr.
b The reactions were carried out under an atmosphere of nitrogen.
perature reported was that of the solution at reflux except for runs 18 and 22, which were run at an oil-bath temperature of 67°.

40-100% completlon AIBN was used as the initiator.

The reactions were run to
The tem-
¢ The

reported percentages are normalized; the deviations observed from duplicate runs and multiple analysis were +1.09, for 10 and 12 and

+0.5% for 11 and 13.

TasLg I11

Tue ErrecT oF TEMPERATURE AND ACID CONCENTRATION ON PrRoDUCT DISTRIBUTIONS FROM THIOLACETIC ACID
AppITIONS TO 1-CHLQRO-4-{-BUTYLCYCLOHEXENE (3)

Molar
ratio, Ratio
AcSH: AcSH Composition, %~ (14 + 158):

Run?® olefin concn, M Temp,’ °C 14 15 16 17 16 + 17) 14:15 16:17
25 1:1 1.0 —60 74.4 1 14.2 10.4 3.1 74 1.4
26 1:1 1.0 63 52.8 4.3 24 .4 18.5 1.3 12.3 1.3
27 10:1 5.9 65 61.3 4.5 19.8 14.8 1.9 13.6 1.3

s Reaction times were 1 hr.

Ultraviolet light was used as the initiator for run 25. AIBN was used to initiate runs 26 and 27. b A

2-propanol-Dry Ice bath was used to cool the reaction vessel in run 25, The temperatures reported for runs 26 and 27 were that of the

solution at reflux.

All runs were carried out under an atmosphere of nitrogen.

Hexane was the solvent. ¢ The reported percentages

are normalized. The data reported for run 25 is based on one run only. Those reported for runs 26 and 27 are based on duplicate runs

and multiple analysis.

adduet mixture 14-17 gave two methyl sulfides, 30 and
32, in the same ratio determined for 14:16 in the original
mixture, supporting the structural assignments of the
¢is compounds.

P

14, R = 5,R = Ac

22, R == 23, R =

30 R = CH; = CHo

H Cl
SR
H

16, R = 17,R = Ac

24 R = 25, R =H

32, R = CHs 33, R = CH;

The possibility that any of the 2-chloro-5-t-butyley-
clohexanethiol acetates 14-17 could have been formed
during the addition of thiolacetic acid to 2-chloro-4-t-
butyleyclohexene or during the analysis of the adducts
10-13 (by a molecular rearrangement process) was elim-
inated by ge analysis of the admixture of both series of
chlorothiolacetates. Eight distinet peaks were ob-
served.

The observed deviations were ==1.09, for 14 and 16, and +0.5%, for 15 and 17.

Determination of the product distributions from the
free-radical additions of hydrogen sulfide to 1 and 3,
which would give the chlorothiol adducts 18-21 and
22-25, respectively, was complicated both by a lack of
resolution and by partial decomposition on ge analysis.
Therefore, these thiols were treated with acetic anhy-
dride and a catalytic amount of pyridine; and the cor-
responding thiolacetates were produced in quantitative
yield. Analyses of the thiolacetates permitted the quan-
titative results shown in Tables IV and V.

The addition of methanethiol to 1-chloro-4-t-butyl-
cyclohexene (3) to give the mixture of adducts 30-33
has been studied by Readio and Skell, and the distri-
bution was ascertained primarily from the results of sol-
volysis studies.’® It was found that nmr spectroscopy
provided a superior method of determining the amount
of each diastereomer formed. This technique was first
applied to the 2-chloro-5-t-butyleyclohexyl methyl sul-
fides (30-33). A 50-Hz scan of the -SCH; region (5
2.07-2.22) afforded a series of well-defined singlets, and
the integrated areas beneath each band provided a mea-
sure of the relative amounts of the respective adduects.
Diastereomers 30 and 32 were collected by preparative
ge and their nmr spectra agreed with those already pub-
lished. The diaxial chlorosulfide 31 was synthesized
from cis-4-i-butyleyclohexene oxide via reaction with
sodium thiomethoxide followed by treatment with
thionyl chloride in pyridine. The nmr spectrum sup-
ported the diaxial arrangement and the infrared spec-
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TasLE IV
Propuct DISTRIBUTIONS FROM THIOL ADDITIONS
10 2-CHLORO-4-t-BUTYLCYCLOHEXENE (1)

Temp, Molar
Run® °C ratio Composition, %

Hydrogen Sulfide, R = H

28¢ 5 12:1 18,78.9 19,2.2 20,8.9 21,10.0
Methanethiol, R = CHj,
33¢ 5 1:1 26,77 27,5 28,8 29,10
34¢ 5 10:1 26, 82 27,5 28,6 29,7
354 86 1:1 26,63 27,9 28,15 29,14
Benzyl Mercaptan, R = CH,Ph
36¢ 10 1:1 34,71 35,10 36,11 37,8
37¢ 86 1:1 34,61 35,12 36,20 37,7
Thiophenol, R = Ph
50° 80 2:1 38, 80 39,2 40,14 41,4

« Reaction times were 1 hr, except for run 50 which was al-
lowed to proceed for 12 hr. The solvent was hexane, except in
run 50 where no solvent was employed. °®Percentages are
normalized and are based on the analytical methods described
in the text. ¢Uv initiation. ¢ AIBN initiation. ¢Benzoyl
peroxide initiation.

TaBLE V

Propuct DISTRIBUTIONS FROM THIOL ADDITIONS
10 1-CHLORO-4-/-BUTYLCYCLOHEXENE (3)

Temp, Molar
Run® °C ratio Composition, Pb=———m———m

Hydrogen Sulfide, R = H
29 ca.—50 10:1 22,71.3 23,1.2 24,9.3 25,18.2

Methanethiol, R = CHj,

30 -78 2.3:1 30,8891 31,2.5 32,2 33,7-10
31 —60 ca.3:1 30,89 32 32,3 33,6
32 10 ca.3:1 30,79 3,4 32,6 33,11

s Reaction times were 1 hr; uv initiation was used and a nitro-
gen atmosphere was maintained over the solutions. ®Percent-
ages are normalized. ¢ Data from ref 10.

trum showed a band corresponding to an axial chlorine—
carbon stretching mode (685 c¢m™!). 2-Chloro-4-t-
butyleyclohexyl methyl sulfide (27) was prepared by a
similar method from #rans-4-t-butylcyclohexene oxide.
The nmr and ir spectra again supported the assigned
diaxial configuration.

Assignment of the position of the -SCHj; absorption of
30, 31, 32, and 27 was done by observing enhancement
in the intensity of the respective nmr band upon succes-
sive addition of each component to the mixture. The
position of the -SCH; resonance for the diequatorial
compound 33 was based on the fact that, when the mix-
ture of 30-33 was heated at 76° in a sealed nmr sample
tube, a new band assignable to 27 appeared at the ex-
pense of 33. The thermal equilibrium 33 = 27 is an
example of the now well-established “generalized di-
axial-diequatorial rearrangement’’ (eq 1).%

A similar pattern was observed in the nmr spectrum
of the 2-chloro-4-t-butylcyclohexyl methyl sulfides
26-29 obtained from addition of methanethiol to 1.
The position of the -SCH; resonance for the two cis di-
astereomers 26 and 28 was determined from a mixture
of the two sulfides obtained by saponification and meth-
ylation of the mixture of the analogous chlorothiol-
acetates 10-13. The method employed for the identi-

(18) A recent report describes such processes in steroidal systems: J.F.
King, K. Abikar, D. M. Deaken, and R. G. Pews, Can. J. Chem., 46, 1
(1968).
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fication of the -SCHj; band of 33 was used to assign the
band to 29 (7.e., 29 = 31 on heating). TablesIVand V
summarize the results of methanethiol additions to both
1- and 2-chloro-4-t-butylcyclohexene. The relative
proportions reported for runs 31 and 32 were obtained
by removing significant amounts of 30 by crystallization
at —20° and obtaining a weight per cent of this mate-
rial. Concentration of the mother liquors and nmr
analysis of the remaining sulfides permitted calculation
of the initial product distribution. The major cis
isomer 34 would not crystallize, and hence it was im-
possible to procure any reasonable quantitative data for
the addition of methanethiol to 2-chloro-4-t-butyley-
clohexene (1) at —60°.

WA
SR

SR
M M

Free-radical addition of benzyl mercaptan to 1 pro-
duced the diastereomeric 2-chloro-4-t-butylcyclohexyl
benzyl sulfides 34-37. The relative proportion of each
isomer was determined by examining the benzyl proton
region (6 3.57-3.91) of the nmr spectra. The results
are also listed in Table IV. A mixture of the two cis
isomers 34 and 36 was obtained from a chlorothiolace-
tate mixture (10~13) by saponification and subsequent
treatment with benzyl iodide. The diaxial benzyl sul-
fide 35 was prepared by the method used for the syn-
thesis of the diaxial methyl sulfide 27. The nmr spec-
trum supported a diaxial arrangement of the chloro and
benzylsulfo groups in this isomer. The position of the
benzyl proton absorption of 37 (diequatorial) was deter-
mined by synthesizing 2¢%chloro-5tt-butyleyelohexyl
benzyl sulfide. Heating this material produced a
mixture containing ca. 709 37.

The benzoyl peroxide catalyzed addition of thio-
phenol to 1 (2:1 molar ratio) gave, after recovery of
starting vinyl chloride, a 359 yield of a 1:1 adduct.
The infrared spectrum of the purified adduct was very
similar to that of the cis,cis-chlorosulfide 38 (vide infra).
Consequently, solvolytic studies were employed for an
analysis. It had been previously determined that sol-
volysis of pure 38 in 809, aqueous ethanol at reflux
temperature for 24 hr gave no detectable chloride.
Solvolysis of the adduct gave 6-7%, titratable chloride,
suggesting the presence of a trans isomer. The solvol-
ysis product (this preparative reaction was carried out
in 709% acetone) was separated from unreacted 38 by
chromatography and was found to consist of a mixture
of 73 = 59, 2t-phenylsulfo-4¢-¢-butyleyclohexanol (43)
and 27 = 5% of 2t-phenylsulfo-5%¢-butylcyclohexanol
by infrared analysis. The crystalline p-nitrobenzoate
of 43 could be isolated from the mixture. The purified
major adduct 38 was shown to be at least 85% homo-
geneous by nmr analysis—some contamination by
another cis isomer was apparent. Similar results were
obtained when the addition reaction was carried out

SR
a
Cl
SR
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with a 10:1 molar ratio of thiophenol to olefin, except
that only 4-59, cis addition was detected by the sol-
volysis studies.

The syntheses of the thiophenol adducts 38, 39, and
41 were undertaken. When a suspension of lithium
(or sodium) thiophenolate was stirred with the tosylate
2 in tetrahydrofuran at 40-60°, a 609, yield of 2t-
chloro-4t-{-butyleyclohexylphenyl sulfide (41) was ob-
tained. Substantial amounts of 1 and diphenyl disul-
fide were also isolated. The structure of 41 was con-
firmed as follows. The trans orientation of the chloride
and sulfide groups was readily determined by the fact
that 41 underwent facile solvolysis—in fact, on at-
tempted alumina chromatography. This solvolysis,
more likely than not, proceeds initially through a twist
form to give the intermediate 42. This sulfonium ion

H
SPh _, W
a s

LiSPh
2 e
N Ph
41 42
lHZO
OH
H
H
SPh
43

would react with water to give 2t-phenylsulfo-4°-t-
butyleyclohexanol (43)—the expected product of di-
axial ring opening. Compound 43 was also prepared by
reaction of cis-4-t-butylcyclohexene oxide with sodium
thiophenolate and was desulfurized to cis-4-t-butylcy-
clohexanol. The nmr spectrum of 41 was consistent
with its configuration assignment.

Ultimate purification of 41 is complicated by the pos-
sibility of diaxial-diequatorial rearrangement to 2%-
chloro-5t-t-butyleyclohexyl phenyl sulfide. Repeated
distillation of 41 did, in fact, cause increasing contam-
ination by an isomer, determined by nmr. However,
the structure of 41 was further verified by oxidation to
a crystalline sulfone which underwent facile dehydro-
chlorination to 1-phenylsulfono-4-t-butyleyclohexene.

The displacement reaction with thiophenolate and
the trans,trans-tosylate 44 led to the formation of 2°-
chloro-4¢-t-butyleyclohexylphenyl sulfide (38) in low

SPh

OTs LiSPh H
—
Cl Cl

H H
44 38

yield. The structure assigned to 38 is supported by the
ir and nmr spectra and by its resistance to solvolysis.
The chloro sulfone obtained from 38 also gave 1-phenyl-
sulfono-4-i-butyleyclohexene on treatment with base.
2t-Chloro-4¢-t-butyleyclohexylphenyl sulfide (39) was
synthesized by the method analogous to that used for
the preparation of 27. The intermediate hydroxy sul-
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fide could be desulfurized to
hexanol.

The free-radical addition of thiolacetic acid to 1-
methyl-4-{-butyleyclohexene (4) has been reported by
Bordwell and coworkers.!! Only two products were
identified, and concentration and temperature effects
were apparently not observed. The work has been re-
peated in this study, and three 2-methyl-5-t-butyleyclo-
hexanethiol acetates (45, 47, 48) have been detected by

CH,
H
H
SAc
46

(not detected)

H
CH3
SAc
H
48

ge and nmr analysis. A 50-Hz scan of the acetyl
methyl region (6 2.20-2.30) of the nmr spectrum showed
three singlets. Surprisingly, a unique concentration
effect was observed, as can be seen from examination of
the data in Table V1.

trans-3-t-butylcyclo-
H
CH;
H
SAc
45
CH,
H
SAc
H
47
TasLE VI

Propuct DisTRIBUTIONS FROM THIOLACETIC ACID
AppITIONS TO 1-METHYL-4-{-BUTYLCYCLOHEXENE (4)

Molar

ratio,

AcSH: = Composition, Pp¢——————r
Run?® olefin 45 48 47
38 1:10 79.9 15.9 4.2
39 1:1 80.4 17.5 2.1
40 10:1 74.0 22.4 4.2
41 30:1 71.6 23.4 5.0

s Reaction times were 1 hr. The reactions were run in hexane
at 86° in sealed tubes. AIBN was used as the initiator. * The
olefin concentration was 0.45 M in all cases. ¢ The reported
percentages are normalized, and are the average of two runs.

Structure proof of the major products 45 and 48 was
reported.!! Structure 47 is suggested for the minor
adduct (vide infra).

The free-radical addition of thiolacetic acid to 2
methyl4-t-butylcyclohexene (5) was also investigated.
Only three 2-methyl-4-t-butylcyclohexanethiol ace-
tates (49, 51, 52) were observed by ge and nmr analysis.

SAC S Ac
H H
CH, H
H CH,
49 50
(not detected)
H H
SAc CH,
H SAc
CH, H
51 52
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A concentration effect similar to that observed for the
thiolacetic acid addition to 4 was noted. The effect of
reaction temperature was studied, and both sets of data
are shown in Table VII.

TasLe VII

Propuct DISTRIBUTIONS FROM THIOLACETIC ACID
ADDITIONS TO 2-METHYL-4~{-BUTYLCYCLOHEXENE (5)

Molar
ratio,
Temp, AcSH: ———Composition, %°———r
Run® °C olefin 49 52 51
42 86 1:10 84.2 14.0 1.8
43 —60 1:1 63.8 32.7 3.5
44 5 1:1 79.3 18.1 2.7
45 86 1:1 79.7 17.9 2.4
46 5 10:1 66.5 28.3 4.7
47 86 10:1 73.9 20.7 5.5
48 3 30:1 64.7 28.9 6.4
49 86 30:1 71.4 23.3 5.4

s Reaction times were 1 hr. Hexane was the solvent, and the
reactions were run in sealed tubes. AIBN initiation was used
for the runs at 86°, and ultraviolet light initiation for the remain-
ing runs. °® Solutions were 0.45 M in olefin in all cases. ©Re-
ported percentages are normalized, and runs 42, 45, 47, and 49
are averages of two or more reactions.

Since the amounts of frans-diaxial products resulting
from thiolacetic acid additions to the chloro olefins 1 and
3 remained fairly constant over a wide range of thiol/
olefin ratios, and since the minor product from thiol-
acetic acid addition to 5 showed a general tendency to
be formed in increasing amounts with higher ratios of
thiol:olefin, 51 was assigned the ¢is (e-SAc, a-CHj) strue-
ture. Even though a sufficient number of reactions
with thiolacetic acid and 4 were not carried out so that a
similar trend for the minor product could be established,
47 was assigned the cis (e-SAc, a-CHj) structure be-
cause of the similarity between the two systems. Evi-
dence for the presence of a fourth adduct (e.g., 46 and 50)
could not be found.

The minor adduct may have resulted from ionic addi-
tion of thiolacetic acid to 5. However, examination of
the literature indicated that such reactions are unusual
and occur in a few special cases only if oxygen has been
rigorously excluded from the reaction mixture. At~
tempts to promote ionic addition of thiolacetic acid to
5, i.e., addition of a radical inhibitor or addition of p-
toluenesulfonic acid, produced small amounts of two
products, presumably adducts resulting from ionic ad-
dition, in addition to the adducts 49, 51, and 52. The
proportion 51:(49 + 52) did not increase under condi-
tions that should promote ionic additions, which sug-
gests that 51 is formed by a free-radical process.

An authentic sample of diastereomer 49 was prepared
by a Sn2 displacement reaction of the diequatorial tos-

SH SAc
7.0Ts NaSH Ac0 N
DMF CH, CH;
49

49-SH

SH SH
CH;
53 CH,
54
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ylate 7-OTs with sodium hydrosulfide in dimethylform-
amide followed by acetylation of the thiol with acetic
anhydride. The nmr spectrum of 49 showed the pres-
ence of an equatorial hydrogen geminal to the -SAc
group (W, = 8 Hz, § 3.83). The synthesized material
showed the same ge retention time and infrared spec-
trum as the sample of 49 separated from the mixture by
preparative ge.

The stereochemistry at the carbon atom bearing the
thiolacetoxy moiety in 52 was assigned on the basis of
the nmr spectrum (W, = 25 Hz, § 2.93) of a sample ob-
tained by preparative gc. The equatorial position of
the methyl groups in both 49 and 52 was established by
Raney nickel disulfurization of a mixture of 49, 51, and
52 (in the proportions described in run 45, Table VII).
A mixture of the thiols 49-SH, 53, and 54 was obtained
from saponification of the corresponding thiolacetates
(49:52:51 = 73.3:20.8:5.7), and these were also desul-
furized. Both reductions showed a 90:10 ratio (based
on ge) of cis- and trans-1-methyl-3-t-butyleyclohexane,
respectively. Obviously the c¢#s hydrocarbon could
only have arisen from 49 and 52 and 49-SH and 53; and,
therefore, the two isomers 49 and 52 must have been pres-
ent to the extent of at least 909 in the original ad-
duct.

The relative rates of addition of thiolacetic acid to 2-
chloro- and 2-methyl-4-t-butyleyclohexene (1, 5) were
calculated on the basis of results obtained from a com-
petition experiment. A hexane solution of 1, 5, and
thiolacetic acid in the proportion 1:1:0.9, respectively,
was irradiated at 10° for 1 hr. Analysis of the starting
olefins by ge, after compensating for differences in
thermal response factors, and calculation showed that
5 reacted 34 times faster than did 2.

Discussion

The radical-chain addition of hydrogen bromide to 2-
chloro-4-t-butyleyclohexene (1) proceeds to give ex-
clusively the product 8 from trans-diaxial, anti-Mar-
kovnikov addition. Similarly, addition to the isomerie
vinyl chloride 3 gave predominantly the analogous type
of product,® and we find no compelling reason not to
accept the bridged bromoalkyl radical hypothesis® to
account for the results in both systems. Significantly,
the higher stereoselectivity for axial attachment of the
addendum radical (Br: in the case of hydrogen bro-
mide) in additions to the 2-halo-4-i-butyleyclohexenes
as compared to the 1-halo analogs appears to be a gen-
eral phenomenon, since it is also observed with thiol ad-
ditions to 1 and 3. Some subtle conformational factor
is probably responsible.

As is apparent from the tabulated results, thiol con-
centration and temperature significantly affect the rela-
tive proportions of produects formed in the additions of
thiols to the four olefins used in this study. The con-
centration dependence is dramatically demonstrated by
comparison of runs 1, 4, 9, and 14 in Table I, runs 44,
46, and 48 in Table VII, and runs 33 and 34 in Table
Iv.

The previous report of the dependence of the cis:
trans adduct ratio upon thiolacetic acid concentration
in free-radical additions to 1-chlorocyclohexene has been
attributed to the effective competition between chair—
chair interconversion of the intermediate radical and
chain transfer.* It was rationalized that increasing the
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thiol concentration would shorten the lifetime of the
initially formed 2-axial thiyl-l1-chlorocyclohexyl rad-
ical (which was assumed to undergo chain transfer to
give only cis adduct), thereby slowing its rate of con-
version into the 2-equatorial thiyl-1-chlorocyclohexyl
radical (which was said to undergo chain transfer to give
both cis and trans adducts).* This explanation cannot
be valid for a t-butylcyclohexyl system.

An alternative explanation must be sought for the
effects delineated in this work. The ¢-butyl groups in
olefins 1, 3, 4, and 5 should not directly interfere with
the direction of approach (top or bottom) of the thiyl
radical to the double bond, and exclusive anti-Mar-
kovnikov orientation is observed in the additions.

equatorial addition equatorial addition
Ha’ Ha’

X He X He

) T

axial addition axial addition

1,X=Cl 3,X=Cl
5X=CH, 4,X = CH,

Over-all preference for axial orientation of the at-
tacking thiyl group is observed in all addition reactions
studied. One explanation for this prevalence for axial
attack!® by a thiyl radical is that the pseudoaxial hy-
drogens (H,/) hinder the approach of the incoming group.
In fact, steric approach control has been suggested as
being partially responsible for the direction of thiyl-
radical attack in the addition of thiolacetic acid to 1-
methyl-4-i-butyleyclohexene.!' However, there is a
marked preference for axial addition of the thiolacet-
oxy radical to the A% double bonds of steroids.® Ap-
proach from the 8 side (axial attack) is generally re-
garded as sterically prohibitive, and thus it appears
that steric hindrance is not the dominating factor in
controlling the direction of radical addition to a eyclo-
hexene.

An asymmetric sulfur-bridged radical 55 (R = CHj)
has been invoked to explain the high degree of stereo-
selectivity obtained in methanethiol additions to 1-
chloro-4-t-butylcyclohexene (3). The chloromethyl
sulfide 30 (a-SCHj, ¢-Cl; frans addition) comprised 869
of the adduct. The preponderance of axial over equa-
torial methylsulfo groups in the adduct was attributed
to the difference in the activation energies required to
produce intermediate 55 (axial thiyl-radical attack) and
the bridged species 56 (equatorial thiyl-radical attack).
It was suggested that most of the product 30 arises by
direct chain-transfer with 55. However, the presence
of the three remaining 2-chloro-5-t-butyleyclohexyl

(19) “Axial” and ‘“equatorial’”’ attack are technically misnomers. The
axial or equatorial position of the thiyl radical is not known until after addi-
tion is complete. The term ‘‘parallel attack’ has been suggested for ap-
proach to the cyclohexene double bond from the same side as the pseudo-
axial hydrogen (H,). ‘Antiparallel attack’” would then describe the ap-
proach from the other side: J. Valls and E. Toromanoff, Bull. Soc. Chim.
Pr., 758 (1961).

(20) R. M. Dodson, P. B, SBollman, and J. R. Deason, J. Org, Chem., 30,

2009 (1965); C. W, Shoppee, M, I. Akhtar, and R. E. Lack, J, Chem, Soc.,
877 (1964).
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methyl sulfides (31, 32, and 33) in the product mixture
was rationalized by postulating an equilibration of the
bridged-radical intermediates 55 and 56 with classical

cl CH—&
‘\

Cl
H

]

I

i

;
-§—CH, H
55 56

open-chain radicals which, when followed by axial and
equatorial chain transfer, would form a mixture of all
four diastereomeric adducts 30-33. These investi-
gators also reported that no observable effect of concen-
tration on product ratio was detected by varying the
methanethiol concentration from 2.8 M to 14 M.10

Even if, as suggested,® bridged radicals are formed
initially during radical additions of thiols to olefins,
available evidence overwhelmingly points to the fact
that such intermediates are not involved in the pro-
duct-determining steps. For example, the highly stereo-
selective processes of cis additions of p-thioeresol to
norbornene and to substituted norbornenes prohibit the
intervention of a bridged species in the chain-transfer
step.?! Additionally, if a bridged radical such as 55
contributed significantly to the relative proportions of
final products, then a change in the electron-donating
or electron-withdrawing ability of the R group on the
sulfur atom should have resulted in a noticeable effect
on the stereochemical outcome of the reaction. An in-
creasing interaction between the sulfur atom and the
radical center due to the greater electron-donating
capability of the R group should generate a propor-
tionate increase in {rans-diaxial addition.

The present work supplies data on the basis of an
anticipated increasing electron-donating ability by the
RS- group in the order thiolacetyl < thiyl < methane-
thiyl, and a bridged thiyl radical is not supported.
From additions to 1-chloro-4-i-butyleyclohexene (3) at
—60° (run 25 in Table III, runs 29 and 31 in Table V),
the ratio of czs products (a-SR, e-Cl) to diaxial trans
products is constant within experimental error (14:15 =
74,22:23 = 59,30:31 = 45). Freeradical additions of
thiolacetic acid and of methanethiol to 2-chloro-4-t-
butyleyclohexene at 5° (run 4 in Table I and run 33 in
Table IV) also gave similar ratios of cis products to di-
axial trans produects (10:11 = 13, and 26:27 = 15).

If bridged radicals are not important, other factors
must be responsible for the high stereoselectivity. The
marked preference for formation of ¢is product relative
to trans product can best be explained—ignoring tem-
porarily the high incidence of axial attack—by for-
mation of the intermediate axial radical 57. The steric
shielding and possible dipolar repulsion provided by the
axial -SR substituent located adjacent to the radiecal
center should force the incoming thiol chain-transfer
agent to approach in the direction opposite to this
group. If this directive effect is superimposed on the
established!*2? preferential axial chain transfer which

(21) A good summary is given by D. I. Davies and 8. J. Cristol in “'Ad-
vances in Free Radical Chemistry,” Vol. I, G. H. Williams, Ed., Academic
Press, Inc., New York, N. Y., 1965, Chapter 5.

(22) F. D. Greene, C. C. Chu, and J. Walia, J. Org. Chem., 39, 1285
(1964). See also F. R. Jensen, L. H. Gale, and J. E. Rogers, J. Amer.
Chem. Soc., 90, 5793 (1968).
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other eyclohexyl radicals undergo, the formation of sub-
stantial amounts of ¢is product from diaxial addition is
not at all surprising.

As noted above, the ultraviolet light and AIBN-ini-
tiated additions of thiolacetic acid, hydrogen sulfide,
and methanethiol to 1 and 3-5 led to produets in which
the relative proportions of adducts having the thiyl
group in an axial position was greater than that with the
thiyl group in an equatorial position. The initial pref-
erence is at least 9:1 and may be greater. A simple
rationale is available to account for this type of “stereo-
electronic control” of addition. Axial attack by a
thiyl radical on 2-chloro-4-t-butyleyclohexene (1) will
lead directly to a cyclohexyl radical having the chair
conformation. Attack from the other side, the ‘“‘equa-
torial direction,” must give a twist-boat radical inter-
mediate (58, X = Cl). The difference between the
chair and twist-boat forms of cyclohexanone has been
caleculated as 3.205 kecal/mol.?? If we assume that
there is a similar energy difference between the two
radical intermediates 57 and 58 (X = Cl), the rate of
formation of 57 should be faster than that of 58. Since
the activation energy difference between chain transfer
from the two intermediates is probably small, the pre-
ference for axial addition is best explained in terms
of the lower energy transition state required to form
the chair intermediate 57. The magnitude of the

H
RS, ka
k-a
X
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tional energy differences between axial and equatorial
—SH and —SCH; groups are approximately 0.7 kcal/
mol;* hence it is reasonable to expect that the inter-
mediate 59 (e-SR) would be more stable than 57 (a-
SR). The energy of activation for the reversal proc-
ess 59 — 1 4 RS- is thus expected to be greater than
that for 5714 RS-,

At low thiol to olefin ratios, reversal of the initial
axial thiyl radical attack competes favorably with chain
transfer. More of the adducts with equatorial SR
groups will be detected because of higher conversion to
intermediate 59. Some chain transfer may occur from
58 leading to products having the skew-boat conforma-
tion, which would then undergo conformational inver-
sion to the more stable chair forms. However, the
equilibrium 58 = 59 favors 59, and it is not unreason-
able to predict that chain transfer would occur only
from 59. At high thiol to olefin ratios, the rate of the
bimolecular chain transfer reaction is increased, and a
higher proportion of the kinetically formed interme-
diate 57 will be trapped. This increase in the relative
proportion of the adducts having axial -SR groups ac-
companying an increase in thiol concentration can only
be explained on the basis that the lifetime of intermediate
57 is shortened, slowing down the competing process of
elimination to olefin and thiyl radical. It is by this in-
hibition of reversibility of the addition step that high

a-SR; e-X

(cis addition)

+RSH (trans-diaxial addition)
H
X a-SR; a-X
SR
57

H SR
q e-SR; a-X
. SR +RSH (trans-diequatorial
: A addition)
X SR: e-
{ H e-SR; e-X

58

difference also depends on the position of the transition
state on the reaction coordinate. For an exothermic
reaction, e.g., 1 + RS. — 57, the transition state un-
doubtedly more closely resembles starting material
than produets.

It is generally agreed that the rate-determining step
in free-radical additions of thiols to alkenes is chain
transfer, and that the addition of thiyl radicals to ole-
fins is reversible. The extent of reversal is a function of
both olefin and radical stability, because both are asso-
ciated with the relative free energies of the interme-
diate states. However, elimination of thiyl radical re-
quires a geometry in which the p orbital of the trigonal
radical center is colinear with the appropriate orbital of
the developing adjacent trigonal center. This require-
ment is met in the initially formed intermediates 57 and
58, but, for elimination of a thiyl radical to occur from
intermediate 58, the twist conformation must be main-
tained. It is very likely that 58 is converted to the
lower energy chair conformation 59. The conforma-

(23) Personal communication from Professor N. L. Allinger.

(cis addition)

59

thiol concentration exerts its dominant control over the
overall stereoselectivity of the reaction. Chain transfer
from the axial thiyl radical intermediate 57 is much
more highly selective in giving trans addition than is
transfer from 59. We are inclined to believe that the
influence of low thiol concentration in reducing the
trans:cts addition ratio via 57 is only of secondary im-
portance.

One fact that has not been accounted for as yet is that
additions of methanethiol are more highly stereoselec-
tive than free-radical additions of thiolacetic acid. It
was pointed out earlier that the extent of reversal in the
addition step is a function of both olefin stability and
radical stability. In the system under study, the olefin
is the same but the relative stabilities of the thiolacet-
oxy and methanethiyl radicals differ. The stabilities
of the intermediates 57 should be the same whether
R = Acor R = CH;. Because of the greater stability
of the thiolacetoxy radical (relative to the methane-

(24) E. L. Eliel, N. L. Allinger, 8. J. Angyal, and G. A. Morrison, “Con-
formational Analysis,’” Interscience Publishers, Inc., New York, N. Y.,
1965, p 438.
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thiyl radical), the reversal process, 57— 14+ RS- (R =
Ac), is more facile than if R = CH;. This difference in
the degree of reversibility of the addition step must be
responsible for the observed variation in the degree of
stereoselectivity. If the chain-transfer rate had been
the determining factor (CH;COSH > CH,SH), then the
opposite order of stereoselectivity would have been
noted. The stereospecificity of hydrogen bromide ad-
ditions can also be included in the over-all scheme if one
considers that no reversibility of the addition step oc-
curs because of the very high rate of chain transfer for
HBr.

The decrease in stereoselectivity observed with an in-
crease in temperature is also consistent with the scheme
presented for additions of thiols to 1. A higher tem-
perature increases the probability that reaction will
occur via the higher energy process (1 — 58) as well as
favoring reversal from 57. Both effects result in an
over-all accumulation of products from the thermody-
namically more stable intermediate 59.

Special solvent effects could have been responsible
for controlling the stereochemical outcome of the thiol-
addition reactions. However, the data in Table II
indicate that each of the observed trends—such as pre-
ferred direction of chain transfer from the intermediate
cyclohexyl radical, thiol concentration effects, and the
effect of temperature—cannot be attributed solely to
the nature of the solvent, since these trends are in the
same direction and are about the order of magnitude in
solvents of widely different polarity.

Displacement with the 2-equatorial thiyl-substituted
cyclohexyl radical (59, X = Cl) is apparently not a
very selective process. Chain transfer from 59 (chair
conformation) will proceed through transition states in
which the stereochemical relationship between the equa-
torial thiyl substituent, the chlorine group, and the
chain-transfer agent HSR is approximately the same.
Although the conformational free-energy difference be-
tween the developing axial and equatorial orientations
of chlorine cannot be neglected, this is only 0.4 keal/
mol in the fully developed product,* and is not large
enough to cause one transition state to be greatly fav-
ored over the other.

There is one intriguing aspect of the stereoselectivity
in chain transfer from intermediate 59 (X = Cl). A
rather surprising change was noted in the ratio of trans
addition (e-SR, a-Cl) to cis addition (e-SR, ¢-Cl) on
variation of the addendum from thiolacetic acid to hy-
drogen sulfide and methanethiol, although in none of
the examples cited was the process very stereoselective.
The ratio of equatorial to axial chain transfer from 59
(e-SR, R = Ac) during the free-radical addition of
thiolacetic acid to 1 was fairly constant at 2:1
throughout the range of acid concentrations and tem-
peratures investigated (12:13 in Table I). This stereo-
selectivity observed in chain transfer from 59 has vir-
tually disappeared in additions of hydrogen sulfide and
methanethiol. A similar change in stereoselectivity
with different thiols was noticed in free-radical addi-
tions to 1-chloro-4-t-butyleyclohexene (3) (run 26 in
Table I11, 16:17 = 1.3 for thiolacetic acid addition; run
29, 24:25 = 0.5 for hydrogen sulfide addition; and run
32, 23:33 = 0.5 for methanethiol addition in Table V).

Electrostatic repulsion or steric compression between
the equatorial thiyl substituent at C-2 and the incom-
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ing transfer agent might account for the variation.
Another alternative involves interaction of the equa-
torial thiol-acetoxy substituent with the radical center,
possibly via a bridged intermediate such as 60. This
type of interaction is not available to thiols. Ap-
proach of the transfer agent from the bottom (axial
direction) is not possible. We do not favor this type of
interaction, because no significant increase in the 12:13
ratio is observed at high thiolacetic acid concentration
or low temperatures. It may well be that other factors
are involved, but these are not discernible at present.

H
N\ X
S
A\
- Cl/-:c—CH3 M
\\O” H
61

60

In every case where direct comparison can be made,
the ratio of axial to equatorial chain transfer is lower
from intermediate 59 (X = Cl) than from the positional
isomer 61. This undoubtedly reflects the fact that, for
a t-butyleyclohexane derivative, the 1,3-diaxial inter-
actions of the hydrogen geminal to the &-butyl group are
larger than those of the axial hydrogen vicinal to the ¢-
butyl.

Free-radical additions of thiolacetic acid to 1- and
2-methyl-4-t-butyleyclohexenes (4, 5) also show a pref-
erence for axial thiyl-radical attack. This preference
increases from 2:1 to at least 6:1 (¢f. runs42 and 43 in
Table VII). Reactions carried out with varying acid
to olefin ratios again resulted in changes of the relative
proportions of axial and equatorial thiyl-radical attack.

The differences in the stereochemistry of thiolacetic
acid additions between the chloro olefins 1 and 3 and
the methyl olefins 4 and 5 are striking. First of all, the
concentration effect is opposite. Also, the amount of
product with axial attachment of —SAc increases with
increasing temperature in the methyl olefin series.
Additionally, no diaxial adduct (e.g., 46 or 50) is ob-
served with the methyl olefins, and, for the adducts with
equatorial —SAc, cis addition producing diequatorial
adduect is much more dominant with the methyl olefins
4 and 5. These remarkable variations prompt us to
propose that, for additions to the methyl-4-t-butyl-
cyclohexenes, reversibility from the twist-boat radical
58, X = CH; (Scheme I) is important and is inhibited
by high thiolacetic acid concentrations and that chain
transfer to give products with equatorial -SAc¢ groups
takes place with 58, X = CHj, rather than with the
chair conformer 59, X = CHs.

As before, the kinetic addition process favors higher
production of the 2-axial thiyl intermediate 57, X =
CH;, over the twist-boat intermediate 58, X = CH,.
However, the conformational inversion 58 = 59 no
longer favors the chair form 59 when X = CH;. There
appears to be a substantial amount of bond opposition
strain between the methyl group and the vicinal equa-
torial -SAe group in 59 (X = CHjy) that is relieved in the
twist form 58. Since the energy difference between 58
and 59, X = CHj, is lowered and probably favors 58,
and, since 58, X = CHj, is of higher energy than 57,
X = CH;, the reverse process 58 — 5 4+ AcS- is facili-
tated. At high thiol concentration, the lifetime of 58,
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X = CHg, is shortened and chain transfer gives greater
amounts of 51 4+ 52.

Although chain transfer can occur from either 58 or
59 (X = CHjy), chain transfer from the flexible form 58,
X = CHj, is supported by the observation of an in-
crease in the amounts of products 52 and 51 with a de-
crease in reaction temperature (runs 43, 44; 46, 47; 48,
49 in Table VII). :

An examination of Dreiding models indicates that
chain transfer from 58, X = CHjs, cis to the thiol acet-
oxy moiety is less sterically hindered than chain
transfer from the opposite direction. The transition
state for equatorial chain transfer from 59, X = CHj,
requires that the methyl group begin to assume an axial
position, and, owing to the rather large conformational
energy of an axial methyl substituent, the activation
energy for this process will be greater than that for
axial chain transfer. In any case, either 58 or 59 (X =
CHs) is predicted to give the diequatorial diastereomer
52 as the major product.

The cis (e-SAc, a-Cl) (12) product predominated in
the chloro analogue. This reversal in the preferred di-
rection of chain transfer with the two intermediates
derived from equatorial thiolacetoxy-radical addition
to 2-chloro- and 2-methyl-4-&-butyleyclohexene (1 and 5)
lends support to the suggestion that the nature of the
product-determining intermediates is different in each
case.

All reference to geometry at the radical center has
been purposely avoided in the above discussion. At
low temperature and high concentration of chain-
transfer agent, the 9-decalyl radicals appear to main-
tain a large degree of configurational or conformational
integrity.? 2 Esr measurements support a planar cy-
clohexyl radical.” Based on the above observations,
there is no reason to assume that the radical interme-
diates are capable of configurational stability. Whether
the intermediates are best represented by a sp*hy-
bridized carbon atom or by a rapidly equilibrating sp?®
species, is for the moment a moot point. In the transi-
tion state of chain transfer, the carbon atom has un-
doubtedly acquired sp® character.

Conclusion

The previously reported* finding that the degree
of stereoselectivity of free-radical thiol additions to
1-chlorocyclohexene depended on the thiol to olefin ratio
has not been observed in studies of such additions to
several other substituted cyclohexenes,®=2 although in
all cases investigated, the major products of the reactions
resulted from trans addition. The studies described in
this work have demonstrated that trans-diaxial addi-
tion predominates in free-radical additions of thiols to
“rigid” cyclohexenes, and that the relative proportions
of products are indeed dependent on the addendum to
olefin ratio.

Unlike the stereospecific free-radical additions of hy-
drogen bromide to certain cyclic olefins,*® the additions
of thiols were only stereoselective. The decrease in
stereoselectivity with thiols can best be explained in
terms of the reversal of the thiyl-radical addition

(25) P. D. Bartlett, R. E. Pincock, J. H. Rolston, W. G. 8chindel, and
L. A. Singer, J. Amer. Chem. Soc., 87, 2590 (1965).

(26) F.D. Greene and N. N. Lowry, J. Org. Chem., 82, 875 (1967).

(27) R. W. Fessenden and R. H. Schuler, J. Chem. Phys., 89, 2147 (19863).
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step. Differences in the extent of reversibility appear
to be dependent upon the relative stabilities of the
thiyl radicals and the 2-thiyl-l1-substituted cyclohexyl
radicals, and the rate of chain transfer. The concen-
tration and temperature effects observed for free-rad-
ical additions of thiols to 1- and 2-chloro-4-t-butyleyclo-
hexene (3, 1) relative to those for 1- and 2-methyl-4-¢-
butylcyclohexene (4, 5) are of the same order of magni-
tude but in opposite directions. The different confor-
mations of the cyclohexyl-radical intermediates arising
from equatorial thiyl-radical addition is thought to be
responsible for the opposing trends. Free-radical addi-
tions with thiolacetic acid and hydrogen sulfide dis-
played the greatest degree of reversibility in the initial
thiyl-radieal addition step.

Experimental Section?

Materials.—Unless otherwise stated, reagents were obtained
from commercial sources. The Dow Chemical Co., Midland,
Mich., supplied a generous gift of 4-f-butyleyclohexanone.
Thiolacetic acid was distilled twice. The center fraction of the
second distillation was used for the free-radical additions. Meth-
anethiol was passed through Drierite before it was condensed in
the reaction vessel. Hydrogen sulfide was first passed through
Drierite and phosphorus pentoxide before it was condensed.
Benzyl mercaptan was used without further purification. An-
hydrous magnesium sulfate was the drying agent.

1-Chloro-4-t-butylcyclohexene (3).—A procedure outlined by
Mousseron and Jacquier® for the preparation of 1-chlorocyclo-
hexene and recently reported by Readio and Skell!® for the synthe-
sis of 3 was used, bp 71.5-72° (4.3 mm) [lit.1* bp 82.5-83°
(7 mm}].

2-Chloro-4-t-butylcyclohexene (1).—A mixture of 20 g (0.06
mol) of 2¢-chloro-4¢-t-butyleyclohexyl tosylate (2)* and 300 ml of
5%, potassium hydroxide in isopropyl alcohol was heated at 45—
50° for 2 hr. The mixture was poured onto a mixture of ice and
dilute hydrochioric acid, and the product was extracted with
pentane. The extract was washed with 5%, sodium bicarbonate
solution and with water, and was dried and concentrated to give
11.0 g of crude vinyl halide, which was distilled to yield 8.5 g
(85%,) of 2-chloro-4-t-butylcyclohexene (1), bp 51-52° (1 mm),
n¥p 1.4802. The product gave only one peak on ge with a
column containing 309, by weight of silicone 550 fluid on
Chromosorb P at 182°.

Anal. Caled for CoH;;Cl: C, 69.55; H, 9.92; Cl, 20.53.
Found: C, 70.02; H, 9.87; Cl, 20.15.

The ir spectrum of the vinyl chloride was characterized by
bands at 1662 and 826 cm ™1,

1-Methyl-4-t-butylcyclohexene (4).—The method of LeBel and
Ecke!* was employed; the compound had bp 43-44° (4.5 mm)
[lit. bp 60-62° (6 mm)].

2-Methyl-4-t-butylcyclohexanols.—A solution of 80 g (0.49 mol)
of 2-methyl-4-t-butylphenol in 300 ml of glacial acetic acid was
hydrogenated employing 6 g of platinum oxide catalyst. The
solution was filtered, diluted with an equal volume of water,
and continuously extracted with pentane for 12 hr. The pentane
extract was washed with sodium bicarbonate solution until the

(28) Melting points are corrected and boiling points are uncorrected.
The microanalyses were by Midwest Microlabs, Ine., Indianapolis, Ind,
Perkin-Elmer grating spectrophotometers, Models 237B and 621, were used
for the determination of the ir spectra. Liguids were run as films between
sodium chloride plates, and solids were run in carbon disulfide in 0.1-mm
sodium chloride cells. A Varian Associates A-60A spectrometer was used
for the nmr spectra, deuteriochloroform or carbon tetrachloride were the
solvents, and tetramethylsilane was the internal standard. F and M Gas
Chromatographs, Models 775 and 810, equipped with thermal conduectivity
cells, were used for ge. The following ge columns were employed: column
A was an 8 ft X 0.25 in. o.d. aluminum tube, packed with 159, LAC-
728 on 60-80 mesh Gas-Chrom 8; column B was an 8 ft X 0.375 in. o.d.
aluminum tube packed with the same material as column A; columns C and
D were 8 ft X 0.25 in. o.d. and 8 ft X 0.375 in. o.d. aluminum tubes, re-
spectively, both packed with 20% E-20,000 on 60-80 mesh Gas-Chrom §;
column E was an 80 X 0.75 in. o.d. stainless-steel tube packed with 209,
E-20,000 on 60-80 mesh Chromosorb P. Helium was the carrier gas.

(29) M., Mousseron and R. Jacquier, Bull. Soc. Chim. Fr., 648 (1950).

(30) N. A, LeBel and R. F. Czaja, J. Org. Chem., 26, 4768 (1961).
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washings remained basic, and then washed twice with water.
The solution was dried and concentrated to give a crude yield
of 74 g. Distillation yielded a volatile forerun of 9 g, bp 28—
29° (0.5 mm). Continued distillation afforded 57 g (69%,), bp
58-62° (0.2 mm), of the aleohols.

Dehydration of the 2-Methyl-4-t-butylcyclohexanols.—To a
solution of 69 g (0.41 mol) of the mixture of aleohols in 150 ml
of toluene contained in a flask fitted with a Barrett water trap
was added 1 g of p-toluenesulfonic acid. The solution was
heated to reflux. When, after 2 hr at reflux, no water had
collected in the trap, 1 ml of concentrated sulfuric acid was added.
After 24 hr, 5.3 ml (ca. 709, of theory) of water had been re-
moved. The solution was cooled to room temperature, and was
washed with sodium bicarbonate solution and water. The
toluene was removed by distillation at reduced pressure. Further
distillation gave the following fractions: (1) 32 g, bp 95° (35
mm); (2) 20 g, bp 60° (0.5 mm). Ge analysis of fraction 1 on
column C at 80° showed 3 minor and 2 major products. The
major products (5, 6) were present in equal proportion and com-
prised 909, of the product mixture. Preparative gc employing
column E at 100° permitted separation of 2-methyl-4-f-butyl-
cyclohexene (5) and 1-methyl-3-t-butyleyclohexene (6). An
analytical sample of 5 had bp 82-82.5° (18 mm), n?‘p 1.4640.

Anal. Caled for CiHy: C, 86.76; H, 13.24. Found: C,
86.72; H, 13.6.

Fraction 2 was shown to be homogeneous by gc employing
column C at 160°. The material solidified on standing. Re-
crystallization from pentane followed by sublimation (45°, 1 mm)
afforded a pure sample of 2t-methyl-4t-t-butyl-cyclohexanol (7),
mp 61-62°.

Conversion of 2-Methyl-4-t-butylcyclohexene (5) to a Mixture
of cis- and {rans-2-Methyl-4-f-butylcyclohexanones.—The method
of Brown and Garg® was used for the hydroboration and oxida-
tion of 5. Distillation of the crude produet mixture afforded 0.2
g of product, bp 60° (oil bath, 0.5 mm). Analysis by ge (column
C at 150°) showed that some starting olefin contaminated the
product. Elution chromatography on a 70 X 6 mm neutral
aluminsa column using pentane as the eluent gave an 80:20 mix-
ture of cis- and frans-2-methyl-4-t-butyleyclohexanones, respec-
tively, as shown by ge and ir spectrum comparisons with an
85:15 mixture of authentic material.'®

Catalytic Hydrogenation of the Methyl-i-butylcyclohexenes.—
A solution of 0.152 g (0.001 mol) of 2-methyl-4-t-butylcyclo-
hexene (5) in 5 ml of absolute ethanol was hydrogenated employ-
ing 0.020 g of 109, palladium on carbon as the catalyst. After
work-up, ge analyses on column C at 80° indicated that the iso-
meric cis- and ¢rans-1-methyl-3-t-butylcyclohexanes were formed
in 86:14 proportion, respectively. 1-Methyl-3-t-butyleyclo-
hexene (6) was reduced and analyzed in a similar manner. Two
products in a ratio 84:16 were observed. Ge and ir analysis
indicated that the hydrocarbon mixtures obtained from reduction
of 5 and 6 were identical. Two products in the ratio 80:20 were
formed on reduction of 1-methyl-4-t-butylecyclohexene (4).
The two components were assumed to be {rans- and cis-1-methyl-
4-t-butyleyclohexane, respectively. The reduction products
from 4 were shown to be different from those obtained from the
reduction of 5 and 6 by ir and gc analysis.

2t-Methyl-4t-t-butylcyclohexyl Tosylate (7-OTs).—The alcohol
7 (12.6 g) was converted to the tosylate by way of the usual
low-temperature reaction with p-toluenesulfonyl chloride and
pyridine.?? After work-up, there was obtained 22 g (92%) of
viscous yellow oil which solidified on standing at room tempera-
ture. The tosylate was used without further purification. Re-
crystallization of a sample from pentane gave white needles, mp
62.0-62.5°.

cis-1-Methyl-3-i-butylcyclohexane.—A solution of 2.0 g
(0.0062 mol) of the crude tosylate (7-OTs) in 10 ml of anhydrous
ether was added drowpise to a stirred suspension of 0.470 g
(0.013 mol) of lithium aluminum hydride in 25 ml of anhydrous
ether over a period of 0.5 hr, while the temperature was main-
tained at 20-25°. The mixture was refluxed for 5 hr. After the
usual work-up, distillation afforded 0.61 g (65%), bp 75° (ca.
20 mm), of pure cis hydrocarbon, n?p 1.4575. That this hydro-
carbon was not the frans isomer was shown by the infrared spec-
trum, which did not possess a band at 620-640 cm™1.%2 Ge
analysis on column C at 80° showed it to have an identical reten-
tion time as the major product from the reduction of 5.

(31) H. C. Brown and C. P. Garg, J. Amer. Chem. Soc., 88, 2051 (1961).
(32) E. L. Eliel and R. 8. Ro, ibid., 79, 5095 (1957).
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Free-Radical Addition of Hydrogen Bromide to 2-Chloro-4-i-
butylcyclohexene (1).—Hydrogen bromide (anhydrous) was
passed through a solution containing 0.1 g (5 mol %) of benzoyl
peroxide and 1.0 g (0.006 mol) of vinyl chloride 1 in 100 ml of
olefin-free pentane for 2.5 hr at room temperature. The reaction
mixture was further stirred for 8 hr and hydrogen bromide was
again passed in for another hour. The reaction mixture was
added to crushed ice, and the aqueous layer was extracted with
pentane. The pentane layer was washed with sodium bicarbon-
ate solution and water, dried, and concentrated. The crude
product (1.25-1.30 g) was analyzed by gc. A sample was shown
to contain 2°-chloro-4e-t-butylcyclohexyl bromide (8) (80%),
vinyl chloride 1 (5%), and another volatile material (15%),
which was not identified. The pure bromochloride (8) was iso-
lated by chromatography on alumina. Recrystallization from
pentane afforded a white, crystalline solid, mp 56-57°. The ir
spectrum showed bands at 680 and 736 em ™, attributed to axial
bromo and equatorial chloro stretching frequencies, respectively.

Anal. Caled for C0HyiBrCl: C, 47.36; H, 7.15. Found:
C, 47.25; H, 7.20.

Dipole Moment Determination.—The dielectric constants were
obtained using a commercial apparatus previously described.34
The moments were calculated by essentially the method of
Halverstadt and Kumler, utilizing an IBM 650 computer.
Reagent grade benzene was used as the solvent. The dielectric
constants and densities of various mole fractions were measured
at 25°, and the value u = 3.71 & 0.04 D was obtained.

The Reaction of Phosphorus Tribromide with 2t*-Chloro-4t-i-
butylcyclohexanol (9).—The chlorohydrin 9% (4 g, 0.0021 mol)
was added to an ice-salt cooled mixture of 6.0 g of phosphorus
tribromide and 2 ml of pentane. The bath was allowed to warm
to room temperature, and after 48 hr, water was added. The
aqueous layer was extracted with pentane and the extract was
washed with sodium bicarbonate solution and water and was
dried. The residue after concentration (4.6 g) was chromato-
graphed on 150 mg of Merck acid-washed alumina. The column
was eluted with 650 ml of pentane and 250 ml of 109, ether—
pentane. Fractions of 50 ml were collected. The pentane frac-
tions contained 1.45 g (279%,) of a colorless liquid which solidified
immediately, mp 56-57°. A mixture melting point with the
bromide 8 did not depress. The 109, ether—pentane fractions
contained 0.5 g (16%) of starting material.

Reaction of Potassium ¢-Butoxide with 2°-Chloro-4°-{-butyl-
cyclohexyl bromide. (8).—Potassium (ca. 0.2 g) was dissolved in
100 ml of dry t-butyl alcohol. The solution was maintained at
55° and 1.0 g of 8 was added. The mixture was stirred for 45 min,
water was added, and the aqueous alcohol layer was extracted
several times with pentane. The pentane layers were combined,
washed, and concentrated. Approximately 0.7 g of a yellow oil
remained. Rapid distillation led to the isolation of 0.60 g (90%)
of a clear liquid, n?*p 1.4790. Ge and ir comparison with an
authentic sample® showed it to be 2-chloro-4-i-butyleyclohexene
).

Addition of Thiolacetic Acid to 1-Chloro- and 2-Chloro-4-i-
butylcyclohexene (3, 1). Method A. Azobisisobutyronitrile
(AIBN) Initiated Addition.—A solution of 0.500 g (0.00289 mol)
of chloro olefin, 1 or 3, and 0.024 g (5 mol %) of AIBN in the
appropriate olefin-free solvent was flushed with nitrogen for 15
min at room temperature. The required amount of thiolacetic
acid was added with a hypodermic syringe, and the reaction vessel
was lowered into an oil bath held at the desired temperature.
In the cases of reactions carried out at the reflux temperature of
the solution, the oil bath was 10-15° above the boiling point of
the solvent. After 1 hr, the reaction solution was cooled with
an ice bath and diluted with pentane. The pentane solution was
washed with sodium bicarbonate solution and water, dried,
concentrated, and analyzed by gc on column A at 175° with a
flow rate of 180 ml/min.

For those reactions carried out in sealed tubes, the reagents
were placed in Pyrex tubes; after flushing with nitrogen, the
tubes were sealed and placed in a constant-temperature bath for
1hr. The tubes were then cooled and opened. The work-up and
analysis followed the above procedure.

(33) (a) G. N. Zhizhin et al., Neftekhimiya, 8, 461 (1965); Chem. Abstr.,
68, 14675a (1965); (b) G. N. Zhizhin, Kh, E. Sterin, V. T, Alexsanyan, and
A. L. Liberman, Zh. Strukt. Khim., 8, 684 (1963); Chem. Abstr., 64, 566a
(1966).

(34) N. L. Allinger, H. M. Blatter, M. A, DaRooge, and L. A. Freiberg,
J. Org. Chem., 36, 2550 (1961).
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Method B. Ultraviolet Light Initiated Addition.—The ap-
paratus used consisted of a 2-1. vessel wrapped with aluminum
foil and fitted with a water inlet tube, a water outlet tube, a
Hanau $-87 quartz immersion lamp, and a quartz reaction tube
which was placed about 1 cm away from the lamp. The reaction
tube was equipped with a nitrogen inlet and outlet tube. * Thiol-
acetic acid, chloro olefin 1 or 3 (0.500 g, 0.00289 mol), and the
solvent were added to the reaction tube. The tube was flushed
with nitrogen for 15 min, and then was irradiated for 1 hr.
The work-up deseribed in method A was used.

In the ultraviolet light induced reactions at —60°, the water
bath was replaced by a 2-propanol-Dry Ice bath. In the case
of sealed tube reactions, the reagents were placed in Pyrex
tubes, flushed with nitrogen, sealed, and mounted 1 cm away from
the light source. The results are shown in Tables I, 11, and III.

Separation of the 2-Chloro-4-t-butylcyclohexanethiol Acetates
(10-13).—Gec analysis on column A at a flow rate of 180 ml/min
at 175° showed four components with retention times of 7.5,
9.2, 10.9, and 13.4 min, respectively. Products from several
free-radical additions of thiolacetic acid to 1 were combined and
distilled, bp 80-82° (0.03 mm). The compounds were separated
by preparative gc employing column B at 180°. The two major
compounds (retention times 9.2 g and 13.4 min, respectively)
were separated from the somewhat volatile liquid phase by distil-
lation. The remaining two components were purified by chro-
matography over silica gel using pentane as the eluent. Reexami-
nation by ge indicated that no decomposition or rearrangement
had occurred.

The component of 7.5-min retention time was identical with
2t-chloro-4e-¢-butyleyclohexexanethiol acetate (11), as shown by
comparison of ge retention times and ir spectra.

The second compound (9.2 min ge retention time), 2°-chloro-
4t-{-butyleyclohexanethiol acetate (12), solidified on standing and
was sublimed (40°, 0.02 mm) to give a product having mp 79~
80°, nmré3.72(1H,2 = Wi/, = 21 Hz) and 4.50 1 H, W1/, = 8
Hz);ir 675 and 740 cm ™.

Anal. Caled for C,H4CIOS: C, 57.92; H, 8.50; Cl, 14.24.
Found: C, 58.22; H, 8.60; Cl, 14.35.

The structure of the compound of 10.9-min retention time,
2t-chloro-4t-t-butyleyclohexanethiol acetate (13), was assigned
on the basis of its infrared and nmr spectra. The nmr had a
complex multiplet at § 3.25-3.85 (2 H); ir 725 ecm™.

The component of 13.4-min retention time had an identieal
ge retention time and infrared spectrum as 2°-chloro-4¢-t-
butylcyclohexanethiol acetate (10).

cis-4-{-Butylcyclohexene Sulfide.—Potassium thiocyanate (3.25
g, 0.033 mol) was dissolved in 4 ml of a 1:1 mixture of water and
ethanol, and the solution was stirred for 30 min at room tempera-
ture. Two grams (0.013 mol) of trans-4-t-butyleyclohexene
oxide® was added. The mixture was stirred for 36 hr, poured
into water, and extracted with pentane. The pentane layers
were combined, washed with water, dried, and concentrated.
The crude product was rapidly distilled to yield 1.80 g (81%) of
a colorless liquid, oil-bath temperature 85-90° (0.5 mm), n2‘p
1.5087. The infrared spectrum indicated the absence of trans-
4-t-butyleyelohexene oxide,

Anal. Caled for CoHyS: C, 70.52; H, 10.65; S, 18.82.
Found: C, 70.80; H, 10.71; S, 18.59.

2t-Chloro-4¢-t-butylcyclohexanethiol Acetate (11).—cis-4-t-
Butyleyclohexene sulfide (0.30 g, 0.0017 mol) was added to an
excess of acetyl chloride (3 ml) and the mixture was stirred over-
night at room temperature. The reaction mixture was added to
crushed ice and extracted with pentane, and the pentane layers
were combined and washed with sodium bicarbonate solution and
water. After drying and concentration, a pale yellow liquid (ca.
0.4 g) remained, which was rapidly distilled. A colorless liquid,
0.27 g (619%,), n*p 1.5062, was isolated, which solidified after
standing. Recrystallization from pentane afforded the thiol
acetate 11: mp 50-51°; nmr 54.00 (1 H, W1/, = 8 Hz) and 4.40
(1 H, W1/, = 6 Hz); ir 680 cm™.

Anal. Caled for CuHyOSCl: C, 57.92; H, 8.51; Cl, 14.25.

Found: C, 58.00; H, 8.45; CI, 14.46.
2¢-Chloro-4°-i-butylcyclohexanethiol (18).—Approximately
1.2 g of the addition product resulting from the ultraviolet light
catalyzed addition of hydrogen sulfide to 2-chloro-4-t-butyl-
cyclohexene (1) was added to 25 ml of 709, aqueous ethanol.
The reaction mixture was heated for 45 min and water was
added. The aqueous ethanol layer was extracted with pentane
and the pentane layers were combined, washed several times with
water, dried, and concentrated. The crude product was rapidly
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distilled and ca. 1.0 g of 18, oil-bath temperature 100-110° (0.3~
0.5 mm), n¥p 1.5078, was obtained.

Anal. Caled for CHy,SCl: C, 58.09; H, 9.26; Cl, 17.15.

Found: C, 58.24; H, 9.36; Cl, 17.26.

2°-Chloro-4c-i-butylcyclohexanethiol Acetate (10).—Acetic
anhydride (2 ml) was added to 0.250 g of 2e-chloro-4°-t-butyl-
cyclohexanethiol (18) in 6 ml of anhydrous pyridine. The mix-
ture was refluxed for 20 min and then was added to a mixture
of dilute hydrochloric acid and crushed ice. The aqueous layer
was extracted several times with pentane. The pentane layers
were combined, washed with sodium bicarbonate solution and
water, dried, and concentrated. The crude product was rapidly
distilled [oil-bath temperature, 135-140° (0.2-0.3 mm)], and 0.25
g was collected, n%p 1.5078. 2°-Chloro-4°¢{-butyleyclohexane-
thiol acetate (10) was shown to give only one peak on ge, column
A at 175° nmr complex multiplet at & 3.78-4.58 (2 H); ir
735 and 710 cm ™.

Anal. Caled for C,HySOCL: C, 57.92; H, 8.51; S, 12.88.
Found: C, 58.27; H, 8.51; S, 13.20.

Saponification and Reacetylation of the 2-Chloro-4-i-butyl-
cyclohexanethiol Acetates (10-13).—A solution of 1.0 g (0.004
mol) of the thiolacetate adducts 10-13 in 10 ml of ethanol was
flushed with nitrogen for 10 min. An equivalent amount of
sodium ethoxide in ethanol was added. After the solution had
been stirred at 50° for 1 hr, the reaction mixture was poured into
cold water, acidified to pH 1 with dilute hydrochloric acid, and
extracted with ether. The extracts were washed with water,
dried, and concentrated. The crude product was treated with
2 ml of acetic anhydride and 1 drop of pyridine. This mixture
was heated to reflux for 15 min, cooled, and poured into cold
water. After extraction with ether and the usual work-up,
analysis by gc on column A at 175° showed 10 and 12 as the only
chlorothiolacetate products.

Saponification and Subsequent Methylation of the 2-Chloro-4-
t-butylcyclohexanethiol Acetates (10-13).—A solution of 0.483 g
(0.0194 mol) of the thiolacetate adducts (10-13) in the proportion
53:8:26:14 (10:11:12:13) in 5 ml of ethanol was cooled to 0°
and flushed with nitrogen for 10 min. An equivalent amount of
sodium ethoxide in ethanol was added, and the solution was
stirred at 0° for 10 min. An excess of methyl iodide (2 ml) was
added and the mixture was stirred at 0° for 1 hr, and was allowed
to stand at room temperature for 5 hr. The mixture was poured
into ice and water, and was extracted with ether. The ether
extract was washed twice with water, dried, and concentrated.
Ge analysis of the product mixture on column A at 140° showed
two chloro methyl sulfides 26 and 28 in a 68:32 proportion. The
cis-thiol acetates 10 and 12 were present in the ratio of 67:33 in
the original thiol acetate mixture.

Addition of Hydrogen Sulfide to 1-Chloro- and 2-Chloro-4-t-
butylcyclohexene (3, 1).—The apparatus described in method B
of the addition of thiolacetic acid to vinyl chlorides 3 and 1 was
used. In addition, the reaction tube was equipped with a Dry
Ice condenser. The olefin (3 or 1) (1.0 g, 0.00578 mol) was added;
the tube was cooled to —80°; and 1.5-2 ml of hydrogen sulfide
was condensed. In the case of addition to 1, 6 ml of olefin-free
hexane was added. The cooling bath was removed and after a
short period was replaced with a water bath. The refluxing
solution was irradiated for 1 hr, after which time the hydrogen
sulfide was allowed to vaporize. The crude chlorothiols 18-21 and
22-25 were quantitatively acetylated at 0° with acetic anhydride
and pyridine as the catalyst. Analysis was performed by gec at
175° on column A, and the data is summarized in Tables IV
and V.

Addition of Methanethiol to 1-Chloro- and 2-Chioro-4-t-butyl-
cyclohexene. Method A. AIBN-Initiated Addition..—Methane-
thiol (ca. 1 ml) was condensed in & Pyrex tube at 0°. The tube
was warmed to room temperature to remove some of the thiol,
stoppered, cooled, and weighed. This process was repeated until
0.070 g (0.00145 mol) of methanethiol remained. After cooling,
0.012 g of AIBN (5 mol %), 0.250 g (0.00145 mol) of 1, and
2.9 ml of hexane were added. The tube was sealed and placed
in an oil bath at 86° for 1 hr, cooled, and opened. The mixture
was concentrated and placed under vacuum at room temperature
for 2 hr. Analysis was by nmr.

Method B. Ultraviolet Light Initiation.—The apparatus de-
scribed for the additions of hydrogen sulfide was used for the
additions of methanethiol to 3. The chloro olefin 3 (4.93 g, 0.0287
mol) and 5 ml of methanethiol were added, and the mixture was
irradiated for 2 hr. Hexane (6 ml) was used as the solvent for
the reaction carried out at —60°. The reaction mixture was
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concentrated, and crystallization from pentane at —20° usually
afforded about 3 g of the major ¢is adduct 30. Recrystallization
yielded 2 g of pure 2¢-chloro-5t-t-butyleyclohexyl methyl sulfide
(30). The mother liquors were combined, concentrated, and
analyzed by nmr. Preparative gc afforded a pure sample of
2¢e-chloro-5c-¢-butyleyclohexyl methyl sulfide (32). The nmr
spectra of 30 and 32 agreed with those published.1

The procedure of method A, except that AIBN was omitted,
was used to prepare hexane solutions of 0.230 g (0.00145 mol) of
1 and the required amount of methanethiol in sealed tubes.
The solutions were irradiated at 5° for 1 hr. After removing and
concentrating the samples, the relative proportions of adducts
were obtained by nmr and are listed in Table IV.

Synthesis of the Diaxial Chlorocyclohexyl Alkyl and Aryl
Sulfides (27, 31, 35, 39).—A slight excess of the appropriate
thiol was added to a solution of sodium ethoxide in ethanol.
After stirring for 15 min, an equivalent amount of the required
4-t-butyleyclohexene oxide®® was added. The mixture was
heated under reflux for 3 hr and was then stirred at room tem-
perature overnight. The mixture was then poured into cold water
and acidified with dilute acetic acid, and the product was ex-
tracted with ether. The ether extract was washed with sodium
bicarbonate solution and water, dried, and concentrated to give
the diaxial hydroxy sulfide.

The hydroxy sulfide was converted to the corresponding chlo-
rides using thionyl chloride in a mixture of benzene and pyridine
at 0°. After the mixture had been stirred overnight at room
temperature, it was poured onto crushed ice and extracted with
pentane. The extract was washed successively with dilute
hydrochloric acid, sodium bicarbonate solution, and water. The
solution was dried and concentrated. Distillation afforded about
a 709 yield (based on epoxide) of the desired diaxial chloro-
sulfides.

2t-Chloro-5t-t-butylcyclohexyl methyl sulfide (31) had bp 75°
(oil bath, 0.07 mm), n%p 1.5048.

Anal. Caled for CHyCIS: C, 59.83; H, 9.58; Cl, 16.05.
Found: C, 60.10; H, 9.39; Cl, 15.87.

2t-Chloro-4°-t-butylcyclohexyl methy! sulfide (27) had bp
65° (oil bath, 0.07 mm), n%p 1.5043.

Anal. Caled for C,,HyCIS: C, 59.83; H, 9.58; Cl, 16.05.
Found: C, 60.06; H, 9.68; Cl, 15.70.

2t.Chloro-4°-¢-butylcyclohexyl benzyl sulfide (35) and 2t
Chloro-5t-t-butylcyclohexyl benzyl sulfide could not be distilled
without significant amounts of rearrangement. The nmr and
ir were consistent with the assumed diaxial structures.

2t-Chloro-4¢-t-butylcyclohexyl pheny! sulfide (39) had bp 140~
145° (oil bath, 1.0 mm), n2¢p 1.5531.

Anal. Caled for CisHySCl: C, 67.93; H, 8.18; Cl, 12.53.
Found: C, 68.09; H, 8.21; Cl, 12.33.

Addition of Benzyl Mercaptan to 2-Chloro-4-i-butylcyclo-
hexene. Method A. AIBN-Initiated Addition.—The procedure
employed was essentially that used for the additions of thiol-
acetic acid to 1. The olefin 1 (0.250 g, 0.00145 mol), 0.170 ml
(0.00145 mol) of benzyl mercaptan, 2.8 ml of hexane, and 0.012 g
(5 mol %) of AIBN were placed in a Pyrex tube and flushed with
nitrogen. After sealing, the tube was placed in an oil bath at
86° for 1 hr. The tube was cooled in an ice-water bath and
opened. The sample was concentrated by removing all volatiles
in vacuo. Relative proportions of the benzyl sulfides were de-
termined by nmr analysis.

Method B. Ultraviolet Light Initiated Addition.—The quan-
tities used were identical with those used in method A, except that
AIBN was omitted. The solution was irradiated in a sealed
tube at 5° for 1 hr, and after concentration, the proportions of
products were determined by nmr analysis. The results are
summarized in Table IV.

Saponification and Subsequent Reaction with Benzyl Iodide
of the 2-Chloro-4-t-butylcyclohexanethiol Acetates (10-13).—The
procedure used for the preparation of a mixture of the two methyl
sulfides 26 and 28 from the chlorothiol acetates 10-13 was em-
ployed. Benzyl iodide was used as the alkylating agent. After
work-up the excess benzyl iodide was removed by distillation at
30-35° in vacuo. The two singlets for the benzyl protons of the
cis compounds were separated by 10.6 Hz in the nmr spectrum;
8 3.82 for the benzyl proton resonance of 34 and & 3.64 for the
benzyl proton band of 36.

Free-Radical Addition of Thiophenol to 2-Chloro-4-t-butylcyclo-
hexene (1). Method A. Benzoyl Peroxide Initiated Addition.—
Thiophenol (3.1 g, 0.047 mol) was added to a mixture of 0.28 g
of benzoyl peroxide (5 mol 9;) and 4 g (0.023 mol) of vinyl
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halide 1 (2:1 molar ratio). The flask was evacuated several
times to remove oxygen and then the reaction was allowed to
proceed at 60° for 1 week. Water was added and the mixture
was extracted with pentane. The extract was washed several
times with cold sodium bicarbonate solution and water, dried, and
concentrated. A yellow oil (6 g) remained. Distillation under
reduced pressure gave 1.95 g (499,) of starting olefin. Further
distillation yielded 2.35 g (30-359;), n?*p 1.5704, of adduct con-
taminated with ca. 109, diphenyl disulfide. Molecular distilla-
tion afforded 0.5 g of pure adduct, n24p 1.5588, which was divided
into two portions and analyzed.

A typical analysis was conducted in the following manner. A
weighed portion of the adduct was heated to reflux in 809 ethanol
for 2 hr. Upon cooling and acidification with nitric acid, the
chloride concentration (4~59%,) was determined by the Volhard
method.

Method B. Ultraviolet Light Initiated Addition.—The ap-
paratus described for the additions of thiolacetic acid was used.
Thiophenol (6.60 g, 0.006 mol) was added to 5.15 g (0.003 mol)
of 1 (2:1 molar ratic) in a Vycor tube, and this mixture was
degassed at 1073~10—¢ mm. The tube was sealed, placed in the
reaction tube, and irradiated for 48 hr, after which time excess
thiophenol and olefin were distilled from the adduct.

The mixture was taken up in pentane and then was washed
several times with cold aqueous hydroxide solution to remove
thiophenol. The pentane layer was washed with dilute hydro-
chlorie acid, sodium bicarbonate solution, and water, dried, and
concentrated. Distillation afforded 2.5 g (55%) of 1 and 3.5 g
of adduct which was contaminated with diphenyl disulfide.
Upon standing, the diphenyl disulfide precipitated, and redistilla-
tion gave 3.0 g (35%) of adduct.

After solvolysis of the adduct mixture in 759 aqueous ethanol
for 1 hr, Volhard analysis indicated 6-79, of titrable chloride.
The organic material was recovered by extracting the mixture
with carbon tetrachloride. The extracts were combined, dried,
and concentrated. The residue (ca. 2.5 g) was placed on a
chromatography column consisting of 50 g of Merck acid-washed
alumina, and 40-ml fractions were taken. It required 400 ml of
pentane to remove 2¢-chloro-4¢-f-butyleyclohexyl phenyl sulfide
(38). The column was then washed with anhydrous ether and
0.20 g of a highly viscous residue was collected. An infrared
spectrum of the crude residue showed bands at 3300 and 960
cm ™1 (axial OH).

A quantitative infrared comparison showed that this product
consisted of approximately 73% 2t-phenylsulfo-4c-t-butyl-
cyclohexanol (43) and 279% 2tphenylsulfo-5t-t-butylcyclo-
hexanol. The mixture was treated with p-nitrobenzoyl chloride,
and a crystalline derivative was obtained which corresponded to
the p-nitrobenzoate of 43, mp 99-101°, mmp 99-101°. A mix-
ture melting point with the p-nitrobenzoste of 2t-phenylsulfo-5t-
t-butyleyclohexanol (mp 100-101°) was 86-91°.

2t-Chloro-4t-t-butylcyclohexyl Phenyl Sulfide (41).—Lithium
thiophenolate (3.0 g) was added to a solution of 8.0 g (0.022
mol) of 2% in 300 ml of dry THF. The heterogeneous reaction
mixture was heated at 65° for a period of 3 days. After filtration
through Hyflo Supercel and concentration at reduced pressure,
6.6 g of crude material remained. Pentane was added and 1 g of
starting material precipitated. Distillation of the mother liquors
led to the isolation of 0.8 g (209%) of 2-chloro-4-f-butyleyclo-
hexene (1). The residue from this distillation was sublimed and
ca. 1 g of diphenyl disulfide was collected. The residue was
distilled [oil-bath temperature 120° (0.05-0.10 mm)]. A pale
yellow liquid, 2.7 g (409;), n?'p 1.5600, was isolated.

Anal. Caled for CeHysSCl: C, 67.93; H, 8.18; Cl, 12.53.
Found: C, 67.75; H, 7.99; Cl, 12.26.

Slight contamination with 2t-phenylsulfo-4¢-¢-butylcyclohexyl
chloride—the isomer from diaxial-diequatorial rearrangement—
was noted in the nmr spectrum.

Attempted chromatography of the reaction mixture led to
solvolysis of the sulfide. The product from the solvolysis was
tentatively assigned as 2t-phenylsulfo-4°-t-butyleyclohexanol (43).
The infrared spectrum showed bands at 3330 and 950 cm 1.

2°-Chloro-4¢-t-butylcyclohexyl Phenyl Sulfide (38).—Lithium
thiophenolate (7.2 g) was added to a solution of 8 g (0.0021 mol)
of 2t-chloro-4*-¢-butylcyclohexyl tosylate (44) in 200 ml of dry
THF. The heterogeneous reaction mixture was heated at 60°
for a period of 4 weeks and was then worked up in the usual man-
ner. The residue was chromatographed on 120 g of Merck acid-
washed alumina. The column was initially eluted with 540 ml of
pentane and then with anhydrous ether. Fractions of 10 ml were
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taken for the first 20 fractions, after which 23-ml fractions were
taken. Fractions 1-14 yielded diphenyl disulfide. Fractions
15-31 afforded 1.10 g of yellow oil. The ether fractions gave
5.6 g (709,) of starting material. The yellow oil was chromato-
graphed a second time, and 1.05 g (169,) of 38 was collected,
n¥p 1.5562.

Anal. Caled for C;sHySCl: C, 67.93; H, 8.18; Cl, 12.53.
Found: C, 68.15; H, 8.20; ClI, 12.70.

Reaction of 2t-Phenylsulfo-4°-t-butylcyclohexanol (43) with
Raney Nickel.—Raney nickel W-2 (ca. 5 g) was heated with 0.5
g (0.002 mol) of the hydroxyphenylsulfide 43 in 40 ml of 95%,
ethanol for a period of 2 days. The reaction mixture was then
filtered and concentrated. A white solid remained, 0.22 g (75%,),
mp 76-81°. Chromatography of a portion of this compound
through a column of Merck acid-washed alumina using 5%, ether—
pentane as eluent gave an alcohol, mp 81-82.5°. A mixture
melting point determination with an authentic sample of cis-4-t-
butyleyclohexanol did not depress. The infrared spectra of an
authentic sample and the product were superimposable.

2t-Phenylsulfo-4¢-t-butylcyclohexyl p-Nitrobenzoate.—p-Nitro-
benzoyl chloride (0.15 g) was added to approximately 0.2 g of
43 dissolved in 2 ml of anhydrous pyridine. During a period of
36 hr, the reaction mixture was warmed several times on a steam
bath. The mixture was then added to crushed ice, acidified with
dilute hydrochloric acid, and extracted several times with ether.
The ether layer was washed with dilute acid, sodium bicarbonate
solution, and water, dried, and concentrated. A yellow oil
remained and trituration with pentane led to the isolation of
yellow crystals. Recrystallization from a mixture of 1 drop of
ethyl acetate in pentane afforded pale yellow crystals, mp 102-
103°.

Anal. Caled for C;H:SNO,: C, 66.80; H, 6.58; S, 7.75.
Found: C, 67.01; H, 6.78; S, 7.52.

2t-Phenylsulfo-5t-{-butylcyclohexyl p-Nitrobenzoate.—The p-
nitrobenzoate was synthesized from the hydroxy sulfide in the
usual manner. Recrystallization from pentane gave yellow
erystals, mp 101-102°. A mixture melting point with the p-
nitrobenzoate of 43 was depressed.

Anal. Caled for Cy3HxSNO,: C, 66.80; H, 6.58; 8, 7.75.
Found: C, 67.01; H, 6.78; S, 7.52.

Desulfurization of 2t-Phenylsulfo-5t-i-butylcyclohexanol.—
Employing the procedure described earlier, 0.75 g of hydroxy
sulfide was desulfurized, and 0.11 g (25%,) of trans-3-t-butylcyclo-
hexanol was recovered. The compound was sublimed, mp 64.5-
66°. A mixture melting point with an authentic sample did not
depress, and the ir spectra were superimposable.

Free-Radical Addition of Thiolacetic Acid to 1-Methyl- and 2-
Methyl-4-t-butylcyclohexene (4, 5). Method A. AIBN-Initiated
Addition.—A hexane solution of 0.220 g (0.00145 mol) of olefin
(4 0or5),0.012 g (5 mol 9,) of AIBN, and the required amount of
thiolacetic acid were placed in a Pyrex tube and flushed with
nitrogen. The tube was sealed and placed in an oil bath at 86°
for 1 hr. Excess thiolacetic acid was removed by washing with
sodium bicarbonate solution, followed by washing with water,
drying, and concentrating. The relative proportions of products
were determined by ge using column C at 160°.

Method B. Ultraviolet Light Initiated Addition.—The proce-
dure was similar to that of method A except that AIBN was
omitted and the addition was initiated by means of uv light using
the apparatus described for the additions of thiolacetic acid to
the chloro olefins 1 and 3. The results of thiolacetic acid additions
to 4 and 5 are shown in Table VI and VII.

Analysis and Separation of the 2-Methyl-4-i-butylcyclohexane-
thiol Acetates 49, 51, 52).—Gec analysis using column C at
160° with a helium flow rate of 180 ml/min showed three
thiolacetates, 49, 51, and 52, with retention times of 17.9, 20.0,
and 22.0 min, respectively. An analytical sample was prepared
by combining the products from three reactions followed by
distillation: bp 72° (0.08 mm).

Anal. Caled for CisH.08: C, 68.36; H, 10.59. Found: C,
68.33; H, 10.68.
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The two adducts which were produced in the greatest propor-
tion, 49 and 52, were separated by preparative gc employing
column D at 170°. The diequatorial adduct 50 was the compo-
nent with a retention time of 17.9 min on column A, and dia-
stereomer 49 had a retention time of 20.0 min under the same
conditions.

2°-Methyl-4°-i-butylcyclohexanethiol Acetate (49).—To a sol-
ution of 13 g (0.04 mol) of 2t-methyl-4t-i-butyleyclohexyl tosylate
(7-0Ts) in 50 ml of DMF was added 5 g (0.089 mol) of sodium
hydrosulfide under an atmosphere of nitrogen. The reaction mix-
ture was stirred at 60° for 2 days. The mixture was poured into
ice and water, and was acidified to congo red with dilute hydro-
chloric acid. The product was extracted with pentane, and the
extract was washed with water, dried, and concentrated. Distil-
lation afforded 5 g (67%,) of 2e-methyl-4e-t-butylcyclohexanethiol
(49-SH), bp 47° (0.2 mm).

The thiol (1 g, 0.0054 mol) was acetylated using 3 ml of acetic
anhydride and two drops of pyridine. After stirring at room
temperature for 24 hr, the reaction mixture was poured into cold
water and extracted with pentane. The extract was washed with
sodium bicarbonate solution and water, dried, and concentrated.
Distillation yielded 0.950 g (78%) of thiolacetate 49, bp 79°
(0.08 mm), n%*p 1.4912.

Desulfurization of the 2-Methyl-4-i-butylcyclohexanethiol
Acetates.—A mixture of 0.40 g (0.0018 mol) of thiol acetate
adducts 49, 52, and 51 in the proportion 79:18:3, respectively,
was heated under reflux in 15 ml of ethanol in the presence of 2.5 g
of Raney nickel (W-2) for 1.5 hr. After filtration, the ethanol

. solution was diluted with water and the product was extracted

with pentane. The extract was washed with water, dried, and
concentrated to give 0.2 g (749%,) of product, which was analyzed
by gc using column C at 80°. The ratio of ¢is- to trans-1-methyl-
3-t-butyleyclohexane was 90:10.

2-Methyl-4-t-butylcyclohexanethiols (49-SH, 53, 54).—To a
solution of 0.52 g (0.0023 mol) of the thiol acetates 49, 52, and
51 in the proportion 73:21:6, respectively, in 3 ml of ethanol was
added a solution of 0.0025 mol of sodium ethoxide in 5 ml of
ethanol. After the mixture had been stirred at room temperature
for 1 hr, it was diluted with water and acidified to congo red
with 109, hydrochloric acid. The aqueous solution was extracted
with pentane, and the extract was washed with water, dried,
and concentrated. Distillation gave 0.30 g (71%) of product,
bp 49° (0.2 mm). Ge analysis did not give good resolution of the
thiols. However, reacetylation with acetic anhydride and
pyridine gave the same thiol acetates 49, 52, and 51 in an identical
proportion as that noted for the starting material.

Desulfurization of the 2-Methyl-4-i-butylcyclohexanethiols.—
A mixture of 0.16 g (0.0007 mol) of thiols obtained from the
corresponding thiol acetates in the previous experiment was
desulfurized with 1.5 g of Raney nickel (W-2) in 5 ml of ethanol.
The ethanol solution was diluted with water, dried, and concen-
trated. The proportion of ¢is- and trans-1-methyl-3-t-butyleyclo-
hexane was 91:9, as determined by gc analysis.

Registry No.—1, 17002-25-4; 5, 15822-50-1; 8,
20708-94-5; 10, 20708-95-6; 11, 20708-96-7; 12,
20708-97-8; cis-4-t-butyleyclohexene sulfide, 20708-
98-9; 18, 20708-99-0; 27, 20709-00-6; 31, 20709-01-7;
38, 20709-02-8; 39, 20728-48-7; 41, 20728-49-8;
43 (p-nitrobenzoate), 20709-03-9; 2t-phenylsulfo-5'-
t-butyleyclohexyl p-nitrobenzoate, 20728-50-1; 49,
20709-04-0; 49-(SH), 20728-51-2,
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