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Preface

The developments in organic synthesis in recent years have been as dramatic as any
that have occurred in laboratory sciences. One need only mention a few terms to under-
stand that chemical systems that did not exist twenty years ago have become as much a
part of the repertoire of the synthetic organic chemist as borosilicate glassware. The list
of such terms would include the Wittig reaction, enamines, carbenes, hydride
reductions, the Birch reduction, hydroboration, and so on. Surprisingly, an introduc-
tion to the manipulations of these reaction techniques for the undergraduate or grad-
uate student has failed to materialize, and it is often necessary for students interested in
organic synthesis to approach modern synthetic reactions in a haphazard manner.

The purpose of this text is to provide a survey, and systematic introduction to, the
modern techniques of organic synthesis for the advanced undergraduate student or the
beginning graduate student. An attempt has been made to acquaint the student with a
variety of laboratory techniques as well as to introduce him to chemical reagents that
require deftness and care in handling. Experiments have been drawn from the standard
literature of organic synthesis including suitable modifications of several of the reliable
and useful preparations that have appeared in "Organic Synthesis." Other examples
have been drawn from the original literature. Where ever possible, the experiments have
been adapted to the locker complement commonly found in the advanced synthesis
course employing intermediate scale standard taper glassware. Special equipment for
the performance of some of the syntheses would include low-pressure hydrogenation
apparatus, ultraviolet lamps and reaction vessels, Dry Ice (cold finger) condensers,
vacuum sublimation and distillation apparatus, and spectroscopic and chromato-
graphic instruments. In general, an attempt has been made to employ as substrates
materials that are available commercially at reasonable cost, although several of the
experiments require precursor materials whose preparation is detailed in the text. Some
of the reagents are hazardous to handle, but I believe that, under reasonable supervision,
advanced students will be able to perform the experiments with safety.

Introductory discussion of the scope and mechanism of each reaction has been kept
to a minimum. Many excellent texts and reviews exist that provide thorough and ac-
curate discussion of the more theoretical aspects of organic synthesis, and the student is
referred to these sources and to the original literature frequently. Since it is the purpose



XIl PREFACE

of this volume to provide technical procedures, no useful purpose would be served in
merely duplicating previously explicated theoretical material.

The number of experiments that can be done satisfactorily in a one-semester course
varies widely with the physical situation and the individual skills of the student.
Therefore, no attempt is made to suggest a schedule. I recommend, however, that a
common core of about five experiments be assigned. The remainder of the preparations
can then be chosen by individual students as dictated by their interests as well as by the
availability of chemicals and special equipment. The common experiments, representing
frequently used and important techniques, might be chosen from Chapter 1, Sections I
and IV; Chapter 2, Section I; Chapter 3, Section I; Chapter 4, Section I; Chapter 5,
Section I; Chapter 6, Sections III and IV; Chapter 7, Sections II and VI; Chapter 8,
Section II; Chapter 9, Sections I and II; Chapter 11, Sections I and III; or Chapter 13,
Section II. Since many of the other experiments draw on the products of this suggested
list, the possibility of multistep syntheses also presents itself, and several such sequences
are outlined in Appendix 1. Also included, in Appendix 2, are the commercial suppliers
of the chemicals required when these chemicals are not routinely available.

Finally, a brief introduction to the techniques of synthesis is given in Appendix 3.
Students with no synthetic experience beyond the first-year organic chemistry course
are advised to skim through this section in order to acquaint themselves with some of
the apparatus and terminology used in the description of synthetic procedures.

RICHARD S. MONSON
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FUNCTIONAL GROUP
MODIFICATIONS



1
Chemical Oxidations

The controlled oxidation of selected functional groups or specific skeletal positions
represents one of the most important aspects of synthetic organic chemistry. The
application of a variety of inorganic oxidizing agents to organic substrates has broadened
considerably the selectivity with which such oxidations may be carried out. The examples
given here are typical of this rapidly expanding area of functional group modification.

I. Chromium Trioxide Oxidation

A variety of chromium (VI) oxidizing systems have been developed which allow for
the oxidation of a wide range of sensitive compounds. One of the most widely used
chromium (VI) reagents is the Jones reagent (7), whose use is detailed in the procedure.
A related system employs acetic acid as the solvent, and an example of this reagent is
also given.

A recently discovered (2) oxidizing system promises to become very important for
the oxidation of acid-sensitive compounds. The reagent is chromium trioxide-pyridine
complex, which may be isolated after preparation and employed in nonaqueous
solvents (usually methylene chloride). A remarkable feature of the reagent is that good
yields of aldehydes are obtained by direct oxidation of primary alcohols. The pre-
paration of the reagent and its use are given.

A. OXIDATION OF A COMMERCIAL MIXTURE OF cis- AND trans-4-t-BuiYLCYCLOHEXANOL

H2Cr2O7

The chromic acid oxidizing reagent is prepared by dissolving 13.4 g of chromium
trioxide in 25 ml of water. To this solution is added 12 ml of concentrated sulfuric acid.
An additional minimum quantity of water is added if necessary to dissolve any
precipitated salts.

A solution of 15.6 g (0.1 mole) of 4-t-butylcyclohexanol in 250 ml of acetone is
placed in a 500-ml three-necked flask fitted with a dropping funnel, a thermometer, and
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a mechanical stirrer. The stirred solution is cooled in a water bath to 20°, and the
chromic acid oxidizing solution is added from the dropping funnel slowly, so that the
temperature of the reaction mixture does not exceed 35°. The addition is continued
until the orange color of the reagent persists for about 20 minutes. The excess oxidizing
agent is destroyed by the addition of a small quantity of isopropyl alcohol (1 ml is
usually sufficient).

The mixture is decanted into an Erlenmeyer flask, the residual green salts are washed
with two 15-ml portions of acetone, and the washings are added to the main acetone
solution. Cautiously, sodium bicarbonate (approx. 13 g) is added to the solution with
swirling until the pH of the reaction mixture is neutral. The suspension is filtered, and
the residue is washed with 10-15 ml of acetone. The filtrate is transferred to a round-
bottom flask and concentrated on a rotary evaporator under an aspirator while the
flask temperature is maintained at about 50°. The flask is cooled and the residue
transferred to a separatory funnel. (If solidification occurs, the residue may be dissolved
in ether to effect the transfer.) To the funnel is added 1OO ml of saturated sodium chloride
solution, and the mixture is extracted with two 50-ml portions of ether. The ether
extracts are combined, washed with several 5-ml portions of water, dried over anhydrous
magnesium sulfate, and filtered into a round-bottom flask. The ether may be distilled
away at atmospheric pressure (steam bath) or evaporated on a rotary evaporator. On
cooling, the residue should crystallize. If it does not, it may be treated with 5 ml of
30-60° petroleum ether, and crystallization may be induced by cooling and scratching.
The crystalline product is collected by filtration and recrystallized from aqueous
methanol. 4-t-Butylcyclohexanone has mp 48-49° (yield 60-90%).

B. 4-BENZOYLOXYCYCLOHEXANONE FROM THE ALCOHOL (3)

c6H5cooV^Y-°H T^T- c6H5coo^

The oxidizing agent is prepared by dissolving 9.7 g (0.097 mole, 0.146 equivalents)
of chromium trioxide in a mixture of 6 ml of water and 23 ml of acetic acid.

A 250-ml three-necked flask is equipped with a dropping funnel, a thermometer,
and a mechanical stirrer, and is charged with a solution of 22 g (0.10 mole) of 4-benzoyl-
oxycyclohexanol (Chapter 7, Section X) in 40 ml of acetic acid. The solution is cooled
in a water bath, and the oxidizing solution is added at a rate so as to maintain the
reaction temperature below 35°. After completion of the addition, the reaction mixture
is allowed to stand at room temperature overnight. The mixture is extracted with 150 ml
of ether, and the ethereal solution is washed four times with 100-ml portions of water
to remove the bulk of the acetic acid. The ethereal solution is then washed with sodium
bicarbonate solution followed by water and then dried over sodium sulfate. The ether
is evaporated, and the residue solidifies. The product keto ester may be recrystallized
from ether-petroleum ether giving plates, mp 62-63°. The yield is about 18 g (82%).
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C. CHROMIUM TRIOXIDE-PYRIDINE COMPLEX (2, 4)

CrO3 + 2 C5H5N -> CrO3(C5H5N)2

Caution: The order of addition must be observed in this procedure or inflammation may
occur.

A 1 -liter flask is equipped with a magnetic stirrer, a thermometer immersed in the
reaction mixture, and a drying tube. In the flask is placed 100 ml of anhydrous pyridine,
and the flask is cooled in an ice- water bath to 15-20° (lower temperatures impede the
complex formation). Chromium trioxide (80 g) is added in small portions to the stirred
solvent at a rate so as to keep the temperature below 30°. After about one-third of the
chromium trioxide has been added, the yellow complex begins to precipitate. At the
end of the addition (about 1 hour), a slurry of the yellow complex in pyridine remains.
(This form of the complex is apparently a microcrystalline form and is very difficult to
handle.)

The temperature of the stirred solution is readjusted to 15°, and stirring at this
temperature is continued until the precipitate reverts to a deep red macrocrystalline
form. Petroleum ether (200 ml) is then added to the reaction mixture, the precipitate is
allowed to settle, and the solvent mixture is decanted. The residue is washed three
times with 200-ml portions of 30-60° petroleum ether, the solvent being removed each
time by decantation. The precipitate is collected by suction filtration, dried at room
temperature under a vacuum of 10 mm (higher vacuum causes some surface decom-
position), and stored in a desiccator. (The complex readily forms a hydrate, which is
not soluble in organic solvents. Consequently, protection from moisture is necessary.)

D. OXIDATION WITH CHROMIUM TRIOXIDE-PYRIDINE COMPLEX: GENERAL PROCEDURE

R_CH-R(H) R_C_R(H)

OH O

A 5 % solution of chromium trioxide-pyridine complex in dry methylene chloride is
prepared. The alcohol (0.01 mole) is dissolved in dry methylene chloride and is added
in one portion to the magnetically stirred oxidizing solution (310 ml, a 6: 1 mole ratio)
at room temperature. The oxidation is complete in 5-15 minutes as indicated by the
precipitation of the brownish black chromium reduction products. The mixture is
filtered and the solvent is removed (rotary evaporator) leaving the crude product,
which may be purified by distillation or recrystallization. Examples are given in
Table 1.1.

II. Periodate-Permanganate Cleavage of Olefins

Oxidative cleavage of olefins is frequently a useful procedure synthetically as well as
analytically. Ozonization is an effective means of carrying out such a cleavage under
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TABLE 1.1

Alcohol

2-Butanol
2-Octanol
Cyclohexanol
Benzhydrol
1-Heptanol
Benzyl alcohol
4-Nitrobenzyl

alcohol
3-Hydroxybenzyl

alcohol

Product

2-Butanone
2-Octanone
Cyclohexanone
Benzophenone
Heptanal
Benzaldehyde
4-Nitrobenazldehyde

3-Hydroxybenzaldehyde

bp(mp)/l
atm of

product
(0Q

80
173
156

(50-52)
155
179

(105-106)

(101-103)

(%)
Yield

98
97
98
96
93
95
97

87

mild conditions but is not always convenient. The procedure given here, discovered by
Lemieux (5), employs a mixture of permanganate and periodate. The permanganate
oxidizes the olefin to the 1,2-diol and the periodate cleaves the diol. The products are
ketones or carboxylic acids, since any aldehydes produced are readily oxidized in the
reaction medium. The troublesome accumulation of manganese dioxide is avoided in
this reaction because any lower-valent derivatives of manganese that are formed are
reoxidized to permanganate ion by the periodate. A good example of the use of the
reaction is shown (6). The experimental procedure for the cleavage of commercial

MnO4©

CH2OH
5-10°

CH2OH
OH

+ CH1COCH,

camphene is typical.

CAMPHENILONE FROM CAMPHENE

,CH2 KMnO4

NaIO4

O
CH2O

A 1-liter three-necked flask equipped with a mechanical stirrer and two dropping
funnels is charged with a solution of 42 g (0.176 mole) of sodium periodate in 145 ml of
acetone and 180 ml of water. To the stirred solution, camphene (6.7 g, 0.049 mole) is
added in small portions. The reaction vessel is then flushed with nitrogen and is main-
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tained under a nitrogen atmosphere thereafter. The stirred solution is cooled in an ice
bath to 5°, and a solution of potassium permanganate (1.3 g, 0.008 mole) in 50 ml of
water is added dropwise with the simultaneous dropwise addition of 50 ml of acetone
over 1 hour, the temperature being held at 5-10°. After completion of the addition, the
stirring is continued for 12 hours at 5-10°. The stirring is then discontinued, the reaction
mixture is allowed to settle briefly, and the liquid reaction medium is decanted from the
residue (or filtered through celite, if desired). The solution is placed on a rotary
evaporator, and acetone is removed under reduced pressure. The residual aqueous
phase is extracted three times with 50-ml portions of ether; the ether is washed once
with saturated sodium chloride solution and dried. Removal of the ether affords the
crude ketone in almost quantitative yield. It may be purified by distillation, bp 68-69°/! 5
mm, 193-194°/l atm. DL-Camphenilone may be recrystallized from aqueous ethanol,
mp 40°.

III. Free Radical Oxidation of an Allylic Position

The allylic position of olefins is subject to attack by free radicals with the consequent
formation of stable allylic free radicals. This fact is utilized in many substitution
reactions at the allylic position (cf. Chapter 6, Section III). The procedure given here
employs t-butyl perbenzoate, which reacts with cuprous ion to liberate t-butoxy radical,
the chain reaction initiator. The outcome of the reaction, which has general applica-
bility, is the introduction of a benzoyloxy group in the allylic position.

3-BENZOYLOXYCYCLOHEXENE FROM CYCLOHEXENE (7)

OCOC6H5

C6H5COOC(CH3)3 + (CH3)3COH

O

Caution: The reaction and the subsequent solvent removal and product distillation steps
must be carried out behind a safety screen.

A 250-ml, three-necked, round-bottom flask is equipped with a mechanical stirrer, a
reflux condenser, a pressure-equalizing dropping funnel, and a nitrogen inlet and
outlet (mercury filled U-tube). The flask is charged with a mixture of 41 g (0.50 mole) of
cyclohexene and 0.05 g of cuprous bromide, and the mixture is heated (oil bath or
mantle) to 80-82°. When the temperature stabilizes, stirring is begun and 40 g (0.2 1 mole)
of t-butyl perbenzoate is added dropwise over a period of about 1 hour. Stirring and
heating are continued for an additional 3| hours. The reaction mixture is cooled and
washed twice with 50-ml portions of aqueous sodium carbonate to remove benzoic


