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CHAPTER I

INTRODUCTION

Background

Reactions of Organomercurials. It has long been estab-

lished that organomercurials are prone to electrophilic
. . 1 '
substitution, Some of the better studied electrophilic

reagents are protic acids, mercuric salts, and the halogens.

Substrate Reactant Products
R-Hg~R + HX -+ R-H + RHgX
R-Hg-X + HX = R-H + HgX,
R-Hg~-R + HgX, > 2R~Hg-X
R-Hg~R + X, - R-X + RHgX
R-Hg~X + X, + R-X + HgX,

In each case above, the reactant dissociates or becomes

(1)
(2)
(3)
(4)
(5)

polarized and attacks the substrate. This can be accomplished

by any of four mechanisms.

Mechanisms in electrophilic substitution of organomer-~

curials. Currently there are four mechanismg normally
associated with electrophilic substitution of organomercuri-

als. These are as follows:
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R~Hg-X + N > R-Hg-X + R + N-Hg-X (6)

The SEl reaction above involves ionization of the reactant
followed by nucleophilic attack on the mercury by N . This

complex releases the free carbanion R which can then couple

with the electrophile E+.

R-Hg-X + E-N -+ R~Hg-X =+ R Hg~R (7)

The SEi mechanism above is exactly analogous to the SEl
mechanism except that no ionization of E-N is necessary.
The molecule E~N attacks the mercury, a free carbanion is

: . +
formed, and then transfer of the electrophile E occurs.

Four Centerxr

R~Hg-X + E-N -+ |R--~Hg + R~E + N~Hg-X (8)
k
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The four center mechanism is a concerted reaction with an
attack from the front side. As the bond R-Hg breaks, the
R~-E bond forms. The attack here is on the electrons between

the R~Hg bond, and not on the mercury. There is no carbanion

formed,
Sg2 +
R-Hg-X + E~N -~ rg-Hg—x—1 + R~E~N (2)
\\
E~N +
Hg-X
- JR-E + N-Hg~X

wWith the SEZ-mechanism, again, an attack on the electrons
occurs, The difference between this mechanism and the four
center mechanism is that here a tight ion pair exists that
collapses into products. In other words, bond breaking and
bond making do not occur simultaneously in the Sg2 mechanism
as in the four center mechanism. Both mechanisms are alike
in that they involve front side attack and lead to products
with a retained configuration.

Reactions of Ozone. Early organic chemists working

with ozone and olefins often found themselves characterizing

readily exploding intermediates which were later found to be

2,3 Ozone has been most widely used for the oxida~

4

ozonides,

tive cleavage of double bonds,
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\\\b=é// + 0 \\“// \\E// decomposition . o oo™ (10)
N 3 //'\Ono/ ~ - BN
Since a double bond is an area of high electron density,
attack by ozone is probably electrophilic. 1Its electro-

philic nature can be explained by looking at some of its

resonance structures,.

@

$
Ox o

'b/g‘de > 'b
/4 N @\/

Other uses of ozone in organic chemistry have been

reviewed by Long5 and Bailey.6

Reactions of Ozone with Organomercurials., It has been

shown by various workers that many carbon-metal bonds

react with ozone to produce products in which oxygen has

7-13

replaced the metal. This subject has been discussed

by Waters, Pike, and Rivera,

In 1939 it was shown by Bochmueller that diisopropyl

mercury produced acetone upon ozonolysis.ls

s e %
H~C~Hg~C~H 93, C=0 (12)
s
CHy CH, CH,

More recently it was reported by Waters, Pike, Erickson,

and Marsh that isopropyl mercuric chloride underwent the
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16
same reaction. However, studies performed by Rivera and

Waters indicated that ozonolysis of isopropyl mercuric

17
chloride yielded isopropanol as well as acetone.
l 03 \ \
H-C~Hg~Cl —> H~C~0H + C=0 (13)
il e
CH; CHj CH,

Since ozone has often been shown to act as an electro-~

phile, 18

coupled with the fact that organomercurials undergo
1

electrophilic substitution, an electrophilic mechanism

seems probable.

Stereoisomerism in Organomercuric Halides. For most

organometallic compounds, optical activity derived from the
carbon-metal bond has rarely been claimed. Because of the
high degree of ionic character of the C-Mg, C-Na, and C-Li
bonds,19 their synthesis in optically active form where the
asymmetric carbon atom is bonded to the metal can be difficult,

due to facile inversion at carbon.

X
>§QM 2 M@i/\}x

Y Y

0

(14)

Nin
ST

Unlike many carbon-metal bonds, the C~Eg bond is more
. 20 21 . 22 23
covalent than ionic, Marvel, Wright, and Nesmeyanov
found that optical activity in some organomercurials was

not only dependent on other asymmetric carbons in the
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molecule, but also dependent on the carbon mercury bond as
well, Specifically, Wright used a mercuric salt in methyl
alcohol as a reagent, and added the groups "HgX" and "O-Me"

across cyclohexene, thus creating two centers of asymmetry.

Me03+

+ HgX (15)

X=% (+) Lactic Acid
* denotes asymmetric centers
In order to elucidate the mechanism of electrophilic
24
cleavages, Charman, Hughes and Ingold synthesised an
optically active organomercuric halide from sec-butyl

bromide by the following scheme.

H H H
CH3-C-Br —=3 CH,-C-MgBr — "> CH3-C-HgBr
* a,1 a,1 4,1

H
| Acetone .

—ﬁﬂsﬁﬂneq CH,~C~Hg~OH (~)Mandelic ”

a : 3 | Acid
C2H5
da,l
H
fractional

CH5~C~Hgn[ (~)Mandelate] crystallization}
I
CaHg
d,1l
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i |
CH,-C-Hg-[ (~)Mandelate] -N2BI, CH3-<!3—~HgBr (16)
CoHg CoHg
a a

More recently the cis and trans-4~-methyl or cis and

trans~4-tert-butylcyclohexane systems have been utilized
25,26,27

for mechanistic studies of organomercurials.

\ +Y (17)
H HgBr H A HgBr
gBr H gBr H

trans cis “cis trans
l~bromomercuri-4-methyl l-bromomercuri-4~tert-
cyclohexane butylcyclohexane

All of these compounds are stable under normal conditions,

and do not interconvert.

Objective of the Research

The objective of this research was to establish a
plausable mechanism for the reaction of ozone with organo-
mercurials. This was to be achieved by ozonolysis of
compounds that would show the stereochemical course of the
reaction. ©Should the reaction be stereospecific, this

would be the first step in a stereoselective synthesis of
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alcohols using mercuric salts and ozone, thus expanding the

synthetic utility of organomercurial ozonolysis.

Approaches to the Problem

The overall approach was to take advantage of the fact
that secondary and tertiary organomercuric halides yield
alcohols as well as ketones. By ozonizing either geometrical
or optical isomers of a specific organomercuric halide and
subsequently identifying the resulting alcohol, the stereo-
chemical pathway of the reaction could be deduced.

The first approach was to ozonize threo-2-bromomercuri-~
2,3~dimethyl~2~hexanol.

CH CH CH

3 3 3
HO— C2H5 I—IO-——-—————-—-—-——CzH5 HO-——m-—C2H5
O, +
CzHS———w————HgBr C2H5-———-f0H HO———u~——C2H5
CH, CH, CH3 (18)
threo erythro

Ozonolysis proceeding with retention of configuration would
yield the threo isomer, and ozonolysis proceeding with
inversion would yield the erythro isomer, This approach
was abandoned after attempted hydroxymercuration of tetra-

methyl ethylene, The desired adduct was not obtained.
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=%
CH CH CH, % CH
" N
N /S HgXp \/ ! 3
Cc=C > c-C (19)
N Hyo /N yd é\\
CH, CHj Z cHy
OH

X=CH3~C—O—
It had been shown earlier that other oxymercuration reactions
28 Therefore it

of tetrasubstituted alkenes do not go well,
seemed unlikely that c¢is-2,3~dimethyl~2~hexene would undergo

hydroxymercuration, and other schemes were considered.
The plan to synthesize an optically active organomercuric

halide similar to the one previously mentioned on pages 5 and
6 was also abandoned for the following reason. The secondary
alcohol formed would be a minor product and separation and

isolation of a large enough amount of it for an optical

rotation determination would be an exceedingly formidable

task.
H H ‘CH3
| 04 | Y
CH3~C~HgBr ~—=3 CH,-C~OH + C=0 (20)
B e
CZHS C2H5 C2H5
d or 1 optically
{(minor inactive
product) (major product)

Since secondary alkyl

A new system was devised,
mercuric halides are readily oxidized to ketones as well as
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alcohols, a tertiary system was desired. The 4~tert-butyl-
methylcyclohexyl system seemed promising, and could react

as shown below.

o)
l = and/or | (21)
OH
v

HgCl
trans retention inversion
04 T and/or — (22)
cis retention inversion

OH
This was a new compound and the following scheme was devised
for its synthesis:

- —+

!

—

dry 2 SN -

— Der HCL
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11

1.Mg column \ "%
2.HgC1l4 chromatography’ (23)
-+
gCl
gCl
trans Cis
The alcohols that would be formed by ozonolysis were
found to separate readily by gas chromatography. The
synthesis proceeded smoothly until the formation of the
Grignard, It was found that large concentrations of the
Grignard were not formed, but rather elimination reactions
were taking place.
Mg
‘ +
‘ ™ | MgCl
‘ v
Cl gcl
-+ (24)
Cl +
Mg
— H

N\ —_—
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It was assumed that since a Grignard reagent is an extremely
strong base, it reacted with starting material as quickly

as it was formed. In support of this contention l-~chloro-1l-
methyl~-4~tert~butyl~-l-cyclohexane system has been shown to

eliminate HCl readily.29

all hydrogens shown as "H"
above are acidic and labile
to the Grignard reagent

It was also reported that the Grignard reagent derived from
l-chloro-l-methylcyclohexane was extremely unstable, and

yielded elimination products.30

2. chi\:::::::::}( R:i:::::::l (26)

minoxr major

(decomposition at room temperature)
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This approach was consequently abandoned,

Since both cis and trans-l-bromomercuri~4-tert-butyl-
cyclohexane had been characterized in the literaturezs’26
and since the resulting compounds would show the stereo-
chemical pathway of the reaction, this approach appeared to
be the most desirable. To insure that the above compouna
would give the proper results, bromomercuricyclohexane was

ozonized as a test reaction. The desired alcohol was

obtained in sufficient yield to perform guantitative work,

- 03 | + N—— (27)
gBr OH \}\
A}
0O

Therefore, it was concluded that the following results could

be anticipated from the ozonolysis of l-bromomercuri~4-

+ and/or (28)
H
: Q/OH 4
OH

retention inversion

tert-butylcyclohexane.

trans
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OH H

cis retention inversion

mepr—

The l-bromomercuri-4-tert-~butylcyclohexane was synthesized

by the following route:

H
2 \ 1.NaOH
_+<<:::>}”COOH 5% Rh/Alumina \\\\\ 2. AgNC3 Zi\\\ o
1500 psi NG ” ®© . ®
C-0~ Ag
/

\\\\ COOH

+
H
\\/
3!00 ad®d
I
0
1l.Mg
column .
chromato~
graphy HgBr "\\\ B (30)
/
) gBr
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Stereochemical and mechanistic implications, As shown

earlier, the SEl and the sEi reactions involve the inter~
mediate formation of a carbanion. A free carbanion would
lead to a product mixture of stereoisomers. However, one
stereoisomer may predominate over another if electrophilic
approach from one side is easier than another. Also, if one
carbanion is of higher energy than another, the lower energy
carbanion will be in greater quantity (assuming an inversion
equilibrium) and, therefore, more available for reaction.
The product distribution can also depend on how easily bond

formation between the carbanion and the electrophile occurs.

SEl or SEl

(31)

=
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The four center and the SE2 reactions should give products
of retained stereochemistry since no free carbanion is

formed.

Four Center

/ ’ _ + N-Hg-Br (32)

trans trans

\
E — + N-Hg~Br
:

a (33)

Vs N
Ve
N

E HgBr

" cis ' ¢is
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~\
~E~N
H u H
" trans -
N \________,—
4 (34)
E + N-Hg-Br
trans
— —
— (35)
] + Ne~Hg~-
H Hg-Br
\\ H
~E~N
HgBr é‘"N
" Tis HgBEx Ccis
L ® _
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CHAPTER II

EXPERIMENTAL

Instrumentation

Product identification was performed by either nuclear
magnetic resonance with a Varian Associates Model HA-60
Analytical NMR Spectrometer oxr with the aid of a Varian
Aerograph Series 1700 Gas Chromatograph employing a thermal
conductivity detector, Hereafter these instruments will be
referred to as the "NMR" or "GC" instruments, Unless stated
otherwise all NMR determinations were performed at 33-37°C
and employed chloroform as the solvent as well as the lock
signal. Those yields determined by GC analysis were acguired
with the aid of the internal standard, nitromethane. The
column used for the guantitative measurement of alcohols,
ketones; as well as products formed from organomercurial
ozonolysis was a 10' x 1/4", 10% FFAP on Chromosorb W,
hereafter referred to as the "FFAP" column, All GC products
were identified by coinjection with compounds of known
retention times. An increase in peak height was taken to
mean that a compound had been correctly identified.

The program used for all the GC analyses was as follows:

the oven temperature was stabilized at 60°C, the injectors

18
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19

were usually heated to 215°C, and the detector temperature
was 225°C. Helium gas was passed through the column at a
rate of 100 ml/minute, After injecting a sample, the column
. was held at constant temperature for seven and one half
minutes. A linear temperature program was employed which
raised the oven temperature 20° per minute until a tempera-
ture of 160°C was reached. At this new temperature, the
compounds of interest were separated enough to make gquanti-
tative determinations.
All melting points were determined with a Meltemp
melting point apparatus. The melting points were not
corrected.

Use of the Internal Standards. When each sample was

injected into the GC, there were generally four peaks of
interest. The increase or decrease of a compound was
calculated by comparing its increase or decrease of peak
area with respect to a nitromethane internal standard.
Since the nitromethane was inert to ozone, the actual
concentration changes of the compounds could easily be
determined. If the original concentration was known, this

ratio times a factor gave the actual changes in concentration,

Experimental Apparatus

The ozone was produced by a Welsbach T-408 electric
discharge ozonator, A methylene chloride solution containing

the compound of interest was placed in a cylindrical reaction
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vessel and was cooled to 0°C, The ozone was bubbled into
the reaction solution by means of a dipersion tube, The
reaction vessel had an upper and lower trap which contained
acetone and dry ice. These cold traps prevented any volatile
compounds from escaping from the reaction flask. The upper
trap was connected to a final ozone trap which was merely
another reaction vessel containing potassium iodide in
water, Any unreacted ozone was destroyed in the trap via
reduction to oxygen and hydroxide ion.

The reaction vessel was considered saturated with ozone
when the exit gas caused the solution of potassium iodide
to turn yellow. Oxygen was passed through the ozonator at
a rate of 350 ml/minute, A power setting of 90 volts was
used for the primary of the transformer which controlled
the electric discharge plates. The ozonation apparatus is

diagramed in Figure 1.

Chemicals

The methylene chloride, chloroform and carbon tetra-
chloride used in the experiments were J. T. Baker reagent
grade. The methylene chloride and carbon tetrachloride
were not purified further, However, purification of the
chloroform was necessary to remove the 1% ethanol added to
maintain stability. This was done to eliminate the
appearance of any multiplets due to ethanol in the NMR,

The purification was accomplished following the procedure
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Upper Acetone~Dry

Ice Trap (~ 76°C)______>| |

Welsbach il b
Ozonator

Lower Ace-

4 tone-Dry
Ice Trap

g ST (e

<+— Ozone Trap

- |

Thermal
Insulator Wiy
// 0° Ice

water Bath

<¥—— KI Solution

. Methylene
Chloride %ﬁ

e
and Com-
H [—*GMMV pound of AL__l

Dispersion Interest
Tube

:\&Ntes\t

Figure 1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



22

outlined in Purification of Laboratory Chemicals.31 The

chloroform was extracted three times with portions of water
to remove the ethanol, followed by one washing with a
saturated sodium bicarbonate solution. The chloroform was
then dried over calcium chloride and distilled from phos-
phorous pentoxide. To retard decomposition, nitrogen gas
was passed through the chloroform for several minutes, and
the solution was subsequently stored below 0°C until needed.

The diethyl ether used to prepare the Grignard reagents
was anhydrous Baker Analytical Reagent and was stored over
sodium wire without further purification. The magnesium
chips used for the Grignard reagents were J. T. Baker
purified magnesium chips. The mercuric bromide was from
Alfa Inorganics and the mercuric chloride was J. T. Baker
brand., These mercuric salts were used without further
purification.

The nitromethane used as an internal standard for GC
work was J. T. Baker technical grade. The nitromethane was
judged to be pure by GC on the FFAP column.

The magnesium sulfate used was Anhydrous Baker Analyzed
Reagent and the pentane used in column chromatography was

J. T. Baker practical grade.

Preparation of Starting Materials

4~tert-butylcyclohexanol. This reaction was performed

in two ways to allow one product to predominate.
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Method l1: According to the method of Bernstein,32

20 g. (0.130 mole) of 4~tert~butylcyclohexanone was added
to a solution of 150 ml of 10 N sodium borohydride in
agqueous sodium hydroxide. This solution was made by first
dissolving 30 g. (0.75 mole) sodium hydroxide in 150 ml
water and then adding 56.7 g, (1.5 mole) sodium borohydride.
Eighty milliliters of tetrahydrofuran was added to completely
dissolve the ketone in the mixture. This sclution was
refluxed for two hours (until effervescence had ceased).
The solution was cooled, extracted with ether, dried over
anhydrous magnesium sulfate, filtered, and the solvent
evaporated to yield 20 g. {98%) of 4~tert-butylcyclohexanol.
This crude mixture was injected into the GC instrument
and two peaks of very long retention time resulted. The
first peak which comprised 2% of the mixture was assumed

to be the cis isomer, and the second peak which comprised

92% of the mixture was assumed to be the trans isomer. This
identification was made by noting that lithium aluminum
hydride reduction proceeds by a similar mechanism,33 and the
fact that similar ratios of alcohol products were also
observed with lithium aluminum hydride reductions.34

Method 2: This reaction was carried out by Mr. Anthony
Rollin. A 20 g, (0.130 mole) sample of 4-tert-butylcyclo-
heanone was dissolved in ethanol and hydrogenated with 2 g.

of Raney nickel catalyst at 1800 psi for four hours at

100°C to yield guantitatively 4-tert~butylcyclohexanol,
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GC analysis showed that the cis isomer predominated over the
trans by a ratio of 3/2,

Separation of c¢is and trans-A—tert—butylcyclohexanol

The mixtures of alcohols were separated according to the
35

method of Winstein. Five grams (0,035 mole) of the
alcoholic mixture was added to a column of 200 g. of
aluminum oxide. The column was eluted with 1 liter of

5% ether in pentane. The column was then eluted with 10%
ether in pentane until no more residue from the cis isomer

appeared in the collection flask. The column was finally

eluted with pure ether, and the trans alcohol collected.

4-tert~Butylcyclohexane carboxylic acid. Recrystallized

p~tert butylbenzoic acid was reduced according to the method
of Jensen.36 Sixty five grams (0.365 mole) of recrystallized
p-~tert~butylbenzoic acid was dissolved in 100 ml of hot
(60°C) acetic acid. Seventy millilitexs of the above solution
was added to 0.7 g. of 5% rhodium on alumina and hydrogenated
at a pressure of 1500 psi at 70°C until the pressure

ceased to drop. Three runs were made and combined, 800 ml

of distilled water added, and the resulting solid collected.
The solid was recrystallized from ethanol to yield 59.5 g.
(83%) of cis and trans-4-tert-butylcyclohexane carboxylic
acid. The NMR revealed that the aromatic doublet of doublets
between 2 and 3 7 had disappeared. It was therefore con-

cluded that the reaction had proceeded smoothly.
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4~tert-Butylcyclohexyl bromide, Preparation of this

compound was performed by three different methods in order

to optimize yields.

Method 1l: According to the method of Keslow and Marsh,37
in a minimum of methylene chloride was dissolved 11.5 g.
(0,0866 mole) cis and trans 4-tert~butylcyclohexanol. A
23.4 g. (0.0866 mole) sample of distilled phosphorous
tribromide in 150 ml of methylene chloride was cocled to 0°C
in an ice bath. To this solution was then added 13.8 g.
(0.0866 mole) of reagent grade bromine, and the solution was
then allowed to cool to 0°C. The yellow precipitate of
phosphorous pentabromide was observed. The solution contain-
ing the alcoholic mixture was slowly added with stirring to
the phosphorous pentabromide solution while maintaining the
temperature between 0°C and 5°C. The mixture was allowed

to stir for an additional half hour, at which time 500 g.

ice water was added, and the organic layer was extracted,
washed with water, with a saturated sodium bicarbonate
solution and with a saturated sodium chloride solution and
dried over magnesium sulfate. The solvent was then evaporated
on a rotary evaporator. Purification was achieved by washing
the crude ligquid through a column of silica gel with pure
pentane or by distillation b.p. 84-~87°C/2.4 mim (lit. b.p.
73-74°C/2.5 mm, %3 b.p. 70°C/2 mm,>8 b.p. 64-65°C/1 mm?7).

The NMR spectrum of the product matched that 0f the reported

compound.
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Method 2: This reaction was performed according to the

method of Cason and Correia.40

To 300 ml of pyridine in a
1,000 ml round bottom flask was added 40.5 g. (0.259 mole)

of cis and trans 4~tert-butylcyclohexanol.

The solution was cooled to 0°C. 101 g. (0.574 mole) of
p-toluene sulfonyl chloride was added while holding the
solution temperature below 5°C. The mixture was allowed to
stir for four hours in an ice bath. The reaction vessel was
then filled with 300 g. of ice water and the crystals were
collected., Upon drying, the theoretical yield of the p-
toluene sulfonate ester was obtained. NMR analysis confirmed
the products structure by showing the same peaks as the
starting material and an aromatic doublet of doublets at
2,2-2.8 m corresponding to para substitution on an aromatic
ring. It also showed a singlet at 7.6 m corresponding to
methyl substitution on an aromatic ring.

The mixture was then added to a solution of 26.7 g.
(0.259 mole) of sodium bromide in 473.2 ml. of anhydrous
N,N dimethyl formamide, and allowed to stir for five days
at room temperature. Five hundred milliliters of distilled
water was then added and the mixture was extracted with
three 250 ml, portions of ether. The ether layer was then
washed with a solution of dilute HCl and finally with 250
ml distilled water. The ether layer was theh dried over

magnesium sulfate and the solvent evaporated on a rotary
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evaporator. NMR analysis revealed only starting material.

The conversion of the p-toluene sulfonate ester to
the bromide was then repeated except that 44.8 g. (0.518
mole) of lithium bromide was used in place of the sodium
bromide. The reaction was worked up in a similar fashion,
but only starting material was recovered., This method was
then abandoned.

Method 3: The third synthesis provided optimal results
and employed the Hunsdiecker reaction. A 49,5 g. (0.278
mole) sample of cis and trans 4-tert-butylcyclohexane
carboxylic acid was slowly added to a hot solution of 12 g.
(0.30 mole) of sodium hydroxide in 125 ml. of distilled
water, The solution was heated until the acid was com-
pletely dissolved. The hot solution was filtered and
nitric acid was slowly added until a faint turbidity
persisted. A sodium hydroxide solution was slowly added
dropwise until the turbidity disappeared. To this solution
was slowly added a solution of 47.5 g. (0.275 mole) of
silver nitrate in 75 ml. of water, causing a grayish material
to precipitate., The wet mass was collected and dried in
a covered vacuum dessicator over phosphorous pentoxide for
two days. The dried silver salt of the acid was added to
300 ml. of carbon tetrachloride. To another 60 ml. of
carbon tetrachloride was added 33 g. (0.206 mole) of

bromine. The bromine solution was added to the suspension

of the silver salt over a 15 minute period at room temperature,
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The mixture was heated until effervescence commenced, and
then allowed to stir at room temperature for an hour, The
carbon tetrachloride layer was filtered, washed with sodium
thiosulfate, and evaporated on a rotary evaporator. The
crude oil was distilled and had the same physical and
spectral properties as the purified bromide obtained from
method 1. The yield was 12,15 g. (20%).

The organomercuric halides were prepared using the

41

Grignard method described by Marvel, Guarke, and Hill.

cis and *trans l-Bromomercuri-4~tert~butylcyclohexane.

To 10 ml of dry ether was added 15 g. (0.0684 mole) of cis

and trans-4~tert-butylcyclohexylbromide. The solution

was slowly added under nitrogen to 4 g. (0.165 mole) of

dry magnesium chips in 75 ml of ether. The magnesium had
been previously activated by a few drops of 1,2-dibromo-
ethylene. The reaction was stirred an additional two hours.
Fifty milliliters of distilled water was added to the
reaction vessel. The ether layer was collected and dried
over magnesium sulfate, and the ether evaporated on a
rotary evaporator. A crude mixture of cis and trans-1l-
bromomercuri~4~tert~butylcyclohexane was isolated, The
yield was 10.2 g, (41%).

Separation of: cis and trans l~bromomercuri-4-tert~

p—pp—

—~—r

butylcyclohexane. Following the method of Jensen,42 the

crude mixture was subjected to column chromatography on
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250 g. of neutral alumina. The column was eluted with pure
prentane, and every 250 ml fraction was checked by NMR until
an extra peak began to appear. The fractions were then
divided into two groups: the first one primarily containing
a rapidly eluting compound, and the second containing mostly
a slowly eluting compound,

Group one was recombined and rechromatographed and
fractions collected until they were judged to contain only
one compound by NMR spectroscopy. The melting point of the
compound collected from group one was 144-146°C and this
was judged to be the cis mercurial (lit., m.p. 140-142°C
pentane,26 m.p. 149.2~149.6 EtoH) .27 The NMR spectrum
revealed a small multiplet at 6.63 71 corresponding to
carbon-hydrogen next to mexcury, multiplets from 7.6-2.1 =
corresponding to ring protons, and a large singlet at 9.08
T corresponding to the tertiary butyl peak.

In like fashion, group two was recombined and
rechromatographed, and fractions collected and analyzed as
above. The melting point of the compound collected from
group two indicated that it was the trans isomer and had a
m.p.of 234-236°C (lit., m.p. 216°C,2% m.p. 230-231°c).%7
The NMR spectrum revealed a small multiplet at 6.63 =
corresponding to carbon-~hydrogen next to mercury, multiplets
from 7.4-9.1 1 corresponding to ring protons, and a large

singlet at 9.12 w,
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Since the tertiary butyl groups of the cis and trans

isomers had different chemical shifts, it was hoped that
addition of pyridine to the NMR probe would cause the
downfield multiplets to separate. However, even in neat
solution of pyridine, this did not occur.

Bromonmercuricyclohexane. This compound was prepared

by Mr. P, E. Pike and its synthesis, physical properties,

and spectral parameters are fully described in his thesis, 43

Preparation of Compounds Subsequently Not
Used in This Thesis

Attempted hydroxymercuration of tetramethylethylene.

To a stirred solution of 100 ml of 25% acetone in water

was added 1 g. (0.011% mole) of tetramethylethylene. A

3.78 g. (0.0119 mole) sample of recrystallized mercuric
acetate was then added. The solution turned perceptably
vyellow, instantly. After overnight, stirring the solution
was gray. It was assumed that mercury had precipitated.

Two more attempts were made varying the amount of stir time,
One reaction was stopped after it just began to yellow, and
the other was stopped after 10 minutes. No organomercurials
could be detected by NMR analysis,

Cis and trans~4~tert-butyl-l-methylcyclohexanol.
A ) 44

According to the method of Houlihan, eighty milliliters
of 3.27 M (0.26 mole) methylmagnesium chloride in tetra~

-hydrofuran was added under nitrogen to a large round-bottom
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flask. The solution was then cooled in an ice bath. Twenty
grams (0.13 mole) 4-~tert-butylcyclohexanone in 60 ml dry
diethyl ether was added under nitrogen at a rate such that
the mixture temperature did not rise above 5°C, After the
addition was complete, the mixture was allowed to stir at
room temperature for an additional two hours. A saturated
solution of ammonium chloride was slowly added until the
solution turned blue litmus paper red; The aqueous layer
was then extracted three times with ether. The ether layer
was dried over magnesium sulfate, and the ether evaporated
on a rotary evaporator to yield 20.5 g. (94%) of a mixture

of the c¢cis and trans alcohols.

The compounds were subjected to GC analysis on the
FFAP column and two peaks were noted. The compounds were
collected from the column and the first was found to have

a m.p. 69-71°C. This compound was thought to be the trans

44

isomer (lit., m.p. 71°C, 66—67°C).45 The second compound

was thought to be the cis isomer and was found to have a

46
m.p. 91-94°C (lit., m.p. 98°C,44 89~90°C).

Cis and trans—4-tert~-butyl-l-chloro~l-methylcyclohexane,
47

According to the method of Kirk, fifteen grams (0.083 mole)
of cis and trans-4~tert-butyl-l-methylcyclohexanol was
dissolyed in chloroform and the solution was saturated with
dry hydrochloric acid at 0°C for four hours. Anhydrous

sodium sulfate was then added to absorb the water formed
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during the reaction. The solution was filtered and the
chloroform removed by rotary evaporation, The crude product
was distilled. Unfortunately, starting material was sublimed
into the distillate, so the distilled mixture was subjected
to column chromatography. Using silica gel and pentane, a
mixture of the c¢is and trans chlorides was obtained free

from other impurities as analyzed by GC with the FFAP column.
The combined yield was 9.02 g. (54%) of the cis and trans
chlorides.

Attempted synthesis of c¢is and trans-l-bromomercuri-

4~tert-butyl-~l-methylcyclohexane, According to the method

of Robson and Wright,48 0.5 g. (0.0013 mole) of cis and
trans 4-tert-butyl-l-chloro~l-methylcyclohexane was added
to 5 ml. of diethyl ether.

This solution was slowly added under nitrogen to 0.350
g. (0.0144 mole) magnesium chips. The mixture was stirred
until it became cloudy. Then an additional 2 g. (0.0052
mole) of the chloride was slowly added over a period of 3
hours. It was noted that the magnesium chips became dark
brown, so 0.350 g. (0.0144 mole) of new chips were added
every 3 hours for 12 hours. The solution was transferred
under nitrogen to another flask, and 1.63 g. {(0.006 mole)
of mercury bichloride was slowly added, The mixture was

stirred for two hours, water added, and the solution was

extracted with 70 ml, of chloroform. Concentration of the
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solution and a subsequent check by NMR revealed no products
with peaks attributable to the desired organomercuric
halide, A flame test of the isolated crystals showed them
to be entirely incorganic,

The Grignard reaction was repeated using the entrail-
ment method described by Pearson, Cowan, and Beckler.49
This trial also proved to bhe ineffective.

To discover which stage of the reaction was not pro-
ceeding properly, the Grignard reaction was repeated a
third time using the entrainment method and the product
mixture was hydrolyzed. The product analysis showed that
while only 4% of the starting material remained, the cis
and trans 4~tert~butyl-l-~methylcyclohexane products were
accompanied by equal yields of 4~tert~butyl-l-methylcyclo-
hexa~2~ene and 4-tert~butyl-l-methylenecyclohexane. A
trace amount of the alcohol also appeared. It was concluded
therefore, that the Grignard reagent reacted with starting
material as quickly as it was formed.

Cis and trans—4-tert-butyl-l-methylcyclohexane. A 20 g.

(0.135 mole) sample of p-tert-butyltoluene was reduced

under 1800 psi of Hydrogen gas in a hydrogenation bomb. The
Raney Nickel catalyst used had been dissolved in cyclohexane
and the water had been removed by refluxing the catalyst in

cyclohexane with a Dean Stark trap.
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Ozonolysis of Compounds

General Method. A small sample of compound was usually

dissolved in a few milliliters of methylene chloride. A
small amount of internal standard was then added. The
reaction vessel was cooled to 0°C for a few minutes, then
ozone gas was allowed to pass through the reaction chamber.
After the ozone trap began‘to yellow, samples of 0.1 ml.
were withdrawn from the methylene chloride solution every
3-5 minutes and these samples were placed in a test tube
with a gram of a 50/50 mixture by weight of sodium thio-
sulfate and potassium iodide. This mixture was then stirred
thoroughly with a small spatula. When the color in the
test tube disappeared, the test tube was placed in the
refrigerator. This process was repeated until enough
samples had been taken to insure the necessary data points,
The samples were injected into the GC instrument fresh
from the refrigerator within at least 10 hours after

collection.

Ozonolysis of bromomercuricyclohexane., A 0.635 g.

(0.00175 mole) sample of bromomercuricyclohexane was
dissolved in 35 ml. of methylene chloride. To this solution
was added 0.045 g, (0.0012 mole) of nitromethane as an
internal standard. This solution was then introduced into
the reaction vessel and ozonized at 0°C for 30 minutes. A

50 pl sample of the methylene chloride solution was then
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injected into the GC instrument using the FFAP column,
Cyclohexanol and cyclohexanone were found to be present
by coinjection of known samples of these compounds.

Ozonolysis of cis~4-tert~butylcyclohexanol. A 0,60 g.

(0.0038 mole) sample of cis-4-tert-butylcyclohexanol and
1.2 g. (0.027 mole) of nitromethane was dissolved in 10 ml.
of methylene chloride. The solution was then introduced

" into the reaction vessel and ozonized at 0°C. Samples were
taken at 6 and 10 minutes. GC analysis revealed that only
10% starting material was present after 10 minutes. A
fresh sample was prepared and ozonized and samples were
taken at 6, 6,5, 7, 7.5, 8, 8.5, ¢, 2.5, and 10 minutes.
This proved unsatisfactory because products were lost and
an apparent increase of starting material was obtained.
In other runs, the upper trap was removed, a sample was
withdrawn, and the trap was secured again. However, in this
case the upper trap was removed during the duration of
sampling. It was assumed that the nitromethane was slowly
escaping.

Ozonolysis of trans~4~tert-~butylcyclohexanol, The

above reaction was repeated using the trans isomer of the
alcohol and using 0,60 g. (0.014 mole) of nitromethane.
Samples were taken at 6 and 10 minutes, Only slightly more

unreacted alcohol was present than obseryved above,
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Ozonolysis of ¢cis and trans-4-tert-butylcyclohexanol.

A 50/50 mixture of the alcohols weighing 0.75 g. (0,048 mole)
was ozonized while using 0.200 g. (0.045 mole) of nitro-
methane as an internal standard. Samples were withdrawn at
o, 3, 5, 8, 10, 16, and 20 minutes. GC analysis revealed
that all starting material had disappeared after 5 minutes,
and that the ¢is lsomer was disappearing more rapidly than
the trans.

Ozonolysis of cis-4~-tert-butylcyclohexanol and bromo-

mercuricyclohexane., To a 0.060 g. (0.00038 mole) sample of

cis~4~-tert-butylcyclohexanol, was added 0.206 g. (0.00059

mole) of bromomercuricyclohexane and 0.025 g. (0.0055 mole)
of nitromethane in 10 ml. methylene chloride. Samples were
collected at 0, 3, and 5 minutes at 0°C, and subjected to
GC analysis.

Ozonolysis of trans-l-bromomercuri-4-tert-butylcyclo-

hexane. In 10 ml. of methylene chloride were dissolved 250
mg. {0.00597 mole) of trans-l-bromomercuri-4-tert-butyl-
cyclohexane and 0.025 g. (0.00556 mole) of nitromethane.
Ozone was bubbled through the reaction at 0°C and aliquots
were collected at 5, 10, 20, and 30 minutes. The samples
were worked up in the usual way and subjected to GC analysis.

Ozonolysis of cis~l-bromomercuri~4~tert~butylcyclohexane.

A 0.150 g. (0,000358 mole) sample of cis~l-bromomercuri-4-
tert~butylcyclohexane and 0.015 g. (0.0033 mole) of nitro-

methane were dissolved in 6 ml. methylene chloride. Ozone
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was bubbled through the reaction at 0°C and aliguots were
withdrawn and guenched at 5, 10, 15, and 20 minutes. The

samples were worked up in the usual way and subjected to GC

analysis.

Calculation of rate of formation of 2-propanol and

acetone from data of Rivera.l7 Assuming the following

equation:

k k
isopropyl~-HgCl —1 5 isopropyl-0-0~0~HgCl —2
k3
2-propanol w~5ﬁ;9 ;E%tone (36)

where ko=k, and both are extremely fast; a program was
devised by Mr, George Wolfe to determine if the theoretical
concentrations of 2-propanol and acetone would fit the
concentrations found. Assuming the pathway involving k4
did not exist, the following equations were solved with
the aid of a Wang Model 600 Programmable Calculator:

ki [isopropyl-HgCl],

~k.t k,t
[2-propanol] = [e "1t -e™4 "] (37)
PrOP (kg-k1)

[acetone] = [isopropyl~-HgCl], [i+ EE%EZ

Qe. 4e"k1t.~k1e'k4t) ] : (38)
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If any of the acetone was being formed directly from the
isopropyl mercuric chloride, the calculated concentrations
of isopropanol and acetone would not agree with the actual
concentrations found,

Upon failure to give the observed concentrations, a
pathway involving ks is necessary. Assuming a dispro-
portionation reaction of Isopropyl=0~0~0~HgCl to acetone
and 2~propanol via k3 and k5, the following equations were

solved with the aid of the Wang 600 Programmable Calculator:

kq [isopropyl~HgCl] 4

~k1t_okat
2(kg~kq) [eT1t-e®4"] (33)

{2~propanol] =
[acetone] = [isopropyl-HgCl], ~ [ (isopropyl-HgCl)

+ (2-propanol) + (fragmentary products)] (40)

The amount of fragmentary products such as acetic acid and
carbon dioxide were calculated by adding the actual amount
of acetone and 2-propanol found in the reaction and sub-
tracting this amount from the initial amount of isopropyl
mercuric chloride present. This number was assumed to be
the amount of organomercurial that should have been present.
The difference between this number and the actual amount

of organomercurial found in the reaction was taken to be

the amount of fragmentary products,
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CHAPTER III

RESULTS

Products of Ozonolysis

All the organomercurials were oxidized to alcohols or
to ketones by reaction with ozone. After prolonged ozon~-
olysis, the ketones were usually cleaved to fragmentary
products which were assumed to be the corresponding diacids.
All the alcohol products were oxidized further to ketones,
and subseqguently to the diacids in the presence of ozone.

This sequence is shown below.

(41)
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Ozonolysis of cis~4~tert-butylcyclohexanol. Ozonolysis

of cis-4-tert-butylcyclohexanol was complete after 10
minutes at 0°C. Only 4~tert-butylcyclohexanone was detected
by GC analysis. The reaction was too fast to obtain the
absolute rate constant,

When the reaction was repeated and aliquots were taken
every 30 seconds, a lesser amount of 4~tert-butylcyclo-
hexanone than usually observed and a loss of internal
standard were detected.

GC analysis of the guenched aliguots showed only
product and unreacted starting material.

Ozonolysis of trans~4~tert-butylcyclohexanol. 1In

contrast to the cis alcohol, trans-4-tert-butylcyclohexanol
was not completely converted to the ketone after 10 minutes
of ozonation under identical ozone flow conditions. This
reaction was similar, in that determination of its absolute
rate constant was impossible by the techniques described
on page 34.

Ozonolysis of a 50/50 mixture of cis and trang-4-tert-

butylcyclohexanol, Although rate determinations of the

above reaction were not feasible by these techniques, a
competition reaction between these two alcohols was possible.
The rate of disappearance of each alcohol was plotted
against time. By dividing the slope of the rate of reaction
of the ¢is alcohol by that of the trans alcohol, it was

found that the cils alcohol reacted 3.76 times faster than
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the trans alcohol. Other points were obtained for the trans
alcohol which £it the line, but do not appear on the graph.
(See Figure 2).

Ozonolysis of cis—~4~tert~butylcyclohexanol in the

presence of bromomercuricyclohexane, To make absolutely

certain that the alcohols were not epimerizing under all
of the reaction conditions, cis-4~tert-butylcyclohexanol
was ozonized in the presence of bromomercuricyclohexane.
Bromomercuricyclohexane was chosen since it was a compound
of similar structure, it would give rise to the same type
of intermediate, and its oxidation products would be of
different retention times than those of 4~tert-butylcyclo-
hexanol and 4-tert~butylcyclohexanone. After 30 minutes of

ozonolysis at 0°C, the cis alcohol had completely disappeared.

The reaction was checked every five minutes by GC analysis,
and at no time did any trans alcohol appear. Formation of .
cyclohexanol and cyclohexanone proceeded smoothly.

Ozonolysis of trans~l-bromomercuri-4-tert~butylcyclo~-

hexane. Ozonolysis of trans-l-bromomercuri-4-tert-butyl-
cyclohexane was complete after 20 minutes. 4-Tert-butyl-
cyclohexanone and 4~tert~butylcyclohexanol were the major

products. A very small amount of the cis alcohol was

formed, however, no large build-up occurred, It was also
observed that initially the ketone concentration was less
than the alcohol, but after 10 minutes the ketone was the

major product, (See Figure 3).
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Ozonolysis of gis-l-bromomercuri~4-tert~butylcyclo-

hexane. Ozonolysis of cis-l-bromomercuri~4-tert-butyl-
cyclohexane was complete after 20 minutes. 4-Tert-butyl-
cyclohexanone and trans-4-tert-butylcyclohexanol were the
major products. It was noted that the ketone was always
present in greater amounts than either alcohol. 1Initially,
'the cis alcohol was the predominant alochol. However, after
the solution became saturated with 03, the trans alcohol
became the predominant alcohol. (See Figure 4).

Rate determination of the ozonolysis of secondary

alcohols to ketones., In a program prepared by Mr. George

Wolfe, the rate of loss of isopropyl mercuric chloride and
the rate of acetone formation were compared. The absolute
rate constant for loss of ]-propanol and formation of
acetone had been previously reported.17 By comparing the
theoretical amount of acetone which would be formed in~-
directly from isopropyl mercuric chloride through 2~propanol,
it was concluded that the actual formation of acetone occur~
red not only via the intermediate alcohol, but also directly
from the organomercurial. (See Figure 5).

Referring to the sequence on page 37, one must conclude
that the intermediate, Isopropyl-0~0~0~HgCl, probably
disproportionates to form a mole of ketone and a mole of
alcohol, The real amount of acetone and 2~-propanol formed

is denoted by a solid 1line in Figure 5, and the calculated
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Ozonolysis of cis-4~t-butyl
Cyclohexyl Mercuric Bromide
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amounts (assuming no disproportionation) are denoted by
dotted lines. The curves obviously do not match. Assuming
that the intermediate Isopropyl-0-0-0-HgCl did decompose by
disproportionation, then the data taken from the computer
results from page 38 should match the concentrations found
in the reaction. It was found and shown in Figure 6, that
the calculated concentrations from page 38 indeed matched

the actual concentrations found by Rivera.+7
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Concentration Build-Up for Products from a Actual
Concentration Disproportionating Intermediate
Versus the Actual Concentration of Products
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CHAPTER IV
DISCUSSION

Stereospecificity of Organomercurial Ozonolysis. It

was found that trans-4-tert-butylcyclohexanol predominated

over its cis isomer when either cis or trans-l-bromomercuri-

4-tert-butylcyclohexane was ozonized. The corresponding
ketone, 4-tert-butylcyclohexanone, was also a major product,
The disproportionate amount of trans alcohol could have
occurred by a more rapid oxidation of the cis alcohol by
ozone, by an epimerization of the cis alcohol by ozone, or
by a mechanism which allowed the epimerization of an inter-
mediate.

The argument that cis-—4~tert-butylcyclohexanol was
more rapidly oxidized and therefore, a minor product because
it disappeared quickly, does not appear to be borne out for
the following reason. It was noted that cis-4~tert-~butyl-
cyclohexanol reacted only 3.76 times faster than the trans
isomer. It would seem that the cis alcohol would have to
disappear much faster to have had the effect that was observed.

(see Figure 2), However, further kinetic studies will have

to be performed to confirm this, unequivocally.

49
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Epimerization of either alcohol was not observed when
each was ozonized alone, or in the presence of other organo-
mercurials. Thus the argument that epimerization of the
gig_alcohol caused the trans alcohol to predominate, is
ruled out,

From the previous arguments it must be assumed that the
preponderance of the trans alcohol must occur via an
epimerization'of some intermediate. Perhaps from stereo-
chemical evidence, the mechanism of this epimerization can
be demonstrated.

Mechanisms and Product Distribution in Organomercurial

Ozonolysis. As shown earlier, the Spl and SEi mechanism
demands that a free carbanion be released as a reactive
intermediate. TIf the Syl or SEi mechanism were in operation,

a mixture of cis and trans-4-tert-butylcyclohexanol would

be expected from the ozonolysis of either cis or trans-1-
bromomercuri~-4~tert-butylcyclohexane. The fact that the
trans alcohol was a major alcchol component when either

cis or trans~l-bromomercuri~4~tert~butylcyclohexane was

ozonized might argue for the Spl or Spi mechanisms. The
fact that the Sgl or Spi mechanism is probably not in

51

operation was demonstrated by Waters. The rate of organo-

mercurial ozonolysis decreased for the series

3° > benzyl > 2° > methyl > 1°
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These workers concluded that this series was unlikely for
an Spl or SEi mechanism, because the opposite order would
have been expected for carbanion intermediates. Also, if
the SEl or Sgi mechanism were in operation, one would expect
the same ratio of alcohol isomers for ozonolysis of both the

cis and the trans organomercurials. Each isomer gave a

different ratio of cis and trans alcohols.

Unfortunately, invoking a pure four-~center or SEZ
mechanism does not adequately fit the observed results either.

In either case the c¢is mercurial should have given the cis

e g—

alcohol and the trans mercurial should have given the trans
alcohol, exclusively.

In order to distinguish between the SE2 and four center
mechanisms, either the ozone molecule would have to be
modified or a solvent study would be necessary. Ozone can-
not be modified in order to make one end more polar than the
other without changing its character completely. This
approach has been used by Charman, Hughes, and Ingold.52
These workers employed different complexes of Hg(II), and
reacted these with optically active organomercuric halides.
By changing the solvent polarity, a large rate increase or
decrease of ozonolyéis would indicate either a polar oxr non-
polar transition state. This would have implied an Sg2
mechanism, which exhibits some charge separation in the

transition state of the slow step (see page 17). Had there
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been no correlation between solvent polarity and reaction
rate, the four~center mechanism could have been implied.

It is therefore possible that another mechanism entirely
different from the SEZ or four center process is taking

place.

Mechanisms for the Ozonolysis of Alkanes and Alcohols.

To help formulate a mechanism for organomercurial ozonolysis,
other mechanisms which involve similar attack by ozone or

formation of similar products to organomercurial ozonolysis

53
must be discussed. A mechanism postulated by Hamilton,

involying attack by ozone on alkanes, invokes the following

sequence:

solvent shell

H~O —I
A \
R + 0;—> | R 0 —3 R- 4+ H~0=0-0°

1 !
k” NP R~-OH (racemized)
R~0~0~0~H —~ ~3> R~OH + 0Oy + ketone
(retention of
configuration)

. (42)

This mechanism would seem to fit the results found with 1-
bromomercuri~4-tert-butylcyclohexane, since both the cis
and trans alcohols, as well as the ketone, were produced
from each pure isomer. In the case of organomercurials,
the ozone would attack the C~Hg bond in the same fashion as
ozone attacks the C~H bond shown above in formula 42. The

C~Hg bond is a weaker bond that the C-H bond with respect
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to formation of radicals, The C-Hg bond ranges from 41~5]1

kcal, whereas the C-Hg bhond is on the order of 95 kcal.54

The existence of radical pairs as shown in formula 42

was also affirmed by Whitting upon ozonolysis of alcohols.55
This is shown in formula 43.
R R H~0O
| \
H-C-OH + O,-— |°*C-OH + Ol —> ketone (43)
\ ! s
_ |
Fragmentary
Products

The radical pair formed by the analogous organomercurial
could then go on to form an intermediate which could
epimerize.

Another possibility would be that the radical could
become separated from the solvent and the carbon become sp2
hybridized, In this case the most stable trioxide would
result, which would be the trioxide of the trans configura-~
tion.

It therefore seems likely that any mechanisms of
ozonolysis invoking radical pairs are very reascnable..
Moreover, since certain "fragmentary products" such as
acids have been isolated from organomercurial ozonolysis,
it is likely that they come from this stage. However, if

radical pairs exist, one would expect dimers and alkanes,
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Since the scope of this project was stereochemical in nature,
these products were not looked for. Future studies in this
area would be of advantage,.

Transition States and Intermediates in Organomercurial

Ozonolysis. Though the formation of an intermediate involv~-

ing radical pairs as precursors may be intriguing, other
transition states have been suggested for the first step of
the reaction.

A cyclic four-center~like mechanism where initial

attack is on the sp3 orbital of carbon has been suggested

14
by Waters,
— _‘i
:L 23, \C/é@ X (44)
— C-~HgX

1 /N

o 1

\\d/

This is similar to the transition state predicted for the

bromine or triiodide cleavages of the carbon-mercury bond.57

The carbon sp3

orbital is depicted as a solid line, while

the areas of bond formation are indicated by dotted lines.

The charge density on the carbon will be changed by electronic
factors rather than by cleavage of the bond.

1f, however; attack is by an Sg2 mechanism, the

following transition state seemg likely:
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—:’ (45)

Both the Sp2 and four center attack require a front
side attack and retained stereochemistry.

Eventually, by either the four center or the Sy2 process,
the transition state should lead to the trioxide intermediate

below:

~C-0-0~0-HgX.

This intermediate is similar to those postulated for the

58

5
ozonolysis of organosilanes and olefins 2 as shown below.

0
R /\
] o) 0

R~Si~0~0~0~H \ / (46)

| R-C~—C-R
R |
R

This type of intermediate is also suggested by the specula-
tion that it could give rise to the products observed.

Mechanism of Ozonolysis of ¢is and trans-l-Bromomercuri-

4-tert~-butylcyclohexane, As shown in the previous discussion,

the intermediates below

\ A o (47)
| VAR H

H
Adi o HgBr
\ 7
0-0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



56

could form by one of three sequences for each isomer,
(Radical intermediates are indicated by a bracket and transi~

tion states are indicated by a bracket with a ¥).

Sequence I, Radical Pair

HgBr + 03—

\ \
H + .o

recombination

4

H (48).

HgBr
/
0~0
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—

+ 03-—5 ‘ 'O\\O
\ +o/
gBxr ' |
B
+
N

recombination \ —+Nci::::::::§%j
7

~O~HgBr
O-
O\O (49)
\HgBr
Segquence II. Four~Center~Like
¥
@ o
- ¥ t
HgBr ‘\ . X
ﬁ ----Hg
H \Br
l H .
N
/
0=~0
O-HgBr (50)
H
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RgBr

Sequence III, S_2

H \ H HgBr
o--o6
+ O3~—)L —

H - o (53)

! : H
‘ B

o HgBr \0®

7 \ N0~0~HgBr
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Since it was observed that‘£raﬁé~4~tért-buty1cyclo«
hexanol predominated in both cases, it must be assumed that
the trans intermediate is mote‘easily formed or else is
more stable and less readily oxidized to other products.
Also, since the cis mercurial gave a large amount of the
trans alcohol there must be some means for converting the
gig intermediate to the trans, if sequence I is not in
operation. This can be explained by formation and inter-
conversion of the intermediates of sequence II or III. Once
one of these intermediates is formed by perhaps the four-

center mechanism (44) an interconversion could occur in the

following manner:

- -
HgBr
\
« 0
0-0 1. \\
N Sy va /o
" | 2
H HgBr _
k3
1—-——_&
AP
4
H
where k3<<k4
0~-0-HgBr (54)

k1<<k2

and kp/k,>>k,/k,
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The fact that a conversion of this intermediate would
involve breaking the carbon~oxygen bond may appear unusual
since cleavage of an oxygen-oxygen bond eventually leads to
the products observed and a carbon-~oxygen bond is usually
thought to be weaker than an oxygen-oxygen bond. However,
there is a driving force for the cis intermediate to convert
to the trans since the 1~3 diaxial interactions of oxygen
with hydrogen are-mihimal with the trans intermediate. It
must also be assumed that the reverse of this conversion is
more difficult and that no easier reactions of this type
occur,

Once the intermediate below

or

0~Q
/ N g
? .
HgBr o] HgBr

~ \O~O/

(55)

is formed, it can then decompose to products by disproportiona-

tion,

"Intq;me&iatéjﬁﬁsp@pﬁoffionapggn and Product Formation,
Reevaluation of the data of Riveral7 indicates a meéhanism
involving a disproportionation reaction. The data in
Figure 5 confirms that acetone formation wvia only oxidation

of the intermediate alcohol is not feasible since the
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.calculated concentrations do not fit the observed concentra~

tions for this prediction.

However, by modifying the

equation such that one considers the intermediate isopropyl-

O-0-0~HgCl breaking down to a mole of acetone and a mole of

2-propanol, the observed data fits the calculated data guite

well (see Figure 6).

follows:

CHy

2 H-C-0~0-0~HgCl —> 2 H~C«O-

/
CH4

CHB

CH;
+ 02
+ 2*HgCl

—

| S Y
7

The breakdown probably occurs as

CH
3
N
H~C~OH
/

CH,
CHj

C=0
/

CH3 (56)

By applying this principal to the 4-terxrt-butyl system,

the following seguence would lead to the obserxved products.

2 %O"o
\
"

H

Hg,Br,

(57)
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By the same sequence, the cis compound can lead to similar
products. This type of decomposition fits the data nicely
since both alcohol and ketone as well as Hg(I) compounds
have been found as reaction products.56 This also explains
how the ketone can come directly from the mercurial as well
as the alcohol,

According to the results of this study, the total
reaction process for the ozonolysis can be shown in Figure 7.

Since no elemental mercury was isolated from the reaction

vessel, reactions such as

2 'HgBr‘————Q HgBr2 + Hg0

seem unlikely. Though formation of Hg(II) salts are not
explained, in all probabilify Figure 7 demonstrates the

major reaction pathway.
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CHAPTER V
SUMMARY

In order to elucidate the mechanism of the electro-
philic cleavage of organomercurials by ozone, éig and trans-—
l-bromomercuri~4~tert~butylcyclohexane were synthesized and
ozonized. Upon ozonolysis it was found that both the cis
and trans organomercurials yielded both cis and trans-4-
tert-butylcyclohexanol as well as 4-tert-butylcyclohexanone.
The trans alcochol was the predominant alcohol in both cases.

In order to test the argument that the trans alcohol
predominated because the cis alcohol was more rapidly
oxidized, we ran a competitive rate study on both alcchols.
It was found that the cis alcohol reacted only 3.76 times
faster than the trans alcohol. A much larger rate difference
would be expected if this were the reason for the low yield
of cis alcohol relative to the trans isomer.

A second possible reason for the trans alcohol being

the predominant alcohol is that the c¢is alcohol epimerized

during the reaction, This idea was disposed by noting that
ozonolysis of pure cis~4-tert-butylcyclohexanol failed to
yield epimerized products, Epimerization of the cis alcohol

also failed to occur in the presence of bromomercuricyclohexane.

64
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An unequivocal mechanism for the entire reaction could
not be arrived at, but results based on previous studies and
this work indicate that the intermediate cannot be carbanion-
like. Howeyer, formation of a trioxide via intermediates
similar to those postulated for the ozonolysis of alkanes
or alcohols can account for the products observed.

Once the intermediate forms, it can decompose directly
to a radical pair, or epimerize and then reform the radical
pair., The radical pair can further react to form the alcohols
and ketone as well as oxygen and inorganic mercury products.

The fact that the trans organomercurial gave mostly
trans alcohol implies that organomercurials can be valuable
intermediates in stereo-selective syntheses of alcochols,

employing ozone and mercuric salts.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



REFERENCES

l. F. R. Jensen and B, Rickborn, Electrophilic Substitution
of Organomercurials, McGraw Hill Book Co., New York,
1968, pp. 45, 75, 100 and references cited therein.

2. A. Houzeau, Compte Rond., 76, 572 (1873),

3. Dieckhoff,‘Hgbil}tationsschrift‘Kgrlsruhe, (1891).

4. H. Gilman, Organic Chemistry, Vol. I, John Wiley and
Sons, Inc., New York, 1938, p., 547, :

5. L. Long, Chem. Rev., 27, 437, (19%40).

6. P. S. Bailey, Chem. Rev., 58, 925 (1958).

7. G. Ayrey, D. Barnard, and D. T. Woodbridge, J. Chem. Soc.,
2089~99 (1962).

8. Yu A. Aleksandrov and N. G. Sheyanov, Zh. Obshch. Khim.,
(1966) . T

9. L. Spialter and J. D. Austin, Inorg. Chem., 5, 1975-8
(1966 .

10. Yu A. Aleksandrov, N. G. Sheyanov, and V., A. Shushunov,
Zh. Obshch. Khim., 38, 352-6 (1968).

11. B. V. Emel'yanov, Z. N, Shemyakina, and V. N. Shvarov,
Khim. Prom., 44, 498-500 (1968} .

12. Yu A. Aleksandrov and N. G. Sheyanov, Zh. Obshch. Khim.,
39, 141-3 (1969).

13. P. K. Sysak, Doctoral Dissertation, Stanford University,
1971, p. 12,

14. W. L. Waters, P, E. Pike, J. G. Rivera, Advances in
Chenistry Series, "Ozone Reactions with Organic Compounds,"
P.” 8. Bailey, editor,‘'aAmer, Chem. Soc., Washington, D.,C,,
1972, p. 79. — ‘

15, W. Bockmueller and L, Pfeuffer, Ann., 537, 178 (1939).

66

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16,

17.
18,

l9.

20,
21.

22,
23,

24,

25,

26,
27.

28.
29,

30.

31.

67
P, E, Pike, P. G. Marsh, R. E. Erickson, and W. L, Waters,
Tet. Let., 31, 2679 (1970).
J. G. Rivera, Mastexrs Thesis, University of Montana, 1971,

J. S, Belew, Oxidation, Vol. I, R. L. Augustine, Ed.,
Marcel Dekkar, New York, 1969, p. 259.

J. March, Advanced Organic Chemistry: Reactions,
Mechanisms, and Structure, McGraw-Hill Book Co., New
York, 1968, p. 148.

F. R. Jensen and B. Rickborn, op. cit., p. 4.

a, L. T. Sandborn and C. S. Marvel,'g. Amer. Chem.
~Soc., 48, 1409 (1926).

b, Griffen and C, S. Marvel, ibid., 53, 789 (1931).
J. Romeyn and G. F, Wright, ibid., 69, 697 (1947).

Nesmeyanov, Reutov and Poddubnaya, Izvest. Akad, Nauk,,
S.8.8.R., 0tdd. Khim. Nauk., 649 (1953).

H. B. Charman, E. D. Hughes, and C. K. Ingold, J. Chem.
Soc., 2523 (1959). -

F. R. Jensen and L. H, Gale, J. Am. Chem. Soc., 82,
145 (1960).

N. E. Alexandrou, J. Organometal. Chem., 5, 301 (1966).

F. R. Jensen, L. H. Gale, and J. E. Rodgers, J. Am.
Chem. Soc., 20, 5793 (1968).

et

Unpublished results, W. L. Waters.

a. N. L. Allinger and C. D. Liang. J. Org. Chem.,
32 (8), 2391 (1967).

b. R. E, Erickson and R. K. Holmquist, Tet. Let., 48,
4209 (1969).

c. D, N, Kirk and P. M. Shaw, J, Chem. Soc., C, 182
(1870),

J. H., Robson and G, F. Wright, Can. J. of Chem., 138,
32 (1960), - Pt

p. D. Perrin, W. L, F, Armargeo, and D, R, Perrxin,

- purification of Laboratory Chemicals, 1lst Ed.,

Pergamon Press Inc., New York, 1966, p. 10.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



32,

33.
34.

35.

36.

37.

38,

39,

40.

41,

42,

43.
44,
45,
46,

47,
48,

49,

68

W. S, Allen, S. Bernstien, and R. Littell, J. Am. Chem,
Soc,, 84, 373 (1962), -

J. March, op. cit., p. 678~681,

P. T. Lansbury and R E. McLeay, J. Org. Chem.,, 28
(7), 1940 (1963). -

S. Winstien and N. Holmes. J. Amer. Chem, Soc., 77,
5576 (1955),. - "‘

¥, R. Jensen, L, H, Gale, and J. E. Rodgers, op. cit.,
p. 5798,

C. E. Kaslow and M. M, Marsh, J. ' Org, Chem., 12, 456
(1947).

E. L, Eliel and R, V. Acharaya, J. Org. Chem., 24,
151 (1959). T

E. L. Eliel and R, J. L. Martin, J. Am. Chem. Soc., 0
(3), 689~97 {1968). T

J. Cason and J. S. Correia, J. Org. Chem., 26, 3645
(1961). T

C. S. Marvel, C, G. Gauverke, and E. L. Hill, J. Am.
Chem. Soc., 47, 3009-11 (1925) and references cited
therein.

F. R, Jensen, L. H. Gale, and J. E. Rodgers, op. cit.,
5789-29,.

P. E. Pike, Masters Thesis, University of Montana, 1970.

W, J. Houlihan, J. Org. Chem., 3864 (1962).

B. Cross and G, Whitman, J. Chem. Soc., 3892 (1960) .

J. L, Beaton, T. L. Halsall, E. R. H. Jones, and P. C.
Philips,' J, Chem. Soc., 753 (1957).

D, N, Kirkp P. M. ShaW, ;_E Clt., 187.

J, H, Robhson and G. F. Wright, ﬁg 01t., 31.

D. E. Pearson, D, Cowan, and J. D. Beckler, J. Org.

“Chem, , 24, 504 (1959).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



69

30. a., A, S. Perlin, Can, J. of Chem,, 49, 1972 (1971).

b. S. Winstien and N, J. Holness, J, Am. Chem. Soc.,
77, 5562 (1955), o |

¢. J. Schreiber and A, Eschenmoser, Helv. Chem, Acta.,
© 38, 1529 (1955).

d. H. Kwart and P, S. Francis, J. Am. Chem. Soc., 81,
2116 (1959}, T

e, H. Favre and J. C. Richer, Can. J. Chem,, 37, 411
(1959).

f. K, B. Wiberg, Oxidation in Organic Chemistry,
Academic, New York, 1965, 164~1l66,

g. E. L, Eliel, J.' Am. Chem.' Soc., 88, 3327 (1966).

51l. W. L. Waters, P. E. Pike, and J. G. Rivera, op. cit.,
96, ——

52. H. B. Charman, E. D. Hughes, and C. K. Ingold, op. cit.,
2530.

53, G. A. Hamilton and B, S, Ribner, International Oxidation
Symposium, Aug. 28-Sept. 1, 1967, San Francisco, Califor-
nia, 289, I,

54. T. L. Cottrell, "The Strengths of Chemical Bonds,"”
Butterworth Scientific Publications, London, 1958,

55. M. C. Whiting, A. J. N. Bolt, and J. H. Parish,
International Oxidation Symposium, Aug. 28-Sept. 1, 1967,
272, 1I.

56, P. E, Pike, op. cit,, 39-41,
57. F. R. Jensen and B. Rickborn, op cit., 96.

58, R, J, Ouellette and D, L. Marks, J., Organometal,
“Chem., 11, 407~13 (1968).

59' J- MarCh,L ERQ" 'C‘it. ? 874.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



	Stereospecificity of organomercurial ozonolysis
	Let us know how access to this document benefits you.
	Recommended Citation

	tmp.1459884606.pdf.zvIrO

