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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
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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



I

FUNCTIONAL GROUP
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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 (1), 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-BUTYLCYCLOHEXANOL

HzCl‘207
(CH,);C OH acetone (CH;),C =0

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-s-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 100 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-z-Butylcyclohexanone has mp 48-49° (yield 60-90 %).

B. 4-BENZOYLOXYCYCLOHEXANONE FROM THE ALCOHOL (3)

CsH;COO OH 0, CsH;COO
s HOAC 65 —

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 m! 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)
CI'O] + 2 CsHsN —> Cr03(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 mi) 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( CrOy(CsHsN),

OH

A 59 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.

R—(lf—R(H)

I1. 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
bp (mp)/1
atm of
product (%)
Alcohol Product (&) Yield
2-Butanol 2-Butanone 80 98
2-Octanol 2-Octanone 173 97
Cyclohexanol Cyclohexanone 156 98
Benzhydrol Benzophenone (50-52) 96
1-Heptanol Heptanal 155 93
Benzyl alcohol Benzaldehyde 179 95
4-Nitrobenzyl 4-Nitrobenazldehyde (105-106) 97
alcohol
3-Hydroxybenzyl 3-Hydroxybenzaldehyde (101-103) 87
alcohol

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

H;,C__H H,C. H
__——>"O‘e + CH,COCH
3 3

CH,OH ;34(: l Ocﬂon

camphene is typical.

CAMPHENILONE FROM CAMPHENE

CH, {0
O
QL™ s () oo
NalO4
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 m] 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°/15
mm, 193-194°/1 atm. pL-Camphenilone may be recrystallized from aqueous ethanol,
mp 40°.

HI. 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 r-butyl perbenzoate, which reacts with cuprous ion to liberate ¢-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)

OCOC¢H;

O +C6H5%OOC(CH3), Cwicur + (CH,),COH
0

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 (0.21 mole)
of 1-butyl perbenzoate is added dropwise over a period of about 1 hour. Stirring and
heating are continued for an additional 34 hours. The reaction mixture is cooled and
washed twice with 50-ml portions of aqueous sodium carbonate to remove benzoic
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acid. The organic phase is washed with water until neutral and dried over anhydrous
sodium sulfate. Excess cyclohexene is removed by distillation under aspirator pressure,
and the residue* is distilled through a short column giving 20-33 g (71-809;) of

3-benzoyloxycyclohexene, bp 97-99°/0.15 mm, nZ° 1.5376-1.5387.

IV. Epoxidation of Olefins

The reactions of olefins with peracids to form epoxides allows for the selective
oxidation of carbon-carbon double bonds in the presence of other functional groups
which may be subject to oxidation (for example, hydroxyl groups). The epoxides that
result are easily cleaved by strong acids to diols or half-esters of diols and are therefore
useful intermediates in the synthesis of polyfunctional compounds.

Caution: All reactions with organic peroxides should be conducted behind a safety shield,
since peroxides occasionally explode.

A. PERBENZOIC AcID EPOXIDATION OF STYRENE (8)

CsH;CH=CH, + CGHsﬁ—OOH —_ C6H5C\H—/CH2 + C¢H;COOH
0]
0]

A solution of 21 g (0.15 mole) of perbenzoic acid (Chapter 17, Section II) in 250 ml
of chloroform is prepared in a 500-ml round-bottom flask. Styrene (15 g, 0.145 mole) is
added, and the solution is maintained at 0° for 24 hours with frequent shaking during
the first hour. At the end of the reaction period, only the slight excess of perbenzoic
acid remains. The benzoic acid is extracted from the reaction mixture by washing
several times with 109 sodium hydroxide solution. The solution is then washed with
water and dried over anhydrous sodium sulfate. Fractional distillation gives 24-26 g
(69-75%) of 1,2-epoxyethylbenzene, bp 101°/40 mm.

B. MONOPERPHTHALIC ACID EPOXIDATION OF CHOLESTERYL ACETATE (8)

\ COOH \\ COOH
Ol L X
AcO <“300H AcO IN COOH
6)

* Since the perester may decompose explosively on excessive heating, an infrared spectrum of the
residue should be run prior to distillation to check for complete reaction. For ¢-butyl perbenzoate,
ve=o is 1775 cm™! (5.63 p).
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A solution of 10 g (0.023 mole) of cholesteryl acetate (mp 112-114°) in ether (50 ml)
is mixed with a solution containing 8.4 g (0.046 mole) of monoperphthalic acid (Chapter
17, Section II) in 250 ml of ether. The solution is maintained at reflux for 6 hours,
following which the solvent is removed by distillation (steam bath). The residue is dried
under vacuum and digested with 250 ml of dry chloroform. Filtration of the mixture
gives 6.7 g of phthalic acid (87 % recovery). The solvent is evaporated from the filtrate
under reduced pressure and the residue is crystallized from 30 ml of methanol, giving
6.0 g (589 yield) of B-cholesteryl oxide acetate. Recrystallization affords the pure
product, mp 111-112°. Concentration of the filtrate yields 1.55 g (15% yield) of
a~cholesteryl oxide acetate which has a mp of 101-103° after crystallization from
ethanol.

C. HYDROXYLATION OF CYCLOHEXENE WITH HYDROGEN PEROXIDE-FORMIC AcID (8, 9)

O s () 5 L,

— O —_—

HCOOH H,0

OH

Cyclohexene (8 g, 0.097 mole) is added to a mixture of 105 g of 98-100 % formic acid
and 13 g (0.115 mole) of 30 % hydrogen peroxide contained in a 250-ml flask fitted with
a reflux condenser. The two layers are shaken together briefly, whereupon spontaneous
heating occurs. The mixture becomes homogeneous at 65-70°, this temperature being
maintained for 2 hours on a steam bath. The formic acid is removed by distillation
under reduced pressure. The residue is mixed with 50 ml of 6 N sodium hydroxide and
heated on a steam bath for 45 minutes. The solution is cooled, neutralized with hydro-
chloric acid and evaporated to dryness under vacuum. The solid residue is distilled,
affording about 10 g of the product, bp 128-132°/15 mm. The distillate solidifies and
may be recrystallized from acetone, giving about 70%, of trans-1,2-cyclohexanediol,
mp 102-103°.

V. Baeyer-Villiger Oxidation of Ketones

The reaction of peracids with ketones proceeds relatively slowly but allows for the
conversion of ketones to esters in good yield. In particular, the conversion of cyclic
ketones to lactones is synthetically useful because only a single product is to be expected.
The reaction has been carried out with both percarboxylic acids and Caro’s acid (formed
by the combination of potassium persulfate with sulfuric acid). Examples of both
procedures are given.

A. PERBENZOIC ACID OXIDATION OF KETONES: GENERAL PROCEDURE (/0)

benzene

RICICH3 + CeHsﬁOOH _— R_OﬁCHJ + C¢H;COOH
o
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A perbenzoic acid solution in benzene is prepared as in Chapter 17, Section II.
(This solution is approximately 1.8 M in perbenzoic acid.) To 67 ml (approx. 0.12 mole
of perbenzoic acid) of this solution contained in an Erlenmeyer flask is added 0.10 mole
of the ketone in one batch. The resulting solution is swirled at intervals and allowed to
stand at room temperature for 10 days. The solution is then washed three times with
50-ml portions of saturated sodium bicarbonate solution to remove benzoic acid and
unreacted peracid, and is then washed with water. The solution is dried (anhydrous
sodium sulfate), the benzene is evaporated, and the residue is fractionally distilled at
reduced pressure to give the ester.

Examples

1. Cyclohexyl methyl ketone gives cyclohexyl acetate, bp 74-77°/23 mm.

2. Cyclohexanone gives e-caprolactone, bp 102-104°/7 mm, which may polymerize
on standing. The lactone may be converted easily to the corresponding e-hydroxy-
hydrazide by heating on a steam bath with a slight excess of 1009, hydrazine hydrate.
The crude hydrazide may be recrystallized from ethyl acetate, mp 114-115°

PERSULFATE OXIDATION OF KETONES: GENERAL PROCEDURE (/1)

K,S,0s
R—C—-CH; ———> R—O—C—CH,
I H:50, u
O O

The oxidizing agent is prepared in a 500-ml flask equipped with a magnetic stirrer
and cooled in an ice bath as follows: In the flask are placed 60 ml of concentrated
sulfuric acid and 20 ml of water, and the solution is cooled to 10°, Potassium persulfate
(42g,0.15mole) is added slowly to the stirred solution while maintaining the temperature
below 10°. The solution is diluted with an additional 65 ml of water maintaining the
temperature below 15°. The solution is now cooled to about 7° and 0.08 mole of the
ketone is added over 40 minutes. After the addition has been completed, the solution is
allowed to come to room temperature and stirring is continued for 20 hours. The
solution is diluted carefully with 150 m! of water and extracted twice with 75-ml portions
of ether. The ether is washed with sodium bicarbonate solution, followed by water, and
the ethereal solution is dried. Removal of the solvent, followed by fractional distillation,
affords the product ester.

Examples

I. Cyclopentanone gives 8-valerolactone, bp 98-100°/5 mm. The lactone may be
converted as above to its 8-hydroxyhydrazide and recrystallized from ethyl acetate,
mp 105-106°.

2. 2-Methylcyclopentanone gives 3-methyl-3-valerolactone, bp 100-101°/5 mm.
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V1. Lead Tetraacetate Oxidation of Cycloalkanols

The reaction of lead tetraacetate (LTA) with monohydric alcohols produces
functionalization at a remote site yielding derivatives of tetrahydrofuran (THF) (/2).
An example is the reaction of 1-pentanol with LTA in nonpolar solvents which produces
309, THF. The reaction, which is believed to proceed through free-radical inter-
mediates, gives a variable distribution of oxidation products depending on solvent
polarity, temperature, reaction time, reagent ratios, and potential angle strain in the
product.

In the procedure given here, the reaction is applied to a cyclic alcohol to produce a
bridged ether. The product is of interest in that it can be cleaved to produce disubstituted
cyclooctanes of known geometry (cf. Chapter 6, Section V).

LEAD TETRAACETATE OXIDATION OF CYCLOOCTANOL (/3)

OAc /0
Pb(OAc)4 + n
benzene

A mixture of 200 ml dry benzene, 35.5 g (0.08 mole) of lead tetraacetate, and 15 g of
anhydrous calcium carbonate is placed in a 500-ml round-bottom flask equipped with
a magnetic stirrer, a heating mantle, and a condenser (drying tube). The mixture is
heated with stirring to reflux. Ten grams (0.078 moles) of cyclooctanol dissolved in 50
ml of dry benzene are added in one batch, and the mixture is refluxed for 48 hours. The
mixture is then cooled and filtered by suction through celite. Water (25 ml) is added to
the filtrate, and the solution is stirred for 4 hour to hydrolize any unreacted lead tetra-
acetate. The mixture is then filtered again by suction through celite giving a clear
two-phase filtrate. The water layer is separated, and the benzene layer is dried over
anhydrous sodium sulfate, filtered, and fractionally distilled. The major product is the
cyclic oxide which has bp 50-52°/6.5 mm and mp 30-32°,

VII. Photolytic Conversion of Cyclohexane to Cyclohexanone Oxime

Nitrosyl chloride reacts with aliphatic hydrocarbons at room temperature under the
influence of light to give a complex mixture of substitution products. When the reaction
is run on cyclohexane at —25°, however, the pure oxime hydrochloride crystallizes
from the reaction mixture with virtually no side products.
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A. CYCLOHEXANONE OXIME FROM CYCLOHEXANE (14)

N NOH - HCI
O +NoCl 2 (j/

Caution: Nitrosyl chloride is an extremely corrosive gas, and all operations with it should
be carried out in a hood.

A 500-ml three-necked flask is fitted with a gas inlet tube, a magnetic stirrer, and an
alcohol thermometer, and is immersed in a Dry Ice—acetone bath to a depth sufficient
to maintain an internal temperature of —20 to —25°. Four 150-watt spotlights are
mounted around the flask. The cooling bath and the gas inlet tube should be protected
from the light by covering with aluminum foil. A cyclohexane-benzene mixture
(70:30 by volume) is placed in the flask to a convenient volume (100-200 ml) and is
allowed to cool to —20°. The lamps are turned on, and nitrosyl chloride is added slowly
to the flask through the immersed gas inlet tube. The solution gets cloudy in about 10
minutes and cyclohexanone oxime hydrochloride precipitates in 15-20 minutes. The
addition of a total of 7 g of nitrosyl chloride should take about 5 hours. Under these
circumstances about 9 g of the oxime hydrochloride can be isolated by filtration
followed by washing with ether and drying in a vacuum oven or desiccator. The oxime
hydrochloride has mp 70-88° and is quite hygroscopic. It may be converted to the free
oxime by the following procedure: The oxime hydrochloride (8 g) is suspended in
180 ml of boiling dry ether. Dry ammonia is bubbled slowly through the mixture for
several hours. The ammonium chloride formed is filtered off, and the ether is removed
from the filtrate on a rotary evaporator. This residue is recrystallized from petroleum
ether. The free oxime has mp 88-90°,

VIII. Oxidation of Ethers to Esters

The oxidation of ethers to esters according to the reaction offers many possibilities
for the modification of functionality in open chain or cyclic systems. An example is the

R—CH,—O—R" —— R—ﬁ—O—R’

conversion of tetrahydrofurans to y-butyrolactones. Two reagents have been dis-
covered that allow for this conversion in satisfactory yield: ruthenium tetroxide and
trichloroisocyanuric acid (Chapter 17, Section IV). The use of these reagents is given
below for the conversion of di-n-butyl ether to n-butyl n-butyrate.

A. n-BuTYL BUTYRATE FROM DI-n-BUTYL ETHER BY RUTHENIUM TETROXIDE

RuQ
(CH,CH,CH,CH,),0 ——%, CH,CHZCHZ(H‘OCHZCHZCHZCIrl3

0]
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1. Preparation of Ruthenium Tetroxide (15): In a 250-ml flask equipped with a magnetic
stirrer and cooled in an ice-salt bath is placed a mixture of 0.4 g of ruthenium dioxide
and 50 ml of carbon tetrachloride. A solution of 3.2 g of sodium metaperiodate in 50
ml of water is added and the mixture is stirred 1 hour at 0°. The black ruthenium dioxide
gradually dissolves. The clear yellow carbon tetrachloride layer is separated and
filtered through glass wool to remove insoluble materials. The solution may be used
immediately or stored in the cold in the presence of 50 ml of sodium metaperiodate
solution (1 g/50 ml). As prepared above, the solution is about 0.037 M in ruthenium
tetroxide and contains 0.3 g/50 ml.

2. Oxidation of Di-n-butyl Ether (16): The ruthenium tetroxide solution (containing
about 0.3 g of the oxidizing agent) is added dropwise to a magnetically stirred solution
of 0.40 g of di-n-butyl ether in 10 ml of carbon tetrachloride cooled in an ice bath. A
thermometer is inserted in the reaction mixture. After a few minutes, black ruthenium
dioxide begins to form, and the temperature rises. The rate of addition is controlled to
maintain the temperature at 10-15°. After completion of the addition, the reaction
mixture is allowed to stand at room temperature overnight. The precipitated ruthenium
dioxide is filtered off, and the residue is washed thoroughly with carbon tetrachloride.
The combined filtrate and washings are washed once with sodium bicarbonate solution
to remove a trace of butyric acid. The carbon tetrachloride solution is then dried
(anhydrous sodium sulfate), filtered, and distilled in a micro-apparatus. n-Butyl
n-butyrate has a normal boiling point of 165-166°.

B. n-BuTYL BUTYRATE FROM DI-n-BUTYL ETHER BY TRICHLOROISOCYANURIC ACID (17)

In a 200-ml round-bottom flask equipped with a magnetic stirrer and a thermometer
is placed a mixture of 50 ml of di-n-butyl ether and 25 ml of water. The flask is immersed
in an ice bath and the mixture is cooled to 5°. In one portion is added 23.2 g (0.1 moles)
of trichloroisocyanuric acid (Chapter 17, Section IV), and stirring in the ice bath is
continued for 12 hours. The ice bath is removed and the mixture is stirred at room
temperature for an additional 8 hours. The reaction mixture is then filtered to remove
solids. The water is separated from the organic layer, which is then washed with two
additional portions of water, dried with anhydrous sodium sulfate, filtered, and
fractionated as above.

IX. Partial Oxidation of an Aliphatic Side Chain

As mentioned earlier, allylic positions are highly subject to attack by free radicals.
Likewise, benzylic positions may be attacked by free-radical initiating reagents to give
benzylic radicals of high stability. The procedure given below employs cerium (IV) in
conjunction with nitric acid to carry out the oxidation of the benzylic position of
Tetralin. Although cerium (IV) reagents have been widely used in inorganic analytic
procedures, their use in organic oxidations is relatively recent.
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a-TETRALONE FROM TETRALIN (/8)

Ce (1V)
—_—
HNO,

A three-necked round-bottom flask is fitted with a dropping funnel, a thermometer,
and a magnetic stirrer and is heated in a water bath to 30°. Tetralin (1.32 g, 0.01 mole)
and 50 ml of 3.5 N nitric acid solution are placed in the flask and brought to temperature.
Ceric ammonium nitrate (21.9 g, 0.04 mole) is dissolved in 100 ml of 3.5 N nitric acid,
and the solution is added dropwise to the reaction mixture at a rate such that the
temperature does not rise and only a pale yellow color is evident in the reaction mixture.
At the completion of the reaction (1} to 2 hours), the mixture should be colorless. The
solution is cooled to room temperature, diluted with an equal volume of water, and
extracted twice with ether. The ether solution is dried with anhydrous sodium sulfate,
filtered, and the ether is evaporated. The residue may be distilled to yield «-tetralone
(bp 113-116°/6 mm or 170°/49 mm) or may be converted directly to the oxime, which is
recrystallized from methanol, mp 88-89°.

X. Bisdecarboxylation with Lead Tetraacetate

The use of lead tetraacetate to carry out oxidative bisdecarboxylation of diacids has
been found to be a highly useful procedure when used in conjunction with the Diels-
Alder addition of maleic anhydride to dienes, the latter process providing a ready
source of 1,2-dicarboxylic acids. The general pattern is illustrated in the reaction

COOH
LTA
e — — (I
COOH
sequence. A striking use of the reaction was made by van Tamelen and Pappas (/9) in
their synthesis of Dewar benzene.

LTA
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General Procedure (20)

COOH LTA j
I pyridine
COOH

Pyridine (purified by distillation from barium oxide, 10 ml/g of diacid) is placed in a
round-bottom flask fitted with a magnetic stirrer, condenser, and drying tube. Oxygen is
bubbled through the stirred solution at room temperature for 15 minutes. The diacid
(0.02 mole) and lead tetraacetate (0.03 mole) are added, and the flask is heated with a
mantle or oil bath to 65° while the stirring is continued. The evolution of carbon dioxide
begins after several minutes and is usually complete after an additional 10 minutes.
The reaction mixture is cooled, poured into excess dilute nitric acid, and extracted with
ether. The ether solution is washed with aqueous bicarbonate then saturated sodium
chloride solution and finally dried over anhydrous magnesium sulfate. The solution is
filtered, and the solvent is removed by a rotary evaporator or by fractionation to give
the olefin.

Examples (20)

1. cis-4,5-Cyclohexenedicarboxylic acid (Chapter 8, Section II) is converted to
1,4-cyclohexadiene, bp 86-87°, n3" 1.4729.

2. endo-1-Acetoxy-8,8-dimethylbicyclo{2.2.2]oct-3-one-5,6-dicarboxylic acid gives
the corresponding olefin, l-acetoxy-8,8-dimethylbicyclo[2.2.2]Joct-2-ene-5-one, mp
59-60° after recrystallization from pentane (Chapter 8, Section 1V).

3. endo-1-Acetoxybicyclo[2.2.2]oct-3-one-5,6-dicarboxylic acid gives the corre-
sponding olefin, 1-acetoxybicyclo[2.2.2]oct-2-en-5-one, mp 49-50° after recrystal-
lization from pentane (Chapter 8, Section IV).

XI. Oxidation with Selenium Dioxide

Selenium dioxide may be used for the oxidation of reactive methylene groups to
carbonyl groups. An example is the oxidation of cyclohexanone to cyclohexane-1,2-
dione (21). In the procedure, the reaction is carried out on camphor to give camphor

(0]
(Y = (1
—_—
0]
quinone, an intermediate in the preparation of Horner's Acid (see Chapter 15,
Section II).
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N
ﬁ@ = E&O
_—
o) (8]

Caution: Selenium dioxide is extremely poisonous and proper care should be taken when
working with it.

CAMPHOR QUINONE (22)

Commercial selenium dioxide gives more consistent results when freshly sublimed
material is used. Place the oxide (50 g) in a 7-cm porcelain crucible upon which is set a
250-ml filter flask cooled by running through it a stream of water. The crucible is heated
with a low flame until sublimation is complete (20-30 minutes). After cooling, the
sublimed selenium dioxide is scraped from the flask and is stored in a stoppered bottle.

In a 100-ml flask is placed a mixture of 19.5 g (0.18 mole) of freshly sublimed,
pulverized selenium dioxide, 15 g (0.10 mole) of dl-camphor and 15 ml of acetic anhy-
dride. The flask is fitted with a magnetic stirrer and a condenser, and the mixture is
heated to 135° on an oil bath with stirring for 16 hours. After cooling, the mixture is
diluted with ether to precipitate selenium, which is then filtered off, and the volatile
materials are removed under reduced pressure. The residue is dissolved in ether (200 ml),
washed four times with 50-ml portions of water and then washed several times with
saturated sodium bicarbonate solution (until the washes are basic). The ether solution
is finally washed several times with water, then dried, and the ether is evaporated. The
residue may be purified by sublimation at reduced pressure or recrystallized from
aqueous ethanol (with clarification by Norit, if necessary). The product is yellow,
mp 197-199°.
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Hydride and Related Reductions

The availability of a wide range of complex hydride reducing agents has greatly
simplified the problem of selective reduction of functional groups. Virtually any polar
functional group can be reduced by appropriate selection of a hydride source. Another
important feature of hydride reductions is the extent to which the geometry of the
product can be controlled. By appropriate choice of conditions, pure axial or equatorial
isomers of cyclohexyl derivatives can be prepared. The procedures given here entail some
of the general features of hydride reduction as well as some of the stereospecific
modifications (/).

1. Reduction by Lithium Aluminum Hydride

The most versatile of the complex hydrides is lithium aluminum hydride. It is
sufficiently reactive to reduce carboxylate ions directly to primary alcohols and is of
course useful for the reduction of less sluggish substrates. This high reactivity, however,
means that care must be exercised in the handling of the reagent. It reacts rapidly with
moisture or protic solvents, resulting in the liberation of hydrogen and the attendant
danger of explosion, and direct contact with liquid water may cause ignition. Vigorous
grinding in the presence of air may also cause fire, and sharp mechanical shock has been
known to cause explosion. But carefully dried solvents are not required, since the use of
a slight excess of the reagent serves as a convenient and effective drying agent. The
procedures below describe the use of the reagent for the reduction of a diester, a hindered
carboxylic acid, and a substituted amide.

A. 1,6-HEXANEDIOL FROM DIETHYL ADIPATE (2)

LiAlH
C,H;00C—(CH,),—COOC,H, —C’E;r——‘» HO—(CH,)s—OH

A three-necked, round-bottom, 500-ml flask is fitted with a mechanical stirrer, a
dropping funnel, and a condenser with openings protected by drying tubes. Lithium
aluminum hydride (3.5 g) is placed in the flask with 100 ml of anhydrous ether, and
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stirring is begun. After 10 minutes, a solution of 16.5 g of diethy! adipate in 50 ml of
anhydrous ether is added dropwise at such a rate that a gentle ether reflux is maintained.
If the reaction mixture becomes viscous, 15-ml portions of anhydrous ether may be
added as necessary to facilitate stirring. After the completion of the addition, stirring is
continued for 10 minutes. Excess hydride should then be decomposed by addition of
7-8 g of ethyl acetate with stirring. The solution is decanted from the sludge, and the
sludge is dissolved in 3 M sulfuric acid solution. The solution is extracted three times
with 50-ml portions of ether and the extracts are combined with the original ether
solution. The solution is dried over anhydrous sodium sulfate and filtered, and the
ether is evaporated. The residue solidifies and may be recrystallized from water.
1,6-Hexanediol has mp 41-42°.

B. trans-9-DECALYLCARBINOL FROM THE ACID (3)

COOH CH,OH
LiAlH,
—_—

: BUZO t

H H

A setup similar to the preceding one is used in this experiment except that provision
should be made for heating the reaction vessel (steam bath, oil bath, or mantle).
Lithium aluminum hydride (10 g, 0.26 mole) is dissolved in 200 m! of dry n-butyl ether
and heated with stirring to 100°. A solution of 9.1 g (0.05 mole) of trans-9-decalin-
carboxylic acid (Chapter 16, Section I) in 100 ml of dry n-butyl ether is added dropwise
over about 30 minutes. The stirring and heating are continued for 4 days, after which the
mixture is cooled and water is slowly added to decompose excess hydride. Dilute
hydrochloric acid is added to dissolve the salts, and the ether layer is separated, washed
with bicarbonate solution then water, and dried. The solvent is removed by distillation,
and the residue is recrystallized from aqueous ethanol, mp 77-78°, yield 80-95 %,.

C. N,N-DIMETHYLCYCLOHEXYLMETHYLAMINE FROM CYCLOHEXANECARBOXYLIC ACID (4)

COOH COCl CONMe, CH,NMe,

O socl, © Me;NH O LiAH,
cthcr

1. N,N-Dimethylcyclohexanecarboxamide: A 500-ml three-necked flask is equipped
with a reflux condenser (drying tube), a pressure-equalizing dropping funnel, and a
magnetic stirrer. The flask is charged with 32 g (0.25 mole) of cyclohexanecarboxylic
acid and thionyl chloride (45 g, 0.375 mole) is added over 5 minutes to the stirred acid.
The flask is heated (oil bath) at a temperature of 150° for 1 hour. The reflux condenser is
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then replaced by a distillation head, 50 ml of anhydrous benzene is added, and the
mixture is distilled until the temperature of the vapors reaches 95°. The mixture is
cooled, another 50 ml of anhydrous benzene is added, and the distillation process is
repeated to a head temperature of 95°. The cooled acid chloride is now transferred with
a little benzene to a dropping funnel attached to a 500-ml three-necked flask. The flask
is fitted with a mechanical stirrer and a drying tube and is immersed in an ice bath. A
solution of 34 g (0.75 mole) of anhydrous dimethylamine in 40 ml of anhydrous benzene
is placed in the flask. The acid chloride is added slowly to the stirred solution, the
addition taking about | hour. The mixture is then stirred at room temperature overnight.
Water (50 ml) is added, the layers are separated, and the aqueous phase is extracted
with two 25-ml portions of ether. The combined extracts and benzene layer are washed
with saturated sodium chloride solution and dried over anhydrous magnesium sulfate.
The solvent is removed (rotary evaporator) and the residue is distilled under reduced
pressure. The yield of N,N-dimethylcyclohexanecarboxamide is 33-35 g (86-89 %), n3’
1.4800-1.4807, bp 85-86°/1.5 mm.

2. N,N-Dimethylcyclohexylmethylamine: A 500-ml three-necked flask fitted with a
reflux condenser (drying tube), a pressure-equalizing dropping funnel, and a magnetic
stirrer is charged with a mixture of 5 g of lithium aluminum hydride in 60 ml of anhydrous
ether. A solution of 20 g of N, N-dimethylcyclohexanecarboxamide in 50 ml of anhydrous
ether is added to the stirred mixture at a rate so as to maintain a gentle reflux (about
30 minutes). The mixture is then stirred and heated (mantle) at reflux for 15 hours. The
flask is fitted with a mechanical stirrer and cooled in an ice bath. Water (12 ml) is added
slowly with vigorous stirring, and the stirring is continued for an additional 30 minutes.
A cold solution of 30 g of sodium hydroxide in 75 ml of water is added and the mixture
is steam-distilled until the distillate is neutral (about 225 ml of distillate). The distillate
is acidified by addition of concentrated hydrochloric acid (approx. 15 ml) with cooling.
The layers are separated, and the ether layer is washed with 10 ml of 3 N hydrochloric
acid. The combined acidic solutions are concentrated at 20 mm pressure until no more
distillate comes over at steam-bath temperature. The residue is dissolved in water
(approx. 30 ml), the solution is cooled, and sodium hydroxide pellets (17 g) are added
slowly, with stirring and cooling in an ice-water bath. The layers are separated, and the
aqueous phase is extracted with three 15-ml portions of ether. The combined organic
layer and ether extracts are dried over potassium hydroxide pellets for 3 hours. The
solvent is removed by fractional distillation at atmospheric pressure, and the product
is collected by distillation under reduced pressure. The yield is about 16 g (88%;) of
N,N-dimethylcyclohexylmethylamine, bp 76°/29 mm, nZ’ 1.4462-1.4463.

I1. Mixed Hydride Reduction (5)

The lithium aluminum hydride-aluminum chloride reduction of ketones is closely
related mechanistically to the Meerwein-Ponndorf-Verley reduction in that the
initially formed alkoxide complex is allowed to equilibrate between isomers in the
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presence of a catalytic amount of ketone via an intermolecular hydride ion transfer. If
the energy difference between the isomers is sufficiently great, virtually all the complex
is present as the stable isomer at equilibrium. This fact is applied in the procedure to
the reduction products of 4-r-butylcyclohexanone. Thus, when the complex is finally
decomposed, the pure rrans-4-t-butylcyclohexanol is easily isolated.

A second example exploits the fact that the mixed hydride reagent is capable of
hydrogenolysis of certain carbon-oxygen bonds. Thus, treatment of cyclohexanone
ketal (Chapter 7, Section IX) with lithium aluminum hydride-aluminum chloride
results in the rupture of a C-O bond to give the oxyethanol derivative.

A. trans-4-t-BUTYLCYCLOHEXANOL FROM THE KETONE (6)

OAICI,

1. LiAlH,, AICI;
—_—————
1-Bu 2. 1-BuOH t-Bu__
oH ! Fxcess ketone “OAICH,
I-BU 2. Hzo, sto4 [—BU

In a 500-ml three-necked flask, equipped with a mechanical stirrer, a dropping funnel,
and a reflux condenser (drying tube), is placed 6.7 g (0.05 mole) of anhydrous aluminum
chloride. The flask is cooled in an ice bath, 50 ml of dry ether is slowly added from the
dropping funnel, and the mixture is stirred briefly. Powdered lithium aluminum hydride
(0.6 g) is placed in a 100-ml flask fitted with a condenser, and 20 ml of dry ether is added
slowly from the top of the condenser while the flask is cooled in an ice bath, The mixture
is refluxed for 30 minutes then cooled, and the resulting slurry is transferred to the
dropping funnel on the 500-ml flask. The slurry is added to the stirred ethereal solution
of aluminum chloride over 10 minutes, and the reaction mixture is stirred for an
additional 30 minutes without cooling to complete the formation of the “mixed
hydride”.

The dropping funnel is charged with a solution of 7.7 g (0.05 mole) of 4-t-butylcyclo-
hexanone (Chapter 1, Section I) in 50 ml of dry ether. The solution is slowly added to
the “mixed hydride” solution at a rate so as to maintain a gentle reflux. The reaction
mixture is then refluxed for an additional 2 hours. Excess hydride is consumed by the
addition of 1 ml of dry -butyl alcohol, and the mixture is refluxed for 30 minutes more.
4-r-Butylcyclohexanone (0.3 g) in 5 ml of dry ether is added to the reaction mixture, and
refluxing is continued for 4 hours. The cooled (ice bath) reaction mixture is decomposed
by the addition of 10 ml of water followed by 25 ml of 10%, aqueous sulfuric acid. The
ether layer is separated, and the aqueous layer is extracted with 20 ml of ether. The
combined ether extracts are washed with water and dried over anhydrous magnesium
sulfate. After filtration, the ether is removed (rotary evaporator), and the residue
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(7-8 g) solidifies. Analysis by gas-liquid phase chromatography (glpc) shows it to
contain 96 % trans alcohol, 0.8 % cis alcohol and 3.2% ketone. Recrystallization of the
crude product from 60-90° petroleum ether gives 5-6 g of the product, mp 75-78°,
whose approximate composition is 99.3 9/ trans alcohol, 0.3 ¢ cis alcohol, and 0.4,
ketone. Concentration of the mother liquor affords a second crop, which is sufficiently
pure for most preparative purposes.

B. 2-CYCLOHEXYLOXYETHANOL (7)

1. LiAIH,, AICI;
O< j 2. H;0, H;50, QOCHzCHZOH

As in the preceding experiment, a lithium aluminum hydride-aluminum chloride
reducing agent is prepared by the addition of 1.67 g (0.044 mole) of lithium aluminum
hydride in 50 ml of anhydrous ether to 24.2 g (0.18 mole) of anhydrous aluminum
chloride in 50-55 ml of anhydrous ether.

A solution of 12.5 g (0.088 mole) of 1,4-dioxaspiro[4.5]decane (Chapter 7, Section
IX) in 200 ml of anhydrous ether is added to the stirred mixture at a rate so as to main-
tain a gentle reflux. (Cooling in an ice bath is advisable.) The reaction mixture is then
refluxed for 3 hours on a steam bath. Excess hydride is carefully destroyed by the
dropwise addition of water (1-2 ml) to the ice-cooled vessel until hydrogen is no
longer evolved. Sulfuric acid (100 ml of 109 solution) is now added followed by 40 ml
of water, resulting in the formation of two clear layers. The ether layer is separated and
the aqueous layer extracted with three 20-ml portions of ether. The combined ethereal
extracts are washed with saturated sodium bicarbonate solution followed by saturated
sodium chloride solution. The ethereal solution is dried over anhydrous potassium
carbonate (20-24 hours), filtered, and concentrated by distillation at atmospheric
pressure. The residue is distilled under reduced pressure affording 2-cyclohexyloxy-
ethanol as a colorless liquid, bp 96-98°/13 mm, n3’ 1.4600-1.4610, in about 859/ yield.

III. Reduction with Iridium-Containing Catalysts

A recently discovered reduction procedure provides a convenient route to axial
alcohols in cyclohexyl derivatives (8). The detailed mechanism of the reaction remains
to be elucidated, but undoubtedly the reducing agent is an iridium species containing
one or more phosphate groups as ligands. In any case, it is clear that the steric demands
of the reducing agent must be extraordinary since the stereochemical outcome of the
reaction is so specific. The procedure below is for the preparation of a pure axial alcohol
from the ketone.
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cis-4-t-BUTYLCYCLOHEXANOL FROM THE KETONE (9)

o OH
IrCl,, H,0, HCI
t-Bu (CH,0),P, i-PrOH  1-Bu

To a solution of 1.0 g (0.003 mole) of iridium tetrachloride in 0.5 m! of concentrated
hydrochloric acid is added 15 ml of trimethylphosphite. This solution is added to a
solution of 7.7 g (0.05 mole) of 4-#-butylcyclohexanone in 160 ml of isopropanol in a
500-mli flask equipped with a reflux condenser. The solution is refluxed for 48 hours,
then cooled, and the isopropanol is removed on a rotary evaporator. The residue is
diluted with 65 ml of water and extracted four times with 40-ml portions of ether. The
extracts are dried with anhydrous magnesium sulfate, filtered, and the ether is removed
on the rotary evaporator. The white solid residue is recrystallized from 609, aqueous
ethanol affording cis alcohol of greater than 99 9/ purity, mp 82-83.5°.

IV. Reduction of Conjugated Alkenes with Chromium (IT) Sulfate

Chromium (II) sulfate is capable of reducing a variety of functional groups under
mild conditions (10). Of particular interest is its ability to reduce «,8-unsaturated esters,
acids, and nitriles to the corresponding saturated compounds. This capability is
illustrated in the procedure by the reduction of diethyl fumarate.

A. CHrRoMIUM (II) SULFATE SOLUTION (10)

Cr,(S0,); + Zn(Hg) — 2 CrSO, + ZnSO,

A 500-ml three-necked flask fitted with a mechanical stirrer and a nitrogen inlet and
outlet is charged with 30 g (approx. 0.055 mole) of hydrated chromium (III) sulfate,
200 ml of distilled water, 7.5 g (0.12 g-atom) of mossy zinc, and 0.4 ml (5.4 g, 0.03
g-atom) of mercury. The flask is flushed with nitrogen for 30 minutes and a nitrogen
atmosphere is maintained. The mixture is then heated to about 80° with stirring for 30
minutes to initiate reaction. Then the mixture is stirred at room temperature for an
additional 30 hours, by which time the green mixture has been converted to a clear blue
solution. Solutions prepared as above are about 0.55 M in chromium (II) and are
indefinitely stable if protected from oxygen.

B. REDUCTION OF DIETHYL FUMARATE (/0)

C,H,00C H
\czc<
COOC,H,

> £ ¢,H00C—CH;CH,—COOC,H;
H
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A nitrogen atmosphere is maintained over the reaction mixture prepared above. The
flask is fitted with a pressure-equalizing addition funnel containing a solution of 8.7 g
(0.05 mole) of diethyl fumarate in 85 ml of dimethylformamide (DMF). With stirring,
the diethyl fumarate is added rapidly. The solution immediately turns green, and the
reduction is complete in 10 minutes. The resulting solution is diluted with 65 ml of
water, ammonium sulfate (20 g) is added, and the mixture is extracted with four 100-ml
portions of ether. The combined extracts are washed three times with 30-ml portions of
water and dried over anhydrous magnesium sulfate. The ether is removed (rotary
evaporator) and the residual liquid is distilled affording diethyl succinate, bp 129°/44
mm, n3’ 1.4194, in about 909 yield.
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Dissolving Metal Reductions

Although once used extensively for the reduction of functional groups, reactions
employing dissolving metals have largely been replaced by other more convenient
methods. Nevertheless, certain synthetic sequences that may require stereospecific or
functionally selective reductions may best be executed by means of metals in solution.
The Birch reduction, or its modifications (/), employs a solution of an alkali metal in
liquid ammonia or an aliphatic amine and is still widely used in connection with the
reduction of aromatic or conjugated systems. The sequence showing the reduction of
benzene to 1,4-cyclohexadiene is typical of the one-electron transfer mechanism com-
monly understood to pertain in such reductions. The procedures given below exemplify

L H H, H H_H H_H

@ Li/NH, O EtOH O Li @ EtOH @
EtOH

H” H'' H”® H H

the variety of conditions and substrates that may be employed in this procedure.

I. Reduction by Lithium-Amine

The reduction of an aromatic system under controlled conditions is an important
source of cycloalkanes. The procedure given here employs a solution of lithium in a
mixture of low-boiling amines to accomplish that end and affords a mixture of octalins
as product. The mixture may be separated by selective hydroboration (Chapter 4,
Section III).

OCTALIN FROM NAPHTHALENE (2)

Li
(CHy),NH, C;HNH, Oi) ’ OO
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A mixture containing 25.6 g (0.2 mole) of naphthalene and 250 ml each of anhydrous
ethylamine and dimethylamine is placed in a 1 liter, three-necked, round-bottom flask
fitted with a mechanical stirrer and a Dry Ice condenser. After brief stirring, 11.55 g
(1.65 g-atom) of lithium wire cut into 0.5-cm pieces is added in one portion. The mixture
is stirred for 14 hours, and the Dry Ice condenser is then replaced by a water condenser
allowing the solvent to evaporate. Anhydrous conditions are maintained during this
process (drying tube attached to the condenser). The flask is then placed in an ice bath
and the grayish white residue decomposed by the dropwise addition of about 100 ml of
water (caution!) accompanied by occasional slow stirring. The mixture is filtered by
vacuum, and the residue washed four times with 30-ml portions of ether. The ether
layer is separated and the aqueous layer extracted several more times with 25-ml
portions of ether. The combined ether extracts are dried over anhydrous calcium
sulfate, the solvent is removed, and the residual liquid is distilled. The product (about
20 g, 80%,) is collected at 72-77°/14 mm or 194-196°/1 atm and contains 80 %, 4°1°-
octalin and 209, 4'®-octalin by glpc analysis. The pure 4°:1%-isomer may be obtained
by selective hydroboration (Chapter 4, Section III).

II. Reduction by Lithium-Ethylenediamine

A modification of the preceding preparation employs ethylenediamine as a convenient
nonvolatile solvent and Tetralin as the commercially available starting material. The
results of the reduction are essentially identical.

OCTALIN FROM TETRALIN (3)

Li
+
@ij NH,CH,CH,NH, @ C@

In a three-necked round-bottom flask fitted with a glass stopper, a stirrer, and a reflux
condenser (drying tube) are placed 500 ml of ethylenediamine (distilled from sodium
hydroxide pellets before use) and 66.1 g (0.5 mole) of Tetralin. Clean lithium wire (21 g,
3 g-atom) is cut into short pieces and a 5-g portion added to the reaction flask. Stirring
is begun and in about 20 minutes the lithium begins to dissolve and heat begins to be
evolved. When the bulk of the initial lithium charge has dissolved, the remainder of the
lithium is added in 3-g portions over a period of about 15 minutes. Near the end of the
addition of lithium, the solution develops a blue color. Stirring is continued for an
additional 30 minutes, during which time the blue coloration fades to a slate gray color.

The reaction mixture is decomposed by the addition of 200 ml of ethanol over a
period of 20 minutes, and the solution is then poured into 2 liters of ice water. The
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mixture is extracted with several portions of benzene, and the combined benzene
extracts are washed with 5% sulfuric acid followed by water. The solvent is removed by
distiliation at atmospheric pressure, and the product is distilled at atmospheric pressure
through a 20 inch column, bp 194-196°, n3’ 1.4950-1.4970, about 48 g (71%). (For
isolation of pure 4°-1%-octalin, see Chapter 4, Section III).

III. Reduction of a,B-Unsaturated Ketones by Lithium-Ammonia

In this experiment, advantage is made of the fact that lithium—ammonia reduction
usually proceeds to give trans-fused Decalins (4). Thus, hydrogenation of 4'®-octalone-2
over palladium catalyst gives essentially cis-2-decalone as the product, whereas the
lithium-ammonia reduction of the octalone gives the trans ring fusion.

A. trans-2-DECALONE (5)

H H
— + —
! O : OH
0 H H
L,

H

The following operations should be carried out in a hood.

A 1-liter three-necked flask fitted with a sealed mechanical stirrer, a drying tube
filled with soda lime, and an inlet that can be closed to the atmosphere is heated briefly
with a luminous flame. Dry nitrogen gas is swept through the system during this heating
and for 30 additional minutes. After introducing 20 g (0.133 mole) of 4'¢-2-octalone
(Chapter 9, Section III) dissolved in 100 ml of commercial anhydrous ether, the an-
hydrous ammonia source is connected to the flask, and 500 ml of liquid ammonia is run
in. The ammonia inlet tube is closed and stirring is cautiously begun. Then, with
vigorous stirring, 5 g (0.7 g-atom) of lithium wire cut into small pieces is added over a
3-minute period. After the initial vigorous evolution of ammonia has ceased, the
solution is stirred for 10 minutes. Excess ammonium chloride is then added cautiously
over a 30-minute period. After the medium turns white and pasty, 100 ml of water is
added to dissolve the salts. Heating the resulting mixture for 1 hour on the steam bath
serves to expel most of the ammonia. The reaction mixture is extracted six times with
50-ml portions of ether. The combined extracts are washed twice with water, then with
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100 ml of 5% hydrochloric acid, again with water, and finally twice with saturated
sodium chloride solution. After removal of the ether on the steam bath, the brown
residue is taken up in 45 ml of glacial acetic acid. Oxidation of the decalol is effected by
slowly adding a solution of 7.8 g of chromic anhydride dissolved in the minimum
amount of water. The solution is cooled during the addition so as to maintain the
temperature below 30°. After the exothermic reaction has subsided, the oxidation
mixture is allowed to stand at room temperature for 2 days. The dark green solution is
then heated for 2 hours on the steam bath and, with cooling, mixed with a solution of
15 g of sodium hydroxide in 60 ml of water. The mixture is extracted five times with
30-ml portions of ether, the combined ethereal extracts are washed with water and
saturated salt solution, then dried, and the ether is evaporated. The residual ketone is
purlﬁed by vacuum distillation; the distillate is collected over a 2° range, bp 112-1 14°/ 13
mm, n3’ 1.4823-1.4824,

B. trans-10-METHYL-2-DECALONE (6)

CH, ?H; CH,
, Li/NH, [O]
—_— + alcohol ——
O ' o : (o)
H H

The procedure given in the preceding experiment can be applied to the reduction of
10-methyl-4'®-octalone-2 prepared in Chapter 10, Section VI. The product of the
reduction has bp 94-96°/3 mm.

IV. Reduction of a,-Unsaturated Ketones in Hexamethylphosphoric Triamide

Hexamethylphosphoric triamide (HMPT) is a high-boiling solvent particularly
satisfactory for dissolving metals or organometallic compounds. It has been found to be
an ideal solvent in which to conduct the reduction of «,8-unsaturated ketones by alkali
metals.

General Procedure (7)

| Li/HMPT |
R—C—C=CR —C—CH—
(": CR, -mo—) R % CH CHR,
0o o

In a three-necked flask fitted with a thermometer, a stirrer, a condenser (drying tube),
and a pressure-equalizing addition funnel, HMPT (25 ml, 0.14 mole) and anhydrous
ether (30 ml) are introduced. Finely divided lithium (1.75 g, 0.25 g-atom) is then added
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in one portion with stirring. After 5 minutes the solution becomes deep blue and the
temperature rises. The flask is cooled in an ice bath and maintained at 20-30°.

A solution of 0.1 mole of the «,8-unsaturated ketone dissolved in 15 ml of anhydrous
ether is added dropwise, whereupon the solution is rapidly decolorized. The stirring
is continued for 4 hours during which time it slowly becomes blue or green.

Excess lithium is destroyed by the careful addition of 1-2 ml of ethanol, and hydrolysis
of the reaction mixture is then effected by the addition of a mixture of ice (50 g) and
water (100 ml). The solution is then acidified to pH 2 by the addition of 5 N hydro-
chloric acid, followed by rapid stirring for 1 or 2 minutes to hydrolize the HMPT. The
aqueous solution is extracted with ether, the ether solution is dried with magnesium
sulfate, then filtered, and the ether is evaporated. The product is isolated by distillation
of the residue.

Examples

1. 2-Methyl-2-penten-4-one (mesityl oxide): Treatment of 9.8 g (0.1 mole) of the
ketone by the above procedure gives on distillation 6.6 g of methyl isobutyl ketone,
bp 117-118°/1 atm and a residue of 3 g.

2. Pulegone

0O

gives 75 % of 2-isopropyl-5-methylcyclohexanone, bp 48-53°/0.3 mm, 207°/1 atm.

3. 1-Benzoylcyclohexene gives, after removal of the ether, phenyl cyclohexyl ketone,
which is recrystallized from petroleum ether, mp 52° (80 %).

4, A'®-Qctalone-2-gives trans-2-decalone, bp 112-114°/13 mm.

V. Reduction of an a,B-Unsaturated y-Diketone with Zinc
The reduction of «,8-unsaturated y-diketones can conveniently be done with zinc in

acetic acid. The following procedure is applicable to the reduction of the Diels-Alder
adduct of quinone and butadiene (Chapter 8, Section II).

cis-4?-5,8-OCTALINDIONE (8)

Zn/HOAc
—_—
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Six grams of the quinone-butadiene adduct are dissolved in 25 ml of 959 acetic
acid and the solution is placed in a round-bottom flask fitted with a thermometer and a
mechanical stirrer. The flask is immersed in an ice-water bath and rapidly stirred.
Small portions of zinc dust (approx. 0.1 g) are added at a rate so as to keep the tem-
perature in the range 30-50°. The addition is discontinued when the temperature ceases
to rise as additional quantities of zinc are added (30-40 minutes requiring 2.5-3 g of
zinc). Small quantities of acetic acid (3-5 ml) may have to be added to keep the product
in solution and the reaction mixture fluid. After completion of the reduction, 20 ml of
acetone is added and stirring is continued at room temperature for 5 minutes. The
reaction mixture is then filtered under vacuum through celite and the residue washed
twice with 10-ml portions of acetone. The filtrate is concentrated under reduced pressure
(rotary evaporator or steam bath), and the residue is dissolved in 25 ml of chloroform.
The chloroform soluticn is washed twice with 10-ml portions of water and twice with
10-ml portions of sodium bicarbonate solution, and finally, dried over anhydrous
magnesium sulfate and Norit. The solution is filtered and the solvent is evaporated
under vacuum. Treatment of the residue with excess ether gives the crystalline product,
which is collected and dried in air. The product has mp 100-104°, and the yield is
4.5-5 g (75-839,). The product may be recrystallized from petroleum ether yielding
material with a reported (9) mp of 106°.
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Hydroboration

A remarkable variation of the hydride reduction is the addition to double bonds of
diborane (B,H,) (). Easily generated by the reaction of boron trifluoride etherate with
sodium borohydride, the reagent may be used in the generating solution or may be
distilled into a receiving flask containing an ether as solvent. Diborane reacts with
unsaturated polar functional groups with results similar to those of the metal hydride
reducing agents. Its most distinctive property, however, is its ability to add to isolated
carbon-carbon double bonds to form alkyl boranes, which may be hydrolized to
hydrocarbons or oxidized to alcohols or carbonyl compound according to the reactions.
(Alkyl boranes also react with a variety of other reagents in carbon-carbon bond
forming reactions. Chapter 12 provides several illustrations).

| B,H, [ RCOOH [ ]
—C=C—~ —% —CC— — —cl—?—
H /B\ H H

mor, L)

[

H OH

Cro, |
R
H O

The procedures given below are typical of the variety of applications of the hydro-
boration reaction.
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1. Hydroboration of Olefins as a Route to Alcohols

A. CYCLOHEXANOL FROM CYCLOHEXENE: In Situ GENERATION OF DIBORANE IN DIGLYME

)
B
B,Hg H202 OH
—_
NaOH
3

A 250-ml three-necked flask is fitted with a dropping funnel, a condenser, and a
magnetic stirrer. In the flask is placed a solution of cyclohexene (6.5 g, 8.0 ml) in
diglyme* (15 ml) and to this is added a solution of sodium borohydride (1.0 g) in
diglyme (25 ml). Stirring is begun, and a solution of freshly distilled boron trifluoride
diethyl etherate (4.5 g, 4.6 ml) in diglyme (10 ml) is added from the dropping funnel
over a period of about 15 minutes. The reaction mixture is now stirred for an additional
20 minutes, and water (10 ml) is carefully added to destroy the slight excess of boro-

hydride. When no further hydrogen is evolved, the solution is made alkaline by the
addition of 15 ml of dilute sodium hydroxide solution, followed by 15 ml of 309
hydrogen peroxide solution added in 2-3 ml portions.

The reaction mixture is now poured into a separatory funnel with 50 ml of ice water,
and the cyclohexanol is removed by two ether extractions. The ether extracts are dried
with anhydrous sodium sulfate, and the dried solution is distilled. Cyclohexanol is
collected at 154-160°/750 mm, expected yield 5-6 g.

B. CYCLOHEXYLCARBINOL FROM METHYLENECYCLOHEXANE

O ()
NaOH

The preceding method may be applied to an equivalent amount of methylene
cyclohexane (7.7 g) with analogous results. The product, cyclohexylcarbinol, has bp
91-92°/23 mm.

C. 4-METHYL-1- PENTANOL FROM 4-METHYL-1-PENTENE: In Situ GENERATION OF
DIBORANE IN TETRAHYDROFURAN (3)

B;H
(CH 3)2CHCH2CH=CH2 #)

(CsH,,—CH,),B

H,0,

(CH,),CHCH,CH,CH,—OH

* Diethylene glycol dimethyl ether, bp 162°.
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A 500-ml three-necked flask is fitted with a dropping funnel, a condenser, and a
magnetic stirrer. The flask is charged with a mixture of 3.4 g (0.09 mole) of powdered
sodium borohydride, 150 ml of THF, and 25.2 g (0.30 mole) of 4-methyl-1-pentene. A
solution of 15.1 ml (17.0 g, 0.12 mole) of boron trifluoride etherate in 20 ml of THF is
added over a period of 1 hour, the temperature being maintained at 25° (water bath).
The flask is stirred an additional hour at 25° and the excess hydride is decomposed with
water (10 mt).

The trialkylborane is oxidized by the addition to the stirred reaction mixture of 32 ml
of a 3 N solution of sodium hydroxide, followed by the dropwise addition of 32 ml of
309 hydrogen peroxide at a temperature of 30-32° (water bath). The reaction mixture
is saturated with sodium chloride and the tetrahydrofuran layer formed is separated and
washed with saturated sodium chloride solution. The organic solution is dried over
anhydrous magnesium sulfate and the THF is removed. Distillation affords 24.5 g
(80%,) of 4-methyl-1-pentanol, bp 151-153°/735 mm.

D. exo-NORBORNEOL FROM NORBORNENE: EXTERNAL GENERATION OF DIBORANE (3)

BzHe 202
NaOH

A 500-mi three-necked flask is fitted with a thermometer, a condenser, and a gas
dispersion tube. A tube from the condenser outlet dips below the surface of mercury
in a side-arm test tube. The mercury is covered with a layer of acetone, which
serves to destroy excess diborane by the reaction to form diisopropoxyborane,
[(CH;),CHO—],BH (Fig. 4.1).

A solution of 28.2 g (0.30 mole) of norbornene in 100 ml of THF is placed in the flask.
The gas dispersion tube is immersed in the reaction liquid and connected with Tygon
tubing to a 250-ml three-necked flask serving as the diborane generator.

The generator is fitted with a pressure-equalizing dropping funnel (acting also as a
nitrogen inlet) charged with a solution of sodium borohydride (3.4 g, 209, excess) in
90 ml of diglyme. In the generator is placed a mixture of 23 ml of boron trifluoride
etherate (25.5 g, 0.18 mole, 509, excess) and 20 ml of diglyme.

The sodium borohydride solution is added dropwise to the stirred boron trifluoride
etherate-diglyme solution resulting in the formation of diborane. The gas is swept into
the olefin-THF solution (held at 20°) by maintaining a slow flow of dry nitrogen through
the generator.

After completion of the sodium borohydride addition (1 hour), the generator is
heated for 1 hour at 70-80° with the nitrogen flow continued to ensure the complete
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transfer of the diborane. After cooling, the generator is disconnected from the hydro-
boration flask.

The excess diborane in the hydroboration flask is decomposed by the cautious
addition of 20 ml of water. The organoborane is oxidized by the addition of 32 ml of 3 ¥
sodium hydroxide, followed by dropwise addition of 32 ml of 30 9; hydrogen peroxide

F1G. 4.1. Apparatus for the external generation of diborane.

to the stirred solution maintained at 30-50° (water bath). The reaction mixture is
stirred for an additional hour, and 100 ml of ether is added. The ether phase is separated,
and the aqueous phase is saturated with sodium chloride and extracted twice with
50-ml portions of ether. The combined ether extracts are washed twice with 50-ml
portions of saturated sodium chloride solution and dried over anhydrous magnesium
sulfate. The solvent is removed (rotary evaporator), and the residue is crystallized from
petroleum ether. The melting point of the sublimed material is 126-127°.
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E. (+)-2-BUTANOL FROM cis-2-BUTENE: THE USE OF DISOPINOCAMPHEYLBORANE TO
INDUCE ASYMMETRY (3)

B BH \—/ H,0 * OH
2Hg — 202
— —_— m CH3C|HCH2CH3 +

2 OH

1. A 500-ml flask is fitted with a condenser, a pressure-equalizing dropping funnel, a
magnetic stirrer, and a thermometer and charged with a solution of sodium borohydride
(2.85 g) in 75 ml of diglyme. (—)-a-Pinene (27.2 g, 0.2 mole) in 100 ml of diglyme is
added in one portion and the flask is cooled in an ice bath with stirring. Boron trifluoride
etherate (12.6 ml, 14.2 g, 0.10 mole) is added dropwise to the mixture, and the stirring
is continued for an additional 4 hours at 0-5°. Diisopinocampheylborane separates
as a thick white precipitate.

2. cis-2-Butene (8.5 ml, 6.1 g, 0.11 mole) is condensed in a trap cooled in Dry Ice.
Gradual warming allows it to distil into the stirred diisopinocampheylborane, the
reaction flask being fitted with a Dry Ice condenser in order to minimize the loss of
cis-2-butene. The reaction mixture is stirred for 2 hours at ice-bath temperature, then
allowed to warm gradually to room temperature over a period of 2 hours. Finally,
water (10 ml) is added to decompose the excess hydride.

The alkylborane is oxidized by the addition of 32 ml of 3 N sodium hydroxide
followed by 32 ml of 309 hydrogen peroxide to the stirred solution maintained at
30-50° (water bath), and the stirring is continued at the temperature for 1 hour.

The mixture is extracted three times with 100-ml portions of ether, and the combined
extracts are washed with saturated aqueous sodium chloride and dried over anhydrous
magnesium sulfate. The ether is evaporated (rotary evaporator) and the residue
distilled giving 6.15 g (83 %) of 2-butanol, bp 98°/725 mm, n2° 1.3970, {«]3° + 11.6°.

II. Selective Hydroborations Using Bis(3-methyl-2-butyl)borane (BMB)

Diborane itself is a relatively selective reagent giving largely anti-Markovnikov
addition to olefins. 1-Hexene, for example, yields 94 9 1-hexanol and only 6 %, 2-hexanol
when treated by diborane followed by peroxide oxidation. The selectivity can be even
further increased by the use of certain dialkyl boranes to carry out the hydroboration
procedure. Treatment of 1-hexene with BMB, for example, gives after oxidation, 99%
I-hexanol and 1% 2-hexanol. Moreover, BMB is found to react only very slowly with
di- or trisubstituted olefins, and can therefore be conveniently used as a selective
hydroborating agent in the case of variously substituted polyenes. The generation and
use of the reagent are described in the procedures.
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A. n-OCTANAL FROM 1-OCTYNE (3)

B;H,

(CH,),C=CHCH, —> (iso-CsH,,),BH

CH,;C=CH + (iso-CsH,,),BH > CgH,;—CH=CH—B(iso-CsH,),
H,0,
—

n-CsHs—CHO + iso-CsH,,—OH
- NaOH

A 500-ml three-necked flask is fitted with a condenser, a pressure-equalizing dropping
funnel, a magnetic stirrer, and a thermometer. The flask is charged with a mixture of
33.6 g (0.48 mole) of 2-methyl-2-butene and 180 ml of a 1 M solution of sodium boro-
hydride in diglyme. The flask is cooled inan ice bath and stirring begun. Boron trifluoride
etherate (0.24 mole) is added dropwise to the mixture and the solution is stirred at 0°
for 2 hours.

The flask is now cooled in an ice-salt bath and 22 g (0.20 mole) of 1-octyne in 20 ml
of diglyme is added rapidly (but the temperature is kept at 0~10°). Gradual warming to
room temperature completes the hydroboration.

The alkylborane is then oxidized by the addition of 150 ml of a 159 solution of
hydrogen peroxide, while the pH of the reaction mixture is maintained at 7-8 by the
simultaneous addition of 3 N sodium hydroxide, the process being carried out at ice-bath
temperature. The reaction mixture is neutralized and subjected to steam distillation.
The distillate is extracted with ether, and the extract is dried over anhydrous magnesium
sulfate. After removal of the ether, distillation yields 18.0 g (70%;) of n-octanal, bp
83-85°/33 mm.

B. SELECTIVE HYDROBORATION OF d-LIMONENE (4)

R,BH H,0, \
—_— _
NaOH
CH; R,BCH; HO—CH,

To 0.165 mole of BMB (prepared as in the preceding experiment) maintained at 0°,
is added 20.4 g (0.15 mole) of d-limonene over a period of 5 minutes. The reaction
mixture is allowed to stand at room temperature for approximately 3 hours. It is then
oxidized by the addition of 50 ml of 3 N sodium hydroxide followed by 50 ml of 309,
hydrogen peroxide. The alcohol is worked up in the usual manner. Upon distillation,
the primary ““terpineol” is obtained, bp 115-116°/10 mm.
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C. SELECTIVE HYDROBORATION OF 4-VINYLCYCLOHEXENE (4)

_CH, CH,—BR, CH,0H
R,BH H,0,, NaOH
—_—_—
reverse add’n < 50°

In a three-necked flask is placed a solution of 16.2 g of 4-vinyl-cyclohexene (0.15
mole) in 30 mi of diglyme. The flask is cooled with stirring in an ice bath. In a second
flask is prepared 0.165 mole of BMB as described above. This second flask is connected
to the olefin-containing flask by a short length of glass tubing. By application of a slight
pressure of nitrogen, the BMB solution is passed into the cooled olefin solution over a
period of approximately 1 hour. After standing an additional hour at room temperature,
10 ml of water is added to destroy excess hydride. Oxidation is carried out by adding
50 ml of 3 N sodium hydroxide followed by 50 ml of 309, hydrogen peroxide, the
temperature during the oxidation being kept below 50°. The reaction mixture is worked
up in the usual way and affords on distillation 2-(4-cyclohexenyl)-ethanol, bp 86-87°/6
mm.

III. Purification of a Mixture of A%:'%- and A!'@-Octalins

In experiments given elsewhere (see Chapter 3, Section I or II, or Chapter 7, Section
III), a mixture of octalins is prepared by the reduction of naphthalene or Tetralin or by
the dehydration of 2-decalol. The following procedure is a convenient method of
separating the isomers using BMB as a selective hydroborating agent. The tetra-
substituted olefin (4°:19) fails to react with BMB under the conditions of the reaction
while the trisubstituted olefin (4!} forms an adduct with BMB. Oxidation of the
resulting alkyl borane gives an alcohol, which can readily be separated from the
unreacted 4% !%-octalin.

A42+'°-OCTALIN FROM A MIXTURE OF OCTALINS (5)

e

H

RZBH Hzo2

NaOH
In a 1-liter, three-necked, round-bottom flask equipped with a magnetic stirrer,
dropping funnel, and a reflux condenser attached to a mercury trap is placed a mixture

of 4.7 g (0.125 mole) of sodium borohydride, 23.1 g (0.33 mole) of 2-methyl-2-butene,
and 100 ml of anhydrous tetrahydrofuran. This mixture is stirred for 15 minutes and



38 4. HYDROBORATION

then 23.5 g (0.165 mole) of boron trifluoride etherate dissolved in 22 ml of anhydrous
tetrahydrofuran is added dropwise over a 45 minute period. The octalin mixture (20 g,
0.15 mole) is then added dropwise over a 10 minute period. After the mixture is stirred
for 3} hours, 50 ml of water is added dropwise with slow stirring. Thirty-five milliliters
of 3 N sodium hydroxide is next added dropwise over a 10 minute period, followed by
35 ml of 309, hydrogen peroxide over a 45 minute period. After stirring for 5 hours at
40-45°, the mixture is cooled and the layers separated. The ether layer is washed
several times with 30-ml portions of water and dried over anhydrous magnesium sulfate.
The etheris removed, and the residual liquid is distilled. The fraction boiling at 75-77°/14
mm is collected (10-13 g).
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