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INTRODUCTION

In keeping with the present trend toward aliphatic chemistry, especially in
British and American industry, nearly three-fourths of the work is devoted to
aliphatic and alicyclic chemistry. The section on aromatic chemistry is shorter
than in most volumes of this type while that on heterocyclic compounds is rela-
tively larger. The wide occurrence of aromatic properties is emphasized. The
complex alkaloids are presented in an orderly arrangement based on an analysis
and classification of possible combinations of nitrogen-ring systems.

Other works and the literature should be consulted for the application of
analytical and physical principles to organic chemistry and for many details in
the development of the science. Thus, the reader will fail to find in this work
many of the historically interesting formulas which have been proposed for
benzene.

Another type of omission is that of details about the distillation and utili-
zation of coal tar. This is because of the lack of any uniformity at the present
time in the working up of this important material. A still different type of
omission is that of the details of the work on the sex hormones. In this, asin
many similar cases throughout the work, references are given to sources of as
detailed information as the reader can wish.

No attempt has been made to recognize priority among workers. In fact,
in many cases the name cited is that of a recent worker in whose articles can be
found summaries of earlier work.

General principles have been stressed throughout the work. Many of these
such as the initiation of reactions by preliminary addition and the tendency
for ring closure appear repeatedly.

A deliberate attempt has been made to explode what might be called the
fallacy of homologous series in which it is often assumed that a knowledge of
the first two or three members of a series furnishes a satisfactory knowledge
of the series itself. Thus, in the alcohol series it has been necessary to go at
least to the seven carbon member before distinct novelties in properties and
reactions cease to appear.

The use of electronic conceptions has been definitely limited to those cases
in which ordinary structural formulas fail. In most processes in organic chem-
istry the bond corresponds exactly to the effect of an electron pair and nothing
is achieved by substituting two dots for the conventional dash.

British Annual Reports and Organic Syntheses are constantly referred to
because they offer, respectively, excellent summaries and detailed preparative
directions. Unfortunately, in neither case are the references as complete as
might be possible.
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The explanation of all references and abbreviations is included in the Index.

Entirely aside from its use in locating specific material, the Index will be
helpful, especially to advanced students, in selecting the important compounds
and processes of organic chemistry and then following them through a range of
examples covering the entire science.

In treating the whole of organic chemistry in a single volume a decidedly
condensed style has been necessary. Thus the two chief users of this work, the
practising chemist and the advanced student, will find the use of paper and
pencil helpful in expanding many of the formulas and equations.
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PREFACE TO SECOND EDITION

Only a few hours before his death in June 1947, Dr. Whitmore completed
the revision of the aliphatic section of his Organic Chemistry. The remaining
sections were partly revised and extensive material for their completion was
left in the form of notes and rough draft. Many people felt that the book should
be finished since it served so many needs of chemists. Accordingly, former
students and friends have helped finish this revision as a token of gratitude to
a man who gave himself freely to science and scientists.

In this edition, several changes have been made in the organization of the
book. The sections treating metal alkyls, phosphorous compounds, and organo-
metallic compounds have been transferred to the end of the book.

The abbreviated references used in the first edition have been replaced with
complete references.

The Index has been changed to a style similar to the style of Chemical
Abstracts.

Major changes and additions have been made in the material of the ali-
phatic and heterocyclic sections to keep pace with the rapid advances in these
fields. Additions necessary to bring Dr. Whitmore’s revision of the aliphatic
section up to date since his death have been made. Treatment of the terpenes,
alkaloids and dyes have received special attention.

I am deeply obligated to the committee of colleagues who assisted in the
completion of this revision.

I am indebted to Dr. M. L. Wolfrom for reading and suggesting changes in
the carbohydrate section.

I am grateful to Dr. F. E. Cislak for checking the phenol section.

I wish to thank Dr. J. G. Aston for his valuable criticism and advice.

It is impossible to thank adequately the graduate students, friends and
secretaries in the School of Chemistry and Physics of the Pennsylvania State
College, for their help in referencing and indexing.

My thanks are due to Dean George L. Haller who generously provided
stenographic and eclerical help.

Dr. Whitmore was particularly grateful to Dr. H. B. Hass, Dr. Edward
Lyons, and many others too numerous to name for their corrections of the
first edition. I will consider it a favor if Dr. Whitmore’s friends will also advise
me concerning errors in this edition.

Mgs. Frank C. WHITMORE

StaTeE COLLEGE, PENNSYLVANIA,
March 28, 1951
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PART 1

ALIPHATIC COMPOUNDS
I. HYDROCARBONS

A. SaturaTED HYDpROCARBONS, C,Hanye

Paraffins, alkanes, homologs of methane.

This simplest homolcgous series of organic chemistry shows the gradation
in physical properties characteristic of such series. From a gas, only slightly
less volatile than oxygen, the repeated increase of CH, in the compounds
produces volatile liquids at C; and low-melting solids at Cie. The increase
in boiling point for an increase of CH, decreases with the higher members
(p. 4). Of isomers, the normal (n-) (straight chain) member has the highest
boiling point. In the series to C;s the n-hydrocarbons boil lower than the
lowest boiling isomer of the next homolog. Thus all the octanes boil higher
than n-heptane. At that point in the series, however, the spread between
two successive n-hydrocarbons becomes so small and the possibility of branch-
ing, with accompanying lowering of the b.p., so great that two of the highly
branched nonanes boil lower than n-octane. These are 2,2,5-trimethylhexane
and 2,2,4,4-tetramethylpentane.! The densities of the n-alkanes increase
from 0.4 to a limiting value of about 0.78. The value 0.77 is reached by the
Cu member.

The index of refraction (n2°p) for the liquid n-alkanes ranges from 1.3577
for n-pentane to 1.4270 for n-pentadecane. A rise of 1° decreases the np by
0.00055 for n-pentane and 0.00044 for n-dodecane. The use of the « line
of the hydrogen spectrum instead of the p line decreases the n?® for n-pentane
by 0.0019 and for n-dodecane by 0.0022 while the use of the 8 line in place of
the D line gives increases of 0.0044 and 0.0053 respectively.

The alkanes are practically insoluble in water but soluble in most organic
liquids. In aniline their solubility is limited at ordinary temperature. The
Critical Solution Temperatures (C.8.T.) in aniline and in liquid sulfur dioxide
are characteristic of the individual hydrocarbons both in this and other series.
The C.S.T. in aniline for some of the normal alkanes in °C. follow: C;, 71.4;
Ce, 690; C7, 699; Cs, 718; Cg, 744; Clo, 775; Cu, 806; Clz, 83.7. The
C.8.T. in liquid SO; are as follows: Cs, 10.2; Cs, 26.9; Cyo, 37.3; Cig, 47.3; Ciy,
55.5; Css, 110.0°.  The values for furfural are: Cs, 92; Cy, 95; Ciy, 112.5; Cys,
115.9; Ciy, 119.6; Cis, 122.7; Cu, 125.9; Ciy, 129.3; Cis, 132.0; Cy, 138.1;
024, 1472; Czs, 150.3.

1Doss. “Physical Constants of the Principal Hydrocarbons,” 4th Ed. The Texas Co.
1



2 ALIPHATIC COMPOUNDS

Because of their inability to add reagents the alkanes are called saturated
hydrocarbons. Thus they can react with halogens only by substitution, a
hydrogen being removed for each halogen which enters the molecule. They
do not ordinarily react with hydrogen. Under extreme conditions, hydro-
genolysis occurs with splitting of the C~C linkage. Ethane, under such condi-
tions, gives methane. An important application is the conversion of the
easily obtainable alkylation product, 2,2,3-Me;s-pentane, to Mes-butane
(Triptane) by hydrogenolysis.

A mixture of the higher members of the series, paraffin wax, received its
name because of its inertness to acids and oxidizing agents (from parum
affinis). Because methane is inert to most reagents and because the next few
normal homologs are rather inert, the name paraffin hydrocarbons has given
the impression that the entire series is very inactive chemically. This is not
true. Even paraffin wax is fairly reactive with oxygen at slightly elevated
temperatures (preparation of acids).? While reagents such as nitric acid,
sulfuric acid, chromic acid mixture or potassium permanganate do not act
readily with the lower normal members, some of them act with the higher
members and with the branched members containing a iertiary hydrogen,
R;CH. This hydrogen can be replaced by —NO,, —8SO;H or —OH with
nitric acid, sulfuric acid or oxidizing agents respectively.

Paraffins react readily with chlorine in light or at slightly elevated tempera-
ture to give substitution of H by Cl (chlorination). Polychlorides are readily
obtained. The reaction may become dangerously explosive if not controlled.

Vapor phase nitration of paraffins, replacement of H or alkyl by NO,, is
increasingly important commercially.?* The high temperature necessary for
nitration favors splitting of C~C. Thus the nitration of propane gives not
only 1- and 2-nitropropane but also nitromethane and nitroethane.

Paraffin hydrocarbons react with SO, and Cl, (Reed Reaction) in the
presence of actinic light to give alkyl sulfonyl chlorides, RSO,CL.*

In the first part of the series the increase of CH; makes a marked difference
in the percentage composition. Successive additions of CH, have a decreasing
effect as the composition approaches that of (CH,),. Thus an ordinarily
accurate C and H determination would barely distinguish Cy from Cs.

Possible and Known Isomers. Using only the conception of the tetra-
valence of carbon the following numbers of structural isomers are predicted
for the alkanes: 1 each for C,, C; and Cs, 2 for Cy, 3 for Cs, 5 for Cs, 9 for Cy,
18 for Cs, 35 for Cy and 75 for Ci,. Methods of calculating the number of
theoretically possible isomers have been developed.®®7? The numbers in-

2 Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934, p. 959.

3 Hass et al. Ind. Eng. Chem. 28, 339 (1936); 35, 1146 (1943); 39, 817 (1947). Chem. Rev.
32, 373 (1943).

¢ Lockwood. Chem. Inds. 62, 760 (1948).

¢ Henze, Blair. J. Am. Chem. Soc. 53, 3077 (1931).

¢ Blair, Henze. J. Am. Chem. Soc. 54, 1538 (1932).
T Perry. J. Am. Chem. Soc. 54, 2918 (1932).
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dicated are 366,319 for Cy and over 4 billion for Cy. Many of the structural
isomers contain asymmetric carbon atoms and can give rise to sterecisomers.
Thus, of the 18 structurally isomeric octanes, 3-Me-heptane, 2,3-Me,-hexane,
2,4-Mes-hexane and 2,2,3-Mes-pentane each contains an asymmetric carbon
and could exist in dextro and levo optically active forms. A fifth octane,
3,4-Mez-hexane, contains two similar asymmetric carbons and could exist in
d-, I- and meso-forms. Thus the total number of isomers of the octanes be-
comes 24, of which 11 are stereoisomers and 13 are non-stereoisomers. Simi-
larly for Cy, the 75 structure isomers give rise to 101 stereoisomers and 35 non-
stereoisomers. Soon the numbers predicted lose all physical significance,
there being a total of 3,395,964 ‘“‘possible’’ isomeric eicosanes (Ca).

Turning from the predicted to the known we find that all the predicted
structural isomers have been prepared for the first nine members of the alkane
series. Of the 75 possible structurally isomeric decanes, about half have been
prepared. Many optically active hydrocarbons have also been prepared
(p. 22).8

The preparation of the higher alkanes involves many difficulties among
which are (1) the decreased activity of the larger molecules, (2) the failure of
many reactions when extreme branching of the carbon chain occurs,? (3)
rearrangement due to branched chains,** and (4) the difficulty of separating
and purifying the intermediates and products. The distillation methods used
have been improved remarkably..121%.14 The newer combination of dis-
tillation with solvent extraction has been studied by many workers (Distex
Process) .18

The effect of branching in isomerie paraffins may be seen from the melting
and boiling points, °C., and refractive indices, n?°p, of n-octane, 4-Me-heptane,
2,2,4-Mes-pentane (“‘iso-octane”), and 2,2,3,3-Mesbutane which are respec-
tively: —56.8, 125.6, 1.3976; —121.3, 117.5, 1.3980; —107.3, 99.2, 1.3914;
4101.6, 106.5. The effect of symmetry in raising the m.p. is notable in the
last.

Occurrence of the Alkanes. The alkanes are widely distributed in nature.
Methane occurs in natural gas from 75 to nearly 100%, in ‘“fire damp’’ in coal
mines and as “marsh gas” formed by the decay of vegetable matter. The
higher homologs are found to a decreasing extent in natural gas and to an

8 Levene, Marker. J. Biol. Chem. 91, 405 (1931); 91, 761 (1931); 92, 455 (1931); 95, 1
(1932).

® Conant, Blatt. J. Am. Chem. Soc. 51, 1227 (1929).

10 Whitmore. J. Am. Chem. Soc. 54, 3274 (1932); Chem. Eng. News 26, 668 (1948).

1t Fenske et al. Ind. Eng. Chem. 28, 644 (1936); 24, 408 (1932); 26, 1164 (1934); 30, 297
(1938).

12 Podbielniak. Ind. Eng. Chem., Anal. Ed. 5, 119 (1933); 13, 639 (1941); C.A. 36, 3989
(1942); 38, 1400 (1944).

18 Stedman. Can. Chem. Met. 21, 214 (1937); Trans. Am. Inst. Chem. Eng. 33, 153 (1937);
Can. J. Research. 15, B, 383 (1937).

“ Ewell et al. Ind. Eng. Chem., Anal. Ed. 12, 544 (1940); Ind. Eng. Chem. 36, 871 (1944).

15 Griswold, Van Berg. Ind. Eng. Chem. 38, 170 (1946).



NorMAL ALKANES

C atoms Name m, °C, b. °C. (Doss)
1 Methane —182.5 ~161.4
2 Ethane —-183.2 - 89.0
3 Propane —187.7 — 421
4 Butane -138.3 - 06
5 Pentane —-129.7 36.0
6 Hexane - 95.4 68.7
7 Heptane — 90.6 98.4
8 Octane - 56.8 125.6
9 Nonane — 53.7 150.7

10 Decane - 29.7 174.0
11 Undecane — 25.6 195.8
12 Dodecane - 96 216.3
13 Tridecane - 6.2 236.5
14 Tetradecane 5.5 253.5
15 Pentadecane 10.0 272.7
16 Hexadecane 18.1 286.5
17 Heptadecane 21.0 305.8
18 Octadecane 28, 317.9
19 Nonadecane 314 336.2
20 Eicosane 36.7 205*
21 Heneicosane 40.4 215*
22 Docosane 45.7 230*
23 Tricosane 47.5 320.7
24 Tetracosane 49.4 250*
25 Pentacosane 53.3 259*
26 Hexacosane 56.4 268*
27 Heptacosane 59. 277*
28 Octacosane 60.3 286*
29 Nonacosane 62.3 295*
30 Triacontane 64.7 304*
31 Hentriacontane 65.3 312+
32 Dotriacontane (dicetyl) 69.6 320*
33 Tritriacontane 71.1 328*
34 Tetratriacontane 72.3 336*
35 Pentatriacontane 74.5 341*
36 Hexatriacontane 76. 265
37 Heptatriacontane 77.

38 Octatriacontane 7.

39 Nonatriacontane 79.

40 Tetracontane 81

41 Hentetracontane 81,

42 Dotetracontane 83.

43 Tritetracontane 83. 336**
44 Tetratetracontane 86.

45 Pentatetracontane 86. 354**
50 Pentacontane 92, 200***
52 Dopentacontane 94.

54 Tetrapentacontane 95.

60 Hexacontane 99. 250%**
62 Dohexacontane 100.

64 Tetrahexacontane 102.

66 Hexahexacontane 104,

67 Heptahexacontane 105. 300***
70 Heptacontane 105. 300*+*

*at 15 mm. Hg. **at 1.5 mm. ***at 0.041 mm.
4
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increasing extent in petroleum. A typical analysis of a natural gas from a
large high pressure line supplied from many wells of various ages and from
different sands gave the following percentages: methane 78, ethane 13, propane
6, butanes 1.7, pentanes .6, hexanes .3, heptanes and above .4. Gas from the
Lower Oriskany Sand of Pennsylvania has 98.89, methane while a gas from
Glasgow, Kentucky has been found with only 23%,.1¢

Analysis of natural gas.'?

The most important occurrence of the alkanes is in petroleum. Probably
all petroleums contain at least some of this series. The proportions of hydro-
carbons of other series and of non-hydrocarbon constituents vary over wide
ranges. Pennsylvania grade petroleum probably contains the largest amount
of paraffin hydrocarbons, although there are indications that some Michigan
crudes contain a still larger proportion, especially of the normal hydrocarbons.

Recent studies indicate that all living organisms may form hydrocarbons
a8 by-products of their metabolism. Whenever the non-saponifiable portion
of a plant or animal product is freed from sterols and related products, the
residue is practically sure to contain hydrocarbons. The normal paraffins
containing 7, 9, 11, 15, 19, 21, 22, 23, 25, 27, 28, 29, 30, and 31 carbon atoms
have been reported, mainly since 1935. The identification of hydrocarbons
beyond Cy should be supplemented by X-Ray studies.

Formation of Alkanes. There is no agreement as to the probable mode of
formation of natural gas and petroleum.!s1%2° The destructive distillation of
vegetable materials, such as wood and the various forms of coal, as well as
certain bituminous shales gives varying amounts of the alkanes. ‘“Low
temperature tar’’ obtained by heating soft coal at about 600° contains alkanes
which, at higher temperatures, are converted to aromatic substances. The
cracking of cotton seed oil gives a gas containing 359, methane, 129, ethane
and 59, propane and a liquid distillate containing 379, of higher alkanes.

The formation of hydrocarbons from fatty acids by alpha-particle bom-
bardment has been demonstrated.?

If all of the hydrocarbons formed by plants and animals since life appeared
had survived, the total amount would probably be thousands of times the
total amount of petroleum and natural gas. Most of such hydrocarbons have
apparently been destroyed by micro-organisms which can utilize them in the
absence of more reactive sources of energy.

The methods of preparation of the alkanes will be given under the individual
members of the series.

Petroleums consist mainly of mixtures of hydrocarbons with admixtures of
compounds of oxygen, nitrogen, and sulfur varying from traces to 109, or

# Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 13,

17 Ellis, 7bid. pp. 1092-1124.

18 Engler. Chem. Zt. 30, 711 (1906).

1* Brooks. Bull. Am. Assoc. Petroleum Geol. 15, 611 (1931); 20, 280 (1936).

2 Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 35.
* Sheppard, Burton. J. Am. Chem. Soc. 68, 1636 (1946).
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more in various crudes. Definite knowledge on the compounds in petroleums
is very limited. It is fairly certain that all petroleums contain members of the
methane series, the polymethylene (alicyclic) series, and the benzene (aromatic)
series of hydrocarbons. All petroleums contain optically active material of
MW about 400. The amount of this material is lowest in petroleum from the
Pennsylvania area. The general composition of crude petroleums from
different sources may be indicated by the following chart.?

PARAFFINIC

Penna.

| Poland

Baku

NAPHTHENIC

Borneo
(Koetoi) /
Borneo

Roumani iri
(Dacic) (Miri)

AROMATIC ASPHALTIC

Many petroleum fractions contain hydrocarbons more deficient in hydrogen
than any series of known structure. These extend to CoHzn—2.2 There is no
conclusive evidence that any natural petroleum contains members of the
olefin series. The difference between petroleums of various sources is in the
proportions of the different types of hydrocarbons and in the nature and
amounts of impurities. Thus Pennsylvania crude oil contains a large pro-
portion of methane hydrocarbons and practically no impurities of sulfur or
nitrogen compounds. Mid-Continent (Oklahoma and Texas) crudes contain
larger proportions of aromatic and polymethylene compounds and larger
amounts of sulfur compounds.

The present ignorance of the actual compounds in petroleum is colossal.
Less than 100 definite hydrocarbons have been isolated and certainly identi-
fied.?%2¢  Most of these come from less than 309, of a single Mid-Continent

2 Gruse. “Petroleum and Its Products.” McGraw-Hill Book Co., 1928.

# Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 28.

# Ellis, ¢bid. p. 19.

» Ellis, tbid. p. 27.

% Rossini. Refiner Natural Gasoline Mfr. 20, 494 (1941); Chem. Eng. News 25, 230 (1947).
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crude. No other crude has been studied even to that extent. Many hydro-
carbons believed to be present in petroleums have been reported on insufficient
evidence. Extreme care is necessary in purifying and identifying even
relatively simple paraffin hydrocarbons.?” California crudes contain larger
amounts of sulfur compounds, as well as some nitrogen compounds.2s-2?
Mexican, Venezuelan and Colombian crudes contain still larger amounts of
sulfur compounds. The nature of the sulfur compounds in crude petroleum
is little known.?* Other important petroleum fields are those of Russia, Persia,
Rumania, Borneo and Canada. Smaller fields are found in many parts of the
world including even France, England, Germany and Italy. The United States
in recent years has produced over 709, of the world’s crude 0il. The American
Petroleum Institute, 250 Park Avenue, New York City, issues frequent
bulletins covering world petroleum statistics. The extent and amount of crude
petroleum deposits is now known to be many times what was suspected a few
years ago.

The basis of petroleum technology was laid by a report by Benjamin
Silliman, Jr., of Yale, made in 1855°% on a sample of surface petroleum from
Titusville, Pennsylvania. In 1859 the first oil well was sunk near Titusville
by E. L. Drake. Its production was 25 barrels per day.

The refining of petroleum has grown into a most complex chemical engineer-
ing industry. Distillation is the chief method used in separating crude
petroleum into useful products. At the present time the distilled fractions
from crude petroleum are casinghead gasoline, gasoline, kerosine, gas oil and,
in some cases, lighter lubricating oils (‘‘neutrals””). The residues from dis-
tillation supply most of the lubricating oils (“bright stock’), petrolatum
(vaseline) and either paraffin wax or petroleum pitch, depending on the nature
of the crude. Fractions of the distillate boiling about 0° and about 20° have
been called cymogene and rhigoline respectively. Higher boiling portions of
the volatile part of petroleum are called petroleum ether and ligroin. Such
names should always be accompanied by boiling ranges to avoid confusion.
1t is also helpful to know the type of crude used so as to have at least an
approximate idea of the amount of aromatic materials present since these
change the solvent properties markedly. Benzine is an indefinite term roughly
corresponding to a volatile gasoline. Gasoline (petrol) is any mixture of
hydrocarbons which can be used in spark ignition internal combustion engines.
Too much low boiling material will prevent the fuel from being sucked as
liquid into the carburetor thus causing “vapor lock,” while too much high
boiling material results in imperfect combustion and excessive carbon de-
position in the engine cylinders. Formerly the only requirements for gasoline

2 Washburn. Ind. Eng. Chem. 22, 985 (1930).

28 Bailey et al. J. Am. Chem. Soc. 52, 1239 (1930).

2 Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 819.
* Ellis, ¢bid. pp. 421-463.

% Johns. Ind. Eng Chem. 15, 446 (1923).



8 ALIPHATIC COMPOUNDS

were that it should be neither too volatile nor too non-volatile and should not
contain enough sulfur compounds to cause corrosion. The end point for
gasoline is 400° F. These simple requirements were changed by the high
compression motor, introduced to increase the power for a given weight of
engine. Increased compression tends to give detonation or knock instead of
rapid smooth combustion of the fuel. Gasolines from different crudes and
from different processes vary widely in knock characteristics. In general,
straight chain paraffin hydrocarbons knock worse and aromatic hydrocarbons,
olefins, and branched hydrocarbons knock less (p. 24). The discovery of
catalysts which decreased knock, notably tetraethylliead,® has revolutionized
the gasoline industry. At first used only in one special gasoline (Ethyl Gas),
its use soon spread to other grades. Probably the annual consumption of this
organometallic compound approaches a quarter of a billion pounds per year.
Moreover, it has catalyzed the large scale production of compounds of high
octane number (pp. 23, 24, 51).

Kerosine is any mixture of hydrocarbons which is not volatile enough for
use as gasoline but which can be burned in lamps and similar devices. Since
gasoline is subject to tax in many cases and kerosine is not, it has become
necessary to have a legal definition. U. 8. Government specifications for
kerosine to be used as a burning oil require a distillation end point of not over
625° F. and a flash point of not less than 115° F.

Analysis of petroleum distillates.®

Until the end of the Nineteenth Century, the most important product from
petroleum was kerosine. The lower boiling products were of little use. To
prevent the inclusion of them in kerosine, stringent regulations were made as
to the “flash point” and “fire point” of kerosine in order to insure its safe use.
The first “cracking’’ or thermal decomposition of the higher fractions of
petroleum was for the purpose of increasing the yield of kerosine above that
obtainable by straight distillation. With the development of the internal
combustion engine, gasoline has become the important product, with lubricat-
ing oil a close second. Kerosine is only a by-product. In order to increase
the yield of gasoline, many different cracking processes have been perfected.
These operate under a wide range of conditions of temperature and pressure
and on materials such as gas oil, kerosine and even the crude petroleum itself.
Yields of gasoline as high as 709, of the crude have been obtained. The
cracking of kerosine or gasoline to obtain more gasoline or gasoline of higher
anti-knock quality is called “re-forming.”

The peculiar features of the more important thermal cracking processes
have now been combined with others in most large installations, so that the
classification of cracking processes by name is frequently not possible or
desirable. 3

2 Midgley. C. A. 20, 1514 (1926).

3 Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 1125.
# Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934, p. 91,
% Waverly Handbook, 1941,
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The increased demand for high octane aviation fuel in World War II
speeded the development of the Houdry catalytic cracking process in which
various catalytic clays are used at high temperatures to give more cracking
with less carbonization. Many “fluid catalyst’ processes have been developed.
In these the finely powdered catalyst is circulated with the hot vapors to be
cracked. The four principal catalytic processes are Houdry, Thermofor,
Fluid and Cycloversion. In 1945 these processes accounted for nearly
1,000,000 barrels of charging stock daily, 299, of the total cracking in the
United States. A “Cat Cracker” is to be found in practically every modern
refinery.

Cracked gasolines are rich in olefins and diolefins. This has an advantage
due to the anti-knock properties of these unsaturated compounds,? but the
disadvantage that the unsaturated compounds, especially the diolefins, tend
to polymerize and form “gums” which clog the carburetor.?” The tendency
of higher olefins and diolefins from cracking operations to form complex
products is being utilized in the manufacture of resins from petroleum.

Sulfuric acid is used in refining petroleum fractions to remove various
objectionable materials including sulfur compounds. Unfortunately this
treatment also removes some of the aromatic compounds and the olefins and
diolefins (from cracked gasoline). This is undesirable since these materials
have great anti-knock value. The present tendency is to add small amounts
of stabilizers of a wide variety to cracked gasoline to delay polymerization.
These stabilizers are usually compounds of the anti-oxidant type such as
naphthylamines, p-aminophenol and diphenylhydrazine.38

The use of sulfuric acid in petroleum refining is decreasing.

The refining of lubricants has been largely revolutionized by the use of
extraction by partially miscible solvents such as phenol, cresylic acid (mixture
of cresols, xylenols and higher phenols), nitrobenzene, dichlorodiethyl ether
(“chlorex”) and furfural. These extraction processes are natural outgrowths
of one long used in the industry, the extraction of petroleum fractions with
liquid sulfur dioxide (Edeleanu process) for the removal of sulfur compounds.

Paraffin wax was originally obtained from tars from the distillation of
wood, peat, and lignite, but is now obtained from petroleum, especially from
paraffin-base oils such as Pennsylvania grade crude. Little is known about
the composition of paraffin wax except that it consists mainly of higher alkanes
and probably contains very large amounts of the normal compounds. Wax
may separate from lubricating oils at low temperatures and thus decrease
their rate of flow (decrease the “pour point’’). To avoid this, the lubricant
is sometimes “dewaxed’” by dilution with a low boiling petroleum fraction,
or better with propane under pressure. The solution is then refrigerated to
separate the wax which is removed by means of filter presses or centrifuges.

# Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934, p. 961.

¥ Ellis, tbid. pp. 881, 889.
s Ellis, ibid. p. 889.
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The solvent is then removed by distillation. Propane dewaxing is now com-
bined with a de-asphaltizing step, based on the insolubility of asphalts in
propane at high temperatures. The lubricating cut is heated with propane
under pressure and the precipitated asphalts are separated hot. The solution
is then cooled to remove the wax. Even a paraffin base oil like Pennsylvania
grade oil yields a small amount of asphaltic material by this process. De-
waxing is not only costly but there is some possibility that the wax is an
advantage in the lubricant except for the danger of its solidifying. Hence
substances have been introduced to delay or inhibit wax crystallization (Para-
flow, Santopour). Such substances consist of complex mixtures of complicated
molecules incapable of crystallizing. Perhaps they are adsorbed on the first
microcrystals and prevent their growth as nuclei for the crystallization of the
main mass of wax. A typical crystallization inhibitor is obtained by heavily
chlorinating paraffin and treating the product with naphthalene and aluminum
chloride.

Petrolatum (vaseline) is a buttery mixture of hydrocarbons similar to
paraffin.

Liquid petrolatum (sometimes called Russian oil, white oil or “Nujol”)
is a high boiling petroleum distillate which has been treated with fuming
sulfuric acid until no further reaction takes place. It is practically odorless
and tasteless and is used as a laxative.

Heavier grades of petroleum oils which are not suitable for other purposes
are now being burned in Diesel engines. This involves their being sprayed
into the cylinders and ignited by compression without the use of spark plugs.
The present rapid increase in the use of Diesel engines is leading to a definite
effort to standardize and find the best Diesel fuels. Cetane and cetene (p. 46)
and methylnaphthalene are used as low knock and high knock standard fuels
for rating Diesel fuels. It is to be noted that the knock qualities of a fuel
are exactly opposite for a Diesel motor and for a spark ignition motor. Thus
an aromatic hydrocarbon like methylnaphthalene is a good anti-knock material
for the latter while a long straight chain compound like cetane or cetene (n-Cye)
gives extreme knock (p. 46).

Ozokerite, earthwax, is a natural paraffin wax found in Galicia and near
Baku. When bleached it is used as “ceresin.”” It is harder and has a higher
melting point than ordinary paraffin wax.

Asphalt is found in large deposits on the island of Trinidad and in smaller
amounts in many other places. It is a complex oxidation and polymerization
product of hydrocarbons, probably from crude petroleum. Large amounts of
petroleum pitch are now used in place of natural asphalt. Gilsonite is a high
grade asphalt found in Utah.

Carbon black is obtained by the partial combustion of natural gas.®
Thermatomic carbon (p. 14).

3 Ellis, “Chemistry of Petroleum Derivatives.” Reinhold, 1934, p. 234.
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Artificial Petroleum from Coal. Coals, especially those of the lower ranks
such as bituminous and brown coals, contain considerable amounts of hydrogen
but less than that contained in the heaviest petroleums. These coals can be
hydrogenated under high pressure with suitable catalysts ¢’ to give a material
essentially like petroleum. Methane, which is a considerable by-product, is
used with steam as the source of the hydrogen used in the process. The
hydrogenation of low grade coal to give liquid fuels and lubricants is at present
assuming industrial importance in countries which have coal but no petroleum.
In the future it will be important for the whole world because the coal reserve is
undoubtedly many times that of petroleum. It is interesting to note in
passing that the first hydrogenation of coal was accomplished by Berthelot
by means of hydriodic acid.

A better solution involves treatment of hot coal or coke with steam to
give water gas (CO and H,) which is then passed over suitable catalysts to
give complex liquid fuels (Synthol, Franz Fischer, Fischer-Tropsch)
(p. 420).41 4243, 44

The petroleum chemicals industry has been expanding at a rapid rate.
It was estimated in 1944 that over 3.5 billion pounds of “Petro chemicals”
were produced annually. Important raw materials include natural gas and
refinery gas, the latter produced chiefly in the cracking operation used for
the production of gasoline. Typical products manufactured in large quantities
include ethyl and isopropyl alcohol, acetone, ammonia, synthetic glycerol,
“Isooctane” (2,2,4-trimethylpentane), butadiene, styrene, methylethyl ketone,
tertiary butyl alcohol, toluene, detergents, and various solvents. In smaller
volumes aliphatic sulfur compounds, fungicides, insecticides, oxidation in-
hibitors, high molecular weight polymers, methanol, formaldehyde, orthoxy-
lene, resins and other special chemicals are produced. Altogether several
thousand finished products are now made from petroleum.

InDiviDUAL PARAFFIN HYDROCARBONS

Methane, CH,
Commercial Sources:
The total annual tonnage production of methane is about half that of
petroleum.

1. Natural gas consists largely of methane (75-1009).

2. Gas formed by heating soft coal contains 30-409, methane.

3. Anaerobic bacterial decomposition of vegetable matter (mainly cellulose)
gives gases rich in methane. The gas from the activated sludge process of

¢ Bergius. Ind. Eng. Chem., News Ed. 4, No. 23, 9 (1926).
4 Fischer. Ber. 71A, 56 (1938).

2 Gas J. 216, 278 (1936).

4 Petroleum Times 36, 613 (1936).

# Fischer, Tropsch. Ber. 59B, 830, 923 (1926).
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sewage disposal contains as much as 809, methane. A process has been pro-
posed for converting farm waste, such as cornstalks, into a fuel gas contain-

ing about 509, methane.!
4. The hydrogenation of coal, petroleum and similar products forms large

amounts of methane gas.?

Preparation.
A. General Methods (applicable to higher hydrocarbons).

1. Hydrolysis of the Grignard reagent.
CHsMgX + Hzo e CH4 '+‘ MgX(OH)

Dilute acid or a solution of an ammonium salt is usually used to dissolve the
basic magnesium salt formed.

2. Purified dimethylmercury or methylmercuric sulfate treated with con-
centrated sulfuric acid gives pure dry methane. The mercury dimethyl (very
toxic) is a high boiling liquid while the methylmercuric sulfate is a slightly
volatile easily crystallized solid.

3. By reduction of alkyl halides by metallic sodium in liquid ammonia.

CH.I + 2 Na + NH; — CH, + Nal + NaNH,

The escaping methane can be freed from ammonia by washing with acid.
B. Special Methods for Methane.

1. By removing the higher hydrocarbons from natural gas by activated
carbon.?

2. By heating anhydrous sodium acetate with soda lime (a mixture of the
hydroxides of sodium and calcium obtained by slaking quick lime in con-
centrated sodium hydroxide solution).

CHsCOzNa + NaOH hnd CH4 + Na2003

Although this method is often assumed to be suitable for the homologs of
methane it is entirely unsatisfactory. Thus Na propionate, butyrate, and
caproate, RCOONa, give approximately the following percentages of RH,
CHj;, and H, under conditions which give a 989, yield of CH, from CHsCOONa:
40, 20, 30; 20, 40, 30; 10, 40, 40.* The results are even less satisfactory with
branched compounds.

! Buswell, Boruff. Cellulose 1, 162 (1930). Ind. Eng Chem. 21, 1181 (1929); 25, 147
(1933).

2 Bergius. Ind Eng. Chem., News Ed. 4, No. 23, 9 (1926); C. 4. 16, 261 (1922).

3 Storch, Golden. J. Am. Chem. Soc. 54, 4662 (1932).

4 Qakwood, Miller. J. Am. Chem. Soc. 72, 1849 (1950).
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3. By the hydrolysis of aluminum carbide.®
Aluminum carbide probably has the molecular structure.
C

Al ‘Al
v
C

Impurities usually give traces of H, and C.H,.

4. By passing hydrogen at 1200° over carbon,® or at 500-600° over carbon
with catalysts of Ni, Co, or Fe.”

5. By the action-of hydrogen sulfide and carbon disulfide with hot copper,

the first synthesis of methane.?
6. By passing CO or CO; over hot calcium hydride, CaH,.

Physical Properties. Methane is a colorless gas with a faint odor. It is
slightly soluble in water but more so in alcohol. Its critical temperature and
pressure are —82.5° and 45.7 atm. Its m.p. and b.p. are —183° and —161.4°.
It can be liquefied by liquid air. The best method of determining methane
in the presence of other hydrocarbons is by low temperature distillation
(ethane, b. —88.3°, propane, b. —42.2°).%-12

Tetrahedral Structure. The suggestion that methane has a pyramidal
structure !® rather than the usually accepted tetrahedral structure is based on an
incorrect interpretation of X-ray and macrocrystalline data.

Reactions of Methane. The surprising inactivity of methane may be due
to its having an outer shell of eight electrons as in the rare gases, the four
hydrogen atoms being inside this outer shell. The ionization potential of
methane is of the same order of magnitude as that of argon.

1. When heated at about 1000°, methane gives a small yield of benzene
(0.2 gal. per 1000 cu. ft.) and other aromatic compounds. Careful studies of
the pyrolysis of methane indicate that the first step is its conversion to hydrogen

8 Ann. Rep. Chem. Soc. (London) 1913, 56.

¢ Mayer, Altmayer. Ber. 40, 2134 (1907).

7 Bone, Jerdan. J. Chem. Soc. 71, 41 (1897).

8 Berthelot. Compt. rend. 43, 236 (1856).

* Rosen, Robertson. Ind. Eng. Chem., Anal Ed. 3, 284 (1931).
10 Podbielniak. Ind. Eng. Chem., Anal. Ed. 3, 177 (1931).

1 Roses Ind. Eng. Chem., Anal Ed. 8, 478 (1936).

2 Hicks-Bruun, Brunn. J. Am. Chem. Soc. 58, 810 (1936).

18 Henri. Chem. Rev. 4, 189 (1927).
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and free methylene,’* (CH;). The latter reacts with a molecule of methane to
give ethane. Under properly controlled conditions as high as 959, yields of
ethane can be obtained.!’® The ethane loses hydrogen to form ethylene and
then further to form acetylene. The latter polymerizes to form benzene.
Under ordinary conditions all the intermediate products are less stable and
the mixture issuing from the hot zone consists of unchanged methane and a
small amount of benzene and higher products.!®%¢ In the absence of all
possible catalysts, methane at 1000° gives only acetylene and hydrogen. The
Thermatomic Carbon Process gives carbon and hydrogen at high temper-
atures.?

2. Oxidation.®-%

(a) With excess of oxygen at high temperatures complete combustion gives
carbon dioxide and steam. One cu. ft. of methane gives 1000 B.T.U. whereas
the same amounts of coal gas and ordinary water gas give only 500 and 300
B.T.U. respectively.

(b) With insufficient oxygen it is possible to limit the combustion and ob-
tain carbon monoxide and water as the chief products. There has been much
speculation as to the mechanism of the combustion of methane. The first
product is probably methanol formed by the direct introduction of an atom of
oxygen into a molecule of methane. Methanol is readily dehydrogenated or
oxidized to formaldehyde and hydrogen or steam. Formaldehyde is decom-
posed by heat to carbon monoxide and hydrogen or is readily oxidized to formic
acid which decomposes to form carbon monoxide and water. Since all of
these possible intermediate products are more sensitive to heat and oxidation
than are methane, carbon monoxide and water, they do not survive among the
reaction products.

In spite of enormous amounts of work on the oxidation of methane, meagre
practical results have been obtained. Even under the best conditions the
yields of methanol and formaldehyde amount to only a few per cent.?> The
formaldehyde obtained by oxidizing natural gas probably comes from the
higher homologs present (p. 19).

(¢) Nitrogen peroxide oxidizes methane to give a small yield of formalde-
hyde.2¢

14 Kassel. J. Am. Chem. Soc. 54, 3949 (1932).

1 Storch. J. Am. Chem. Soc. 54, 4188 (1932).

18 Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. pp. 37-90.

17 Ann. Rep. Chem. Soc. (London) 1930, 82.

18 Hague, Wheeler. J. Chem. Soc. 1929, 378.

19 Schneider, Frolich. Ind. Eng. Chem. 23, 1405 (1931).

20 Hessels, vanKrevelen, Watermann. J. Soc. Chem. Ind. 58, 323 (1939).

2 Holliday, Gooderham. J. Chem. Soc. 1931, 1594.

2 Moore. Ind. Eng. Chem. 24, 21 (1932).

3 Fgloff, Schaad. Chem. Revs. 6, 91.

z Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 846.

% Boomer, Thomas. Can. J. Research 15, B, 401 (1937).
2 Frolich, Harrington, Waitt. J. Am. Chem. Soc. 50, 3216 (1928).
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3. With steam. The most important practical reaction of methane next
to its complete combustion for the production of heat is its reaction with steam
at high temperatures (800-1000° C.) in the presence of catalysts such as nickel
activated by promoters such as alumina or thoria to give carbon monoxide
and hydrogen. This is the chief source of hydrogen for commercial hydro-
genation of coal and petroleum and for the synthesis of ammonia. The carbon
monoxide formed will further react with steam at about 500 °C. with an iron
oxide catalyst promoted with chromium oxide to give carbon dioxide and
hydrogen. Thus four molecules of hydrogen are obtained from one molecule
of methane and two molecules of steam.?

4. With chlorine. The reaction of methane with chlorine is likely to be
explosive. The products are hydrogen chloride, carbon, and the four possible
chlorinated methanes. If the violence of the reaction is abated by bringing
the gases together in a reactor filled with sand, the formation of carbon is
practically eliminated. By modern methods of distillation it is possible to
separate the methyl chloride, methylene chloride, chloroform and carbon
tetrachloride formed in the reaction.?®?* By using volume ratios of N,, CH,
and Cl; of 80:8:1 over a catalyst of cupric chloride on pumice at 450°, it is
possible to convert 459, of the chlorine to methyl chloride.

The conversion of methane to its chlorination products may become com-
mercially important in spite of the following complications: (a) There are cheap
methods for making pure methyl chloride, chloroform and earbon tetrachloride.
(b) Most of the possible uses for methylene chloride are better served by
formaldehyde. (¢) Cheap methane in the form of natural gas and cheap
chlorine from cheap hydroelectric power are usually not located near each
other geographically. One or the other has to be transported. (Compare
p. 81)

Bromine would presumably act with methane much like chlorine. Iodine
is much less reactive and, moreover, the hydrogen iodide formed would tend
to reverse any substitution, thus giving the original hydrocarbon. Fluorine
reacts violently with methane giving almost entirely carbon and hydrogen
fluoride.

5. With nitric acid. Using small diameter Pyrex tubing at 444° and 100
psi, with a 10:1 ratio of methane to nitric acid, it is possible to obtain 279,
conversion per pass.’® Recycling of the methane gives a 909, yield.

6. Methane under the influence of alpha particles or of an electrical dis-
charge is condensed to a mixture of complex hydrocarbons.3t:3

7. Methane can be converted to HCN in 109, yield by passing it with

#7 Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 276.
28 Ann. Rep. Chem. Soc. (London) 1919, 69; 1923, 74,

2 Ellis, “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 686.
3 Hass et al. Ind. Eng. Chem. 39, 919 (1947).

3 Lind, Glockler. J. Am. Chem. Soc. 52, 4450 (1930).

2 Ellis. *“Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 264,



16 ALIPHATIC COMPOUNDS

NH; over Al;O; at 1000°. An electric discharge through CH, and N, converts
the former nearly completely to HCN.

8. Methane does not react with the following: (@) ordinary oxidizing agents,
(b) hydrogen, (c) reducing agents, (d) acids, (e) bases, (f) metals.

Methane, Storch, U.S.B. of Mines, Information Circular 6549 (1932).

Ethane, CH;CHj, occurs in varying amounts in natural gas. The state-
ment that it forms the chief gas of a well near Pittsburgh is erroneous. It
can be prepared by the general methods from ethyl Grignard reagents,
ethyl halides, and ethylmercury compounds. Heating sodium propionate
with soda lime gives a poor yield of ethane along with ethylene and hydrogen.

In common with the other homologs of methane it can be made by the
Wurtz reaction from the proper alkyl halide and metallic sodium.

2 CH;I + 2 Na — CH,;CH; + 2 Nal

The yield is poor.
Ethane is also obtained during the electrolysis of sodium acetate solution.?

2 CH,CO:Na + 2 H,0 — C.Hs + 2 CO; + 2 NaOH + H,

The ethane and carbon dioxide are liberated at the positive electrode (anode).
With higher sodium salts, R-CO.Na, this reaction gives very poor yields of R-R.

The best way of making pure ethane is by the catalytic hydrogenation of
ethylene prepared from ethanol.

According to its ordinary physical and chemical properties the single bond
between the two methyl groups in ethane allows free rotation. Its thermo-
dynamic properties at low temperatures show that there is a mutual repulsion
between the H atoms in the two methyls.®

Reactions of Ethane. Ethane is much more reactive than methane.

1. On heating it gives hydrogen and ethylene which then undergoes a very
complex series of decompositions and polymerizations.?®

2. When treated with insufficient oxygen, especially in the presence of
platinum as a catalyst, ethane gives a considerable amount of formaldehyde,
much more than can be obtained from methane by any oxidation method.?¢
Presumably the process involves the intermediate formation of ethylene and
ethylene glycol.

3. Chlorine and bromine react readily with ethane giving a complex
mixture of halogenated products.’” These reactions have never been studied
thoroughly because of their complexity, the lack of a cheap source of ethane,
and the fact that the desired derivatives of ethane are readily available by
other means.

3 Kolbe. Ann. 69, 257 (1849).

3 Kemp, Pitzer. J. Chem. Phys. 4, 749 (1936).

% Pease. J. Am. Chem. Soc. 50, 1779 (1928).

* Ellis. “Chemistry of Petroleum Derivatives.”” Reinhold, 1934. p. 850.
37 Ellis, ¢bid. p. 712,
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4. The silent electric discharge converts ethane to hydrocarbon mixtures
of M.W. 100-500.%8

5. Hydrogenolysis at high temperature and pressure gives methane.

6. Ethane is inert under ordinary conditions to oxidizing and reducing
agents, and to acids, bases, and metals.

Propane, CH;CH,CH;. 1t is not necessary to prepare propane because
it is available at less than a cent a pound in tank car lots. It is separated
from ‘“natural gasoline” or “Casinghead gas’’ by distillation under pressure
or by selective adsorption on activated carbon.

Rather impure propane is sold in tanks under moderate pressure for use
as a household fuel gas (Pyrofax, ‘“Bottle gas’’). Propane has recently found
wide use in the petroleum industry as a combined solvent and refrigerant for
simultaneously extracting and dewaxing a lubricating fraction (Mueller proc-
ess) (Duo-Sol process).?® It is also used to de-asphaltize oils (p. 19).

Propane is more reactive than ethane. Thermal decomposition gives
mainly ethylene and methane with smaller amounts of propylene and hydro-
gen** The ethylene is used to make ethylene glycol and related products.
The propylene is changed to isopropyl aleohol and acetone.

In the thermal rupture of the C2—C® and C2—C" bond of propane, the
first was found to occur 89, greater than the latter.

Chlorination at 300° gives nearly equal amounts of 1- and 2-chloropropanes.*?
Dichlorination gives all theoretically possible dichlorides including geminal
and vicinal.

A carbon tetrachloride solution of propane when treated with sulfur
dioxide and chlorine with ultraviolet radiation at 25° gives equal amounts of
the 1- and 2-isomers of C;H:S0.Cl (sulfochlorination).® Disubstitution gives
only 1,3-propane disulfonyl chloride with no geminal or vicinal produet.

The vapor-phase nitration of propane gives 1- and 2-nitropropanes and
smaller amounts of nitroethane and nitromethane.#

Propane with O, below the ignition point gives propylene, acetaldehyde
and CO,.

Butanes, C,H,). The two isomers, normal butane and isobutane are avail-
able in any desired quantity and degree of purity by separation from natural
gas by means of selective adsorption or fractional distillation under pressure.

1. n-Butane, CH;CH,CH,CH;, b. — 0.6°, shows practically the same
reactions as propane or ethane but is more reactive.

On pyrolysis it gives all the theoretically possible products, namely,

38 Lind, Glockler. J. Am. Chem. Soc. 50, 1767 (1928).

3 Wilson. C. A. 30, 1223 (1936).

4 Pease. J. Am. Chem. Soc. 50, 1779 (1928).

4 Stevenson, Wagner, Bieck. J. Chem. Phys. 16, 993 (1948).
4 Hass, McBee, Weber Ind. Eng. Chem. 28, 333 (1936).

8 Asinger, Schmidt, Ebeneder. Ber. 75B, 34 (1942).

4 Hass, Hodge, Vanderbilt. Ind. Eng. Chem. 28, 339 (1936).
“ Pease. J. Am. Chem. Soc. 51, 1839 (1929).
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methane, ethane, ethylene, propylene, 1-butene, 2-butene and hydrogen. The
predominant reaction gives methane and propylene.

The most important reaction of n-butane is its catalytic dehydrogenation
to give butenes and then butadiene for synthetic rubber. A reaction of nearly
as great importance is the isomerization of n-butane to isobutane by means
of catalysts such as aluminum chloride or bromide or alumina with certain
promoters.

The non-catalytic high temperature oxidation of butane has been highly
developed (Celanese, Bludworth). The chief products are acetaldehyde, form~
aldehyde, propionaldehyde, acetone, methanol, tetramethylene oxide (H,-
furan), and methyl ethyl ketone. Minor products include acrolein and the
following alcohols: ethyl, propyl, isopropyl, allyl, butyl, and methallyl.

Chlorination at 300° gives the 1- and 2-chlorobutanes in about 1:2 ratio.
Chlorination in light at 50° to introduce about 7 Cl, followed by high tem-
perature chlorination gives a good yield of perchlorobutadiene, Cl,C=CCl—
CCl=CCl,, a very inert chlorocarbon.t’” Sulfochlorination by means of SO,
and Cl; gives the same ratio of substitution by —S0,Cl. Introduction of a
second group gives the 1,4- and 1,3-isomers in 1:4 ratio. This is in sharp
contrast of the dichlorination of butane which gives all possible dichlorides
including the geminal and vicinal compounds.

n-Butane and sulfur at 600° react to give n-butylenes, butadiene, and
thiophene.®® Yields of 30-509, of either of the last two can be obtained by
suitable recycling.

An electrical discharge converts n-butane to a mixture of hydrocarbons of
somewhat the same complexity as crude petroleum. One of the resulting
fractions contains a mixture of octanes and octenes.*?

Pure n~-butane, mixed with a definite amount of dry air, is used as a standard
fuel for the accurate heat treatment of special steels.

2. Isobutane, trimethylmethane, (CH;);CH, b. —11.7°. On heating at
600° it gives more isobutylene and hydrogen than methane and propylene
while at 700° the reverse is true.’® The most important reaction of isobutane
is in the alkylation reaction with olefins (p. 51). Thus, with propylene and
cone. sulfuric acid it gives mainly 2,3- and 2,4-Me,-pentanes.

Catalytic dehydrogenation over alumina activated by chromic oxide (best),
vanadyl sulfate, ferric oxide or zinc oxide gives isobutylene for polymerization
and alkylation reactions (p. 46). A trace of water is absolutely necessary for
this reaction.5

Chlorination at 300° gives isobutyl and t-butyl chlorides in 2:1 ratio. Di-
chlorination gives all possible products.

4 Hass, McBee, Weber. Ind. Eng. Chem. 28, 333 (1936).

7 McBee, Hatton. Abstracts 109 Meeting Am. Chem. Soc. (1946).

48 Rasmussen, Hansford, Sachanen. Ind. Eng. Chem. 38, 376 (1946).
4 Lind, Glockler. J. Am. Chem. Soc. 51, 3655 (1929).

% Hurd, Spence. J. Am. Chem. Soc. 51, 3353 (1929).

5t Burgin, Groll, Roberts. Oil Gas J. 37, 48 (1938).
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In the direct chlorinations of paraffins the hydrogen atoms are always
substituted at rates which are in the order primary > secondary > tertiary.
At 300° C. in the vapor phase the relative rates are 1.00:3.25:4.43.

At increasing temperatures the relative rates approach 1:1:1 in both liquid
and vapor phase.®

Sulfochlorination gives only Me.CHCH,S0.Cl. Introduction of a second
group gives only MeCH(CH,SO,Cl),.

In addition to the expected reactions, isobutane gives others on account of
its tertiary hydrogen atom. Mild oxidation with oxygen or an oxidizing agent
like potassium permanganate converts this hydrogen to a hydroxyl, forming
tertiary butyl alcohol.®® Concentrated sulfuric acid and fuming nitric acid
replace the tertiary hydrogen by the sulfonic acid group (SO;H) and the nitro
group (NO:) respectively. With various catalysts it adds to olefins like iso-
butylene to give complex mixtures containing 2,2,4-Mes-pentane.® A similar
reaction takes place in the presence of cone. sulfuric acid.®® Anhydrous
hydrogen fluoride also catalyzes a similar change. These alkylation processes
were of the utmost importance in World War II in supplying the enormous
amounts of 100-octane gasoline needed for aviation fuel (p. 51).

Isobutylene adds to ethylene at high pressure and temperature without a
catalyst to form neohexane, 2,2-Me:-butane.5¢

Mixed butanes are used for “carburetting’” water gas to render its flame
luminous.

Pentanes, CsHi.. Normal pentane, CHy(CH,);CHs, b. 36°, and tsopentane,
dimethylethylmethane, 2-Me-butane, (CH;).CHCH,CH;, b. 28°, are readily
obtained from natural gas. A name such as 2-methylbutane, in which the
name and position of a substituent group in a parent molecule are given, is
known as a Geneva name from a congress of organic chemists at Geneva in
1892 which greatly expanded the system of nomenclature for complex organic
compounds devised by Hofmann in 1865.5% The prefix ¢so- is properly used
only for compounds containing Me,CH-—attached to a normal or straight
chain of atoms. The casinghead or natural gasoline made from natural gas
by compression or adsorption methods contains 15-35% of a pentane mixture
boiling 27-40°.%8

The reactions of normal and isopentane are like those of the butanes. Less
usual reactions are the following: n-Pentane with acetyl chloride and AlCl;
gives 2-acetylpentane and with CO, HCIl, and AICl; gives ethyl isopropyl
ketone.’® Isopentane with CO and HCI in the presence of AlBr; and Cu.Cl;

52 Hags, McBee, Weber. Ind. Eng. Chem, 28, 333 (1936).

8 Meyer. Ann. 220, 1 (1883).

® Ipatieff, Komarewsky, Grosse. J. Am. Chem. Soc. 57, 1722 (1935).

% Birch et al. Ind. Eng. Chem. 31, 884 (1939).

% Frey, Hepp. C. A. 35, 611 (1941).

57 Hofmann. Ber. 26, 1595 (1865).

5 Ellis. “Chemistry of Petroleum Derivatives” Reinhold, 1934. p. 18.
5 Hopff. Ber. 64B, 2739 (1931)
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gives, among other products, 2,2-dimethylbutanol. Isopentane in vapor phase
oxidation gives isovaleraldehyde, then isobutyraldehyde and finally acetone,
at which point the oxidation becomes slower. Isopentane with dil. nitric
acid gives 2-nitro-2-Me-butane. With more concentrated acid it gives di-
and trinitro compounds.®°

The chlorination of mixed n- and 7so-pentane has been developed com-
mercially.®—% A mixture of chlorine with a large excess of hydrocarbon is
passed very rapidly through iron tubes at about 300°. The chlorine reacts
completely with the formation of all the theoretically possible monochlorides
and smaller amounts of higher chlorides. These chlorides are used as such or
are converted to alcohols, olefins and acetates (Pentasol, Pentacetate, Sharples).

Pentane is used in thermometers for low temperatures.

Neopentane, m. —16.8°; b. 9.5° (the prefix neo- indicates the presence of a
C attached by all four valences to other C atoms), tetramethylmethane, 2,2-
Mes-propane, (CHj).C, is obtained by the action of dimethylzinc on acetone
dichloride, 2,2-dichloropropane, prepared from acetone and phosphorus penta-
chloride, or on a tertiary butyl halide. The best preparation is from t-butyl
chloride and methylmagnesium chloride.®® Vapor phase nitration proceeds
normally.®

Neopentane, on pyrolysis, gives methane and isobutylene.®¢ On chlorin-
ation it gives neopentyl chloride, (CH;);CCH,Cl, without any rearrangement.$
This chloride cannot be made from the corresponding alcohol (pp. 75, 120).

Neopenty! deuteride (neopentane with one atom of hydrogen replaced by
deuterium) is obtained by the action of heavy water on neopentylmagnesium
chloride.

This removal of the symmetry of the molecule destroys the simplicity of
its Raman spectrum.®8

Pure normal alkanes have a faint but decidedly pleasant odor entirely
different from that of the impure materials which resemble the characteristic
odor of petroleum fractions.

The sizes and shapes of the molecules of n-heptane, n-octane, and n-nonane
in the gaseous state have been determined.®® They exist as loose helixes.

Hexanes.” All five of the hexanes have been isolated from petroleum
and have been repeatedly synthesized.

2,3-Mez-butane, diisopropyl, in common with all paraffins having tertiary

® Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 1042,
8 Ayres. Ind. Eng. Chem. 21, 899 (1929).

82 Clark. Ind. Eng. Chem. 22, 439 (1930).

% Ellis. “Chemistry of Petroleum Derivatives.”” Reinhold, 1934. p. 726.
¢ Whitmore, Fleming. J. Am. Chem. Soc. 55, 3803 (1933).

% Howe, Hass. Ind. Eng. Chem. 38, 251 (1946).

% Frey. Ind. Eng. Chem. 25, 441 (1933).

87 Whitmore, Fleming. J. Am. Chem. Soc. 55, 4161 (1933).

8 Whitmore, Rank. J. Am. Chem. Soc 56, 749 (1934).

¢ Melaven, Mack. J. Am. Chem. Soc. 54, 888 (1932).

70 Maman. Compt. rend. 198, 1323 (1934).
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H atoms, reacts readily with dilute nitric acid to give a tertiary nitro compound.
More vigorous treatment also replaces the other tertiary H.™

2,2-Mes-butane, trimethylethylmethane, neohexane, is made commercially
from ethylene and isobutane (p. 18). It reacts readily with nitrie acid to give
a 3-nitro compound.” ™ The structure is proved by reduction with alkaline
stannite solution to give the oxime of methyl t-butyl ketone.

Heptanes. Normal heptane is obtained by distillation and chemical treat-
ment of the oil obtained from the resin of the Jefirey pine.”* In common with
other normal paraffins it exhibits a bad ‘“knock” in an internal combustion
engine. n-Heptane is used as a standard in knock rating.”® For this purpose
it was originally made from the Jefirey pine but is now prepared synthetically.
Several processes are available.

n-Butyraldehyde condenses readily with acetone. The following steps are
then easy.

PrCHO + CH,COCH; — PrCHOHCH.,COCH;
— PrCH=CHCOCH; — PrCH,CH,COCH; — CH;3(CH,)sCHj,

n-Heptane can also be made by the reduction of heptaldehyde, (oenanthol)
obtained in the destructive distillation of castor oil (mainly glyceryl ricinoleate).

n-Heptane has been chlorinated by means of sulfuryl chloride, SO,Cl,, to
give a 909, yield of chlorides consisting of 159 l-chlorobeptane and 859, of
2-chloroheptanes.’®

n-Heptane, 2,2-Me,-pentane and 2- and 3-Me-hexane have been found in
petroleum.”

All nine of the possible isomers, C;Hs, have been prepared in a high state
of purity.”® A variety of physical properties such as b.p., index of refraction,
density, f.p., C.8.T. in aniline, molecular refractivity and dispersion, molecular
volume, compressibility, coefficient of expansion, surface tension, viscosity and
dielectric properties have been measured for these pure materials.

Six of the isomeric heptanes were made by the following steps:

1. Grignard reagent 4 ketone — tertiary alcohol.
2. Alcohol — olefin mixture.
3. Olefin mixture — heptane.

Thus 2-methylhexane was made as follows:
1. n-Butylmagnesium bromide in anhydrous ether with acetone followed
by treatment with acid gave 2-methyl-2-hexanol (dimethyl-n-butylearbinol).

" Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 1043.
™ Markownikoff. Chem. Zentr. 1899 11, 472.

7 Howe, Hass. Ind. Eng. Chem. 38, 251 (1946).

" Kremers. J. Am. Pharm. Assoc. 6, 11 (1917).

™ Edgar. Ind. Eng. Chem. 19, 145 (1927).

” Kharasch, Brown. J. Am. Chem. Soc. 61, 2142 (1939).

" Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 27.
8 Edgar, Calingaert, Marker. J. Am. Chem. Soc. 51, 1483 (1929).
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2. Dehydration of the alcohol by refluxing with a trace of iodine (applicable
to higher tertiary alcohols, Hibbert) gave mainly 2-methyl-2-hexene with a
small amount of the isomeric 2-methyl-1-hexene.

3. Passage of the mixed olefins with purified hydrogen over hot finely
divided nickel gave 2-methylhexane, isocheptane.

Similar methods gave 3-methylhexane, 3-ethylpentane, 2,3-dimethyl-
pentane, 2,4-dimethylpentane and 2,2,3-trimethylbutane.

2,2-Dimethylpentane and 3,3-dimethylpentane could not be prepared by
this series of reactions because the corresponding alcohols, 2,2-dimethyl-3-
pentanol and 3,3-dimethyl-2-pentanol, contain the “neopentyl alcohol” system
(p. 128) and undergo rearrangements on dehydration, giving chiefly 2,3-di-
methyl-2-pentene. These two heptanes were made by a modified Wurtz
reaction involving the reaction of a suitable Grignard reagent with an alkyl
halide in the presence of dry ether and mercuric chloride. The yield was poor
but better than that obtainable by any other known method.

One of the simplest optically active hydrocarbons, I-2,3-dimethylpentane
(methylethylisopropylmethane), has been made in the following steps.”

Optically active material is obtained by resolving di-2-butanol into its d-
and lforms.8 The alcohol is heated with phthalic anhydride to give hydrogen
sec-butyl phthalate. This is then combined with the optically active base,
brucine, to give brucine dextro-sec~-butyl and brucine levo-sec-butyl phthalates.
Recrystallization separates these, the former being less soluble. Acidification
precipitates the optically active hydrogen sec-butyl phthalate which is then
saponified to give the optically active 2-butanol.

The conversion of dextrorotatory 2-butanol involves the steps: Conversion
to the levorotatory bromide by hydrogen bromide, reaction of the latter with
the sodium derivative of ethyl methylmalonate, followed by saponification and
acidification to give the methyl sec-butyl malonic acid which loses carbon
dioxide at 190° to give dextrorotatory methyl-sec-butyl-acetic acid (2,3-di-
methyl-n-valeric acid). This is converted to the dextrorotatory ethyl ester
which is reduced by sodium and absolute alcohol to the primary aleohol,
levorotatory 2,3-dimethyl-1-pentanol. This is converted to the dextrorotatory
bromide by PBrs. Conversion of the bromide to the Grignard reagent and
treatment of the latter with acid gives levorotatory 2,3-dimethylpentane. The
specific rotations [«]% (p. 115) of the optically active substances involved in
this series of changes are approximately as follows: 2-Butanol, +8.4; 2-
Bromobutane, —13.8; 2,3-Dimethyl-valeric acid, +1.3; Ethyl ester, +1.9;
2,3-Dimethyl-1-pentanol, —0.9; 1-Bromo-2,3-dimethylpentane, +2.9; 2,3-
Dimethylpentane, —9.4.

The most important of the heptanes is Triptane, 2,2,3-Mes-butane, because
of its unusual octane rating (120-150?). It can be made in a variety of ways.
Triptanol (p. 130), 2,3,3-Mez-2-butanol, can be dehydrated to triptene, 2,3,3-

7 Levene, Marker. J. Biol. Chem. 91, 405 (1931).
80 Pickard, Kenyon. J. Chem. Soc. 99, 45 (1911).
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Me;-1-butene, which is readily hydrogenated to triptane. Mes-ethylene from
t-AmOH can be methylated by MeCl and lime under pressure to give Me,-
cthylene and then triptene.® Triptane can also be made by the hydrogenolysis
of 2,2,3-Mesy-pentane obtained either by the alkylation of 2-butene with
isobutane or by the hydrogenation of the co-dimer from isobutylene and
2-butene. Byproducts of the hydrogenolysis process are 2,3-Mej-butane and
2,3-Me:-pentane, also valuable in aviation fuels. Other methods are available.

Octanes. The eighteen possible octanes have been prepared by methods
similar to those described for the heptanes.8—3%

The Wurtz reaction was first used (1855) in the action of isobutyl iodide
and sodium to give 2,5-Mes-hexane. n-Octane is obtained by the Wurtz
reaction in 659, yield.85 As always, the reaction gives considerable amounts
of by-products.

The reaction may be assumed to involve the following steps:

The halide reacts with the metallic sodium (a free radical with an odd
electron) to give NaX and a free organic radical with an odd electron. This
cannot exist as such. The most likely change is for it to react with another
atom of sodium to form a sodium alkyl. This is a strong hydrocarbon base
which can react with the alkyl halide by metathesis to form the higher hydro-
carbon or by elimination of HX to form a 1-olefin, NaX, and the saturated
hydrocarbon corresponding to the halide.

BuX + Na. — Bu. + NaX
Bu. + Na. — BuNa
BuNa + BuX — NaX -+ Bu,
BuNa + CH;CH.CH,CH;X — NaX 4+ BuH + CH,CH,CH=CH,

The assumption that the butane and 1-butene are formed by disproportionation
of the free organic radicals is probably unsound.

n-Hexane, n-octane, n-decane and n-tetradecane can be prepared by the
Wurtz reaction by the action of Na on the normal halides containing 3, 4, 5
and 7 carbon atoms which are readily available. A trace of acetonitrile acts
catalytically. It must be remembered that numerous by-products are formed
and must be removed from the product. This is easy because of wide differ-
ences in the boiling points (The Wurtz Reaction).3¢

The preparation of a normal hydrocarbon from a mixture of two alky]
halides of nearly the same carbon content with sodium is seldom practical.
There are three main products with boiling points rather close together and a
correspondingly large number of by-products.

8 Miller, Lovell. Ind. Eng. Chem. 40, 1138 (1948).

& Noller. J. Am. Chem. Soc. 51, 594 (1929).

8 Pope, Dykstra, Edgar. J. Am. Chem, Soc. 51, 2203 (1929).
# Whitmore, Laughlin. J. Am. Chem. Soc. 55, 5056 (1933).

% Lewis, Hendricks, Yohe. J. Am. Chem. Soc. 50, 1993 (1928).
8 Wooster. Chem. Rev. 11, 1 (1932).
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n-Octane can also be obtained readily by chilling the proper fraction from
petroleum with solid CO, and acetone.

n-Octane with anhydrous AICl; at 150° gives n-butane and polymeric
olefins.®7

The preparation of hexamethylethane, 2,2,3,3-Mes-butane, requires special
processes. Of those, perhaps the best is the peculiar reaction of silver bromide
with {-butylmagnesium chloride to form the hydrocarbon, MgX,; and metallic
Ag.

2,2,4-Trimethylpentane is made by the catalytic hydrogenation of the
diisobutylenes obtained from ¢-butyl alcohol or isobutylene and sulfuric acid.
This substance, incorrectly called ‘““iso-octane,” is used as a standard in de-~
termining detonation properties, ‘knock rating” or ‘“octane number” of
gasoline.®® The “octane number” (O.N.) is the per cent of 2,2,4-Mes-pentane
in a mixture of that substance and n-heptane which has the same ‘“knock” as
the gasoline being tested. An isomer, 2,2,3-Me;-pentane, has an even higher
knock rating but there is no feasible way to prepare it. The limiting com-
pression ratios for those two octanes are 7 to 1 and 12 to 1 for the 2,2,4- and
the 2,2,3-isomers respectively.

The vapor phase oxidation of n-octane has been carefully studied.®* The
first product is octanal. This then goes to heptanal and CO and CO,. The
change continues step by step through the lower aldehydes. This process
apparently involves ‘“‘chain reactions” which give detonation or “knock.”
These processes are inhibited by tetraethyl lead, a good “‘anti-knock.” When
branched chain octanes are used the aldehyde formation and degradation take
place until a branch in the chain is reached, when the reaction is distinctly
retarded. This is related to the low knock properties of highly branched
hydrocarbons such as 2,2,4-Me;s-pentane.®®

Higher Alkanes. The normal paraffins Cs to C;s and Cux, Cis, and Cay
have been prepared and their physical constants determined.%—9%

Hundreds of other alkanes have been prepared by methods analogous to
those described. With some, even less satisfactory methods must be used.
Thus 2,2,4,4-Me,-pentane is obtained in poor yield by the action of dimethyl-
zine on 2,2,4-Mes-4-Br-pentane made by adding HBr to the diisobutylenes.
The boiling point of this nonane is 122°, thus being lower than that of n-octane,
b. 125°.

3,3,4,4-Meshexane, di---amyl, b. 169.7°/744, n*°p 1.4376, is obtained in
59, yield in the preparation of -+-AmMgX. The compactness and symmetry
raise the index of refraction but do not lower the b.p. as much as would be

87 Grignard, Stratford. Compt. rend. 178, 2149 (1924).

88 Edgar. Ind. Eng. Chem. 19, 145 (1927).

8 Pope, Dykstra, Edgar. J. Am. Chem. Soc. 51, 1875 (1929).

% Ellis, “Chemistry of Petroleum Derivatives.” Reinhold, 1934. pp. 9, 61.
9 Shepard, Henne, Midgley. J. Am. Chem. Soc. 53, 1948 (1931).

9 Mair. Bur. Standards J. Research. 9, 457 (1932).

%8 Schiessler et al. Proc. A.P.1., ITI (1946).
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expected. Thus n-decane and 2,2,5,5-Meshexane have b.p. and n*p respec-
tively as follows: 174.0°, 1.4114; 135.0°/736, 1.4057. The effect of the two
ethyl groups is not understood.

Triisopropylmethane, (Me.CH);CH, b. 157.04/760, n?°D 1.4265 is another
decane of interesting properties. It has been prepared by the addition of
diisopropyl ketone to isopropyl lithium. The resulting carbinol is converted
to the alkane by dehydration and hydrogenation.®* It is also made starting
with Ac.0, ZnCl,, and 2,4-Me,-2-pentene. The resulting unsaturated ketone
reacts smoothly with MeMgBr to give the unsaturated ¢-alcohol which on
dehydration over alumina to the diene and hydrogenation gives the desired
alkane.%®

2,2,3,3,6,6,7,7-Mes-octane, m. 74.2° is obtained in small yield in the action
of Mg with the monochloride of Mes-ethane. The isomeric n-hexadecane has
m. 18°.

Because of the danger of fires from ordinary aviation fuels on crash landings,
much effort is being made to produce safety fuels of high flash points but with
good knock characteristics. This is opening up the chemistry of the higher
highly branched paraffins and liquid aromatic compounds much as did the
work of ¥Edgar, Calingaert and Marker on the isomeric heptanes and octanes
after World War 1.

n-Decane is readily separated from petroleum by careful distillation and
freezing.%

n-Undecane has been made from undecoic acid and HI* and from n-butyl
toluene sulfonate and n-heptylmagnesium bromide (149 yield).?

2,11-Me;-dodecane is obtained by hydrogenating the olefins from the di-
tertiary glycol made from ethyl sebacate and excess methylmagnesium bromide.

n-Hexadecane is the standard for the cetane number of Diesel fuels. The
cetane number of a fuel is about 0.88 of the formerly used and less satisfactory
cetene number. Typical cetane numbers are approximately as follows:
n-hexadecane 100, 1-Me-naphthalene 0, n-heptane 55, 2,24-Mes;-pentane
(Isooctane) 23, tetraisobutylene 5, benzene —10, and toluene —20. It is
notable that highly branched paraffins and aromatic compounds which give
high octane ratings give low cetane numbers.

The normal Ca, Cio, Cao, Cso, Ces, C10 and about 25% of higher unidentified
hydrocarbons, Cio,, have been obtained by the Wurtz reaction with sodium
and decamethylene bromide, Br(CH,)10Br, in absolute ether.®® The separation
was accomplished by a molecular still.l® The reduction involved in the

% Howard et al. J. Research. Natl. Bur. Standards 38, 365 (1947).

% Cook, Krimmel, Whitmore. Abstracts 112th Meeting Am. Chem. Soc. 28L (1947).
% Bruun, Hicks-Bruun. J. Research Natl. Bur. Standards 8, 583 (1932).

97 Krafft. Ber. 15, 1687 (1882).

8 Gilman, Beaber. J. Am. Chem. Soc. 47, 518 (1925).

9 Carothers et al. J. Am. Chem. Soc. 52, 5279 (1930).

1% Washburn. Bur. Standards J. Research 2, 476 (1929).
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process is explained as follows: (Q = an organic group.)

QBr + 2 Na — QNa + NaBr
QNa + Et,0 — QH + EtONa + C.H,

Perhydrolycopene, CyoHse, 2,6,10,14,19,23,27, 31-Mes-dotriacontane, is ob-
tained by catalytic hydrogenation of lycopene.

The largest alkane prepared is C*H¥® — 2,59,13,17,24,28,32,36,41,45,49 -
53,60,64,68,72,75-octadecamethylhexaheptacontane.!

The most important chemical reaction of higher hydrocarbons is their
instability to heat, their ability to be “cracked’’ at about 500° into smaller
more volatile molecules suitable for gasoline (p. 9).!2 The detailed chemistry
of this important industrial process is little known. All cracking processes
applied to all petroleums give in varying amounts alkanes, alkenes, naphthenes
and aromatic compounds. The last two are probably formed from the
alkanes. The initial step in the pyrolysis of an alkane may be

RCH,CH.CH.R’ - RCH=CH, + CH;R’

This is probably preceded by the formation of free radicals.’® The conversion
of a naphthene to an aromatic compound involves the removal of hydrogen.
This may react with olefins or be evolved. Some hydrogen is practically
always found in cracked gases. The lower olefins formed tend to polymerize
less and thus survive to a larger extent in the gases which are always by-
products of cracked gasoline. These form the basis for the important industrial
processes involving ethylene, propylene and the butylenes. Mixed or partially
separated cracked gases are utilized in dimerization or co-dimerization proc-
esses, followed by hydrogenation to give additional highly branched octanes,
nonanes, and decanes for high octane gasoline (p. 46). Similarly, properly
modified mixtures of cracked gases are used in alkylation processes to give
similar products without the necessity of hydrogenation (p. 46).

A constant by-product of cracking is petroleum coke.!®* This is the
ultimate result of continued polymerization and removal of hydrogen.

The chlorination of paraffin wax is important because of the use of the
chlorinated products in making wax crystallization inhibitors (Paraflow) and
extreme pressure lubricants.

Treatment of high alkanes, either pure or as mixtures with SO; and Cl,,
followed by NaOH gives sulfonates, RSO;Na, with important surface active
properties.’%

A reaction of the higher alkanes which will undoubtedly be of great practical
importance in the future is their oxidation by means of air or oxygen to form

11 Karrer, Stoll, Stevens. Helv. Chim. Acta 14, 1194 (1931).

102 Ellis.  “Chemistry of Petroleum Derivatives.”” Reinhold, 1934. p. 91.
103 Rice. J. Am. Chem. Soc. 55, 3035 (1933).

10¢ Ellis.  “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 225.
106 Reed. C. A. 30, 5593 (1936); 34, 554 (1940).
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a great variety of products. Thus the oxidation of n-heptane with insufficient
air gives a mixture from which about 25 pure compounds have been isolated
and identified. In addition to degradation products, these include all of the
possible tetrahydrofurans. Evidently the initial attack by O on the first
or second C atom is followed by closure of the 5-ring.

Blowing heavy oils with air in presence of catalysts such as Mn oleate
gives oil additives of varying content of higher alcohols, acids and the like
(Alozx).

B. UnsaTuraTED Hyprocarsons, C,H,,
Olefins, Alkylenes or Alkenes, Ethylene and its Homologs

An olefin contains two less H atoms than the corresponding paraffin and
is characterized by an unsaturation which makes possible the addition of two
univalent groups to two adjacent carbon atoms. This condition of un-
saturation is indicated by a double bond, C=C. Such a double bond is merely
an empirical indication of a point of unsaturation and activity in the molecule.
Even less is known about its true nature than about that of the single bond
between two carbon atoms. Electronically a double bond is represented by
a “sharing” of two electron pairs by two adjacent atoms, R;C::CR, or
R.C i CR: in which R is H or an organic group. Addition to the double bond
may be due to an ““activation’ or polarization (complete or partial).!=7

H H H H H H
H:C:C:H==H:C::C:H=—H:C:C:H

In most cases, this conception adds little to the cruder one that the double
bond “opens’” and adds a univalent group at each end. The three formulas
written above represent some of the possible members of the “resonance
hybrid” which corresponds more accurately to the properties of ethylene than
can any individual structure. The olefinic bond has been subjected to a
quantum mechanics analysis.®

Olefins exhibit both chain and position isomerism. Thus the possible
numbers of structural isomers are: Cq, 3; Cs, 5; Cs, 13; Cy, 27; Cs, 66.  All of
these have been made through the octenes.?10

In addition to structural isomerism, stereoisomerism is possible in olefins in
which neither unsaturated carbon has two identical groups or atoms attached
to it (p. 39). Very few of such stereomers have been isolated.

! Lewis. J. Am. Chem. Soc. 38, 762 (1916).

2 Lowry. J. Chem. Soc. 123, 822 (1923).

3 Carothers. J. Am. Chem. Soc. 46, 2226 (1924).

4 Kharasch, Reinmuth. J. Chem. Education 5, 404 (1928).

5 Prevost, Kirrmann. Bull. soc. chim. (4) 49, 194 (1931).

¢ Pauling, Brockway, Beach. J. Am. Chem. Soc. 57, 2705 (1935).

7Harman, Eyring. J. Chem. Phys. 10, 557 (1942).

8 Mulliken. Phys. Rev. 41, 751 (1932).

? Schurman, Boord. J. Am. Chem. Soc. 55, 4930 (1933).
10 Whitmore, Whitmore, Cook. J. Am. Chem. Soc. 72, 51 (1950).
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Occurrence and Formation. Because of their great reactivity, olefins are
not found in natural products. They are formed in the thermal decomposition
of almost all carbon compounds. Thus the cracking of cottonseed oil gives
about 15%, unsaturated compounds.* The total amount of olefins obtained
as by-products in cracking processes for making gasoline is enormous. In 1936
the amount of the first three olefins formed in this way was about 5 X 10
cu. ft.

Pintsch gas obtained by cracking the gas oil fraction of petroleum contains
35-409, olefins.

The physical properties of the alkenes closely resemble those of the alkanes.
Ethylene boils some 15° below ethane but the corresponding higher members
in the two series boil at nearly the same points. In general, the 1-olefin is
lower boiling than the isomers with the double bond farther from the end of
the chain. Thus the boiling points of n-heptane, 1-heptene, and 2-heptene
are 98.4° 93.5° and 98.3° respectively. The melting points of the olefins are
somewhat lower than those of the corresponding paraffins. The presence of a
double bond increases the density about 0.015 for straight chain compounds.
For branched chain compounds the increase varies widely. Thus the values
of d*° for 2-Me-pentane, 2-Me-1-pentene and 2-Me-4-pentene are 0.652, 0.682

AvLpHA OLEFINS

m, °C. b. °C. (Doss)
Ethylene....................... —169.4 —103.9
Propylene. ..................... -185.2 - 476
1-Butene....................... ~190. - 63
1-Pentene...................... -138. + 30.1
1-Hexene....................... —141. 63.7
1-Heptene...................... —-120. 92.8
1-Octene....................... —-102.1 121.6
1-Nonene...................... — 88, 145.3
1-Decene....................... - 66, 172,
1-Undecene..................... — 49, 189.
1-Dodecene..................... - 33.6 213.
1-Tridecene..................... — 22, 233
1-Tetradecene. . ................ - 12, 127/15 mm.
1-Pentadecene. ................. - 4. 247
1-Hexadecene (cetene)........... + 4. 158/11.5
1-Heptadecene.................. 11. 156/10
1-Octadecene. .................. 18. 180/15
1-Nonadecene................... 21.7 177/10
1-Eicosene (Cz0) . ovvvvvvvennn.. 315
1-Docosene (Ca2). ... oo 41, 178/0.6
1-Tricosene..................... 259/50
1-Tetracosene................... 273/50
1-Hexacosene (Cerotene) (Cas). . . .. 51.5 200/2
1-Octacosene. .. ................ 56.5 222/1.5
?-Triacontene (Melene) (Cso)...... 62. 218/0.5
1-Hentriacontene (Cs) . ......... 64, 295/15

n Egloff, Morrell. Ind. Eng. Chem. 24, 1426 (1932).
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and 0.665. In the l-olefin the branching of the chain and the double bond
each strengthens the effect of the other while in the 4-olefin they are apparently
independent. The density of 1-pentene is 0.641 while that of l-nonene is
0.731. 'The double bond increases the index of refraction (n?°p) about 0.011
for l-olefins. The increase is greater when the double bond is nearer the
middle of the molecule and also in branched molecules.

The chemical properties of the alkenes are in strong contrast to those of the
alkanes. Not only do they add a great variety of reagents with the greatest
ease but they also react with themselves to form polymers.

The presence and position of a double bond has a distinct effect on the
properties such as boiling point and refractive index. Thus these values for
n-octane and the 1-, 2-, 3- and 4-octenes are respectively in °C and n?°p:
125.6, 1.3976; 121.6, 1.4000; 125.2, 1.4130; 123.2, 1.4138; 122.3, 1.4119.12
The combination of branching and shifting of the double bond gives more
profound effects. Thus the properties of the above compounds can be com-
pared with those of 2,3-Me;-hexane and the four olefins of the same carbon
skeleton, 2,3-Mes-1- and 2-hexenes and 4,5-Mez1- and 2-hexenes which show
the following b. and »*°p: 115.8, 1.4013; 110.5, 1.4110; 121.8, 1.4267; 108,
1.4152; 110, 1.4132 (Doss).’* The effect of substituting all of the H atoms in
ethylene is especially striking.

The study of structure and the identification of olefins are greatly aided by
infrared spectra and Raman spectra.4'® The rapid methods thus made
possible were valuable in World War II in aviation gasoline production.®

Heats of formation, of combustion and of hydrogenation have been as-
sembled for ethylene, propylene, the 4 butenes, the 6 pentenes, the 13 hexenes
and higher 1-olefins.*”

Individual Olefins

Methylene, (CH,) is too reactive to be isolated.’® Attempts to make it
have yielded ethylene or higher polymers (CH,).."* The free methylene
radical has been obtained by heating iodomethylmagnesium iodide in nitrogen.
It reacts with O to give formaldehyde and with CO to give ketene. The
pyrolysis of diazomethane, CH;Ny, gives the methylene radical.?°

Ethylene, ethene, CH,=CH,, was discovered in 1795 by the four Dutch
chemists Deimann, Van Troostwick, Bondt, and Louwrenburgh. It occurs in
the gases obtained by cracking almost any organic material. It is thus found
in illuminating gas and in the gases from the manufacture of cracked gasoline.

2 Doss. “Physical Constants of the Principal Hydrocarbons.” The Texas Co.

B Doss. “Physical Constants of the Principal Hydrocarbons.” The Texas Co.

14 Barnes, Liddell, Williams. Ind. Eng. Chem., Anal. Ed. 15, 659 (1943).

% Stamm. Ind. Eng. Chem., Anal. Ed. 17, 318 (1945).

1 Demmerle. Chem. Eng. News. 24, 2020 (1946).

17 Prosen, Rossini. J. Research. Natl. Bur. Standards. 36, 269 (1946).

18 Nef. Ann. 270, 267 (1892).

12 Butlerow. Ann. 120, 356 (1861).
% Rice, Glasebrook. J. Am. Chem. Soc. S5, 4329 (1933).
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Its older name ‘“olefiant gas” comes from its action with chlorine to form an oil
(ethylene dichloride).

Ethylene may be prepared by a number of methods which are also general
for its homologs.

1. By dehydration of ethanol above 150° by means of sulfuric acid, phos-
phoric acid, benzene sulfonic acid, etc.; by catalytic action of hot aluminum
oxide, etc. This last method, using a mixture of superheated steam and
ethanol passed over kaolin was employed for making ethylene for the prepara-
tion of “mustard gas’ (8B’-dichlorodiethylsulfide) during World War 1.

2. By removal of halogen acid from an ethyl halide by means of an alcoholic
solution of a base, usually potassium hydroxide. The yield of olefin is poor
because of the simultaneous formation of an ether corresponding to the alkyl
halide and the alcobol used. The complexity of the process can be seen from
the fact that neopentyl iodide with alcoholic KOH gives mainly neopentane
(p. 75).

3. By removal of two halogen atoms from an ethylene halide, XCH,CH,X
by means of zinc or magnesium. A modification of this method depends on
the fact that ethylene iodide loses its iodine on heating and forms ethylene.
Thus if ethylene bromide is heated with an alcoholic solution of potassium
iodide the products are potassium bromide, iodine and ethylene.

4. By electrolysis of sodium succinate solution (Kolbe).2*

5. Oxidation of ethane. This process involves the dehydrogenation of
ethane in the presence of oxygen in the ratio of 3:1 at 600° C.

6. The pyrolysis of ethane involves the conversion of ethane into ethylene
in 809, yield by a cracking treatment at about 900° C.

7. Exposure of waste hydrocarbon gases to an electric arc is used primarily
to produce acetylene, but gives a 109, yield of ethylene which is recovered
by fractionation after removal of acetylene and carbon black. Waste gas
from hydrogenation of coal, natural gas, and coke-oven residues are used as
inexpensive raw materials for this method.

8. The partial hydrogenation of acetylene at 200° C. using a palladium
catalyst gives an 85%, yield of ethylene.

Processes (5-8) have received commercial application, especially in Europe.

9. The large amount of ethylene used for making ethylene glycol and the
many related commerecial products (some 200 in 1946) was formerly prepared
by cracking fairly pure propane from natural gas? The accompanying
methane was used to supply part of the heat for the cracking process. Modern
plants are located near large petroleum refineries from which enormous
amounts of ethylene are available in the cracked gases.®

The reactions of ethylene are characteristic of compounds containing a
double bond between carbon atoms.

% Petersen. Chem. Zenir. 1897 II, 518.

2 Cambron. Can. J. Research 7, 646 (1932).
# Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 120.



UNSATURATED HYDROCARBONS 31

1. Hydrogen adds with catalysts such as platinum black or colloidal
palladium in water or alcohol suspension or, best, finely divided nickel* at
temperatures around 300° (Raney Ni, UOP Ni catalyst). The discovery of
this process laid the basis for the countless hydrogenations of theoretical and
practical importance which are now conducted in nearly every field of organic
chemistry. A copper catalyst can be used in place of nickel. The com-
bination of ethylene and hydrogen is a homogeneous second-order reaction.?®
Ethylene may be activated by the action of alpha particles? and by excited
Hg atoms.?”

A mechanism has been suggested for hydrogenation involving the steps:
(1) Addition of a proton to an activated ethylene molecule (p. 27) (2) addition
of two electrons (from the metal catalyst), and (3) addition of a second proton.?®

Hydrogenation of ethylene with a Pt catalyst is used as an accurate method
of its determination in presence of ethane and methane. The volume of
hydrogen consumed equals the volume of ethylene present.

2. Halogens add to ethylene, chlorine most readily and iodine least.
Besides ethylene dichloride, chlorine gives higher chlorides such as 1,1,2-
trichloroethane.?® This is ascribed to activation of the molecules during the
reaction. This activation may well take the form of the addition of a positive
Cl and the loss of a proton followed by the further addition of Cl,. Similar
changes are common with olefins having the grouping RR'C=C (p. 39).

Ethylene with a mixture of chlorine and bromine (bromine chloride) gives
ethylene chlorobromide (1-chloro-2-bromoethane). No ethylene chloride is
obtained.

The reaction of ethylene with bromine has been studied extensively.?®
In the gaseous state there is no reaction. Glass, moisture and light favor the
reaction. A lining of paraffin in the reaction vessel practically stops the
reaction between ethylene and gaseous bromine while a lining of stearic acid
catalyzes it better than glass.®® Ethylene reacts very slowly in the dark with
a solution of bromine in dry CCls. Strangely, it acts more rapidly at 0° than
at 25°. The reaction is accelerated by traces of moisture or by light.®

The reaction of ethylene with iodine is incomplete and reversible.* Iodine
chloride and iodine bromide also add to ethylene.

3. Halogens in presence of reactive solvents or ionized salts give products
containing halogen and a radical from the salt or solvent.

% Sabatier, Senderens. Compt. rend. 124, 1358 (1897).
% Pease. J. Am. Chem. Soc. 54, 1876 (1932).

% Lind, Bardwell, Perry. J. Am. Chem. Soc. 48, 1556 (1926).
27 Taylor, Hill. J. Am. Chem. Soc. 51, 2922 (1929).

28 Burton, Ingold. J. Chem. Soc. 1929, 2022.

2 Stewart, Smith. J. Am. Chem. Soc. 51, 3082 (1929).
30 Ingold, Ingold. J. Chem. Soc. 1931, 2354.

3 Stewart, Edlund. J. Am. Chem. Soc. 45, 1014 (1923).
2 Norrish. J. Chem. Soc. 123, 3006 (1923).

33 Davis. Ind. Eng. Chem. 20, 1055 (1928).

3 Mooney, Reid. J. Chem. Soc. 1931, 2597.
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(a) Water. Chlorine or bromine in water with ethylene give the halo-
hydrins, XCH.CH,OH, which are important in commercial syntheses.’®
Their formation is usually ascribed to the addition of hypochlorous or hypo-
bromous acid formed from the halogen and water. Only small amounts of
ethylene dihalides are formed.

(b) Aqueous salt solutions. Bromine and NaCl solution convert ethylene
to the chlorobromide. With sodium nitrate solution the product is the nitrate
of ethylene bromohydrin, BrCH,CH,ONO,.

(¢) Alcohols. Ethers of the halohydrins are obtained. Thus a methanol
solution of bromine with ethylene gives 8-bromoethyl methyl ether.

These reactions seem to favor the conception that the initial step is the
addition of a positive halogen to the activated ethylene molecule to form a
carbonium ion (A) which then combines with an anion or coordinates with a
molecule of solvent to give the observed product.

X+ :CH,: CH, — :X:cm:gm
(A)

(A) + :&: — :k:CHZ:CHZ:S.(:

(A) + :0:R — :X:CH,:CH,:0:R
H H

The coordination complex loses a proton to the solution leaving the beta-
halogen ether. If water is involved in the last equation, R=H and the result
is a halohydrin. The ease of formation of a coordination complex between a
carbonium ion and a solvent like HOH or ROH explains the strong tendency of
hydroxyl and alkoxyl to add in these reactions. This tendency is out of all
proportion to any possible “ionization” of HOH or ROH.

4, Halide acids add HI most readily and HCI least. Traces of ether
assist the addition, probably through the formation of oxonium salts.?¢ The
addition is also catalyzed by carbon and silica. The technique of the addition
of HX to ethylenic linkages has been improved.3” Pure ethylene and hydrogen
chloride do not react in the absence of the liquid phase. The presence of
AICl; catalyzes the addition effectively.’®* HF can be added to double
bonds.39:40

3% Curme, Young. Chem. Met. Eng. 25, 1091 (1921).

% Ann. Rep. Chem. Soc. (London) 1920, 55.

37 Kharasch et al. J. Am. Chem. Soc. 55, 2468, 2521, 2531 (1933).
38 Tulleners, Tuyn, Waterman. Rec. trav. chim. 53, 544 (1934).

3 Grosse, Linn. J. Org. Chem. 3, 26 (1938).

4 Henne, Waalkes. J. Am. Chem. Soc. 67, 1639 (1945).
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5. Sulfuric acid adds H to one carbon and —OSO;H to the other. Ac-
companying this addition reaction, is a small amount of polymerization in
which two or more molecules of ethylene add to each other. The absorption
of ethylene by sulfuric acid is much slower than that of the higher olefins.
Large quantities of acid are required, nearly 30 parts of concentrated acid for
1 part of ethylene. This method is used, however, for the commercial pro~
duction of ethyl alcohol.#t Sulfuric acid saturated with salts such as silver
and nickel sulfates absorbs ethylene more rapidly than the pure acid. Ethyl-
ene is absorbed by silver nitrate solution.2 Oleum, H,S,G;, forms ethionic
acid, HO;SCH,CH,0S80;H, the acid sulfate of isethionic acid, -hydroxyethyl
sulfonic acid, HOCH,CH.SO;H. Sulfur trioxide gives carbyl sulfate, the
anhydride of ethionic acid.

CH, CH; — 80, — O
|+ 280; — | /
CH, CH; — O — 80,

Chlorosulfonic acid, CISO;H, absorbs ethylene much more rapidly than does
sulfuric acid.

6. Nitric acid gives S-nitroethyl nitrate, O.NCH,CH,ONO,.

7. The chlorides of sulfur add to ethylene. This method is the best
preparation for mustard gas, the most important poison gas of World War 1.
The reaction was first noted by the Scotchman, Guthrie.*

2 CzH4 + Szclz -— S + (CICHQCHz)zs

Similarly, selenium monochloride adds but the latter also acts as a chlorinating
agent on the selenide formed.

2 C.H, 4 2 8e.Cl; — 3 Se 4 (CICH:CH,),SeCl,

Selenium oxychloride, SeOCl,, gives the same compound and SeQ0,.4
8. Mercuric salts which hydrolyze, such as the sulfate, nitrate and acetate,
add to ethylene in alkaline water or alcohol solution to give compounds of the
types
YHgCHzCHzOH
(YHgCH,CH,),0 YHgCH,CH,OR

in which Y is the acid radical.#* Probably the reason that non-hydrolyzable
Hg salts like the chloride do not add to ethylene is that they are not sufficiently
ionized to give a positive addend to combine with the free electron pair of an
activated ethylene molecule (p. 27). A Hg salt which can add in this way

4 Ellis.  “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 300.
2 Morris. J. Am. Chem. Soc. 51, 1460 (1929).

4 Guthrie. Ann. 113, 266 (1860).

# Ellis. “Chemistry of Petroleum Derivatives.” Reichold, 1934. p. 577.
% Hofmann, Sand. Ber. 33, 1340 (1900).
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gives a carbonium ion YHgCH,CH,* which then coordinates with HOH or
ROH to give the observed products (p. 33). The mercurated ether indicated
above would be formed by action of the carbonium ion with the hydroxyl of
the mercurated alcohol. The halides of these compounds are less soluble than
the other salts and are obtained by simply adding the calculated amount of
NaX to the reaction mixture. These Hg compounds react with iodine to give
ethylene iodohydrin, diiodo ethyl ether, and iodoethyl alkyl ethers thus
proving the position of the C—Hg linkage. With acids they would be ex-
pected to give the corresponding hydrogen substitution products, namely,
EtOH, Et,O and EtOR. Instead, all three types of compounds react with
mineral acids to give quantitative yields of ethylene. Because of this sur-
prising behavior, these compounds were formerly regarded as mere molecular
compounds, C,H,. Hg(OH)Y, 2C.H,.Hg,0Y,; and C,H,.Hg(OR)Y.#¢ The
question has been settled in favor of the structural formulas by the preparation
in optically active form of such a compound with an asymmetric carbon.*’
The peculiar action of the grouping —Hg—C—-C—O— with acid to give
ethylene is merely an especially easy case of beta-fission.** The proton from
the acid coordinates with the oxygen to give an oxonium ion which loses HOH
or ROH leaving a carbonium ion YHg:CH,;:CH,+. The electronically de-
ficient carbon attracts the electron pair which holds the Hg, this forming
CH,::CH; and YHgt. The simultaneous effect of the anion from the acid
to combine to form the non-ionized or slightly ionized Hg salt forces the
process in the same direction.

9. Ethylene adds benzene and other aromatic compounds under the
influence of anhydrous aluminum chloride.#*-50 Thus benzene and ethylene
give all the possible ethyl substituted benzenes.

10. Dilute solutions of oxidizing agents such as potassium permanganate
or barium chlorate add two hydroxyl groups to the adjacent carbons to form
glycol, HOCH,CH,OH. With more drastic conditions, the glycol first formed
is further oxidized with the separation of the two carbons.

11. Incomplete oxidation of ethylene with air gives formaldehyde.
Ethylene with ozone gives an ozonide which is hydrolyzed to formaldehyde.

CH,

L\

CH;
Ethylene can be oxidized catalytically to ethylene oxide (p. 310).

# Manchot. Ann. 420, 170 (1920).

47 Marvel et al.  J. Am. Chem. Soc. 48, 1409 (1926); 53, 789 (1931).

48 Whitmore. Ind. Eng. Chem. News 26, 668 (1948).

4 Friedel, Crafts. Ann. chim. phys. (6) 14, 433 (1888).

% Thomas. “Anhydrous Aluminum Chloride in Organic Chemistry.” Reinhold, 1941.
5 Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 559.

2 Ellis, “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 874.



Copyrighted Materials

Copyright © 1937; 1951 Dover Publications Refrieved from www.knovel.com

72 ALIPHATIC COMPOUNDS

UNsaTURATED HYDROCARBONS, C.H,, s, ALKENYNES, AND
C.Hzs5, ALKADIYNES

Vinylacetylene, butenyne, CH.=CHC=CH, is obtained from acetylene
and a cuprous chloride catalyst (DuPont). It adds HCI to give an unstable
1,4-addition product CICH,— CH = C = CH,, which rearranges spontaneously,
or more rapidly in presence of excess HCI, to give chloroprene. It dimerizes
in the presence of CuCl-NH,CI to CH,=CH—CH=C—-C=C—CH=CH,.%

Diacetylene, butadiyne, HC=C~C=CH, is obtained as the cuprous
derivative by heating ammonium diacetylene dicarboxylate with ammoniacal
cuprous solution. The cuprous compound can also be obtained by heating
cuprous acetylide with CuCl; solution.’” Treatment with KCN gives the
hydrocarbon. The Cu compound is violet red and the Ag compound is
yellow. The latter is violently explosive even when wet.

Dipropargyl, 1,5-hexadiyne, is made from the tetrabromide of diallyl with
alcoholic KOH at 110°. It forms a liquid tetrabromide and an octabromide,
m. 141°. It polymerizes readily. Heating with alcoholic KOH in a sealed
tube rearranges the triple bonds in the usual way.

HC=CCH,CH.C=CH — CH;,C=C-C=CCH;,
m. —6°, b, 87° m. 64°, b. 130°.

The substances are isomeric with benzene, m. 5°, b. 80°. The second is
Me.-diacetylene, 2,4-hexadiyne. It can also be made by oxidation of cuprous
methylacetylide with ferricyanide. In contrast to its isomer it does not
polymerize.

The only important dienyne is divinylacetylene,

CH,=CH—-C=C-—~CH=CH,,

obtained as a byproduct in the manufacture of vinylacetylene for Neoprene
rubber. On standing it polymerizes to a dangerously explosive solid resin.
When partly polymerized and dissolved in a suitable solvent it forms a useful
synthetic drying oil (8.D.0., DuPont).

Polyenes or poly-olefins occur in carotenoids. The only aliphatic examples
are lycopene and squalene (p. 588-9).

II. HALOGEN DERIVATIVES OF THE PARAFFINS

A. Alkyl halides, C,H;,,..X,RX

Methy! fluoride, chloride and bromide and ethyl fluoride and chloride are
gases. The other alkyl halides to about Cys are liquids with sweetish odors.
The freezing points of the chlorides and iodides of methyl and n-butyl are
respectively —103°, —66° and —123°, —103°. The densities for the same
pairs are respectively 0.95, 2.29 and 0.91 and 1.64.

% Dolgapal’skii. C. A. 42, 4517 (1948).
97 Straus, Kollek. Ber. 59B, 1664 (1926).
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Boiuing Points oF ALkyl Havmes, °C,

Fluorides Chlorides Bromides Iodides
Methyl................. — 785 — 24, + 4.6 42.6
Ethyl................... -~ 371 + 12.2 38.4 72.2
n-Propyl.............. .. - 25 46.6 70.9 102.4
2so-Propyl...... ... ... .. - 94 36.5 59.6 89.5
n-Butyl............ ... .. 32.5 77.9 101.6 127.
sec-Butyl.......... . . 25.1 66.5 91, 120,
iso-Butyl...... ... ... ... 68.5 92. 119.
ter-Butyl............. ... 12.1 51.5 72 100.
n-Amyl................. 62.8 106.6 127.9 156.
ter-Amyl............ ... 44.8 85. 108. 127.
Neopentyl......... ... . 84.4 105. 133.
n-Hexyl................ 85 134. 156. 177,
n-Heptyl........ ... ... 119 159. 178. 204.
n-Octyl......... ... ... . 142 180. 202. 221.

The alkyl halides are nearly insoluble in water (Mel soluble 1.4 in 100 ml.),
soluble in ether, in hydrocarbons and in alcohols. They are insoluble in cold
concentrated sulfuric acid. This fact is used in removing impurities of aleohols
from the halides. Doubt has been cast on this method of purification.! Like
other organie halogen compounds, alkyl halides give the Beilstein Test, a green
flame when heated on a clean copper wire in a Bunsen flame.

While the alkyl halides have a halogen atom in place of one hydrogen of a
paraffin they are not usually prepared by direct halogenation. Fluorine reacts
violently with paraffins giving hydrogen fluoride and carbon. The chlorina-
tion of hydrocarbons usually gives mixtures. By means of an enormous
amount of work on the chlorination of methane the process has been developed
for the preparation of methyl chloride. The chlorination of n~ and 7se-pentane
has been developed commercially to give monohalides which are important
intermediates for the amyl alcohols (Sharples). Similar processes are being
studied for the butanes.

The chlorination of paraffins or of paraffinic side chains in aromatic com-
pounds can effectively be brought about by treatment with sulfuryl chloride,
S0,Cl,, and a peroxide.?

While the bromination of paraffins is possible, the process has received
little study. The iodination of paraffins is not possible, the reverse action of
an alkyl iodide and hydrogen iodide to give a paraffin and I, taking place too
readily.

The numbers of alkyl halides theoretically possible have been calculated.?
Thus 1553 formulas can be written for the decyl chlorides.

The preparations and chemical reactions of alkyl halides, RX, cannot be
safely generalized except for the first two members. This is because of the

! McCullough, Cortese. J. Am. Chem. Soc. 51, 225 (1929).

2 Kharasch, Brown. J. Am. Chem. Soc. 61, 2142 (1939).
3 Blair, Henze. J. Am. Chem. Soc. 54, 1098 (1932).
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frequent occurrence of molecular rearrangements both in the preparation and
the reactions of the higher members and because of the great differences in
primary, secondary and tertiary halides, RCH,X, RR’CHX, and RR'R""CX.

When it is possible, addition of a halogen acid, HX, to an olefin gives the
best method of preparing an alkyl halide. Even this is occasionally trouble-
some as in the case of the addition of HCI to isopropylethylene which gives
t-AmCl as well as the desired product. HDBr can be added to many 1-olefins
in presence of peroxides to give 1-bromo compounds.*

The halides may be divided into several classes within each of which
generalization is fairly safe except that our knowledge is still inadequate.

1. The primary halides, MeX, EtX and the general type RCH,CH,X
can be prepared from the corresponding alcohols in good yields as follows: (a)
Chlorides by means of HCI and pressure, HCl and ZnCl, heated,® HCl + H,S0,,
NaCl 4+ H,S0,, PCl; (alone or with ZnCl,), PCls, SOCl, (with pyridine) ;¢ (b)
Bromides by the corresponding bromine compounds; (¢) Iodides by I, and P,?
or from the corresponding chloride and KI in methanol or acetone. The
reactions of the alcohols are slow especially with the halide acids. The first
action is undoubtedly the formation of an oxonium salt, ROH-HX or
(ROH),HX, which reacts gradually to give RX. Thus there is no real
resemblance to the action of an acid with a base in spite of the apparent
similarity of the two equations.

ROH 4+ HX — RX + H.0
MOH + HX — MX + H,0

In the latter case, the base first dissociates into ions which then react. In the
organic reaction the first process is one of addition followed by slower decom-
posttion. This difference between inorganic and organic reactions is common.

Formerly the only primary halides which could be made by adding halide
acid to olefins were the ethyl halides. It is now possible to make primary
bromides by adding HBr to 1-olefins in presence of a peroxide (p. 38).

The halides of Class 1 give ordinary metathetical reactions, without
rearrangement, with AgOH (Ag.O 4+ H,0), Ag salts, inorganic cyanides, etc.
The iodides are most reactive and the chlorides least. The bromides are
usually preferred to the chlorides because they are made more easily and are
more reactive without too great cost.

Type 1 halides include those of the normal alkyl groups, Me(CH,),~, and
others such as isoamyl, Me,CH(CH,).~, and neopentylcarbinyl (g8-t-butyl-
ethyl), MesC(CH,)2:—. In other words, <f the halogen is on the No. 1 carbon
and there is no branch in the chain nearer than the No. 8 carbon rearrangements
are unlikely both in the preparation and reactions of the halides.

4 Kharasch et al. J. Org. Chem. 2, 195 (1937).

5 “Org. Syntheses.”

¢ Darzens. Compl. rend. 152, 1314 (1911).
7 “QOrg. Syntheses.”
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2. Primary halides of the type RR’"CHCH:X can be obtained in only fair
yields from the corresponding alcohols. Examples are isobutyl, Me,CHCH,—
and “active amyl,” sec-butylcarbinyl, MeEtCHCH,~. The best yields are
obtained by SOCl, or HBr under carefully controlled conditions. The halides
of Type 2, in metathetical reactions, give mixtures of the expected product
with the corresponding tertiary compound, depending on the conditions of the
experiment. Thus isobutyl bromide with silver acetate, without a solvent,
gives mainly isobutyl acetate whereas, in the presence of glacial acetic acid,
the chief product is tertiary butyl acetate. Isobutyl iodide with AgNCO gives
the tertiary and iso derivatives in the ratio 2:1. Isobuty! iodide with alcoholic
AgNO; gives ethyl -butyl ether.

3. Primary halides of the type RR'R”’CCH.X cannot be made from the
corresponding alcohols except in very small yields, the main product being a
tertiary halide formed by the shift of one of the alkyl groups. Two chlorides
of this type have been obtained by chlorination of neopentane and neohexane
respectively (p. 83). These halides are very inert except toward Mg and Na.

4. Secondary halides of propane and butane can be made from isopropyl
aleohol and sec-butyl alcohol without complications. The chlorides can be
made by treating the alcohols with HCl and ZnCl; in the cold. The reactions
of these halides are entirely normal.

5. Secondary halides of the normal paraffins beginning with pentane are
little known. Only with the greatest difficulty were the 2- and 3-halogen
derivatives of m-pentane finally prepared pure. Either secondary aleohol
gives a mixture of the two halides.®

6. Secondary halides having a branch on the carbon next to the carbinyl
group, RR'"CHCHXR", cannot be made from the corresponding alcohol even
under the mildest conditions. Thus methylisopropylearbinol,

MeCHOHCHMe,,

under all known conditions gives the t-amyl halide exclusively.’® The desired
secondary chloride can be obtained only by adding HX to isopropylethylene
(p. 83). It is present to about 109 in commercial mixed amyl chlorides from
which it can be readily separated by columns of about 100 plates.

7. Secondary chlorides having two branches on a carbon atom adjacent to
the carbinyl carbon, RR'R"’CCHXR’/’ cannot be made from the correspond-
ing alcohols since the neopentyl alcohol system in them readily undergoes
rearrangement during substitution. Pinacolyl alecohol, Me;CCHOHMe, gives
the tertiary halides, Me,CXCHMe,. The addition of HCI to ¢-butylethylene
under pressure gives 35-409, pinacolyl chloride and 60-659, rearranged
chloride. The addition of HBr to ¢-butylethylene, Me;CCH = CH,, might be
expected to give the desired product, but this addition proceeds contrary to

8 Lauer, Stodola J. Am. Chem. Soc. 56, 1215 (1934).

® Hass, Weber. Ind. Eng. Chem., Anal. Ed. 7, 231 (1935).
1o Whitmore, Johnston. J. Am. Chem. Soc. 60, 2265 (1938).



76 ALIPHATIC COMPOUNDS

Markownikoff’s Rule and gives mainly the primary halide, Me;CCH,CH,Br.
Hydrogen iodide reacts with é&-butylethylene to give only 109, rearranged iodide
and 90%, pinacolyl iodide.!

Pinacolyl chloride can also be made by the chlorination of neohexane, the
use of sulfuryl chloride being the most convenient. It may be readily sepa-
rated from the tertiary chloride, which boils only 1° away, by washing with
aqueous silver nitrate.

The pinacolyl halides are the only known halides of this type.

8. Tertiary halides, RR'R”’CX, are formed with the greatest ease by the
action of the tertiary alcohols with HX either in concentrated solution or as
gas. Thus ¢-butyl aleohol reacts almost instantaneously with hydrochloric

acid.
GENERAL REACTIONS OF ALKYL HaLnipes

The many reactions given by these substances are far from the simple
metathetical reactions ordinarily pictured. They are usually far from com-
plete and are almost always accompanied by side reactions including re-
arrangements. Their mechanism and kinetics have been studied inten-
sively.1218

1. Effect of Heat.

Primary halides of Class 1 decompose only at high temperatures. The
pyrolysis of n-butyl chloride without a catalyst gives 1-butene. With CaCl,
as catalyst, the chief products are trans and cis 2-butenes.'® Without a
catalyst, s-BuCl gives 1-butene and f{rans and c¢is 2-butenes in yields of 33, 44
and 229,. With CaCl,, the yield of 1-butene falls to 15%. If the primary
carbon bearing the halogen has a tertiary hydrogen next to it (Class 2) the
temperature at which a change takes place is lowered.

Secondary halides lose HX more readily than their primary isomers and
tertiary halides do so even more readily. Stability in this respect decreases
from chlorides to iodides.

2. Reducing Agents.

The halogen can be replaced by H by means of powerful reducing agents
such as sodium amalgam and aleohol, hydriodic acid, and sodium in alcohol
or liquid ammonia, and metals with acids. Alkaline reagents tend to give
olefins with tertiary halides.

3. Bases and Hydrolysis.?°

1t Ecke, Cook and Whitmore. J. Am. Chem. Soc. 72, 1511 (1950).

22 Steigman, Hammett. J. Am. Chem. Soc. 59, 2536 (1937).

3 Ingold et al. J. Chem. Soc. 1937, 1196, 1252.

M Bartlett. J. Am. Chem. Soc. 61, 1630 (1939).

15 Winstein. J. Am. Chem. Soc. 61, 1635 (1939).

1$Ogg. J. Am. Chem. Soc. 61, 1946 (1939).

17 Elliott, Sugden. J. Chem. Soc. 1939, 1836.

18 Dostrovsky, Hughes, Ingold. J. Chem. Soc. 1946, 146 ff.

19 Weston, Hass, J. Am. Chem. Soc. 54, 3337 (1932).
2 Tillis, ““Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 781.
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(e) Aqueous bases convert primary halides mainly to alcohols but always
give some olefin. With secondary halides the proportion of olefin increases
at the expense of the alcohol formed. With tertiary halides practically no
alcohol is formed unless the base is very dilute and the temperature is low.

(b) Alcoholic bases give olefins with by-products of the corresponding ethyl
ethers in the case of the primary and secondary halides. Often the ether is
formed in as large amount as the olefin (p. 82). Neopentyl iodide is abnormal
as it gives mainly neopentane with alcoholic KOH (p. 75). In the case of the
tertiary halides, olefin formation is rapid and there is practically no ether
formation. Hydrolysis by water in alcohol solution is more rapid with
secondary halides than with primary.

4. Ammonia adds alkyl halides, especially those of Class 1, giving sub-
stituted ammonium halides. A complicated equilibrium system is set up.

RX 4 NH; —» RNH;X
RNH;X + NH; = NH,X 4+ RNH,
RNH; +*RX — R.NH.X
R,NH.X + NH; = NH.X + R:NH
R:NH 4 RX — R;NHX
R:NHX 4 NH; = NH.X + RN
R:N + RX —» R,.NX

The addition of alkyl halides to amines follows the same course. It is im-
portant in exhaustive methylation (p. 174-5).

The amine or NH; molecule may be assumed to attack the rear of the carbon
bearing the halogen by means of its free pair of electrons, thus causing the
“ionization’” of the halogen from the carbon without having left it with only 6
electrons.

R R
R:N:+R:X:—-R:N:R+:X:
R R

In addition to these reactions, the ammonia or amine can act also as a base
removing HX from the halide, slightly in the case of the primary halides,
appreciably with the secondary halides and practically completely with the
tertiary. Thus amines of tertiary alkyl groups are not obtainable from the
halide and NH,.

5. Metals.

(a) Sodium reacts with most primary halides either in anhydrous ether or
without a solvent to give fair yields of hydrocarbons (Wurtz).

2RX +2Na—-R—-R + 2 NaX
The reaction is best with iodides and poorest with chlorides. Sodium vapor

2 Nicolet, Stevens., J. Am. Chem. Soc. 50, 135 (1928).
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with gaseous MeBr or EtBr gives NaBr and the free radicals. These react in
various ways.? Two ethyl radicals can form butane or ethylene and ethane
or ethylene and hydrogen. The reaction in the liquid phase has long been
assumed to take place through free radicals. This assumption involves certain
difficulties and has been proved to be unnecessary.?®** The first step is
apparently the formation of an alkyl sodium compound RNa, which then
reacts with another molecule of RX in the manner characteristic of alkyl
halides. If metathesis takes place, the products are NaX and R—R and the
Wurtz reaction has been “‘successful.” The RNa may also act as a hydro-
carbo base,?® and remove the elements of HBr from the halide to form an
olefin and a paraffin corresponding to R. The reaction in a solvent may be
even more complex. Thus if a higher olefin is used as a solvent it takes part in
the reaction. When the Wurtz reaction is carried out in ether solution the
sodium alkyl, RNa, can react with the ether to form EtONa and RH.26.%7
With secondary halides the amount of unsaturated by-products increases
enormously and with tertiary halides they form the main product.

The Wurtz reaction “fails” almost completely with neopentyl chloride, giv-
ing 1,1-Mes-cyclopropane but oddly goes quite well with pinacolyl chloride.

(b) The one reaction which apparently takes place with all types of halides
is that with magnesium and ether to give the Grignard reagent, RMgX. With
the simpler alkyl halides of all types it is possible to approach 1009, yields
by the use of proper precautions. Higher tertiary halides as ordinarily
prepared are likely to give poor yields of Grignard reagents because of the loss
of HX to give olefins. This difficulty is overcome if very pure halides are used.
The simple Grignard reagents are commercially available (Arapahoe).

(¢) Zinc-copper alloy reacts with the lower primary iodides difficultly to
give zine dialkyls which are volatile and spontaneously inflammable.2® Sec-
ondary and tertiary halides yield mainly olefins.

(d) Sodium amalgam in the presence of a trace of ethyl acetate as a catalyst
reacts with primary bromides and iodides to form mercury dialkyls.?® These
are high boiling very toxie liquids.

6. Salts and Related Compounds.

(a) Cyanides and sodioesters. The reactions of alkyl halides most fre-
quently mentioned in textbooks are those of synthetic importance like the
action with KCN or NaCN and with sodiomalonic ester, sodioacetoacetic ester
and sodiocyanoacetic ester. These reactions work well only with halides of
Class 1 (p. 74). The yields with those of Class 2 are much poorer. With

2 Rice, Herzfeld. J. Am. Chem. Soc. 56, 284 (1934).

% Morton et al.  J. Am. Chem. Soc. 64, 2240, 2242 (1942).
24 Whitmore, Zook. J. Am. Chem. Soc. 64, 1783 (1042).

% Jones, Werner. J. Am. Chem. Soc. 40, 1257 (1918).

% Schorigin.  Ber. 41, 2723 (1908).

27 Carothers et al. J. Am. Chem. Soc. 52, 5279 (1930).

28 Frankland. Ann. 71, 213 (1849).

2 Frankland, Duppa. J. Chem. Soc. 16, 415 (1863).
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halides of Classes 3 to 6 the reactions either fail completely, give poor yields or
result in olefins or rearranged products. With tertiary halides, olefins are the
main products. Small yields of cyanides, RR'R’’CCN, are reported from the
action of the tertiary iodides with the double cyanide of Hg and K and with
silver cyanide, mercuric cyanide or cuprous cyanide (available for use in anti-
fouling paint for boat bottoms).

The preparation of a higher halide, RCH.X, from RX is often very im-
portant. The steps commonly given are

RX — RCN — RCH.,NH; —» RCH,OH — RCH.X

The first step is likely to give trouble unless R is of Class 1. The second step
gives relatively little trouble although there is a tendency to form some
secondary amine, (RCH,);NH. The third step spoils the entire process since
the yield of normal product is poor even when R belongs to Class 1. A
practical process for converting the primary amine, RCH.NH, to RCH,CIl
consists in converting it to the benzoyl derivative which reacts with PCl; to
give RCH,Cl, C;H;CN and POCl;.2°

Another process for going up the series involves the action of mono-~
chloromethyl ether (from methanol, formaldehyde and HCl) with the Grignard
reagent followed by the splitting of the resulting ether with HBr.®

RX — RMgX — RCH;OMe — RCH,Br

The advantages of this method are (1) the formation of the Grignard reagent
offers fewer complications than any other reaction of alkyl halides, (2) alpha
halogenated ethers are easily prepared and react nearly quantitatively with
Grignard reagents, and (3) the splitting of methyl ethers by HBr offers no
complications unless R in the above compounds is tertiary.

In some cases it is possible to convert the halide to the Grignard reagent
and treat the latter with formaldehyde to give the next higher primary alcohol
which may be converted to the corresponding halide.

RMgX—RCH,0MgX—RCH,OH—-RCH.X

Of course rearrangements are to be expected in the last step if R is secondary
or tertiary.

The addition of two carbon atoms can be accomplished by the use of sodio~
malonic ester in the following steps:

RX — RCH(CO:Et); — RCH,CO.H — RCH,CO.Et
— RCH,CH.OH — RCH,CH.X

Once again the first step is likely to fail unless RX belongs to Class 1.
Another way of adding two carbon atoms involves the action of ethylene
oxide with Grignard reagents of primary and secondary halides (p. 311).

% Ann. Rep. Chem. Soc. (London) 1911, 87,
3 gbid. 1926, 101.
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An alkyl halide may be lengthened by three carbon atoms by treating its
Grignard reagent with y-chloropropyl p-toluenesulfonate.®

RMgX + Tol-80;(CI,);Cl — R(CH,)sCl + Tol-SO;MgX

The preparation of a lower alkyl halide from a higher member of the series
is also often important. The classical series of steps is as follows:

RCH.X — RCHOH — RCHO — RCO,H — RCOCl
— RCONH,; — RNH; — ROH — RX

The first step will involve serious trouble unless the halide is of Class 1. The
steps from the alcohol to the primary amine all give excellent yields. 1t is
interesting that these are not metathetical processes. Even the action of the
acid chloride with NH; probably involves an addition to the carbonyl group
rather than a simple metathesis. Again, the conversion of the primary amine
to the alcohol presents serious difficulty but the amine can be converted to the
halide through von Braun’s benzoyl method (p. 79). A useful modification
of the above set of steps is the treatment of the acid chloride with sodium azide
(NaN;) to give the amine® which can then be treated by von Braun’s method.

RCOCI — RCON; — RNH, —» RNHCOC:H; — RCI + C:H;CN

(b) Silver salts. Esters not readily available in other ways may sometimes
be made from alkyl halides and the silver salts of the desired acids. Even
this reaction works well only with halides of Class 1.

The action of alkyl halides with AgNO, has been very thoroughly studied.?
Both nitro compound and nitrite are obtained in all cases, the combined yield
being 60-90%,.

(c) Other salts. Higher boiling halides react on heating with anhydrous
sodium acetate (‘‘fused”) to give the corresponding acetates. As would be
expected, the yields from secondary chlorides are poor and tertiary chlorides
are converted entirely into olefins.

A special method for replacing primary and secondary halogen by hydroxyl
is to reflux with anhydrous potassium formate in absolute methyl alcohol.
The first step probably converts the halide to the formate which then undergoes
“alcoholysis” HCO:R + MeOH ~ HCO;Me + ROH. An easy way to be
sure of having anhydrous potassium formate is to add thoroughly dried
potassium hydroxide to a mixture of anhydrous methyl formate and methanol
and reflux before adding the halide.?®

The replacement of one halogen by another is often possible. Thus
chlorides with AlBr; give bromides, with Nal, KI or Cal, give iodides;*

2 Rossander, Marvel. J. Am. Chem. Soc. 50, 1491 (1928).

3 Naegeli, Lendorfl. Helv, Chim. Acta 15, 49 (1932).

% Reynolds, Adkins. J. Am. Chem. Soc. 51, 279 (1929).

% “Org. Syntheses.”
% Conant, Hussey. J. Am. Chem. Soc. 47, 476 (1925).
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bromides with Nal etc. give iodides less readily, with SbCls give chlorides;
iodides with CuBr; give bromides, with HgCl, give chlorides and with AgF or
HgF, give fluorides. As usual these replacement reactions give good results
only with primary halides of Class 1. Thus isobutyl iodide with ICl gives I,
and tertiary butyl chloride exlusively. Replacement reactions of alkyl halides
have been studied in great detail by the English organic chemists.’?

(d) Anhydrous aluminum chloride reacts vigorously with alkyl halides
giving HX and rearrangement and polymerization products. This type of
reaction has not been adequately studied.

(e) Dialkylzine compounds, Grignard reagents and organolithium com-
pounds, with alkyl halides, give higher hydrocarbons in poor yields. These
reactions are used only as a last resort.3*—*

INpivipvaL ALkYL HALIDES

1. Methyl fluoride is prepared (1) by heating KF with MeKSO, and wash-
ing the products with conc. HySO4 to remove ethylene and methyl ether; (2)
by heating Me,NF.

Methyl chloride is available liquefied in tanks. It is prepared from
methanol with NaCl and H,SO, or with hydrochloric acid and zine chloride in
autoclaves. It has also been made by heating trimethylamine with HC], the
former being obtained by the decomposition of betaine during the destructive
distillation of sugar beet residues. It is prepared commercially by the direct
chlorination of methane. It is used as a refrigerant. Because of its toxic
character and very slight odor, it may be mixed with a small amount of a
warning agent (ethyl mercaptan) for use in refrigeration. It is easily converted
to the Grignard reagent, MeMgClI.

Methyl bromide is available in cylinders (Dow). It can also be generated
by warming a mixture of NaBr, MeOH and sulfuric acid. It is useful as a
methylating agent*! and a fumigant. It should be handled with extreme
caution as it is surprisingly toxic.* For large laboratory reactions involving
methyl, it is convenient because of the greater solubility of MeMgBr as
compared with MeMgCl.

Methy! iodide is best made from methanol, iodine and phosphorus.*
One possible equation for this complex reaction is

It can also be prepared by heating dimethyl sulfate (poisonous, odorless)
with sodium iodide. Methyl iodide has been much used as a methylating

37 Dostrovsky, Hughes, Ingold. J. Chem. Soc. 1946, 146 ff.

38 Marvel, Hager, Coffman. J. Am. Chem. Soc. 49, 2323 (1927).
3 Noller. J. Am. Chem. Soc. 51, 594 (1929).

4 Edgar, Calingaert, Marker. J. Am Chem. Soc. 51, 1483 (1929).
4 Lucas, Young. J. Am. Chem. Soc. 51, 2535 (1929).

2 Watrous. Brit. J. Ind. Med. 4, 111 (1947).

8 “Org. Syntheses.”
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agent. Thus methyl glucoside with Mel and Ag.O gives polymethyl ethers.
Ketones, with sodamide and Mel, have alpha H atoms replaced by Me groups.
Mel reacts with finely divided Hg formed by photochemical decomposition of
mercurous iodide to give crystalline MeHgl %

2. Ethyl chloride is prepared like methyl chloride and is available in
tanks. Small amounts of ethyl chloride can be made conveniently by heating
an alcoholic solution of CaCl, with Et:80;. Recently the preparation from
ethylene and HCIl has become important. Ethyl chloride has replaced the
bromide used for the preparation of lead tetraethyl (anti-knock). It is also
used for making ethyl mercaptan, EtSH, for the preparation of sulfonal. It
is used as a refrigerant, in thermo-regulators for house heating and as a local
freezing anesthetic for minor operations.

Ethyl bromide is prepared from ethanol, sodium bromide and sulfuric acid
or from ethanol and a mixture of HBr and H,SO, obtained from bromine, a
limited amount of water and sulfur dioxide.4* Recently the tendency in
commercial preparation is to use the action of HBr with ethylene. The
conversion of ethyl bromide to HBr and ethylene has been studied as a typical
monomolecular reaction.*®

Ethyl iodide is prepared like methyl iodide.

Infra-red spectrum studies have been made on the ethyl halides.*?

3. n-Propyl chloride is best prepared from l-propanol (from fusel oil or
methanol synthesis) by heating with concentrated hydrochloric acid and zine
chloride.#* It can also be prepared by means of PCl;, PCls or SOCl.. In
addition to the normal reactions giving the alkyl chloride there is always some
loss due to the formation of the ester, R;PO;, R;PO4 and R.SO;.

n-Propyl bromide is prepared like ethyl bromide. It can also be prepared
with PBr;. The pentabromide is less suitable because it readily dissociates
into the tribromide and free bromine and thus has an oxidizing effect on the
alcohol. n-Propyl iodide is made like methyl iodide. Isopropyl chloride is
made from isopropyl alcohol (Petrohol) by hydrochloric acid and zinc chloride.
Isopropyl bromide and vodide are made like the corresponding normal com-
pounds.

4. n-Butyl halides are readily prepared from I1-butanol by the same
methods as the ethyl halides. sec-Butyl halides are prepared from 2-butanol
(from cracked gases) like the isopropyl halides. Isobutyl halides are obtained
from isobutyl alcohol (from fusel oil or from methanol synthesis) in only fair
yields. This is due to the presence of the tertiary H atom next to the carbinol
group. Considerable amounts of isobutylene and tertiary butyl halides are
formed. This is a good example of rearrangement during a replacement

#“ Maynard. J. Am. Chem. Soc. 54, 2108 (1932).

% “Org., Syntheses.”

% Vernon, Daniels. J. Am. Chem. Soc. 54, 2563 (1932).
47 Cross, Daniels. J. Chem. Physics 1, 48 (1933).

8 Norris, Taylor. J. Am. Chem. Soc. 46, 753 (1924).
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reaction. The isobutyl carbonium ion formed by the decomposition of the
initial oxonium compound may unite with a halide ion or may stabilize itself
by loss of a proton to give isobutylene or may change to the more stable -Bu
jon before combining with halide ion. The isobutyl halides are also prepared
by thionyl chloride, either alone or with pyridine, by phosphorus tribromide
and by phosphorus and iodine. In such processes at least two types of reaction
can occur.

3 ROH + PX; — 3 RX + H;PO;

3 ROH + PX; — R;PO; + 3 HX

The factors controlling these have never been studied adequately.

Tertiary butyl halides, like tertiary halides in general, are prepared with
extreme ease by merely treating tertiary butyl alcohol (from cracked gases)
with the proper halide acid. The reaction is almost as rapid and complete as
between a base and an acid. The only precaution which has to be used with
the tertiary halides is due to the ease with which they lose halide acid to give
olefins at higher temperatures. ¢-Butyl iodide is very unstable.

Chlorination of n-BuCl by S0.Cl; and Bz,0, gives the 1,2-, the 1,3-, and
the 1,4-Cl; compounds in the ratio 1:2:1.#°

5. Amy! halides. The commercial chlorination of n~ and ¢so pentane
(Sharples) gives all the possible amyl chlorides except neopentyl chioride.
The amounts in which the individual chlorides appear is now settled.®® The
preparation of the pure amyl halides may be discussed as typical of higher
halides of the corresponding types.

n-Amyl halides, Me(CH,),X, are now readily available from n-amyl
alcohol (Sharples). Even with such a Class 1 alcohol, rearrangement takes
place. Thus HCl and ZnCl, give about a 509, yield of the l-chloride and
about 109, of the 2- and 3-compounds. Thionyl chloride and pyridine give
an 80%, yield of the 1-chloride with no detectable rearrangement products.®

Iso-amyl halides, Me;,CHCH,CH.X, have long been available by the usual
methods from isoamyl alcohol from fusel oil. The amount of rearrangement
is probably little more than with n-amyl alcohol.

Active amyl halides, MeEtCHCH,X, are obtained from active amyl
alcohol from fusel oil. The chloride, bromide, and iodide have [«]D of about
1.7, 3.8, and 6.1 respectively.? The yields are poor because of the nearby
branch in the chain.

Neopentyl halides (Me;CCH.X) are available only by special reactions.®.%
The chloride is obtained by the chlorination of neopentane. The fact that
this gives no rearrangement products whereas the replacement of OH in the

4 Kharasch, Brown. J. Am. Chem. Soc. 61, 2142 (1939).

50 Hass, Weber. Ind. Eng. Chem., Anal. Ed. 7, 231 (1935).

8 Whitmore, Karnatz, Popkin. J. Am. Chem. Soc. 60, 2540 (1938).
52 Whitmore, Olewine. J. Am. Chem. Soc. 60, 2570 (1938).

5 Whitmore, Fleming. .J. Am. Chem. Soc. 55, 4161 (1933).

% Whitmore, Wittle, Popkin. J. Am. Chem. Soc. 61, 1585 (1939).
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corresponding alcohols gives practically entirely rearranged products indicates
that in chlorination the unstable neopentyl carbonium ion is not formed at any
stage in the process. The chlorination may go through a complex in which a
neopentane molecule is held by a hydrogen bond to a chlorine molecule.

1\1e3CCH2— = Np—‘
Np:H + :Cl:Cl: — Np:H:Cl:Cl:

As the greater attraction of the Cl for the H pulls it away from the C of the
neopentyl group, the latter is never deprived of its electron pair but attracts
the “positive” Cl with its sextet of electrons. There result the more stable
compounds HCI and NpCL

These chlorides react normally with Mg to give Grignard reagents which
give RHgCl with HgCl,. The Hg compounds react with Br. and I, to give the
corresponding bromides and iodides which are not obtainable by ordinary
reactions because of the tendency of the neopentyl system to rearrange during
replacement reactions. Halides of this type react with Na surprisingly to give
cyclopropane derivatives.®® With other reagents they react slowly by way of
an ionization step.’® The action of neopentyl iodide with alcoholic KOH is
remarkable in giving neopentane as the chief product.

Secondary n-amyl halides (2- and 3-) are difficult to prepare pure. Prob-
ably the best methods are the use of the alcohols with thionyl chloride or
phosphorus tribromide with pyridine in each case.

Secondary isoamyl halides, Me,CHCHXMe, are available only by the
addition of HX to isopropyl ethylene. Even this reaction gives an equal
amount of tertiary halide.®® This rearrangement goes through a carbonium
ion formed by addition. The active form of the olefin may add a molecule of
HCl

Me:.C—~CH:CH: + HCl ——> Me,C—CH:Cll;
H* it

/

—
(C) Mezg— CH:CH; —_— Mezfi-*gH"CHs (B)

(4)

The addition complex (A) may give a Cl- ion and the carbonium ion (B)
which is in equilibrium with (C). Union of Cl- with the last two would give
the observed products. On the other hand, (A) may undergo an intra-
molecular shift of the chlorine with its complete octet of electrons to the

55 Whitmore et al. J. Am. Chem. Soc. 63, 124 (1941); 65, 1469 (1943).
8 Dostrovsky, Hughes, Ingold. J. Chem. Soc. 1946 146 ff.

87 Whitmore, Wittle, Popkin. J. Am. Chem. Soc. 61, 1586 (1939).

88 Whitmore, Johnston. J. Am. Chem. Soc. 55, 5020 (1933).
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secondary Ct, thus satisfying its deficiency and forming the normal addition
product. If this is the mechanism, the C* in (A) also satisfies itself by at-
tracting an electron pair and its attached proton from the {~C. Then an
intramolecular shift of the Cl with its octet gives the rearranged chloride.
The formation of s-isoamyl chloride and f-amyl chloride by the addition of
dry HCI to isopropylethylene is most significant for the theory of rearrange-
ments. It is interesting that the secondary isoamyl chloride when once
formed is unusually unreactive and stable, showing no tendency to rearrange
to the tertiary chloride. Thus the rearrangement takes place during the
change of the alcohol to the chloride. This tendency to rearrangement can
be made useful in synthesis. Thus diisopropylcarbinol, which is available as
a by-product of the synthesis of methanol from CO, reacts smoothly with HCI
to give dimethylisobutylcarbinyl chloride Me,CHCH,C(Cl)Me..

Tertiary amyl halides, Me,EtCX, are readily available by the action of
HX with commercial t-amyl alcohol.

Hexyl halides, as would be expected offer still more complications. A
good example is the result of warming 2-Et-1-butanol with ZnCl; and conc.
HCI for eight hours. The product contains at least the following substituted
pentanes: 3-Me-3-Cl-, 2-Me-2-Cl-, 3-Me-2-Cl, 4-Me-2-Cl, and 3-Cl- and
2-Cl-hexanes, listed in order of decreasing formation, together with a smaller
amount of the “normal” product 2-Et-1-Cl-butane. The only predicted
rearrangement product not found was 2-Me-3-Cl-pentane. On the other hand,
treatment of 2-Et-1-butanol with SOCl; and pyridine gave an 809, yield of
unrearranged chloride.®®

The most difficultly obtainable hexyl chlorides are those containing the
neopentyl chloride system, 1-Cl- and 3-Cl-2,2-Me,-butanes, which are formed
in about 20% and 109, yields in the chlorination of neohexane.® The latter
can also be made by the addition of HCI to ¢-butylethylene (p. 76). The
isomeric 1-Cl-3,3-Me;-butane is also formed but is more readily obtained by
passing ethylene into #-BuCl and AICI; at —30°.% This probably involves an
tonization to give AIClLy~ and £-Bu carbonium ions, the latter adding to the
activated ethylene molecules (p. 27) to give Me;CCH,CH, carbonium ions
which unite with the AICl,~ ions. The product is decomposed by water to
give the primary chloride and aluminum hydroxide.

sec-Hexyl iodide obtained by the vigorous action of HI on the hexahydric
alcohols, mannitol and duleitol, is the 2-compound as shown by conversion
to the l-olefin and the hydration of the latter to an alcohol which gave only
n-butyric and acetic acids on oxidation.

Higher alkyl halides have been made in great number. In most cases
their preparation depends on the preparation of the higher alcohol. A method
of adding several carbons to a given halide consists in treating its Grignard

% Whitmore, Karnatz. J. Am. Chem. Soc. 60, 2533 (1938).
8 Whitmore, Bernstein, Mixon, J. Am. Chem. Soc. 60, 2539 (1938).
o Schmerling. J. Am. Chem. Soc. 67, 1152 (1945).
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compound with the tolyl sulfonate of a 1-chloro-w-hydroxy compound obtained
from a polymethylene glycol.®

C7H7SOa(CH2)nCI + RMgX hand R(CHz)nCl + C7H7803MgBl‘

The chlorination of n-heptane with sulfuryl chloride and benzoyl peroxide
gives 909, of monochlorides consisting about one fifth of the 1-chloride and the
rest of mixed secondary chlorides.®

Identification of Alkyl Halides. This is possible by conversion to a variety
of crystalline compounds. Among these are the acyl-anilides formed from
phenyl isocyanate (C¢HsNCO) and the Grignard reagent.

RMgX + CeH;NCO — C:HsNHCOR

The m. (°C.) for the acyl-anilides from the simpler alkyl groups follow
(Schwartz 1931): Me 114, Et 105, n-Pr 92, zso-Pr 103, n-Bu 63, ¢so-Bu 114,
sec-Bu 111, £-Bu 132, n-Am 96, 2-sec-Am 95, 8-sec-Am 124, is0-Am 112, sec-iso-
Am 78, active-Am 88, {-Am 92, neo-Am 132, n-Hex 69, n-Hep 57, 2-sec-Octyl 73.
Correspondingly a-naphthyl isocyanate gives naphthalides, RCONHC,Hy,
m. (°C.): Me 160, Et 126, n-Pr 121, n-Bu 112.%

Another method of identification is the reaction with potassium 3-nitro-
phthalimide to give (NO;)CeH3(CO);N—R. The m. (°C.) of typical deriva-~
tives follow: Me 113, Et 106, n-Pr 85, n-Bu 72, 7so-Am 94. Obviously this
method can give best results only with halides of Class 1. A similar method
uses Na o-benzoic¢ sulfimide.®

Still another means is the conversion to the Grignard reagent, treatment
with oxygen and identification of the resulting alcohol in one of the usual
ways (p. 133).

Alkyl halides have been identified by conversion to RHgX through the
Grignard reagents.®®% The resulting alkylmercuric halides are readily
crystallized (poison) and have definite melting points. This method fails
with tertiary halides and is only fair with secondary. The mercury com-
pounds can be treated in alkaline solution with acetylene to give

RHgC=CHgR,
compounds of high melting points (p. 69).°

82 Rossander, Marvel. J. Am. Chem. Soc. 50, 1491 (1928).

8 Kharasch, Brown, J. Am. Ctem. Soc. 61, 2142 (1939).

% Gilman, Furry. J. Am. Chem. Soc. 50, 1214 (1928).

& Merritt, Levey, Cutter. J. Am. Chem. Soc. 61, 15 (1939).

% Marvel, Calvery. J. Am. Chem. Soc. 45, 820 (1923).

67 Hill. J. Am. Chem. Soc. 50, 167 (1928).

88 Vaughn. J. Am. Chem. Soc. 55, 3453 (1933).

89 Spahr, Vogt, Nieuwland. J. Am. Chem. Soc. 55, 2465 (1933).



HALOGEN DERIVATIVES OF PARAFFINS 87

B. SarurateEp Drinavipes, C,H:.X,
Methylene Halides, CH.X,

Methylene chloride, b. 39.8°, is obtained as a by-product in the commercial
reduction of carbon tetrachloride to chloroform. It is remarkably stable and
unreactive.”® It can be used as a refrigerant. It is a useful solvent for
nitrocellulose, cellulose acetate, polyvinyl acetate, waxes, fats, rubber and
the like.

Methylene bromide, b. 99°, and methylene fodide, b. 181°, are obtained by
reducing bromoform and iodoform with alkaline arsenite solution.™ The
iodide is used as a heavy liquid (d. 3.3) in separating heavy minerals such as
sulfides from materials such as silicates which have densities below 3. Lighter
minerals can be separated by diluting the iodide with lighter liquids to give a
mixture in which one mineral will float and others will sink. The iodide exists
in two crystalline forms, m. 5.5° and 6.0° (stable form).”

The halogen atoms in the methylene halides are less active than those in
methyl halides. They react readily only with strongly alkaline reagents.

Ethylidene Halides, CH;CHX,. Ethylidene chloride, b. 58° is made
from acetaldehyde with phosphorus pentachloride or phosgene, the other
product being POCl; or CO,. It can be made by passing ethylene chloride
over Al;O;3 at 400° to give vinyl chloride and HCI which combine in presence
of AICl; at 125° to give ethylidene chloride. The bromide is more difficult to
prepare from acetaldehyde and PBrs, because the ready dissociation to PBr;
and Br; causes bromination of the alpha carbon. The best preparation of
ethylidene bromide or iodide is from HBr or HI and acetylene. Hydrolysis of
the ethylidene halides gives acetaldehyde.

Ethylene Halides, XCH,CH,X, are obtained by direct addition of the
halogens to ethylene.

Ethylene chloride, b. 84° is available as a very cheap by-product of the
production of ethylene chlorohydrin from ethylene and chlorine water.” It is
“the oil of the Dutch chemists’” (p. 29). It can also be made from liquid
chlorine and dry ethylene.” It is characterized by great chemical stability
and high solvent power. Like all polyhalides it burns difficultly. Under
pressure it gives ordinary halide reactions. Thus, with NaCN, it gives
ethylene dicyanide, succinonitrile. With SOj it gives CICH,CH,80,Cl], beta-
chloroethane sulfonyl chloride, which reacts with CaO to give ethylene oxide.
A rubber substitute, Thiokol, which is resistant to solvents which attack
ordinary rubber, has been made from ethylene chloride and Na,S.. This
consists of high polymers containing alternate ethylene and polysulfide residues.

7 Carlise, Levine. Ind. Eng. Chem. 24, 146 (1932).
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7 Stone. J. Am. Chem. Soc. 54, 112 (1932).

7 Illis.  “Chemistry of Petroleum Derivatives.” Reinhold, 1934, p. 468.
™ ('urme.  Chem. Met. Eng. 25, 999 (1921).
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Ethylene diamine is also made from the chloride. Treatment of the chioride
with bases under pressure produces vinyl chloride, CH,=CHCI. When
sodium acetate is used vinyl chloride and acetate are obtained. These readily
polymerize (Vinylite resins).

The U. 8. Dept. of Agriculture has a publication giving a complete summary
of the chemistry and uses of ethylene chloride with 470 references to the
literature. Misc. Publication No. 117 (1932).

Ethylene bromide, b. 131°, m. 9°, is made in enormous amounts (over
one million pounds per month in 1936) for use with tetraethyl lead in anti-
knock fuel. It supplies bromine to convert the lead to lead bromide which
escapes as such from the exhaust of the engine. The amount of ethylene
bromide used for this purpose is so great that processes have been developed
for extracting the bromine from sea water.”* Sea water contains 65-70 parts
per million of bromine whereas it contains less than 5 parts per billion of gold.™

As would be expected, ethylene bromide is more reactive than the chloride.
In addition to the reactions of primary alkyl bromides it reacts with zinc dust
to give the olefin, a reaction typical of 1,2-dibromides.

Ethylene iodide, m. 81° is formed from ethylene and iodine wet with
alcohol. It reverts to ethylene and iodine on heating.”” The instability of
1,2-diiodides is utilized for making olefins by heating the corresponding
dichloride or dibromide with Nal.

Ethylene chlorobromide, CICH,CH.Br, b. 107°, is obtained by passing
ethylene into bromine containing an equivalent amount of chlorine (*bromine
chloride””). For a time it was used in Ethyl fluid in place of the bromide until
it was found that only the bromine in the compound was effective. Its
reactions are practically identical with those of the bromide or chloride. There
is little difference in the reactivity of the two different halogen atoms in the
molecule. One exception is the reaction with sodium sulfite which takes place
practically entirely with the bromine giving sodium B-chloroethyl sulfonate,
ClCHzCHzSOzNa.

Ethylene chloroiodide, CICH,CH,I, b. 140°, is prepared from ethylene and
iodine monochloride, ICl. Similarly ethylene bromoiodide, b. 163°, has been
prepared.

Ethylidene and ethylene halides react with an excess of alcoholic potash
to give acetylene.

Propylidene Halides, 1,1- or aa-, CH;CH,CHX,. These are made from
propionaldehyde similarly to the ethylidene halides. EtCHCI;, b. 86°;
EtCHBre, b. 130°.

Acetone Dihalides, 2,2- or 8-, CH;CX,CH;. The chloride is prepared
from acetone and phosphorus pentachloride in poor yield. A considerable
amount of CH;CCl=CH, is formed. Phosphorus pentabromide acts as a

s Stewart. Ind. Eng. Chem. 26, 361 (1934).
7 Gurévich. Chimie & industrie 29, 284 (1933).
7 Arnold, Kistiakowsky. J. Chem. Physics 1, 166 (1933).
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brominating agent, introducing bromine into the methyl groups. The
bromide and iodide are obtained by adding HX to methylacetylene.

Propylene Halides, 1,2- or of-, CHs;CHXCH,X. These are made by
adding halogens to propylene. In the addition of iodine chloride to propylene
the chief product is 1-iodo-2-chloropropane. Thus the iodine is the positive
part of the addend.

The propylidene, propylene and acetone dihalides give methylacetylene
with reagents like alcoholic potash or sodamide. With metallic zinc the
propylene halides give propylene.

Trimethylene Halides, 1,3- or ay-XCH,CH,CH;X. These are obtained
from trimethylene glycol (1,3-dihydroxypropane), a by-product of glycerol
manufacture, by the ordinary methods for making alky! halides. The addition
of HBr to allyl bromide or allyl chloride in the presence of peroxides takes
place rapidly to give the 1,3-dihalide.” In the presence of antioxidants the
addition is slow and produces the 1,2-compound. The two halogen atoms
in the 1,3-compound act independently and almost exactly like other primary
halides. It is possible to replace one or both of them under suitable experi-
mental conditions. The dichloride is important as an intermediate for the
general anesthetic, cyclopropane. For this purpose it is made by chlorinating
propane. Heating with Zn gives cyclopropane.” (Mallinckrodt).

Dihalides of butane and isobutane are available by the methods already
outlined. Special methods may be named for the following:

a.) Tetramethylene dichloride is available from the 1,4-addition of chlorine
to butadiene, followed by hydrogenation (DuPont).

b.) Tetramethylene dibromide, Br(CH,),Br, has been made from tri-
methylene dibromide®® and from tetramethylenediamine.®® The reactions
follow:

KCN EtOH Na HBr
Br(CH,);Br + PhONa — PhO(CH,);Br — —— —— —— Br(CH,).Br
H,804 EtOH
PBI‘s
H,N(CH.),NH, — PhCONH(CH;){NHCOPh —— PhCN -+ Br(CH,).Br

The hydrolysis of dihalides containing a tertiary halogen gives aldehydes
or ketones by rearrangement (p. 219).8 Thus isobutylene dibromide and Me;-
ethylene dibromide give isobutyraldehyde and methyl isopropyl ketone
respectively.

Tetramethylethylene dibromide reacts with sodio-organic compounds to
give NaBr, tetramethylethylene and free radicals or their products.

78 Kharasch, Mayo. J. Am. Chem. Soc. 55, 2468 (1933).

7 Hass et al. Ind. Eng. Chem. 28, 1178 (1936).

30 Marvel, Tanenbaum. J. Am. Chem. Soc. 44, 2645 (1922).
8l v, Braun, Kemke. Ber. 55B, 3526 (1922).

& Evers. “Org. Syntheses.”
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Many higher dihalides have been prepared. In general the aldehydes
react with phosphorus pentachloride to give RCHCl,. These substances react
readily with sodamide to give monosubstituted acetylenes. Ketones with the
same reagent give dichlorides, RCCI;R’, but in even poorer yields than with
acetone. The dihalides, RCHXCHXR/', in which R’ is either an alkyl group
or hydrogen, are obtained in the usual way from halogens and the corresponding
olefins. Amylene dichlorides are available commercially (Sharples). A
special method is available for preparing dibromides of the type RR’CBr-
CHBrR’’ in which R’/ is an alkyl group or hydrogen. Tertiary alcohols
heated to about 80° are treated with bromine as rapidly as the latter is de-
colorized. The process may be illustrated by means of tertiary amy! alcohol.

(CHa)zC(OH)CHgCHs '+' Bl’z m— (CH';) QCBI‘CHBI‘CI{:; + H2O

This process is simpler than the preparation of the olefin and addition of
bromine to it.

The higher aw-dihalides, X(CH,).X, can be prepared by the ordinary
methods from the corresponding glycols obtained by the reduction of dibasic
esters by means of a large excess of sodium and absolute alcohol® or by hydro-
genation with Cu chromite type catalysts.® The reactions of these dihalides
are like those of the corresponding propane derivatives. They give the
ordinary reactions of Class 1 alkyl halides (p. 74). Decamethylene bromide
with sodium and ether gives higher paraffins, H—[(CH,)1].—H, in which n
is 2 to 7 and higher.%®

C. TRIHALIDES

The most important of these are the haloforms, CHX.

Fluorcform, CHF;, b. —82°, is made from bromoform and the fluorides of
antimony and mercury.?® SbF; with CHCl; gives chlorodifluoromethane,
CHCIF,, a colorless gas of faint sweet odor, b. —40°, very soluble in water but
not hydrolyzed. It is non-toxic.®” Dichlorofluoromethane, CHCLF, b. 15°,
has similar properties but is more reactive and is toxie.

Chloroform, CHCl;, b. 61°, is now prepared by the reduction of carbon
tetrachloride with moist iron. An older method is the action of bleaching
powder with ethanol or acetone. This is an example of the Haloform Reaction
which is given by primary and secondary carbinols containing at least one
methyl group and by the corresponding carbonyl compounds. The first
products are probably substances like CLCCHO or Cl;CCOCH; which then
react with the lime to give chloroform and formate or acetate. The grouping
X;CCO ~ acts with bases to give CHX; and organic salts. The first step

8 Bouveault, Blane. Bull. soc. chim. (3) 31, 666 (1904).
8 Adkins. The University of Wisconsin Press, 1937.

8 Carothers et al. J. Am. Chem. Soc. 52, 5279 (1930).
# Henne. J. Am. Chem. Soc. 59, 1400 (1937).

87 Booth, Bixby. Ind. Eng. Chem. 24, 637 (1932).
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apparently involves addition of the base to the carbonyl group. When
addition is blocked, the haloform reaction fails.8%

Chloroform was one of the first anesthetics. It acts very rapidly. For
this use it has to be protected from oxygen which reacts with it to give phosgene,
COCl;, and HC], both very toxic.?® Chloroform U.S.P. (United States
Pharmacopeia) and D.A.B. (Deutches Arzneibuch) contains a trace of alcohol
to convert any phosgene to harmless diethyl carbonate.

Chloroform, with anhydrous alcohol and sodium, gives ethyl orthoformate,
HC(OEt);. With sodium ethylate it gives the same product but also CO,
sodium formate, ethyl ether and some ethylene. Alcoholic KOH converts
chloroform to potassium formate.

With primary amines, in presence of a base, chloroform gives an isocyanide
(carbylamine) of intensely disagreeable odor (p. 419).

Chloroform adds to acetone in the presence of a solid base (aldol condensa-
tion) to give trichloro-t-butyl aleohol, (Cl;C)Me,COH, which is used as an
antispasmodic (chloretone, Mothersills remedy for seasickness). Chloroform
will add similarly to methyl ethyl ketone but not to aldehydes nor to higher
ketones.?°

Chloroform can be added to 1-olefins in presence of acetyl peroxide.®

RCH=CH., — RCH,CH,CCl;

Chloroform has a pleasant odor and a sweet burning taste. It is slightly
soluble in water but completely miscible with most organic liquids. It is a
good solvent for fats, waxes and hydrocarbons. It is used as an antiseptic
to prevent fermentation.

Bromoform, CHBr;, b. 151°, m. 7.7°, d. 2.9, is most conveniently made
by treating acetone with sodium hydroxide and bromine.

Todoform, CHI;, m. 120°, is made by the carefully controlled electrolysis of
an aqueous solution of alcohol, an inorganic iodide and sodium carbonate. In
this way, practically all the iodide is converted to iodoform. Substances
which give the haloform reaction (p. 90) can be recognized by treatment with
iodine and a base to form a yellowish precipitate of iodoform of characteristic
odor (Iodoform Test).”

The older use of iodoform as a dusting powder for wounds has been super-
seded by the use of the sulfa drugs. Modern medical practice makes little use
of dusting powders for wounds, however.

Fluorochlorobromomethane, CHFCIBr, b. 36°, has not yet been resolved
into its optically active enantiomers.%

88 Fuson, Tullock. J. Am. Chem. Soc. 56, 1638 (1934).
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Methyl chloroform, CH;CCl;, b. 74° is made by chlorinating ethylidene
chloride or from acetyl chloride and phosphorus pentachloride.

1,1,2-Trichloroethane, vinyl trichloride, C1;,CHCH,CI, b. 113° is made by
chlorinating ethylene chloride.

The only readily obtainable irihalides of propane are of the 1,2,3 type.

Glyceryl chloride, trichlorohydrin, CH,CICHCICH:C], b. 158°, is readily
obtained from glycerol and PCls It is available in large quantities as a by-
product from the synthesis of glycerine. The corresponding bromide is
readily obtained by adding bromine to allyl bromide, CH,=CH—CH_;Br.
The corresponding iodide loses two atoms of iodine spontaneously giving allyl
iodide, the product of the action of glycerol with phosphorus and iodine in the
absence of water.

D. TETRAHALIDES

Carbon tetrafluoride, b. —130°, is obtained by electrolyzing fused KHF,
using a soft carbon anode.** It is very inert.

Dichlorodifluoromethane, CCl;F,, b. —30° is made from CCl; and SbF;
as an important refrigerant® (Freon, F-12, Kinetic No. 12), is non-toxic, non-
corrosive and non-inflammable. Its thermodynamic properties are ideal.%
Freon is important as the solvent for pyrethrum and other insecticides in
the Acrosol Bombs used in controlling malarial mosquitoes in long range
planes, and for domestie purposes.

Carbon tetrachloride, b. 76.7°,% is the compound most readily obtained by
the chlorination of methane because the intermediate products are more easily
chlorinated than methane itself. This process is not yet commercial. The
commercial preparation of carbon tetrachloride is from CS; with sulfur mono-
chloride in the presence of iron as a catalyst (p. 457).

Carbon tetrachloride is rather inactive. With alcoholic KOH at 100° it
gives CO and formates but no K;CO; and no orthocarbonate. This peculiar
behavior is probably due to the primary replacement of one chlorine by
hydrogen under the influence of the base. This difference in one of the four
halogen atoms is even more noticeable with the bromide and iodide.

Carbon tetrachloride reacts with fuming sulfuric acid to give phosgene,
COCl;, and pyrosulfuryl chloride, 8;05Cl.. This reaction is convenient for
generating small amounts of phosgene (poison).

Reduction of CCl, with moist iron gives chloroform. Methylene chloride,
hexachloroethane and tetrachloroethylene are obtained as by-products.

Carbon tetrachloride is used in fire extinguishers because of its high vola-
tility and the incombustibility of its heavy vapors (Pyrene). It is effective

# Lebeau, Damiens. Compt. rend. 182, 1340 (1926).

% Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. pp. 707-10.
% Thompson. Ind. Eng. Chem. 24, 620 (1932).

%7 Abrens. Sammling Chemische-Technischen Vortrige 1905, 116.
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in fires near electrical equipment where water would cause short circuits. Its
use may involve danger because it reacts with water vapor at flame temperature
to give phosgene which is dangerously toxic. Thus a space in which a fire has
been extinguished by carbon tetrachloride should be ventilated at once.

Carbon tetrachloride is an excellent solvent. Alone and mixed with
hydrocarbons it is widely used in dry cleaning (Carbona).

Carbon tetrachloride was formerly used to eliminate certain internal
parasites (hook worm). For this purpose it had to be carefully freed from
traces of impurities such as CS,.

Carbon tetrabromide, b. 189° m. 94° is obtained from bromoform and
sodium hypobromite solution on long standing. Boiling with alkali readily
gives bromoform and a hypobromite. Compare the results of Xharasch.
With alcoholic KOH, carbon tetrabromide gives mainly CO and ethylene but
no carbonate. CBrg has been used as a brominating agent.®®

Carbon tetraiodide (solid) is obtained from CCly and All;. It is very
unstable toward oxygen. The reported hydrolysis to hypoiodite is erroneous.
There is no basis for the assumption of positive iodine in the compound.?® (See
p. 425.)

Carbon tetrahalides can be obtained by the pyrolysis of X;C—COX in
which the halogen atoms may be varied at will. Thus CBrCl;, b. 104°, and
CICl;, b. 142°, have been made from trichloroacetic halides.1%°

Sym-Tetrachloroethane, acetylene tetrachloride, C1L,CHCHCI,, b. 146°, is
obtained by passing acetylene and chlorine into antimony pentachloride.
This moderates the explosive reaction which would take place between chlorine
and acetylene gases if mixed directly. Another device for moderating this
violent reaction is to pass the gases into a chamber filled with fine sand.
Tetrachlorethane is also prepared by the liquid phase chlorination of acetylene
in a lead lined reactor using iron filings as catalyst and tetrachlorethane as the
reaction medium 70-90° C. It reacts readily with bases to give trichloro-
ethylene, another valuable solvent. With air and steam in ultraviolet light
it gives mainly dichloroacetic acid.

Tetrachloroethane is the most powerful solvent in the chlorinated series.
It is an excellent solvent for cellulose acetate, varnishes, paints and general
organic compounds. It is more toxic than the unsaturated chlorides and
must be used in special apparatus to avoid industrial hazards. In the presence
of moisture it attacks metals with the production of unsaturated chlorides.

The tetrabromide is made similarly. The tetraiodide does not exist.

Unsym-Tetrachloroethane, CICH,CCly, b. 130°, is obtained by chlorinating
ethylene chloride.

8 Hunter, Edgar. J. Am Chem. Soc. 34, 2025 (1932).

9 Kharasch, Mayo. J. Org. Chem. 2, 76 (1937).
100 Simons, Sloat, Meunier. J. Am. Chem. Soc. 61, 435 (1939).
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E. HigHer HALIDES

A large number of fluorocarbons have been prepared.i®

FLUOROCARBONS
FC HC

CF. b. —128° b. —161
C,F,y - 78°

C,Fs - 79° - 89
CiFs — 36° - 42
C4F10 4° - .5
CsFyz 30° 36
CsFu 51°(60°) 68°

Three general methods have been developed for the production of fluoro-
carbons: (1) fluorination with gaseous fluorine; (2) fluorination with CoF; and
similar agents; and (3) electrolysis of organic substances in liquid hydrogen
fluoride.!'®® The latter process promises to become the most important. The
unusual stability of the fluorocarbons makes them of tremendous importance.!%

The reaction of chlorine with acetylene gives as by-products pentachloro-
ethane, b. 162°, m. —-29° and hexachloroethane, a white crystalline solid of
camphor odor which melts and sublimes at 186°. C;Cls is also obtained as a
by-product in making chloroform from CCl,. Vigorous chlorination of
perchloroethane gives two molecules of carbon tetrachloride. Similarly after
most hydrocarbons are exhaustively chlorinated, further chlorination breaks
a carbon to carbon linkage giving smaller completely chlorinated molecules.
Pentachloroethane is a valuable high boiling solvent. It is toxic and must be
used with proper care. Hexachloroethane is used in safety explosives, smoke
screens and insecticides.

Treatment of a normal hydrocarbon with bromine and ferric bromide
results in the introduction of one bromine on each carbon. This is probably
because ferric bromide catalyzes the removal of HBr leaving a double bond
which adds bromine. A more practical method of making 1,2,3,4-tetrabromo-
butane is from butadiene.1%

It was formerly believed that chlorine acted differently from bromine with
aliphatic hydrocarbons, in that the chlorine tended to accumulate on the
carbon where chlorination started. This is due to the fact that no catalyst is
needed with chlorine. In the presence of ferric chloride the result would
probably be the same as with bromine.

Vigorous chlorination, first at moderate temperatures and then, destruc-
tively at high temperature, converts ethane to Cls~ethylene; propane to the
latter substance and CCly; butane to Cle-butadiene; and n- or iso-pentane to

1t Henne. “Org. Reactions,” I1.

192 Simons et al. Abstracts of papers, 114th Meeting, Am. Chem. Soc. Sept. 13-17, 1948
(Portland).

103 Finger, Reed. Chem. Ind. 64, 51 (1949).

14 Jacobson. J. Am. Chem. Soc. 54, 1545 (1932).
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Cle-cyclopentadiene. As usual, the chlorine atoms attached to unsaturated
carbon atoms are inactive.

1,1,1,2,3-Cl;-propane, m. 178°, subl., is available commercially.

Asym-Heptachloropropane, Cl,CHCCIL.CCl,;, b. 248°, m. 30° is readily
obtained by the action of chloroform and tetrachloroethylene in presence of
aluminum chloride.

Highly chlorinated hydrocarbons and their action with AlCl; have been
studied.'®> Chlorinated paraffin wax is used with aromatic hydrocarbons and
AICB to give complex materials such as Paraflow which inhibit the separation
of wax from lubricating oils on cooling (pour-point depressers). Chlorinated
wax with phenols and naphthols in presence of AlCl; give similar compounds
which can be esterfied with dibasic acids such as phthalic acid (Santopour).'®®

Many chlorides of carbon are known. They are perchlorohydrocarbons.
CCI4, b. 770; 02014, b. 1210; CzCIs, b. 1870; C;;Cle, b. 2100; Cacls, m. 1600, b.
269°; C,Cls, perchlorobutadiene, m. 32°, b. 269°; C,Cls, perchlorobutyne, m.
39°, b. 284°; C,Cls, b. 275°; CeClg, hexachlorobenzene, m. 226°, b. 326°.

F. Unsaruratep Havmpes, C,Hgn: X

1. Vinyl halides, CH,=CHZX, are obtained by the action of alcoholic
KOH on the corresponding ethylene and ethylidene dihalides. They are also
formed by the addition of HX to acetylene and by the action of HX with
CaC,1 As is general for halogens attached to unsaturated carbon atoms,
those in the vinyl halides are very unreactive. Almost the only “eaction which
they give readily is with an excess of alkali to form acetylene. The vinyl
halides add HX to form ethylidene halides. In the presence of peroxides,
vinyl bromide adds HBr contrary to Markownikoff’s Rule to give ethylene
bromide.’®® Vinyl halides polymerize readily**® (Vinylite resins Geon, Koro-
seal). Vinylfluoride b. —51°, chloride b. —13.9°, bromide b. 16°, iodide b. 56°.

2. a. The aliyl halides, CH, = CH — CH,X, are made by the usual methods
for alkyl halides from allyl alcohol obtained from glycerol. The iodide can
also be made from glycerol, phosphorus and iodine under anhydrous conditions.
Perhaps 1,2,3-triiodo-propane is formed and loses two iodine atoms from
adjacent carbons.

The allyl halides act like alkyl halides of Class 1 (p. 74) but are more
reactive. The freedom from side reactions is due to lack of tendency to form
the related unsaturated compound, allene, CH;=C=CH,, and to the fact
that a 1:3 shift of the double bond would give an identical produet.

CHz = CHCHzX i XCHzCH = CHg

1% Prins. Rec. trav. chim. 51, 1065 (1932).

18 Rieff. C. A. 31, 848 (1937).

107 Ann. Rep. Chem. Soc. (London) 1922, 73.

108 Kharasch, McNab, Mayo. J. Am. Chem. Soc. 55, 2521 (1933).
199 Ann. Rep. Chem. Soc. (London) 1930, 93.
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When HBr is added to an allyl halide in the absence of peroxides (presence of
antioxidants) the product is a propylene halide (1,2) while in the presence of
peroxides a trimethylene dihalide (1,3) is formed.'® The addition in the
presence of peroxides is more rapid in their absence. Addition to allyl halides
without any special precautions gives varying proportions of the two dihalides
depending on the amount of oxidation which the double bond has undergone.
The addition of HI follows Markownikoff’s Rule since it effectively reduces
peroxides.

Allyl chioride, b. 44° is made by the direct chlorination of propylene
(Shell). The mechanism is not definitely known."! It seems unlikely, how-
ever, that the methyl group is chlorinated in the ordinary way while the
olefinic linkage is left intact. The following changes seem more probable

+ .+ +
mO:CH:gH: + [C:i] — [mg:cn:gn{l
H HY o

:Cl:
HCl <—— Ht 4+ H,C::CH:CH:Cl

A positive chlorine adds to the free electron pair of an activated propylene
leaving the middle carbon with only six electrons. This condition is relieved
by the attraction of an electron pair from the methyl group with the expulsion
of a proton which unites with a negative chlorine. This possibly oceurs by
a chain mechanism

H* 4+ :Cl:ClimH:Cl:Cl:—H:Cl: + Ol :

The entire change could be written without indicating the electrons as follows:
H;C—CH—-CH, + CI+ — [H;C—CH-CH.CIJ*
+ - +

H* 4 H.C=CH-CH,Cl

H+ + Ol — [HCLT — HCI + CI*

Allyl chloride, made from propylene, is used for the commercial preparation
of allyl alcohol and of glycerol (Shell).

Allyl chloride, on standing, changes slowly to polymers with n as 9, 12,
5, 25, 11, and 7 in order of decreasing amount."? With NaNH; in liquid
ammonia,'® allyl chloride gives complex reactions. The simplest product is
1,3,5-hezatriene, b. 81° in 309, yield. A larger yield of 3-vinyl-4-chloro-
methylcyclohexene was formed, apparently by a Diels-Alder reaction of the
first product with allyl chloride. Use of excess NaNH, gives a 409, yield of

1o Kharasch, Mayo. J. Am. Chem. Soc. 55, 2468 (1933).

1 Groll, Hearne. Ind. Eng. Chem. 31, 1530 (1939).

"2 Ann. Rep. Chem. Soc. (London) 1930, 93.

13 Kharasch, Sternfeld. J. Am. Chem. Soc. 61, 2318 (1939).
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3-vinyl-4-a-butadienyleyclohexene, together with higher polymers of hexadiene.
The non-conjugated position of the ring double bond in the cyclic compounds
is strange. Allyl halides react with conjugated dienes to give substituted
H,-benzy! halides (Diels-Alder).

Ally) bromide, b. 71°; iodide, b. 102°, Allyl iodide reacts 60 times as
rapidly with sodium ethylate as does n-propyl iodide.

Treatment of allyl bromide with Mg ordinarily gives diallyl. Good yields
of the Grignard reagent can be obtained by using large amounts of ether.!*

Allyl Grignard reagents give higher yields of addition products with
carbonyl eompounds than do the corresponding n-Pr reagents.’!®* The same
is true of higher homologs.

b. The alpha and beta halogen propylenes, XCH=CHCH; and
CH,=CXCHj;, are obtained by removing one HX from propylidene and
acetone dihalides respectively. The halogen atoms attached to unsaturated
carbon atoms are inactive except to alcoholic potash which removes HX. The
compounds react with dilute acids to give propionaldehyde and acetone re-
spectively. This is because they add water under the influence of the acid and
form compounds containing the grouping, C(OH)X, which loses HX spon-
taneously to give a carbonyl group.

CICH=CHMe, b. 36°; CH,=CClMe, b. 23°.

3. a. Crotyl halides, CH;CH =CHCH,X, present interesting examples of
1:3 or allylic rearrangements. Crotyl alcohol, CH;CH = CHCH,OH, obtained
by the reduction of crotonic aldehyde, reacts with PBr; and pyridine to give
crotyl bromide and methylvinylcarbinyl bromide.’!® The same mixture is
obtained from HBr and methylvinylearbinol, CH;CHOHCH =CH,, formed
from acrolein and MeMgX. When the halogen in a crotyl halide is replaced
by hydroxyl the product is not pure crotyl alcohol but a mixture with methyl-
vinylcarbinol (p. 136). This type of change is very common.!'” As in the
case of 1:2 rearrangements, it is readily pictured on a simple electronic basis.
The removal by the reagent of the OH from crotyl alcohol and from methyl-
vinylearbinol give the following two forms of the carbonium ion which are in
resonance

CH;CH = CHCH, < CH,CHCH = CH,

Union with halide ions thus gives a mixture of the halides. Each of the latter
can give the same resonance hybrid carbonium ion and consequently the
mixture of the two alcohols.

Another preparation of these halides is by addition of HCI or HBr to
butadiene (p. 57). 3-Cl-1-butene, b. 84° n?p 1.4350: 1-Cl-2-butene, b. 64°,

114 Gilman, McGlumphy. Bull. soc. chim. 43, 1322 (1928).

15 Young, Roberts. J. Am. Chem. Soc. 67, 319 (1945).

18 Young et al.  J. Am. Chem. Soc. 58, 104 (1936); 59, 2051 (1937); 60, 847 (1938).
17 Ann, Rep. Chem. Soc. (London) 1923.
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n?p 1.4150. Slow distillation of the high boiling isomer through an efficient,
column give the other isomer.

b. 1-Halogen-1-butene, EtCH = CHX, can be made by removing HX from
a butylidene halide. Its halogen is inert.

¢. 4-Halogen-1-butene, XCH.CH,CH =CH,, can be made from a tetra-
methylene dihalide. The reactions are those of a primary bromide and of a
1-olefin, uninfluenced by each other. Contrast the behaviour of ally halides.

d. Methallyl bromide, CH,CMeCH,Br, and isocrotyl bromide, Me,CCHX,
are obtained by removing HBr from isobutylene dibromide, the latter pre-
dominating. Methallyl chloride, b. 72° is available commercially (Shell) from
the action of chlorine and isobutylene. Even at 0° no dichloride is obtained.
This is an example of Kondakoff’s Rule (p. 40). The older assumption that
the dichloride is first formed and then loses HCI is untenable. Methallyl
chloride at 100° unites with fuming HCI to form the dichloride. The more
modern conception that isobutylene undergoes ordinary chlorination of one of
the Me groups and of the CH, group without attack on the double bond is
likewise untenable. The action is probably like the high temperature chlorina-
tion of propylene (p. 95). A positive Cl adds to the terminal unsaturated
carbon thus leaving the central carbon electronically deficient. This is over-
come by expulsion of a proton from one of the Me groups to give methallyl
chloride or from the —CH,Cl to give isocrotyl chloride. The proton combines
with Cl- to form HCI. The formation of HCl may be the controlling factor.
In the case of the action of bromine with isobutylene, the dibromide is formed,
possibly because of the lesser tendency to form HBr.

Many other cases of the formation of unsaturated halides from the action
of halogens on olefins are known. For instance, the diisobutylenes (p. 40)
fail to give dichlorides and dibromides, in both cases giving unsaturated halides
and HX. The processes involved are probably like that involved in the ready
halogenation of an enol (pp. 202, 216).

Methallyl halides react like allyl halides being very reactive and giving
normal replacement reactions.

e. Isocrotyl chloride, Me,C=CHCI, b. 68° is formed by the action of
bases with isobutylidene chloride, Me,CHCHCI, and from isobutylene and
chlorine. Its halogen is inactive. Treatment with acid gives isobutyralde-
hyde. This involves addition of water contrary to Markownikoff’s Rule or,
more probably, a rearrangement like that in the hydrolysis of isobutylene
dibromide to give isobutyraldehyde (p. 117). Isocrotyl bromide reacts with
sodium alcoholates at 140° to give the unsaturated ethers, Me,C=CHOR.
These react with dilute acids in sealed tubes forming isobutryaldehyde.

4. a. n-Pentenyl halides resemble the other unsaturated halides in their
preparation and reactions depending on the relation of the halogen and the
double bond. Those with the halogen on an unsaturated carbon are inactive.
With the halogen and double bond in the allyl arrangement, C=C—CX, the
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halogen is very reactive and allylic rearrangements take place. With farther
separation of the halogen and the double bond they act independently.

b. 3,3-Dimethylallyl halides, Me.C=CHCH.X, offer an example of com-
plete allylic rearrangement. Treatment of dimethylvinylearbinol with PX;
gives only the primary halide while replacement of the primary halogen gives
only the tertiary alcohol. Isoprene with HBr gives Me,C=CHCH,Br.1#

G. UnsaTuraTED HaLIDES, C,Hzn sX

1. Chloroprene, 2-chloro-1,3-butadiene, is made from vinylacetylene and
HCI (p. 72).1* It is important as the monomer from which Neoprene rubber
(formerly Duprene) is made.2°2 It was the first practical synthetic rubber.
For special uses it is superior to natural or other synthetic rubbers because of
its low solubility in petroleum hydrocarbons.

Chloroprene heated to 80° for several days in the presence of charcoal and a
polymerization inhibitor gives greater than 209, conversion to 1,5-dichloro-1,5-
cyclooctadiene. Butadiene and 2,3-dichlorobutadiene likewise give cyclo-
octadienes but in lower yields.1?

2. Monohalogen acetylenes, HC=CX, are obtained from sym-dihalo-
genated ethylenes and bases. Both the bromo and chloro compounds have
been made and are violently explosive, spontaneously inflammable, have strong
odors and are toxic. Nef explained these peculiar properties on the basis that
the halogenated acetylenes contain bivalent carbon much as do the iso-
cyanides. 12

XHC=C XC=C RN=C

On the other hand, compounds R —C=C—X are stable non-toxic unobjection-
able substances., The explosive nature of monohalogen acetylenes suggests
that of the halides of nitrogen in which the halogen atoms are regarded as
positive. 'The following analogy may be significant,

:61 :i\i: 61: H :C‘:.C: él:

:Cl:

RNCI; and RC=CCl have none of the properties of NCl; and C;HCI except
that hydrolysis gives HOCL. In the absence of water they are stable.

3. a. Propargyl halides, propiolic halides, HC=C—~CH,X, can be made
from propargyl alecohol by the usual reagents. They give normal reactions
much like those of the allyl halides.

ne Ellis. “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 646.
us Ann. Rep. Chem. Soc. (London) 1932, 108, 125,

12¢ Nieuwland et al. J. Am. Chem. Soc. 53, 4197 (1931).

121 Carothers et al. J. Am. Chem. Soc. 53, 4203 (1931).

2 Foster, Schreiber. J. Am. Chem. Soc. 70, 2303 (1948).

2 Nef. Ann. 298, 202 (1897).
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b. Allylene halides, CH;C=CX, are obtained from allylene and hypohalite
solutions. The iodo compounds can best be made from the acetylene and
iodine in liquid NHis. They react with mercuric cyanide solution to give
(RC=C),Hg, crystalline compounds of high melting points.’* The halogen
in R—C=CX is reactive but does not behave like that in an alkyl halide but
rather like halogen in combination with O or N. Thus NaOEt gives the
acetylene and a hypohalite.

¢. Many higher acetylenic halides have been prepared. They involve
rearrangements similar to those of the substituted allyl halides.

Unsaturated polyhalides are obtained by removing HX or X, from higher
halides.

1. 1,1-Dichloroethene, acetylidene dichloride, CH,= CCl,, b. 37°; Dibromo,
b. 92°. The former polymerizes to Saran plasties (Dow).

2. 1,2-Dihalogen ethenes, acetylene dihalides, exist in ¢is and irans forms

HCCH HCCl

I
HCCI CICH

cis  b. 48° trans b. 60°

Direct addition of Cl, to excess acetylene at 200° gives both forms. The
commercial product is a mixture, b. 52°+, obtained by the reduction of
acetylene tetrachloride with iron. The conversion of the two forms has been
studied.’®® In common with other halogenated solvents, dichloroethylene is
non-inflammable. Its halogen atoms are very unreactive. Consequently
there is no danger of corrosion. It is an excellent solvent for the extraction
of materials ranging from plant perfumes to rubber. It can be used in place
of ordinary ether for general extractions.

Unsaturated iodides form polyvalent iodine derivatives having a fair degree
of stability. They thus resemble the corresponding aromatic compounds.
Thus Cl; in an inert solvent will react with the iodine atom of 1-Cl-2-I-ethylene.
The dichloride reacts with sodium carbonate to give the iodoso compound and
the latter disproportionates on warming to give the iodo and iodoxy compounds.

CICH = CHI — CICH = CHICI, — CICH =CHIO — CICH = CHIO,

3. 1,3-Dichloro-2-butene, b. 128° is available commercially. As would be
expected, only the 1-Cl is reactive (DuPont).

4. Trichloroethene, CICH=CCl,, b. 87° is made from acetylene tetra-
chloride and bases. It is stable and inactive except on exposure to both air
and light. It is the most important of the chlorinated solvents. It is a
powerful solvent for fats, resins, bitumens, rubber, sulfur and phosphorus. It
is a valuable noninflammable substitute for benzene and petroleum hydro-
carbonsin dry cleaning. Itisused for extracting the residual oii from vegetable
oil cakes left after pressing out most of the oil, for degreasing leather and,

12 Vaughn, J. Am. Chem. Soc. 55, 3453 (1933).
1% Wood, Dickinson. J. Am. Chem. Soc. 61, 3259 (1939).
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textiles and as an assistant in soaps for scouring textiles. It is used with
stabilizers or inhibitors for degreasing metals.

The reactions of trichloroethylene are initiated at the unsaturated linkage
rather than at a chlorine atom. Thus, dilute acids convert it to chloroacetic
acid by hydration of the double bond followed by loss of HCl from the system
— CCl(OH) and hydrolysis of the resulting acid chloride. It reacts violently
with conc. HNO; to give dichlorodinitromethane, Cl,C(NOs),. With for-
maldehyde and H,80, it gives O(CH,CHCICO,H), by a peculiar ecombination
of condensation, hydrolysis and dehydration.

5. Tetrachloroethene, perchloroethylene, Cl,C=CCl,, b. 120°, is made from
pentachloroethane obtained as a by-product in the action of chlorine with
acetylene and from hexachlorethane obtained in the same way and as a by-
product in the reduction of carbon tetrachloride. With conc. HNOQ; it gives
mainly CO,. With formaldehyde and H,80, it forms HOCH,CCl1,CO,H,
Tetrachloroethylene is more expensive than the other chlorinated solvents.
It has been used in place of CCls for treatment of hook worms, and similar
parasites.

6. Tetrafluoroethylene, F,C = CF,, and trifluorochloroethylene,

F,C=CF(C],

give the heat resistant chemically inert “noble plastics” known respectively
as Teflon (DuPont) and Kel -F (Kellogg).!26.127

7. Bases, with trichloropropane from glycerol, give y-chloroallyl chloride,
CICH = CHCH,Cl, which contains an active and an inactive chlorine. It and
the dibromo compound, with Grignard reagents, give RCH,CH=CHX from
which NaNH, gives 1-acetylenes.

The important soil amendment and disinfectant DD is a 1:1 mixture of
1,2-Cly-propane and 1,3-Cl,-propene obtained as a by-product in the manufacture
of allyl chloride from propylene. It is especially valuable in pineapple culture.

8. A special method for making unsaturated triiodo derivatives is the
treatment of cuprous acetylides with iodine to give RCI = CI,.128

9. 1,3-Dichloro-2,4-hexadiene occurs as cis and trans isomers of b. 81° and
61° at 17 mm.

10. Dichloroacetylene, b. 32°, and dibromoacetylene, b. 77°, are toxic and
have odors like isocyanides. The older conception of these as derivatives of
acetylidene, H,C=C (p. 99),2913¢ is disproved by electron diffraction and
interference studies.?!132

Strangely dilodoacetylene, Csl,, is an inert solid, m. 80°.

128 Renfrew, Lewis. Ind. Eng. Chem. 38, 870 (1946).

27 Chem. Ind. 63, 586 (1948).

128 J espieau. Bull. soc. chim. (4) 3, 638 (1908).

129 Nef. Ann. 298, 202 (1897).

10 Ellis.  “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 675.
13 de Laszlo. Nature 135, 474 (1935).

122 Finbak, Hassel. Arch. Math. Naturvidenskab. 45, 38 (1941).
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IOI. ALCOHOLS

A. SaruratEp Avrconors, C.H,..,OH

These are mono hydroxyl derivatives of the paraffin hydrocarbons. The
reactions of the OH group are like those of water but are modified by the
length and structure of the attached carbon skeleton. The electronic simi-
larity between water and the alcohols is worth emphasizing.

:6:H :6:H
H R

In each case the ionization of H is enough to give reaction with metals of
the Na and Ca families. In both cases, the attack of acids is by coordination
of a proton with one of the free electron pairs of the oxygen atom. The carbon
attached to the hydroxy! is rendered more reactive than in the paraffins., The
reactions of both the C and O in the system COH are profoundly influenced by
the number of alkyl groups attached to the C. Hence the important classi-
fication into primary, secondary and tertiary alcohols or mono-, di- and tri-
substituted carbinols, RCH,OH, RR’'CHOH and RR'R’”/COH in which the
alkyl groups may be alike or different. This system of classification and
nomenclature of alcohols depends on regarding them as substitution products
of the simplest alcohol, CARBINOL (methanol CH;OH), in which one, two
or three of the methyl H atoms are replaced by organic groups. In the simple
alcohols, these groups contain only C and H.

The alcohols range from non-viscous liquids of b.p. 66° and density 0.8 to
solids (n-decyl alcohol, m. 7°, b. 230°, d. 0.84). Alcohols higher than C;, are
waxy solids increasingly like the higher hydrocarbons as the carbon content
rises. The boiling points of the alcohols are much higher than those of the
corresponding hydrocarbons because of the association of the liquids. This
constitutes another resemblance to water. These differences in boiling points
are 230°, 171°, 102°, 58°, and 57° for the C;, C;, Cs, Cio and Cy members.
Evidently the association effect decreases as the alcohols lose their resemblance
to water.

The first three alcohols are completely soluble in water. The higher ones
become less soluble as the carbon content increases.

Many primary alcohols occur in natural products, usually in the form of
esters.

In contrast to the paraffins, the alcohols are very reactive with a great
variety of chemical reagents. Apparently the introduction of the oxygen
atom into the non-polar hydrocarbon molecule decreases the stability and in-
activity of the latter. Moreover, the oxygen atom through its ability to form
oxonium compounds offers an active spot in the molecule.

It is impossible to generalize satisfactorily on either the preparations or
reactions of alcohols, ROH, since the size and especially the branching of the
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alkyl group have such profound effects. Consequently the individual alcohols
will be considered until enough members of the series have been presented to
show the many peculiarities produced by changes in the alkyl group attached
to the hydroxyl. It is not possible to generalize accurately even according to
the three classes of alcohols. The alcohols form the best refutation to the
older idea that knowledge of the first two or three members of an homologous
series makes possible the prediction of the reactions of the higher members.

Individual Alcohols

Methanol, methyl alcohol, wood aleohol, wood spirit, carbinol, CH;OH,
b. 66°, occurs in nature in a few esters such as methyl salicylate, in oil of winter-
green and as complex methyl ethers in the lignin portion of wood and many
alkaloids and natural dyes. Pine lignin contains 159, methoxyl.!

The crude pyroligneous acid which separates from the tar obtained in wood
distillation contains up to 39, methanol along with a smaller amount of acetone
and a larger amount of acetic acid. The latter is neutralized with lime and the
methanol and acetone are removed and separated by distillation. The
methanol first obtained contains impurities which render it specially suitable
as a denaturant for ethanol. One of these impurities which is now being
separated commercially is diacetyl to the extent of about 3% of the crude
wood alcohol.

The modern method of preparing methanol is from carbon monoxide and
hydrogen. It is produced in important quantities from the Fischer Tropsch
synthesis of gasoline (p. 420).

Methanol has also been made from hydrogen and fermentation carbon
dioxide (CSC).

Although methanol is assumed to be an intermediate in the oxidation of
methane? it is not obtained in that way because it is so much more easily
oxidized than CH,. With a 9:1 mixture of methane and oxygen at 360° and
100 atm. 179, of the methane oxidized was recovered as methanol. Less than
19, of formaldehyde was obtained. The other products were CO, CO; and
H,0. No H; was found.?

Methanol forms azeotropic mixtures (constant b.p.) with many liquids.
Such a mixture with CHCl; (b. 61°) boiling at 53° is useful in separating
methanol (b. 66°) from acetone (b. 56°).# The per cent of the second liquid
and the boiling points of several such mixtures follow: acetone, 86, 56°; carbon
disulfide, 86, 38°; benzene, 60, 58°; carbon tetrachloride, 79, 56°; chloroform,
87, 53°; methyl iodide, 93, 39°; n-hexane, 73, 50°. A commercial azeotrope of
methanol, acetone and methyl acetate (24:48:28) is sold as “Methy! Acetone.”

Dynax (DuPont) is a methanol-benzene blended fuel for speed boats.
Some mixtures of substances which cannot be separated by simple distillation

1 Hibbert et al. J. Am. Chem. Soc. 61, 509, 516, 725 (1939).

2 Bone, Allum. Proc. Roy. Soc. (London) Al134, 578 (1932).

3 Newitt, Haffner. Proc. Roy. Soc. (London) A134, 591 (1932).
4 Ann, Rep. Chem. Soc. (London) 1921, p. 61.
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can be mixed with methanol and fractionated because one forms an azeotrope
and the other does not. If the liquid desired is insoluble in water the methanol
can then be washed out.

Since it forms no azeotrope with water it can be separated from the latter
by careful fractionation (difference from ethanol).

The purest methanol can be obtained:

1. By conversion to the solid compound CaCl;-4 MeOH which can be
heated to 100° to remove all impurities not removable from the methanol by
distillation. Treatment of the compound with water and distillation gives
pure methanol.

2. By conversion to the oxalate, (CO;Me),, and purification by crystalliza-
tion, m. 54°, and treatment with a base, followed by distillation.

As a matter of fact the best grade of commercial synthetic methanol is
practically as pure as any ever obtained.

Acetone in wood distillation methanol can be detected as iodoform (odor,
yellow crystals) by treating with a base and iodine.

Methanol, in common with all compounds containing the group MeO—,
can be determined by the Zeisel methoxyl method which consists in treating with
constant boiling HI, distilling Mel formed, reacting it with AgINO; and deter-
mining the Agl formed.

Methanol dissolves solid carbon dioxide.

The most important reactions of methanol are:

1. Mild oxidation or dehydrogenation to give formaldehyde, H,CO, im-
portant as a disinfectant and as an intermediate in synthetic resins. This is
accomplished at 500-600° in contact with silver or copper gauze either with or
without the admission of air. More vigorous oxidation of methanol gives
formic acid and finally CO,.

Most methods for the qualitative and quantitative determination of
methanol depend on its conversion to formaldehyde.

2. With sulfuric acid to form dimethyl ether, Me,O. Conditions which
might be expected to dehydrate the methanol to give methylene, CH,=, give
ethylene and higher polymers instead. Under other conditions, the acid
sulfate can be formed. This on distillation gives the volatile dimethyl sulfate
{toxic, odorless). 2 MeHSO, — MeS0, + H,S0,.

3. Halide acids yield methyl halides. The chloride is best formed by HCI
and ZnCl; under pressure. The bromide is formed readily from a mixture of
methanol, sodium bromide and concentrated H;SO,.

The action of aleohols with halide acids is very different from that of a base
and an acid. It undoubtedly takes place through the formation of an eoxonium
salt which then decomposes to give the halide.

H—0-—H|*
MeOH + HX = 1\|/‘[ X-=H,0 + MeX
e
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Both these reactions are reversible but the second is less easily reversed.
The fact that HI acts much more readily than HCl with methanol and most
other alcohols is due to the greater ease with which it forms oxonium salts.
The addition reaction to form oxonium ions is probably the first step in all
reactions of alcohols with acidic reagents and catalysts.

In the case of some of the higher alcohols crystalline oxonium salts with
halide acids are obtained (p. 129).

4. With halides of phosphorus to give methyl halides. The only reaction
actually used is that with phosphorus and iodine to give methyl iodide (p. 81).

5. With metals to give methylates (methoxides). Sodium and potassium
react violently giving MeONa and MeOK which erystallize with MeOH. Dry
sodium methylate is available commercially (Mathieson). Aluminum (amal-
gamated to give a clean surface) reacts readily. Even magnesium reacts with
no difficulty (difference from higher alcohols). The easiest way to obtain
absolute methanol is to make a suspension of magnesium methylate in a portion
of the aleohol and add it to the rest. Any trace of water reacts to give in-
soluble MgO.

(Me0):Mg + HO — 2 MeOH + MgO
Magnesium methylate is valuable in removing the last traces of water (0.1-
0.2%,) from ordinary “absolute’” ethyl alcohol for use as a solvent in malonic
ester and acetoacetic ester syntheses and similar reactions in which a small
trace of moisture is very harmful and a little methanol is harmless.

6. With organic acids to give esters (p. 120).

HCO.H + CH;0H = HCO,CH; + H.0

In this case the formic acid is a strong enough acid to require no other
catalyst. In the case of higher acids, it is usual to add a trace of sulfuric acid
or to saturate the mixture of acid and alcohol with dry hydrogen chloride gas.
Since methanol is cheap the reversible reaction can be forced more nearly to
completion by using a large excess of the alcohol.

7. When esters of more expensive acids are needed it is best first to convert
the acid to its chloride by PCl;s or SOCI,

0 0
4 7
RC—C! + CH,OH - RC—OCH; + HCI

This reaction is not reversible.
8. Methanol reacts with fused alkalies to give hydrogen, formates and
finally carbonates.5

CH3OH bd HCOZK + 2 I'Iz d I{QCO,‘{ + H2

9. Methanol combines with many substances as alcohol of ecrystalli-
zation: CaCl;-4 MeOH, MgCl,-6 MeOH, CuS0,-2 MeOH, Ba0O-2 MeOH,

s Fry, Otto. J. Am. Chem. Soc. 50, 1122 (1928).
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MeOK:MeOH ete. Because alcohols readily form such compounds, especially
with CaCl,, the latter is not used to dry them.

10. Boron trifluoride with methyl and ethyl alcohols gives highly conduct-
ing solutions.® This is another example of the tendency for completion of an
octet.

F F -
B:F+R:0:H—-|R:0:B:F| Ht
F F

The linkage between the oxygen and boron is a coordinate link and may also
be represented as follows:

H
N+ -
O—BF, H*[RO— BF,]

R

The chief uses of methanol are:

1. Denaturing ethyl alcohol to free it from beverage taxes. The methanol
is much more toxic than ethyl alcohol. Sub-lethal doses are likely to cause
blindness. When prepared by wood distillation it contains impurities which
give the resulting denatured alcohol a bad taste and odor. During the
prohibition era in the United States many tragedies resulted from the removal
of the disagreeable materials from denatured alecohol without the removal of
the methanol before the mixture was diverted to beverage uses. Ethyl alcohol
completely denatured with methanol (109;) can be used successfully even for
making ethyl esters.

2. Solvent for shellac and varnishes.

3. Antifreeze for engine radiators. Its low MW is an advantage, its
relatively high volatility a disadvantage.

4. Production of formaldehyde for synthetic resins.

5. Methylation of OH and NH, groups of intermediates and dyes.

6. Production of MeCl! as a refrigerant and an intermediate.

Analytical reactions of methanol.”

Ethanol, ethyl alcohol, aleohol, grain alcohol, methylcarbinol, spirits of
wine, CH;CH.OH, b. 78.3°.

The oldest preparation of ethyl aleohol is still the most important, namely
the fermentation of glucose and materials related to it.

Before World War II, practically all ethanol in the U.S.A. was made from
blackstrap molasses, mainly from Cuba. Since then surplus grain has been
used as available. An increasing amount of ethanol has been made from

¢ Ann. Rep. Chem. Soc. (London) 1932, 104.
7 Ahrens. Sammlung Chemische-Technischen Vortrige 1913, 20.
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ethylene by sulfuric acid hydration. Direct catalytic hydration has been
achieved® (Shell). In other countries potatoes and various grains are used as
the source of glucose. During the prohibition era in the United States enor-
mous amounts of crude ““yellow chip”’ glucose from corn starch was used in the
illegal production of alcohcl.

The net reaction for the production of ethanol by the enzymes of yeast is

CeH 206 — 2 C,H;0H + 2 CO,.

Much study of this important process and its by-products has led to the
conclusion that the steps involved include the formation of hexose diphosphate
and its oxidative fission to an equilibrium mixture of phospho-dihydroxy-
acetone and phospho-glyceraldehyde. These then go through pyruvie acid
and acetaldehyde to ethanol.®1?

The fermented liquid contains about 109, ethanol which is concentrated
by careful fractional distillation. The fore-run always contains acetaldehyde.
The alcohol is obtained in various concentrations depending on its ultimate use.
The maximum obtainable is an azeotropic mixture with water containing
95.6% alcohol by weight and boiling at 78.2° whereas absolute ethanol boils
at 78.4°.

Protein impurities in the starting material give fusel oil containing n-propyl,
isobutyl, isoamy! and active amyl alechols together with smaller amounts of a
very complex mixture of higher alcohols and oily compounds.”* The amount
of fusel oil is about 3-11 parts per 1000 of ethanol produced. Part of the
fusel oil is fractionated to give n-propyl, isobutyl and mixed amyl alcchols.
The latter cannot be separated by distillation in any ordinary equipment
(p. 118).

The residue (‘“‘slops”) from the fermentation mixture is worked up for
glycerol and potash salts. The final step is to burn the residue giving an ash
containing about 309, K.0.

During the fermentation, the weight of CO; produced nearly equals that of
the ethanol. This is nearly pure and free from air. It is compressed and
sold as liquid in tanks or as solid Dry Ice for special refrigeration purposes.

Fermentation.1%:16

Another preparation for ethyl alcohol which is assuming increasing com-
mercial importance is the hydration of ethylene from cracked gases.”” The

8 Chem. Ind. 61, 787 (1947).

? Michaelis. Ind. Eng. Chem. 27, 1037 (1935).

10 Embden. Z. physiol. Chem. 230, 1 (1934).

1 Meyerhof, Kiessling. Biochem. Z. 276, 239 (1935).

12 Nord. Chem. Rev. 26, 423 (1940).

13 Fulmer. Brewer’s Digest 1943,

1 Schorigin et al. Ber. 66B, 1087 (1933).

5 Ahrens. Sammlung Chemische-Technischen Vortrdge 1902, 50; 1914, 46; 1924, 48.
8 Chem. Rev. 3, 41 (1926).

17 Ellis.  “Chemistry of Petroleum Derivatives.” Reinhold, 1934. p. 332.
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ethylene is absorbed in sulfuric acid to form ethyl hydrogen sulfate. This is
diluted and heated to hydrolyze the ester to ethyl alcohol. The dilute sulfuric
acid is then concentrated and used again. The cost of concentration has been
reduced to a small fraction of the cost of fresh acid. FEthyl ether is obtained
very cheaply as a by-product of this process. A possible alternative to the
concentrating of the dilute acid is its conversion to ammonium sulfate for
fertilizer.

In 1942 the British were hydrogenating coal to oil, cracking the oil to
ethylene and hydrating the latter to about 100 tons of ethanol per day.

A practical process was developed in Germany for the direct hydration of
ethylene to ethanol. The catalyst consists of WO, and WO; from wolframite,
promoted with 59 ZnO. Ethylene and water are introduced into the top
of a tower reactor packed with catalyst and the reaction proceeds at 200-300
atmospheres and 300° C. A 209, solution of ethanol is obtained from the
bottom of the tower. This continuous process represents an improvement
over the batch hydration of ethylene using sulfuric acid.

This process is claimed to be applicable for Zsopropanol and secondary butyl
alcohol from propylene and butylene, respectively. The shortage of molasses
during World War II and the exhaustion of the surplus grain supply increased
the production of ethanol from ethylene.

It is produced in important quantities from the Fischer Tropsch synthesis
of gasoline (p. 420-1).

A practically unlimited source of glucose for alcohol production exists in the
hydrolysis of cellulose (from sawdust or any cheap vegetable waste) by HCI
under pressure.!+1?

Absolute ethyl alcohol is usually made by treating the 969, alcohol with
fresh quicklime, CaO. Anhydrous alcohol is made commercially by distilling
the 969, alcohol with dry benzene. A ternary mixture of benzene, water and
alcohol distills at 64.8° followed by a binary mixture of benzene and aleohol,
b. 68.2° and finally by absolute alcohol at 78.3°.20.2* The benzene can be
recovered and used again. This method of drying by distillation with dry
benzene is very useful with a variety of organic materials.

Anhydrous ethanol is also prepared commercially by heating the 969,
alcohol with a fused mixture of anhydrous potassium and sodium acetates
(CBC).

Ethanol of 99.59%, can be obtained by a special use of calcium chloride.?

BaO is soluble in absolute alcohol. When such a solution is added to
alcohol containing even a trace of water, insoluble Ba(OH), is formed.

The density of absolute aleohol at 20° is 0.789 while that of 969, alcohol is
0.801.

18 Bergius. Chemistry & Industry 1933, 1045,

18 Johnson. Chem. Inds. 56, 226 (1944).

20 Keyes. Ind. Eng. Chem. 21, 998 (1929).

2 Othmer, Wentworth. Ind. Eng. Chem. 32, 1588 (1940).
22 Noyes. J. Am. Chem. Soc. 56, 226 (1923).
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Highly purified ethanol lacks the burning taste of the ordinary substance.

Proof spirit (U.S.) contains 509, ethanol by volume. Thus 909, alcohol
(by volume) is 180 proof and absolute alcohol is 200 proof. In Great Britain
proof spirit is 49.3%, ethanol by weight or 57%, by volume. A distilled liquor
was originally defined as proof spirit if when poured over gun powder and
lighted, it would burn and finally ignite the powder. If the ethanol content is
less than 49.39) by weight the water left after the burning of the alcohol is
sufficient to prevent the powder from burning.

Denatured alcohol is ethanol containing materials which prevent its use
as a beverage. It is exempt from the tax on beverage alcohol. The nature of
the denaturants used varies in different countries and at different times. The
commonest are crude wood alcohol, benzene, and pyridine bases.

Alcohol finds very wide and increasing uses in industry. About 409, of
the production in the United States is used in antifreeze for automobiles. It
is a valuable solvent and chemical intermediate. Ethanol has been widely
used outside the United States as a motor fuel both alone and mixed with
gasoline (petrol). Absolute alcohol is fairly soluble in gasoline. The absorp-
tion of a small amount of water causes a separation of aqueous alcohol. This
can be prevented by adding to the mixture benzene and higher alcohols.

Ethanol is used for preserving biological specimens. Because of its affinity
for water (48 ce. H:O 4 52 cc. abs. EtOH give only 96.3 cc. of mixture, all
measured at 20°) it is used for dehydrating such materials. For this purpose
it should be free from traces of aldehyde. This is best removed by adding a
small amount of potassium hydroxide and zine dust or sodium amalgam,
refluxing and then distilling the alcohol.?

In pharmaceutical chemistry, solutions in ethanol are known as tinctures.

Ethyl alcohol has been isolated in minute amounts from brain, blood and
liver of non-alcoholic humans, dogs and pigs.®

Ethanol unites with CaCl, and other salts as methanol does, forming
CaCl;.4 EtOH etc.

Ethanol gives reactions similar to those of methanol:

1. Dehydrogenation and oxidation give acetaldehyde, CH;CHO. The
easiest small scale preparation is by the oxidation of ethyl alcohol with ““‘chromic
acid mixture” (a dichromate and sulfuric acid). Although acetaldehyde is
much more sensitive to oxidation than ethanol, this process is effective because
of the greater volatility of acetaldehyde, b. 20°. More vigorous oxidation of
ethanol gives acetic acid which is stable to oxidation. Oxidation with half the
theoretical amount of chromic acid mixture gives ethyl acetate.

Oxidation with nitric acid involves the methyl as well as the carbinol group,
the products including glycolic acid, glyoxal, glyoxylic acid and oxalic acid.
In the presence of bases alcohol is readily oxidized even by air. The aldehyde

2 Stout, Schuette. Ind. Eng. Chem., Anal. Ed. 5, 100 (1933).
2 Gettler et al. Mikrochemie 11, 167 (1932).
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formed is changed to resinous materials by the base. Aleoholic potash (KOH)
is a reducing agent especially for nitro compounds.

2. Treatment with sulfuric acid gives diethyl ether or ethylene according
to the conditions. p-Toluene sulfonic acid (a by-product of saccharin manu-
facture) is sometimes used in place of sulfuric acid because it gives fewer side
reactions. The best way to make pure ethylene from ethanol is by passing
its vapor with superheated steam over a dehydrating catalyst such as Al,O; at
about 350°. At about 300° alumina gives a good yield of ether and very little
ethylene.?®

Ethanol with sulfur trioxide gives beta hydroxyethane sulfonic acid,
isethionic actd. 'There is ulso formed the acid sulfate of this acid,

IIOSOg - 0CH2CH2803H, :
ethionic acid.

3. The reactions with halide acids and halides of phosphorus are the same
as with methanol.

4. The reactions with metals are the same as with methanol except that
magnesium does not react readily. Aluminum gives AI(OEt)s, m. 130°, which
can be distilled under reduced pressure (b. 205°/14 mm.) and serves as a useful
catalyst and reagent. Aluminum alkoxides unite with alcohols to form
alkoxyacids (Meerwein). Al(OR); + ROH — Ht[AI(OR) }~. These are
strong acids which can be titrated with indicators. The acid radical bears a
striking resemblance electronically to those of sulfuric, phosphoric and per-
chloric acids, each involving a system of a central atom, four oxygen atoms, and
32 electrons. Sodium ethylate or ethoxide, EtONa-2 EtOH, is converted to
EtONa at 200°.

The treatment of nearly anhydrous ethanol with metallic sodium will not
remove the last trace of water because of the equilibrium

CszoH + NaOH = CszON& + Hzo

If Mg (OMe); is used, the last traces of water are removed because no soluble
base is formed. Metallic calcium can be used because the Ca(OH); and CaO
formed are insoluble. Boiling absolute ethanol with BaO gives a precipitate of
Ba(OEt)..

5. Ethanol reacts with acids to form esters slightly less rapidly than
methanol.

6. It reacts with acid chlorides and acid anhydrides to give esters. Ethyl
benzoate, CsHsCO,;Et, has a characteristic odor. The p-nitro compound,
NO,C¢H,CO.Et, m. 57° whereas the Me ester m. 97°. . The Me and Et esters
of 3,5-dinitrobenzoic acid m. 107.8° and 92.7° respectively.

7. With fused alkalies ethanol at 500° reacts to give hydrogen and acetates
and then carbonates and methane! (Methanol, p. 105).

8. Ethanol reacts with chlorine to give chloral, CLCCHO.

% Alvarado. J. Am. Chem, Soc. 50, 790 (1928).
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9. The formation of iodoform by treatment with a base and iodine is not a
test for ethanol unless substances such as acetaldehyde, acetone and isopropyl
alcohol are absent (p. 91).

Reactions of Ethyl Alcohol.?®

Propyl Alcohols

1. Normal propyl alcohol, 1-propanol, ethylcarbinol, CH;CH,CH,OH, b.
97°, constitutes 3-79%, of the fusel oil from ordinary alcoholic fermentation.
The amount is so small that most distillers do not separate it. The fusel oil
from the Nipa palm of the Philippines is said to contain more propyl and butyl
alcohols than other fusel oil.

n-Propyl alcohol is now available in considerable amounts as a by-product
of the action of CO and H, (p. 420).

The reactions of n-propyl alcohol, a typical primary aleohol, RCH,OH, are
like those of ethyl aleohol. For instance oxidation, as with all primary alcohols,
gives an aldehyde and then an acid of the same carbon content as the alcohol,
in this case EtCHO, propionaldehyde, and EtCO,H, propionic acid.

n-Propyl alcohol heated with an equimolecular amount of Na n-propylate
under pressure at 250° undergoes a change characteristic of primary and
secondary alcohols, RCH,CH;OH and RMeCHOH,?" in which the net result
is the removal of the ONa group with an alpha hydrogen (on carbon next the
carbinol group) from another molecule to form NaOH and 2-Me-1-pentanol.
By more vigorous treatment it is possible to obtain “tripropyl alcohol,”
probably 2,4-Me,-1-heptanol.?®

PrONa 4+ HCH(Me)CH,OH — PrCH(Me)CH,0H
— PrCH(Me)CH,CH(Me)CH,OH

1-Propanol with fused alkalies at 500° gives methane and H; in the ratio
4:1 and carbonates (Methanol, p. 105). Some carbonization takes place.

2. Isopropyl alcohol, 2-propanol, “isopropanol,’” Petrohol, Tkohol, dimethyl-
carbinol, (CH;);CHOH, b. 82.4°,

This aleohol is available in practically unlimited amounts from the hy-
dration of propylene from cracked gases. The propylene is dissolved in sulfuric
acid, the isopropyl hydrogen sulfate is diluted and hydrolyzed by heating.
The isopropyl alcohol is distilled out and the dilute sulfuric acid is concentrated
for re-use. The product finds many uses formerly filled by ethyl aleohol.
About 0.29, of methylisobutylearbinol is obtained as a by-product. No
n-PrOH is formed even under favorable conditions for peroxide formation.?®
Diisopropyl! ether is obtained as a by-product at a cost less than that of or-
dinary ethyl ether.

2% Morris. Chem. Revs. 1932, 465,

27 Guerbet., Compt. rend. 128, 511 (1899).

28 Weizmann, Bergmann, Haskelberg. Chemistry & Industry 1937, 587.
28 Brooks. J. Am. Chem. Soc. 56, 1998 (1934).
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Isopropyl alcohol cannot be used in beverages and is not subject to the
legal restrictions of ethyl alcohol.

Formerly isopropyl alecohol was obtained by the reduction of acetone.
Now acetone is made by the catalytic dehydrogenation of isopropyl alcohol.

Isopropyl alecohol forms an azeotrope with 129, water, b. 80.4°. It forms
many other azeotropes. The following give the per cent isopropyl alcohol and
the boiling point of the azeotrope with the substance indicated: chloroform,
4.2, 60.8°; CCly, 18, 67°; ethylene dichloride, 45, 74°; trichloroethylene, 28,
74°; tetrachloroethylene, 80.6, 81.7°; n-hexane, 22, 61°; cyclohexane, 33,
68.6°; benzene, 33.3, 71.9°; toluene, 69, 80.6°.

The reactions of isopropyl alcohol, a typical secondary alcohol, RR’CHOH,
differ from those of its normal isomer in several respects.

1. Ether formation is more difficult.

2. Dehydration to olefins is easier.

3. Reaction with metals is more difficult.

4. Esterification with acids is much slower.

5. Oxidation gives the three carbon ketone, acetone, CH;COCH;, instead
of an aldehyde as obtained from a primary alcohol. The ketone is rather
stable to oxidation whereas the aldehyde is readily oxidized to an acid of the
same number of carbon atoms. More vigorous oxidation converts the acetone
to acids but only by breaking the carbon chain thus giving acetic and formic
or carbonic acids. This difference between 1-propanol and 2-propanol on
oxidation is general for all primary and secondary alcohols, RCH,OH and
RR’CHOH.

6. It reacts in a complex way with bromine giving mainly brominated
acetones such as BrCH,COCBr; and isopropyl bromide.

7. The Guerbet condensation proceeds much as with 1-propanol. Alkalies
or the alcoholate and the alcohol give condensation products between two or
more molecules. As usual an alpha H atom is involved. The chief products
are ‘‘diisopropyl alcohol,” 4-Me-2-pentanol, methylisobutylearbinol and “tri-
isopropyl alcohol,” 4 6-Me,-2-heptanol. Fused alkalies at high temperature
(500°) give carbonates, methane and H; quantitatively without any carboniza~
tion (Methanol, p. 105).

Butyl Alcohols

Unlike the lower alcohols these are not completely soluble in water, except
t-butyl alcohol.

1. Normal butyl alcohol, 1I-butanol, “Butanol,” n-propylcarbinol,
CH,CH.CH,CH,OH, b. 117.7°.

Since World War I this has been the most largely used of the butyl alcohols.
Larger amounts of acetone were needed for smokeless powder manufacture
than could be made from pyroligneous acid even by converting the calcium
acetate into acetone. A fermentation process was developed for producing
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acetone®® (C.8.C.). This yielded twice as much normal butyl alcohol as
acetone. The alcohol had no adequate outlet until the development of the
modern lacquer industry. Then acetone became the by-product. Other by-
products are ethanol, hydrogen and carbon dioxide. The latter two were
formerly converted into methanol catalytically.

The mechanism of the butylic fermentation may involve the aldol con-
densation of acetaldehyde formed from pyruvic acid (p. 107).2 The following
disproportionation could take place

2 MeCHOHCH.CHO — MeCH,CH,CH,OH 4+ MeCOCH,CO,H

The acetoacetic acid on decarboxylation would yield CO, and acetone.

The supply of 1-butanol is limited only by the demand since it is a primary
product and the process starts with corn or molasses.®

n-Butyl acetate is made by the reduction of crotonic aldehyde by metals
and acetic acid.

n-Butyl alcohol is also made by the catalytic hydrogenation of crotonic
aldehyde (C. and C.).

1-Butanol is found in minute amounts in fusel o0il.®* This is probably
formed from the small amount of norvaline in the proteins of the molasses.

Along with other higher alcohols, n-butanol is also produced in important
quantities from CO and H; by the Fischer-Tropsch synthesis (p. 420).

The reactions of 1-butanol are essentially like those of ethyl alcohol.

2. Isobutyl alcohol, 2-methyl-1-propanol, isopropylearbinol,

(CH;),CHCH.0H, b. 108°.

This is the longest known of the butyl alcohols, being obtained from fusel
oil formed in ordinary alcoholic fermentation. The amount available from
this source is relatively small. Isobutyl aleohol is not formed from glucose
but from valine, obtained by the hydrolysis of the protein impurities in the
fermenting mixture. The zymase of the yeast removes CO, and hydrolyzes
off ammonia.

Me,CHCH(NH,)CO.H 4+ H.O — Me;CHCH,OH + NH; 4 CO,

Valine

The valine is dextro rotatory but no asymmetric carbon is left in isobutyl
aleohol. Fermentation isobutyl alcohol contains a minute impurity of a
nitrogen compound which gives a scarlet color with sodium pentacyanosulfito-
ferroate.® It is possible to distinguish the fermentation and synthetic isobutyl
alcohols by this test in 1:1000 dilution in water.

30 Weizmann, C. 4. 13, 1595 (1919). Fernbach, Strange. C. 4.7, 206 (1913).
3t Johnson, Peterson, Fred. J. Biol. Chem. 101, 145 (1933).

= Killeffer. Ind. Eng. Chem. 19, 46, (1927).

® Emmerling. Ber. 35, 694 (1902).

3 Baudisch. Biochem Z. 232, 35 (1931).
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Isobutyl alcohol is a by-product of synthetic methanol manufacture.?® In
Germany, it was prepared by a modification of the methanol synthesis using
240 atmospheres and 430° C. and a catalyst consisting of zinc and chromium
oxides. The starting materials are CO and H, from the usual synthesis gas
sources. One plant had a crude isobutanol output of 40 T/D. Actually,
methanol was formed also in ratio of 5:1 to isobutanol, but was recycled until
converted to isobutanol.

Isobutyl alcohol gives the reactions typical of a primary alcohol except
that the presence of the branched chain next to the carbinol group makes
rearrangements unusually easy. Thus if the directions for converting n-butyl
alcohol to its bromide by sodium bromide and sulfuric acid are applied to
isobutyl aleohol a much poorer yield is obtained. Considerable amounts of
tertiary butyl bromide and isobutylene and its polymers are obtained. A
good example of the tendency for rearrangement is the fact that isobutyl
alcohol with HBr gives 119 tertiary butyl bromide.*®* The best preparation of
isobutyl bromide is however by means of gaseous HBr. Its preparation with
PBr;is less satisfactory. This type of reaction is usually represented as follows:

3 ROH + PBr; — 3 RBr + H;POs

As a matter of fact the reaction is much more complex. It is probable that the
primary reaction involves the formation of an alkyl phosphite, (RO);P and HX.
These react in steps giving (RO).POH, ROP(OH),, P(OH); and RX.*% If
this is correct it would seem desirable to pass a stream of HX gas through
the mixture during the reaction.

The extreme case of rearrangement of isobutyl aleohol is obtained in
dehydration at high temperatures which gives normal butylenes as well as
isobutylene. In this case a methyl group rearranges. It has been shown that
this rearrangement depends on the presence of acid (Ipatieff). Dehydration
of isobuty! aleohol with Al,O; completely free from acid gives pure isobutylene.

Isobutyl alcohol with fused alkalies at 500° gives much carbonization.
This is apparently characteristic of alcohols having at least the chain CCCO,
and is in sharp contrast to the behavior of isopropyl and tertiary butyl
alcohols.??

3. Secondary butyl alcohol, 2-butanol, methylethylcarbinol,
CH,;CH,CHOHCHj;, b. 100°.

This aleohol is available from the hydration of n-butylenes from cracked
gases by sulfuric acid. The isobutylene is first removed by more dilute acid
than that necessary to dissolve the n-butylenes.

In addition to the preparation from the butylenes, 2-butanol can be ob-
tained as follows:

3 Frolich, Cryder. Ind. Eng. Chem. 22, 1051 (1930).

% Michael, Zeldler. Ann. 393, 81 (1912).

#%a Ann. Rep. Chem. Soc. (London) 1918, 31.
7 Fry, Otto. J. Am. Chem. Soc. 50, 1122 (1928).
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1. By reduction of methyl ethyl ketone obtained with acetone in wood
distillation. Now the pure ketone is obtained from the secondary alcohol by
dehydrogenation (Shell). The reduction of a ketone is a general method for
making secondary alcohols. Some bimolecular reduction product (a pinacol)
is practically always formed as a by-product (p. 209).

2. The action of ethylmagnesium halide with acetaldehyde.

EtMgBr 4+ MeCHO — EtCHOHMe

The same product is obtained from MeMgX and propionaldehyde but the
starting materials are more expensive. In general, secondary alcohols,
RR’'CHOH, can be made in this way by the proper selection of the aldehyde
and Grignard reagent provided the R groups are not both tertiary.s

Since 2-butanol has an asymmetric molecule it can exist in two enantio-
morphic optically active forms, dextro-rotatory and levo-rotatory. The
synethetic material contains these in equal amounts (racemic mixture) and is
optically inactive. Treatment with phthalic anhydride gives the acid phthalic
esters, CsH4(CO:H)CO.R. The acid esters formed by the d- and Il-alcohols
are still enantiomorphic and cannot be separated because their properties are
identical except their behavior to plane polarized light. The racemic mixture
of the two acid esters is then treated with an optically active base, such as
d-brucine. This gives two salts which may be represented as d-acid -d-brucine
and l-acid-d-brucine. These salts are no longer enantiomorphs, parts of the
two molecules are asymmetric and enantiomorphic and parts are asymmetric
and identical. In such pairs of substances the properties are not identical.
In this case there is enough difference in solubility between the two salts to
allow their separation by fractional crystallization. The progress of the
separation can be followed by the optical rotation of each of the fractions.
When material is obtained which has the same specific rotation after repeated
crystallizations the separation is assumed to be complete. The product is then
treated, first, with acid to remove the brucine, and then with alkali to liberate
the alcohol.

This process for resolving racemic mixtures of asymmetric secondary
alcohols is due to Pickard and Kenyon and has been widely used.?*

The specific rotation: [a;] = %}Q‘%E in which e is the angle through which the
plane of polarization of the light is rotated by a solution of ¢ grams in 100 g.
of solution of density d in a tube ! decimeters long. Values for the dextro-
rotatory form for the D line of the sodium spectrum are

[aT%p, 4+13.87°; [«]%p, +12.48°.
The reactions of 2-butanol are those of a secondary alecohol like isopropyl
alcohol. Thus it esterifies more slowly than its primary isomers. With

3¢ Conant, Blatt. J. Am. Chem. Soc. 51, 1227 (1929).
3 “Org. Reactions,” II, p. 376.
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oxidizing agents it forms methyl ethyl ketone which gives acetic acid on more
vigorous oxidation. With fused alkalies it gives “di-sec-butyl alcohol,”
5-Me-3-heptanol. A hydrogen of the methyl group reacts rather than one
from the alpha methylene group.

EtMeCHONa + HCH,CH(OH)Et — EtCH(Me) —CH,CH(OH)Et

4. Tertiary butyl alcohol, trimethylcarbinol, (CH3);COH, b. 82.8°, m. 25.5°.

This alcohol is readily available from the hydration of isobutylene from
cracked gases. Its supply is dependent on the demand for secondary butyl
alcohol. Whether there are adequate uses for tertiary butyl aleohol or not,
the isobutylene must be taken out to avoid contamination of the secondary
butyl alcohol by the tertiary. This is done by a more dilute sulfuric acid than
will absorb the n-butenes.

The reactions of tertiary butyl alcohol are typical of tertiary alcohols and
are radically different from those of primary and secondary alecohols.

1. Acids.

(a) Even dilute inorganic acids dehydrate it on heating to give isobutylene.

(b) Concentrated halide acids or the gaseous hydrogen halides react rapidly
and completely giving tertiary butyl halides and water. The reaction is almost,
like that between an acid and a base.

(¢) Organic acids form esters very slowly and incompletely. This is the
reason an impurity of a tertiary alcohol in a secondary alcohol is harmful since
the chief use of the latter is in making esters for solvents.

2. Acid chlorides present an interesting series of reactions with i-butyl
alcohol as with other tertiary alcohols. Acetyl chloride in the cold gives ¢-
butyl chloride and acetic acid quantitatively. When the two reagents are
heated, a nearly 1:1 mixture of chloride and acetate is obtained. The acetate
can be obtained in quantitative yield by adding dimethylaniline to combine
with the HCI as fast as liberated in the normal reaction.

Me;COH 4+ MeCOCI — HCl + MeCO,CMe;

If the HCI is not removed it reacts more or less completely with the tertiary
ester to give the chloride and acetic acid.

3. Another evidence that tertiary butyl alcohol is more “basic’” than
“acidic’’ is the slowness with which it reacts with the alkali metals.

4. With bromine, there is no chance for oxidation as with the primary and
secondary aleohols. Instead, a dibromide is formed corresponding to the
olefin which would be obtained by dehydrating the alcohol, namely, iso-

butylene.
Me,C(OH)CH; + Br; — Me.CBrCH,Br + H,O

5. Fused NaOH at 500° gives sodium carbonate and methane quantita-
tively.4®
1 Fry, Otto. J. Am. Chem. Soc. 50, 1122 (1928).
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6. Mild oxidizing agents have no effect on tertiary butyl aleohol. More
vigorous ones split it into acetone, acetic acid and CO,. Acid oxidizing agents
give a peculiar by-product, isobutyric acid, Me,CHCO,H.#* Probably the
first step is the dehydration to isobutylene followed by oxidation with re-
arrangement. The activated form of the olefin may add an oxygen atom from
the oxidizer to form a carbonium ion in which an electron pair with its attached
proton migrates to form isocbutyraldehyde which is then oxidized to the acid.

Me:C:G: + 0: —> MeC:G:0:
H *H

Hy
H

MesC:Ci:0 ——  Me;CHCO:H
H
Similar processes take place in the oxidation of diisobutylene and triiso~
butylene.*
i-Butyl alcohol and 309, hydrogen peroxide react to give ¢-butyl peroxide
which is unusually stable.®

Amyl Alcohols

All eight of the theoretically possible structural isomers have been prepared.

1. Normal amyl alcohol, 1-pentanol, n-butylearbinol, CH3;(CH,);CH,OH,
b. 137°.

This alcohol has recently become available by the hydrolysis of 1-chloro-
pentane formed by the direct chlorination of pentane from natural gasoline
(Sharples). Before that, it could be prepared from a n-butyl Grignard reagent
and formaldehyde. Before n-butyl alcohol was available it could be made
from n-propyl Grignard reagent and ethylene oxide. An addition compound
is first formed which on heating gives a derivative of the desired alcohol.
Decomposition of the first product with acid gives propane and ethylene glycol.

heat
CquO . RMgX ————> CzH7CHch20MgX - CsHuOH

This is a general method for building up higher primary alechols from primary
and secondary halides. It fails with tertiary Grignard reagents.

Another method of preparation is the reduction of ethyl n-valerate with
sodium and alcohol.** The ester is made by converting n-busyl halide to the
cyanide and then treating with ethyl alecohol and sulfuric acid. Reduction of
the ester with hydrogen and copper chromite catalyst also gives n-amyl
alcohol .48

4 Butlerow. Z. Chem. (2) VII, 484 (1871).

2 Whitmore et al. J. Am. Chem. Soc. 56, 1128, 1397 (1934).

% Milas, Harris. J. Am. Chem. Soc. 60, 2434 (1938).

@ Bouveault, Blanc. Chem. Zentr. 1905, 11, 1700.
# Adkins. The University of Wisconsin Press, 1937,
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Minute traces of nm-amyl alcohol have been identified in fusel oil. It is
probably formed from norleucine, in the same way that isobuty! alcohol is
formed from valine. Older attempts failed to find this alcohol in fusel oil.
Thus Tissier*® fractionally distilled 1600 1. of fusel oil in the search for this
alcohol which was believed to be present because the dehydration of fusel oil
amyl alcohol gave some normal amylenes. It is now known that these come
from the rearrangement of sec-butylearbinol.

n-Amyl alcohol gives the reactions of primary alcohols.

2. Secondary butylcarbinol, “‘active amyl alcohol,” 2-methyl-1-butanol,
CH;CH,CH(CH3)CH,0OH, b. 128°.

This alcohol has long been available in fusel oil, mixed with about seven
times as much isoamyl alcohol. The separation has been difficult. Active
amyl alcohol is so called because of its optical activity. It is formed during
fermentation from isoleucine derived from the proteins in the material fer-
mented.*” The net change is

MeEtCHCHNH,CO.H + H.0 — MeEtCHCH.OH + CO, 4+ NH;

The isoleucine has two asymmetric carbons and is optically active as are
practically all natural products which have asymmetric molecules. In the
change to the alcohol only one of the asymmetric atoms is rendered sym-
metrical. Hence the product is still optically active. Although it is levo-
rotatory, [a]¥® = —5.9° it is called p-amyl alcohol because on oxidation it
gives p-valerianic acid (p-methylethylacetic acid).#®* This apparent inconsist-
ency in the naming of optically active compounds is general. The symbols
p- and 1~ simply show the chemical relationship of the substance named to
some standard reference substance. Thus p-fructose is levorotatory. It is
called p- because its number 5 carbon atom has the same configuration as p-
glyceraldehyde, the standard reference substance for naming all optically active
compounds.

The separation of pure optically active sec-butylcarbinol was extremely
difficult until distilling columns having the equivalent of one hundred the-
oretical plates were used to distill fusel oil.#* %°

The proportion of “active’” amyl alcohol in amyl alcohol from fusel oils
varies very decidedly according to the material fermented. Apparently the
largest amount is obtained in the fermentation of beet-molasses.

At present the best source for racemic secondary-butylcarbinol is the
hydrolysis of 1-chloro-2-methylbutane obtained by chlorinating isopentane
(Sharples) and as a by-product in methanol synthesis. Obtained thus, the

% Tissier. Bull. soc. chim. (3) 9, 100 (1893).

4 Ehrlich. Ber. 40, 1027 (1907).

48 Marckwald. Ber. 35, 1595 (1902).

4 Whitmore, Olewine. J. Am. Chem. Soc. 60, 2569 (1938).
% Fenske et al. Ind. Eng. Chem. 28, 644 (1936).
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alcohol is optically inactive, being a racemic mixture of the d- and I-forms in
equal amounts. It was produced in Germany by the following steps:

1. Condensation of acetaldehyde with propionaldehyde in the presence of
alkali,

2. Dehydration of the resulting aldol.

3. Hydrogenation of the resulting tiglic aldehyde.

alkali H
CH;—CHO + CH;CH,CHO— CH;—COH  —H,0 CH;—CH H,
| — I —
CHa—g—CHO CH;—C—CHO
CH;—CH,

|
CH;—-C-CH.OH

sec-Butylearbinol has also been made synthetically by use of the secondary
butyl Grignard reagent with formaldehyde.

The reactions of this alcohol are like those of isobutyl alcohol, that is, the
reactions of the primary alcohol group are complicated by the adjacent tertiary
H and the fork in the chain. Thus it gives some tertiary halide and on de-
hydration gives some normal amylenes.5!

3. Isoamyl alcohol, 3-methyl-1-butanol, isobutylearbinol,

(CH3).CHCH.CH,OH, b. 131°.

This is the principal amyl alcohol in fusel oil. It is formed during fer-
mentation from leucine. The optical activity of the latter is lost during the
decarboxylation and deamination. The chief use of fusel oil is for making
crude amyl acetate (banana oil) as a solvent. For this purpose, it is usually
not worth while to remove the n-propyl alcohol (59,) and the isobutyl alcohol
(209%,) before esterification. Before the introduction of nitrocellulose lacquers,
this was adequate as an ester-type solvent. Then the production of amyl
alcohol from fusel oil could not be expanded to meet the new need because of its
by-product nature. The need has been met by n-butyl aleohol from corn or
molasses (C.S.C.), by amyl alcohols from the pentanes (Sharples), by sec-
butyl and sec-amyl alcohols from cracked gases (Stanco, Shell) and by n-
propyl, isobutyl and higher alcohols obtained as by-products in the action of
hydrogen and carbon monoxide (DuPont).

The reactions of isoamyl alcohol are those of a primary alcohol.

Ordinary dehydration of isoamyl alcohol gives rearranged products in ad-
dition to isopropylethylene, since that substance readily rearranges to Me;-
ethylene in presence of the acid dehydrating agent.

4. Neopentyl! alcohol, dimethylpropanol, t-butylcarbinol, (CH;)sCCH.OH,
b. 113°, m. 50°.

* Tigsier. Bull. Soc. Chem. (3) 9, 100 (1893).
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This aleohol is prepared from #-butylmagnesium chloride and formaldehyde.
Another preparation is by the reduction of an ester of trimethylacetic acid
with sodium and absolute alcohol.

Neopentyl alcohol is formed in nearly quantitative yield in an unusual
reaction between Mes-acetyl chloride and an excess of +-Bu Grignard reagent.
MeysCCOCI 4 2 MesCMgCl — Me;CCH,OMgCl + 2 Me.C=CH, + MgCl,
The acid chloride is first reduced to the aldehyde which is then further reduced
to the alcoholate.®® The absence of copper salts is necessary for such reduc-

tions.5%

The reactions of neopentyl alcohol give the clue to the rearrangements of
alcohols and related compounds. Reagents which do not disturb the electronic
link C:0 act normally. Thus alkali metals, oxidizing agents, organic acids
and acyl halides give good yields of products containing the neopentyl system
of one carbon with four carbons attached to it. On the other hand, reagents
which ordinarily replace or remove the OH group, such as halide acids, in-
organic acid chlorides, and dehydrating agents, produce mainly ¢-amy! deriva-
tives or the related olefins such as Mes-ethylene.* The alcohol dissolves in
cold concentrated sulfuric acid. On dilution and neutralization, the alcohol
can be recovered. The cold alcohol will slowly absorb slightly more than 1
mol of dry HBr gas. The latter can be driven out quantitatively by a stream
of inert gas. It can also be washed out with water, leaving the unchanged
alcohol. Each of these combinations probably consists of an oxonium salt
which is stable at ordinary temperature. Heat gives {-amyl derivatives and
amylenes. Presumably, the decomposition of the oxonium compound removes
the oxygen as water with its complete octet of electrons, thus leaving the
carbon with only six electrons (an “open sextet’’) with the formation of a
neopentyl carbonium ion which immediately rearranges to the more stable
t-amyl carbonium ion, which then gives the observed products (p. 298). The
rearrangement is not complete since about 59 of neopenty! bromide can be
obtained by allowing the aleohol, saturated with dry HBr, to stand in a sealed
tube for several months. The older conception that neopentyl alcohol first
gives a neopentyl chloride which is unstable and rearranges to a t-amyl chloride
is exploded by the fact of the stability of neopentyl chloride (p. 83).

The fact that neopentyl alcohol reacts with organic acids to give neopentyl
esters which can be hydrolyzed or saponified back to neopenty! alcohol without
any formation of ¢-amyl derivatives shows that these processes do not involve
a breaking of the C:O linkage in the alcohol or the ester. This agrees with
the accumulated evidence that esterification of an alcohol and a carboxylic
acid involve their H and OH groups respectively.®

5 Greenwood, Whitmore, Crooks. J. Am. Chem. Soc. 60, 2028 (1938).
5% Whitmore et al. J. Am. Chem. Soc. 63, 643 (1941).

5 Cook, Percival. J. Am. Chem. Soc. 71, 4141 (1949).

5 Whitmore et al. 54, 3274, 3431, 3435 (1932).

% Norris, Cortese. J. Am. Chem. Soc. 49, 2640 (1925).
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This mechanism for esterification and hydrolysis of esters is confirmed by
the results obtained using water containing O'8 in the acid or base catalyzed
hydrolysis which results in the retention of all of the heavy oxygen by the
acid.%6-58

Thus added weight is given to the conception that both esterification and
hydrolysis take place through addition to the carbonyl group.ss 0

OH OH
/ s
MeC=0 + ROH = Me—C—OH = MeC=0 + HOH
N N
OR OR

The initial step in each process is the addition of H ion to the oxygen of the
carbonyl group of the acid or ester.

A more modern conception can be obtained by a consideration of oxonium
ions and carbonium ions and their relation to hydrogen ion (hydronium ion).
These will be considered first electronically and then in abbreviated form.
Water and hydrogen halide gas give halide ions and hydronium ions.

.s .. .. .e .. - .. +
:X:H+:0:H—|:X:H:0:H|—-»|:X:} +|H:0:H
H H H

The formation of the intermediate complex is due to hydrogen-bonding (p.
237) of the X and O. Similarly, alcohols can form oxonium ions. When
water is removed, usually by heat, the C formerly attached to O is left with
only 6 electrons instead of the stable complement of eight. This leaves the C
with a unit positive charge. It should be emphasized that the resulting
carbonium ion is unlike stable ions having completed octets of electrons.®-

.. + ..
R:0:H - :0:H + R+

H H
Oxonium ion Carbonium ion

Carbonium ions can be formed not only by such a process of “subtraction” but
also by addition of a proton or other electrophilic agent (BF;, AlICI; ete.) to a

multiple linkage.®® Thus
H+ +
R~CO,H — R—C(OH).

% Mumm. Ber. 72, 1874 (1939).

57 Datta, Day, Ingold. J. Chem. Soc. 1939, 838.

8 Polanyi, Szabo. Trans. Faraday Soc. 30, 508 (1934).

5 Wegscheider. Monatsh. 16, 75 (1895); 18, 629 (1897).
8 Henry, Ann. Rep. Chem. Soc. (London) 1910, 66.

8t Whitmore. J. Am. Chem. Soc. 54, 3274 (1932).

82 Chem. Eng. News. 26, 668 (1948).

8 Treffera, Hammett. J. Am. Chem. Soc. 59, 1708 (1937).
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Carbonium ions can readily satisfy their electronic deficiency by coordination
with substances like water and alcohols to produce oxonium ions which lose
protons to give stable products.

Returning to the mechanism of esterification, the initial step is the addition:
of a proton to the carboxyl group to give a carbonium ion. This coordinates
with ROH. The resulting complex loses a proton to give the intermediate
assumed by Henry.

ROH
ROH -
H-CO:H + H*— H"‘é(OH)g — H—-C(OH);: — H* + H-C(OH),(OR)

A proton from the catalyst can attack this complex at a free electron pair of
either an OH or OR group. If the former is attacked, the resulting oxonium
ion can lose water leaving the carbonium ion, H—C+(OH)(OR) which expels
a proton leaving the ester H—CO.R. If the attack is on the OR group, the
resulting oxonium ion can lose ROH and the final result is the acid. The
above mechanism also gives a rationalization of the experimentally observed
instability of the groupings C(OH), and C(OH)(OR). Similar principles hold
for C(OH)C! and C(OH)(NH,).

5. 2-Pentanol, methylpropylearbinol, CH;CH.CH.CHOHCH,, b. 119° is
another of the amyl alcohols from chlorinated pentane (Sharples). The
hydrolysis of 2-chloropentane gives considerable olefin and consequently a
poorer yield of alcohol than the hydrolysis of the primary halides.

2-Pentanol is also available from the hydration of 1-pentene obtained in the
cracking process (cf. isopropyl and secondary butyl alcohols) (Shell). Com-
mercial secondary amyl alcohol from cracked gases contains the 2- and 3-
isomers in the ratio 4:1.%

2-Pentano! made by either of these methods always contains 3-pentanol.
To obtain the pure alcohol it is best to use the general method for making a
secondary alcohol, namely the action of a Grignard reagent on an aldehyde.
The desired result can be obtained from acetaldehyde and n-propyl Grignard
reagent or from n-butyraldehyde and mathyl Grignard reagent. The d-form
of the alcohol has been obtained, [ =+13.7°.

Another general method for making secondary alcohols is the reduction of
ketones. In this case methyl propyl ketone would be used. This could be
made through the acetoacetic ester synthesis using ethyl bromide as the halide
and splitting the final product with dilute alkali and acid (p. 366). The
reduction of ketones practically always gives as by-products pinacols, in this
case 4,5-dimethyl-4,5-octandiol.

2-Pentanol shows the usual reactions of secondary alcohols. If halides are
made from it by the ordinary methods (acid and heat) a mixture of the 2- and
3- compounds is obtained. Thionyl chloride and pyridine give the pure 2-
chloropentane.

8 Brooks. Ind. Eng. Chem. 27, 278 (1935).
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6. 3-Pentanol, diethylearbinol, (C.H;).:CHOH, b. 117°, is obtained from
3-chloropentane in the usual way (Sharples).

Before this method was available it could be made by the Grignard reaction
in two ways: (a) Propionaldehyde and EtMgX (b) Ethyl formate and EtMgX.

The action of a Grignard reagent with a formate is a general method for
making symmetrical secondary alcohols of the type R,CHOH.

Another preparation is by the reduction of diethyl ketone formed by the
dry distillation of calcium propionate or by passing the vapors of propionic
acid over manganous carbonate. The pinacol formed as a by-product of the
reduction would be 3,4-Et,-3,4-hexandiol.

The reactions of 3-pentanol are like those of 2-pentanocl including the
tendency to rearrangement.

7. Methylisopropylcarbinol, secondary iscamyl alcohol, 3-methyl-2-butanol,
(CH;).CHCHOHCHj, b. 112°, is not obtained from the chlorination products
of isopentane. The corresponding chloride probably loses HCI very rapidly
to give trimethylethylene, etc. It is prepared by MeMgX and isobutyralde-
hyde. This gives a better over-all yield than the use of an isopropyl Grignard
reagent with acetaldehyde.

Another method of preparation is by the reduction of methyl isopropyi
ketone. This is available by the hydrolysis and rearrangement of trimethyl-
ethylene dibromide obtained from the direct bromination of :-AmOH.% This
aleohol cannot be converted to the corresponding secondary halides. All
processes used give (-amyl halides instead (pp. 83, 129).

8. t-Amyl alcohol, 2-methyl-2-butanol, dimethylethylcarbinol, “Amylene
Hydrate,” (CHs),C(OH)CH,CHj, b. 102°, is available in large amounts because
the chlorination of isopentane and the hydrolysis of the resulting products give
large amounts of trimethylethylene. When this is hydrated by means of
509, sulfuric acid, tertiary amyl alcohol is obtained.

t-Amyl alcohol may also be made by means of suitable Grignard reagents
with acetone, methyl ethyl ketone and ethyl propionate.

The reactions of tertiary amyl alcohol are practically identical with those
of tertiary buty! alcohol. It is even more easily dehydrated. ¢(-Amyl alcohol
with dilute H,80, in a sealed tube gives two layers (olefin and aqueous acid)
on warming. On cooling one layer is formed again. Refluxing with 159,
sulfuric acid gives a 7:1 mixture of Mes-ethylene and 1,1-MeEt-ethylene.%®

With bromine it gives trimethylethylene dibromide directly. This, on
hydrolysis, rearranges to form methyl isopropyl ketone and a trace of trime-
thylacetaldehyde.

t-Amy]! alcohol is valuable in the dry cleaning industry for removing spots
before treatment with the usual solvents and for the dry cleaning of Celanese
(cellulose acetate fiber).

% “Org. Syntheses.”
% Whitmore et al. J. Am. Chem. Soc. 64, 2970 (1942).
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A crude mixture of the amyl alcohols obtained by the hydrolysis of chloro-
pentanes by NaOH and an emulsifying agent such as soap is marketed as
Pentasol for use as a solvent alone and in making Pentacetate (Sharples).
Pentasol contains approximately the following percentages of amyl aleohols:
sec-butylcarbinol, 32; n-amyl alcohol, 26; 3-pentanol, 18; isoamyl alcohol, 16;
and 2-pentanol, 8. The method of hydrolysis converts any ¢-amyl chloride
and 2-chloro-3-Me-butane in the chlorinated pentanes to amylenes and traces
of the corresponding alcohols.

Hexyl Alcohols

All seventeen of the theoretically possible hexyl alcohols are known. Most
of them have been prepared in a variety of ways. Only the most typical
methods will be considered. The reactions of these alcohols are like those of
the lower homologs of the corresponding classes. The alcohols are grouped as
primary, secondary and tertiary.

1. n-Hexyl alcohol, 1-hexanol, CH;(CH.),CH,OH, b. 157°.

This alcohol is available commercially (C and C). It can be formed through
the action of acetaldehyde with crotonic aldehyde (methyl reactive by vinyl-
ogy), followed by catalytic hydrogenation.

MeCHO + CH;CH=CHCHO — MeCIlI/OHCHzCH =CHCHO
MeCH =CHCH =CHCHO — Me(CH,),CH.OH

It can be synthesized in a variety of other ways.

a. Reduction of ethyl caproate or caproamide by sodium and absolute
alcohol.’” A modification of these reactions is the reduction of ethyl caproate
by sodium in liquid ammonia. It can also be reduced by H, and a copper
chromium oxide catalyst under pressure.

b. n-Butyl magnesium bromide with ethylene oxide (p. 311), obtained from
ethylene chlorohydrin and alkali.®s

¢. A similar reaction is that of n-PrMgX with trimethylene oxide obtained
from 3-chloro-1-propanol (trimethylene chlorohydrin) and alkali.

d. Since n-amyl alcohol is available it could be made from n-amy! Grignard
reagent and formaldehyde.

2. 2-Methyl-1-pentanol, (CH,CH,CH,)(CH;)CHCH,OH, b. 148°.

This alcohol is obtained in fair amounts as a by-product of synthetic
methanol. It has also been made as follows:

a. By heating propyl alcohol with sodium propylate at 220° (Guerbet).

b. By converting 2-chloropentane to the Grignard reagent and treating
with trioxymethylene (polymerized formaldehyde).

§7 Bouveault, Blanc. Compt. rend. 138, 148 (1904).
8 *Org, Syntheses.”
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¢. By the sodium and absolute alcohol reduction of methylpropylacetoacetic
ester.

MeCOCMePrCO,Et + Na + EtOH — MeCO;Na + MePrCHCH,OH

The splitting of the grouping MeCO — C —CO.Et by vigorous treatment with
NaOEt is characteristic.

3. 3-Methyl-1-pentanol, (CH;CH.)(CH;)CHCH.CH.OH, b. 154°, is best
made synthetically from secondary butylcarbinol through the Grignard reagent
and formaldehyde.® It occurs as an ester in Roman Camomile oil. The
natural alecohol is optically active [a]85=-8.8. The active material was
made by reducing the active ester by Na—EtOH.?® Its structure is proved by
oxidation to B-Me-valeric acid.

4. Isohexyl alcohol, 4-methyl-1-pentanol, (CH;),CH(CH,).CH,OH, b. 148°.

a. From isoamyl magnesium bromide and formaldehyde.

b. By heating isobutyl acetoacetic ester with sodium and absolute alcohol.

¢. Both n- and 7so-hexyl alcohols can be produced by treating a mixture
of acetaldehyde and butyraldehyde with dilute sodium hydroxide under
carefully controlled conditions and subsequently hydrogenating the distilled
unsaturated aldehydes. The hexyl alcohols are then separated from higher
boiling alcohols found in the reaction. Ratio of n- to iso-is 1:5.

5. 2-Ethyl-1-butanol, diethylcarbincarbinol, 3-methylolpentane, 3-hydroxy-
methylpentane, (C:Hs):CHCH,OH, b. 146°, is the most readily available
hexyl alcohol (CC). It could be formed by the reaction of 2 mols of acetalde-
hyde with 2 of the alpha H atoms of a third, followed by dehydration and
catalytic hydrogenation.

2 MeCHO + H,CHCHO — (MeCHOH),CHCHO —
[MeCH=CCHO ] — Et.CHCH,OH

I
CH=CH;

Before it was available commercially, the best preparation was by copper
chromite hydrogenation of ethyl diethylacetate formed from ethyl diethyl-
malonate, an intermediate for veronal.

Dehydration of diethylearbincarbinol gives 3-hexene, 2-hexene, 3-Me-2-
pentene and very little of the normal dehydration product, 2-Et-1-butene.”
With HCI and ZnCl,, the alcohol gives an even more complicated set of
rearranged products (p. 85-6).

6. t-Amylcarbinol, 2,2-dimethylbutan-1-0l (CH;CH,)(CH;).CCH,0H, b.
135°,

a. By reduction of the ethyl ester of dimethylethylacetic acid with sodium
and absolute alcohol.

% Norris, Cortese. J. Am. Chem. Soc. 49, 2640 (1925).

70 Levene, Marker. J. Biol. Chem. 91, 77 (1931).
7 Karnatz, Whitmore. J. Am. Chem. Soc. 54, 3461 (1932).
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b. From t-amylmagnesium chloride and ethyl formate. This involves an
addition and a reduction by the Grignard reagent.

¢. From the {-amyl Grignard reagent and formaldehyde.

This alcohol reacts abnormally with acids, undergoing the usual rearrange-
ment of the “neopentyl alcohol” (p. 120). Dehydration gives the olefins
MeEtC = CHMe, Et,C=CH,, Me,C=CHEt and MePrC=CH,.

7. Neopentylcarbinol, 3,3-dimethyl-1-butanol, (CH;);CCH.CH,OH, b.
143°.

The preparation of this alcohol from acetone illustrates a wide range of
synthetic processes.

reduction
1. Acetone ——— pinacol, Me,C(OH)C(OH)Me,

acid
2. pinacol —— pinacolone, Me;CCOMe

reduction
3. pinacolone —— pinacolyl alcohol, Me;CCHOHMe
CSz MeI
. pinacoly! alcohol ——— Na pinacolyl xanthate ——> Me pinacolyl xanthate
NaOH

'S

heat
. xanthate —— t-butylethylene

HBr

. t-butylethylene — Me;CCH,CH,Br

CH3002Na
. bromide ————— acetate

KOH
. acetate —— Me;CCH,CH,OH.
Step 6 represents an addition contrary to Markownikoff’s Rule due to the

presence of peroxides in the olefin.

Neopentylearbinol forms halides with the same ease as does 1-butanol and
also without rearrangement. This is in marked contrast to its lower homolog,
neopentyl alcohol (p. 120).

8. 2,3-Dimethyl-1-butanol, (CH,),CH(CH;)CHCH,0H, b. 145°.

This alcohol has been made only by the reduction of the ethyl ester of
methyl isopropy!l acetic acid with sodium and alcohol. The ester is made
through the acetoacetic ester or malonic ester synthesis for acids or by the
Reformatski reaction from acetone and ethyl o~Br-propionate.

9. 2-Hexanol, methyl-n-butylcarbinol, CH;CHOH(CH,);CH;, b. 141°.

a. By reduction of methyl butyl ketone by sodium in a mixture of ether
and water, by catalytic hydrogenation (Sabatier), and by sodium amalgam
and dilute acid. The methy! butyl ketone is obtained from sodium acetoacetic
ester and n-propyl bromide.

b. By treating 1-hexene from n-PrMgBr and allyl bromide with 85%
sulfuric acid, diluting and distilling.
¢. From n-butylmagnesium bromide and acetaldehyde.

W = & o>



ALCOHOLS 127

10. 3-Hexanol, ethylpropylcarbinol, CH;CH,CH,CHOHCH,CH;, b. 135°.

a. By reduction of ethyl propyl ketone by sodium amalgam and water.

The ketone can be obtained from a mixture of propionic and n-butyrie
acids either through the calcium salts or by hot manganous oxide.

b. A better preparation is from EtMgX and n-butyraldehyde.

11. 3-Methyl-2-pentanol, methyl-sec-butylearbinol,

(CHsCH,)(CH;) CHCHOHCH;, b. 134°.

By the reduction of methyl sec-butyl ketone by sodium and wet ether.
The ketone is made by intreducing a methyl and an ethyl group into acetoacetic
ester in the usual way and splitting by dilute alkali.

12. Methylisobutylcarbinol, 4-Me-2-pentanol, (CH;);CHCH,CHOHCH;,
b. 132°.

This alcohol is available commercially from the catalytic dehydration and
hydrogenation of diacetone alcohol.

The dextrorotatory form has been made through the brucine salt of the
acid phthalic ester. [a]3?=+20.4°. The levorotatory form has been ob-
tained similarly from the brucine salt of the acid succinic ester, [a ]} = —20.8°.

The dl-alcohol has been made as follows:

a. From isovaleraldehyde and zinc dimethyl.

b. By the reduction of mesityl oxide, Me,;C =CHCOMe, with sodium and
aleohol or catalytically.

¢. By the reduction of methyl isobuty!l ketone with sodium and a mixture
of ether and water. The ketone is obtained from sodium acetoacetic ester and
isopropyl bromide.

d. From acetaldehyde and isobutylmagnesium bromide.

e. From the action of zinc or magnesium on a mixture of isobutyl iodide
and acetic anhydride. This is undoubtedly a Grignard reaction followed by
reduction.

J. From isopropy! alcohol, either by heating it with KOH or by heating
it with sodium isopropylate to 200°, As usual, the ONa combines with an
alpha hydrogen.

13. Ethylisopropylcarbinol, 2-methyl-3-pentanol,

{CH;).,CHCHOHCH.CHj,, b. 128°.

The dextrorotatory form has been obtained by means of the strychnine
salt of the half phthalic ester. [aJi*=-+12.4°. The di-alcohol has been
made as follows:

a. From isobutyraldehyde and EtMgBr.

b. By hydrogenating ethyl isopropyl ketone.

14. Pinacolyl alcohol, methyl-i-butylcarbinol, 2,2-dimethyl-3-butanol,
(CH3);CCHOHCHS;, m. 5.5° b. 121°.

The d-form has been made in the usual way. [a]¥=+7.7°. The di-
material has been prepared as follows:
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a. Reduction of pinacolone by sodium amalgam.

b. Acetaldehyde and tertiary butylmagnesium chloride.

This alcohol contains the neopentyl alecchol grouping (p. 120). Since
there are three alpha H atoms in the molecule, it might be expected that
dehydration would involve one of them to give t-butylethylene. In ordinary
acid dehydration this normal product is obtained only to the extent of about
39%. Mesethylene and wunsym-methylisopropylethylene are obtained in
yields of about 60 and 309,.? The normal dehydration product can be
obtained by the xanthate reaction or by dehydration over alumina free from
acid (p. 45).

Conversion of pinacolyl alcohol to halides gives those related to dimethyl-
isopropylcarbinol by rearrangement of the neopentyl alcohol grouping. The
pinacolyl halides can be made from ¢-butylethylene.

15. 2-Methyl-2-pentanol, dimethyl-n-propylecarbinol,

(CH,CH,CH,)(CH,).COH, b. 123°.

a. n-Butyryl chloride and zinc dimethyl. This method served as the
equivalent of the Grignard reaction until about 1900.

b. Ethyl n-butyrate and excess methyl Grignard reagent.

c. Acetone and n-propylmagnesium bromide. This is a general method
for tertiary alcohols. Selection of the proper ketone and Grignard reagent
will give any alcohol RR’R’/COH unless there is too much branching in the
R groups.”

This tertiary aleohol, in common with all tertiary alcohols of Cs and higher,
is dehydrated by refluxing with a trace of iodine.™ ¢-Butyl and t-amyl alcohols
boil at too low a temperature to give this reaction. The latter is dehydrated
slowly by refluxing with iodine at two atm. pressure.

16. Methyldiethylcarbinol, 3-methyl-3-pentanol, MeEt,COH, b. 123°.

a. From acetyl chloride and zinc diethyl.

b. From ethyl acetate and excess ethylmagnesium bromide.

This method is general for making tertiary alcohols of the type RR,’COH.
A ketone is probably formed as an intermediate in the reaction mixture (p. 129).
With more complex esters and Grignard reagents the corresponding ketone is
obtained instead of the tertiary alcohol.

17. Dimethylisopropylcarbinol, 2,3-dimethyl-2-butanal,

(CH;).CHC(OH)(CHs)s, b. 122°.

This alcohol has been made by a great variety of methods.

a. By the ordinary Grignard reactions using isopropylmagnesium bromide
with acetone, and methyl isobutyrate with excess methylmagnesium bromide,
and trimethylethylene oxide with methylmagnesium bromide. The last two

7 Whitmore, Meunier. J. Am. Chem. Soc. 55, 372 (1933).

% Conant, Blatt. J. Am. Chem. Soc. 51, 1227 (1929).
™ Hibbert J. Am. Chem. Soc. 37, 1784 (1915).
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methods are preferable. The forked Grignard reagent, isopropylmagnesium
bromide, gives side reactions with the ketone including its reduction to iso-
propyl alcohol and its condensation to mesityl oxide and more complex prod-
ucts. Thus the yield of the desired alcohol is only 35-409.

b. By more complex actions of MeMgX with alpha chloroisobutyraldehyde
and with the chlorohydrin of trimethylethylene. The intermediate product
in both cases is trimethylethylene oxide.

¢. By similar reactions of zinc dimethyl with isobutyryl chloride, chloral,
dichloroacetyl chloride, and alpha bromopropionyl bromide. The first of
these is an ordinary ‘“‘Grignard” type of reaction. The other three are some-
what more complex although the individual steps are entirely normal.

d. At the present time the way to make this alcohol is from MeMgX and
methyl isopropyl ketone, since the latter is readily available from tertiary
amyl alcohol.

Heptyl Alcohols

Of the 39 theoretically possible heptyl alcohols, all but two have been
made, 2,2-dimethyl-1-pentanol, and 3-ethyl-1-pentanol. The reactions used
are like those for the hexyl alcohols except in the case of triethylearbinol which
is prepared by adding an excess of ethylmagnesium halide to ethyl propionate
or ethyl carbonate. The latter represents a general method for symmetrical
tertiary alcohols, R;COH.75.76

Even if less than 3 mols of Grignard reagent are used, considerable tertiary
alcohol is formed because the ketone and ester formed as intermediates are
considerably more reactive than ethyl carbonate.

n-Heptyl alcohol, CH;(CH,);CH,0H, b. 176°, has long been available as
a reduction product of heptaldehyde obtained by the pyrolysis of castor oil.

Methyl-n-amylcarbinol is made by the reduction of the corresponding
ketone.

Diisopropylcarbinol, 2,4-Me;-3-pentanol, (CH;);,CHCHOHCH(CHj),, is
the chief secondary alcohol obtained as a by-product of methanol synthesis.”
This alcohol gives a crystalline oxonium salt (ROH);. HBr, m. 69°.78

While the oxonium salts of most alcohols are difficult to isolate, many
highly branched alcohols give stable crystalline compounds. The formation
of the simplest possible oxonium salt, ROH. HX, such as MeOH. HBr which
is stable only at low temperatures, may involve the coordination of a single
hydrogen ion by the oxygen

H +
R.O:H| [Br}-
% Tschitschibabin. Ber. 38, 561 (1905).
% “QOrg. Syntheses.”

77 Graves. Ind. Eng. Chem. 23, 1318 (1931).
8 Favorsky. J. Russ. Phys. Chem. Soc. 45, 1557 (1913).
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The more complex oxonium salt would then be
H ++
R:0:H| [Br-[OR]
H

It is not possible to convert diisopropylcarbinol to the corresponding
secondary halide. Instead, the product is the tertiary halide,

MechCHchMez

This illustrates the ease of rearrangement of a tertiary H (pp. 83, 123).

2,4-Me.-1-pentanol and 4-Me-1-hexanol™ are also obtained in the methanol
synthesis but in smaller amounts than the other by-product aleohols.

Pentamethylethanol, 2,3,3-Me;-2-butanol, Triptanol,®® m. 17°, b. 131°,
forms a crystalline hydrate, (ROH);. H,O, m. 83°, which sublimes even at
room temperature. Of many preparations of this alecohol, the best is probably
by the action of CO,; with {-BuMgCl followed by treatment of the reaction
mixture with excess MeMgX.8

Me;CMgCl — Me;CCO,MgCl — Me;CC(Me,)OMgCl
Octyl Alcohols

Of the 89 possible isomers two-thirds are known.

1-Octanol, CH,(CH.):CH,OH, b. 195° occurs as esters in various plants.
It is available commercially by hydrogenation of the lower boiling cocoanut
oil acids and from the hydrogenation of the condensation product of n-butyr-
aldehyde with crotonic aldehyde or of 2 mols of the latter. This preparation
is like that of m-hexanol (p. 132). If the alpha H takes part in the aldol
condensation instead of an H of the methyl group (vinylogy), the final product
is 2-Et-1-hexanol (CC).

Capryl alcohol, 2-octanol, methyl-n-hexylcarbinol, CH;CHOH (CH,);CH;,
b. 178° has long been available from the action of bases with castor oil.®
Heating with alkali gives di- and tri-capryl alcohols and even higher products
(Guerbet). The condensation involves the methyl rather than the alpha
methylene group. Thus the products are 9-Me-7-pentadecanol and 11-Me-9-
n-Hex-7-heptadecanol.

An interesting series of 22 of the octyl alcohols related to n-octane and the
three methylheptanes has been made and studied.®

The dehydration of some of the octyl alcohols throws further light on the
peculiar reactions of the neopentyl alcohol grouping (p. 120). Isopropyl-t-

7 Chu, Marvel. J. Am. Chem. Soc. 33, 4449 (1931).

8 Butlerow. Ann. 177, 176 (1875).
8 Calingaert, Hnizda, Shapiro. J. Am. Chem. Soc. 66, 1389 (1944).

8 %QOrg. Syntheses.”
8 Reid et al. J. Am. Chem. Soc. 63, 3100 (1941).
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butylcarbinol, (CH,) . CHCHOHC(CHj;);, containing a tertiary hydrogen next to
the carbinol group would be expected to give the olefin, Me,C=CHCMes;.
Only 29, of this is obtained using acid catalysts. KEven with acid-free
alumina, only 249, of this expected product is obtained. The rearrangement
products with their percentages are as follows: 2,4,4-Mes-1-pentene 24;
2,3,4-Me;-1-pentene 29; 2,3,4-Mes-2-pentene 18; 3-Me-2-isoPr-1-butene 3;
3,3,4-Me;-1-pentene 2.3 It is to be noted that the first named products
are the diisobutylenes but that they are formed in 1:1 ratio instead of the
1:4 equilibrium ratio (p. 46). The failure of acid-free alumina to give equi-
librium mixtures of olefins is characteristic (preparation of i-Bu-ethylene
from pinacolyl alecohol, p. 44). The dehydration of dimethylneopentyl-
carbinol by 159, sulfuric acid gives the diisobutylenes in 1:4.5 ratio (placing
the 2-olefin first). Under similar conditions the analogous tertiary alcohol,
dimethylethylcarbinol (t-AmOH) gave a 7:1 ratio of Mes-ethylene and 1,1-
MeEt-ethylene. Thus, under these mild conditions the removal of a proton
from ethyl is 30 times as easy as from neopentyl.®®

The two simplest tertiary alcohols containing the neopentyl alcohol system
which could lose H,O ecither with or without rearrangement are methylethyl-t-
butylearbinol and dimethyl-t-amylcarbinol. These dehydrate giving not over
209 of rearranged products.®®

Higher Alcohols

Many higher alcohols have been made by the methods outlined.

An unusual preparation of complex tertiary alcohols was developed by
Grignard himself*” by passing CO, into one Grignard solution, RMgX, boiling
out the excess CO; and then adding 2 mols of R"MgX thus obtaining RR’;COH.
In this way he made diethylisoamylcarbinol and tsobutyldiisoamylearbinol.

Highly branched carbinols can be made from esters or ketones, alkyl
halides, and sodium. Tri-t-butyl carbinol, m. 94°, has been made this way.38
Extensive use has been made of this reaction in preparing highly branched
hydrocarbons for engine testing.®®

n-Alcohols having even numbers of carbons 8 to 18 are available from the
acids of cocoanut oil through the reduction of their esters by Na and higher
alcohols (Me-cyclohexanols) or with Cu chromite catalyst and H,.

Stenol (DuPont) is technical stearyl alecohol. It is obtained by the first
method.

Lauryl alcohol, 1-dodecanol, is the best known of these alcohols. Mixed
with the other alcohols from cocoanut oil it is sold as Lorol. When treated
with sulfuric acid and converted to the sodium salt this mixture forms an

8 Dixon, Cook, Whitmore. J. Am. Chem. Soc. 70, 3361 (1948).

8 Whitmore et al. J. Am. Chem. Soc. 64, 2970 (1942).

8 Whitmore, Laughlin. J. Am. Chem. Soc. 54, 4011 (1932).

87 Grignard. Compt. rend. 138, 152 (1904).

88 Bartlett, Schneider. J. Am. Chem. Soc. 67, 141 (1941).
8 Howard. J. Research Nat. Bur. Standards 41, 111 (1948).
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important detergent with many properties superior to those of ordinary soap
(Gardinol, 8.L.8., Dreft etc.). These salts can be used in slightly acid solutions
which would precipitate the fatty acids from ordinary soaps and in salt water
and hard waters. The relation to ordinary soaps is shown by the formulas,
CH;3(CH,),CH2.080:Na and CH3(CH,),,CO;Na, in which n and m are 10 or
more. Pure sodium laury! sulfate is not as useful a detergent as a mixture
with its higher homologs. These are obtainable from oleic and stearic esters
as well as from the mixture of esters obtainable from higher acids produced by
oxidation of petroleum fractions. Cetyl sodium sulfate is Avirol.

The sodium salts of the acid sulfate of secondary alcohols of 10 to 20 carbons
are used as wetting and penetrating agents® (Tergitols).

A notable preparation of an alcohol from the next higher acid is illustrated
by the formation of 1-pentadecanol from silver palmitate and I,.*

2 C1sHs1COAg + 1o — 2 Agl +- CO; 4 C1sH3:CO,CisHa

Many complex alcohols will be available as by-products of synthetic
methanol, of the Fischer-Tropsch synthesis®? from carbon monoxide and
hydrogen, and from the Oxo Process (diisobutylene, p. 46) involving the
catalytic action of carbon monoxide and olefins. Those from the first source
have been most thoroughly studied. They include normal and isopropyl
alcohols, isobutyl aleohol, 2-Me-1-butanol, 2-Me-1-pentanol, 4-Me-1-hexanol,
3-Me-2-butanol, 2,3-Me,-3-pentanol, 2-Me-1-hexanol, 3-Me-1-pentanol, iso-
amyl alcohol, 2,3-Mesy-1-butanol, 2-Me-3-pentanol, 2,4-Me,-1-pentanol, 2,4-
Me,-3-pentanol, 2,4-Mey-1-hexanol, 2-Me-3-hexanol, and tertiary butyl and
amyl alcohols.

Wazes contain higher aleohols in the form of esters. Cetyl alcohol (ethal),
1-hexadecanol, C1sH330OH, m. 49°, was obtained by Chevreul from spermaceti
(cetyl palmitate) over a century ago.®* It is now more cheaply prepared from
ethyl palmitate by hydrogenation. Carnaubyl alcohol, C:HiOH, m. 69°,
occurs as esters in wool grease. Ceryl alcohol, CyHgOH, m. 79°, occurs as
ceryl cerotate in Chinese wax. Montanyl alcohol, C,sHs;OH, in montan wax
and in cotton. Ginnol, 10-nonacosanol (Cy). Melissyl or myricyl alcohol,
C3oHs1OH or C;He;OH, m. 85° occurs as esters in beeswax and Carnauba
wax. An isomer, gossypyl alcohol, and its Cs; and Cs4 homologs are found in
the wax of American cotton.® Lacceryl alcohol, C32HesOH.  Psyllastearyl or
psyllicyl alcohol, Cy3Hg;OH, m. 79°.

Identification of Alcohols

Several series of crystalline derivatives of the alcohols have been studied.
The commonest consists of the 3,5-dinitrobenzoates obtained from the acid

9 Wilkes, Wickert. Ind. Eng. Chem. 29, 1234 (1937).
% Simonini. Monatsh. 14, 81 (1893).

2 Chem. Ind. 61, 965 (1947).

% Youtz. J. Am. Chem. Soc. 47, 2252 (1925).

% Ann. Rep. Chem. Soc. (London) 1928, 69.
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chloride and the alcohol alone or in the presence of pyridine. Solid aryl
urethans are obtained by the action of phenyl isocyanate, a~-naphthyl isocyan-
ate, p-nitrophenyl isocyanate, or 4-biphenyl isocyanate. The alcohol used
must be anhydrous since water changes the isocyanate to the corresponding
diarylurea. Similarly most tertiary alcohols cannot be identified by this
method because they lose a molecule of water so easily.

ArNCO 4+ ROH — ArNHCO;R
2 ArNCO + H.0 — (ArNH).CO

Some higher tertiary alcohols form phenylurethans. For example 3-Et-
3-octadecanol, from Et palmitate and EtMgBr, reacts with phenyl isocyanate
to give both a phenylurethan, m. 55°, and diphenylurea.

Alcohols which can be converted to alkyl halides without rearrangement
can be identified by means of the latter (p. 86).

A special method for identifying primary and secondary alcohols is to make
their esters with pyruvic acid, CH;COCO.,H, and convert these to semi-
carbazones.®® Tertiary alcohols are dehydrated by this procedure.

B. OLEFINIC ALCOHOLS

1. Vinyl aleohol, CH,=CHOH, is known mainly in the form of derivatives
such as its ether, b. 35.5°, which may be made from gg8’-dichlorodiethy! ether
and alkalies.

(ClCHQCHz)zO — (CHz == CH)zO

This is used as an anesthetic (Vinethene). A solution of vinyl alcohol, can be
obtained by the reaction of vinyl acetate with cold N NaOH and extraction
with ether.

Polyvinyl aleohol is an important plastic of unusual toughness (DuPont).

Viny! sulfide, b. 101°, can be made from mustard gas.

Reactions which would be expected to give vinyl alcohol result in the
formation of acetaldehyde

H
CH,=CHOH — CH;——(//= o

This type of change takes place in most cases in which a hydroxyl is
attached to an ethylenic or acetylenic carbon. The change is seldom complete,
however, a condition of equilibrium being reached

C=C~OH=CH-C=0

enol form keto form

% Bouveault. Compl. rend. 138, 984 (1904),
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This equilibrium system is very general. It may be expressed in a generalized
form
M=Q-Z-H=MH-Q=7Z

in which M, Q and Z represent various elements, especially combinations of
C, N, O and S atoms. The commonest of these systems are
C=C-OH=CH-C=0 C=C-SH=CH-C=8
Aldehydes, ketones, etc. Thio analogs of aldehydes, ete.
C=NOH=CH-N=0
Oximes. In this case the “enol” is the stable form.

N=C-OH=NH-C=0 N=C-SH=NH-C=8§

Cyanic acid derivatives Isothiocyanic acid derivatives

Such equilibria are called tautomeric equilibria and the substances are
referred to as tautomers.

Tautomerism is not to be confused with mesomerism which is associated
with the concept of resonance. Isomers, often separable as with the keto-enol
forms of acetoacetic ester and which result from a rapid equilibrium in which
atoms take different position in the molecule, are tautomers. When however
only one substance exists, corresponding to two or more structural formulas
different only in the position of electrons, it is known as a mesomer. This
coalescence of the electron structures is called resonance and is accompanied
by a decrease in the energy of the molecule below the lowest energy level that
would be expected from any of the structural formulas.®®

Many of the reactions of aldehydes, ketones and acids and their derivatives
can best be explained on the basis that the keto system, CH—C=0, which
they contain is in equilibrium with the enol system, C=C~-OH.

It was formerly assumed that the change between keto and enol forms in-
volved an actual transfer of H from one part of a given molecule to another
part of that molecule. It is now generally recognized that the change is
intermolecular rather than intramolecular. The change involves the addition
to one part of the molecule of a hydrogen ion from the medium (the solvent or
the substance itself) and the loss of a hydrogen ion from another part of the
molecule. The changes may take place in the reverse order, hydrogen ion
being removed from one part of the molecule and added at another point. In
either case the net result is the same as in an actual intramolecular shift of H.
The process may be illustrated by acetaldehyde and vinyl alcohol.

H* 4+ CH;—CHO = [CH;~CH(OH) ]+ = H* + CH,=CH(OH)

Regarded electronically, the conversion of a keto to an enol form involves the
addition of H to one of the electron pairs of the carbonyl oxygen to form a
complex ion which can lose H either from the oxygen or from the alpha carbon.

% Ingold. Nature 141, 314 (1928); Branch and Calvin. “Theory of Organic Chemistry.”
Prentiss Hall, 1941. p. 70.
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In the latter case, the enol results. The changes are reversible.

. . .. . .. .. + . . .o
:C:C::O+H+$[:C:S_J:O:HJ =H++:C::C:0:H

H H
Neutral Positive Neutral
keto complex enol
form. jon. form.

1-Propenol, CH;CH = CHOH, and 2-propenol, CH;COH = CH,, are merely
the enol forms of propionaldehyde and acetone respectively, and are not
capable of independent existence. There is good evidence, however, that these
forms exist in equilibria with the ordinary CH =CO forms.

Allyl alcohol, 3-propenol, vinyl carbinol, CH,=CH--CH.0H, b. 97°, is
prepared by heating glycerol with formic or oxalic acid and a trace of am-
monium chloride to 220°.

Allyl alcohol is best prepared by hydrolysis of allyl chloride from the high
temperature action of propylene and chlorine (Shell) (p. 95).

Allyl alcohol acts as a primary alcohol except that there is no tendency for
dehydration. Its esters, especially the carbonate, can be polymerized to give
useful resins (Allymers). It gives the ordinary addition reactions of an olefin
and also adds KHSO; when refluxed with a concentrated solution of that
substance.

CH,=CHCH,0H + KHSO; — CH;~CH(SO;K)CH.,OH

Allyl alcohol gives the Diels-Alder reaction with conjugated dienes to
form Hs-benzyl alcohol and its substitution products.

Oxidation by dilute KMnOjy gives glycerol. In order to oxidize the alcohol
group alone, the ethylenic linkage must be “protected.” This is done by
adding bromine, which can later be removed by means of zinc.

ﬁHz CHzBl‘ |CH2BI‘ ?HzBl‘
C‘JH - |CHBr - (lJHBr - CHBr
CH.0H CH,O0H CHO CO.H

By removing bromine from the last two products, acrolein, CH,=CHCHO,
and acrylic acid, CH,=CHCO,H, would be obtained.

Hypohalous acids add to allyl alcohol contrary to Markownikoff’s Rule
to give beta glycerol halohydrins,

HOCH.CHXCH,OH

Addition takes place more rapidly from aqueous solutions of Cl; or Br, than
of HOCI or HOBr.%7

7 Taylor, Maass, Hibbert. Can. J. Research 4, 119 (1931).
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Allyl esters are important intermediates for plastics both alone and in a
great variety of copolymers.

Methylvinylcarbinol, 1-buten-3-o0l, CH.=CHCHOHCH;, b. 97°, is readily
obtained from acrolein and MeMgX. Its behavior with HBr illustrates the
allylic type of rearrangement?®® (p. 97).

Crotyl alcohol, crotonyl alcohol, propenylcarbinol, 2-buten-l-ol,
CH;CH=CHCH,OH, b. 121°, is difficultly obtainable from crotonaldehyde by
ordinary methods. Reduction by Al isopropoxide gives a 609, yield.?®

3 RCHO + AI(OCHMe;); — (RCH,0);Al 4 3 Me,CO

Crotyl alcohol with HBr gives crotyl bromide and the rearranged methyl-
vinylcarbinyl bromide.

A similar rearrangement takes place when linalool is converted to the
stereoisomers, geraniol and nerol, by heating with acetic anhydride

OH
|

(CH;),C=CHCH,CH,CCH = CH, — (CH3);C=CHCH,CH,C=CH—CH;OH
CH; CH;

The rearrangement of the allyl group occurs in a similar manner in systems
of the general type

| Y

>c=(':—c/ Y —25>  >C—C=C
INx | Nx
CsHs CsHs

where X and Y = CN or CO,Et.!%°

Much work has been done on the glutaconic acids and similar compounds
containing a three carbon system like that in allyl alcohol.

Allylcarbinol, 1-buten-4-ol, CH,=CHCH,CH;OH, b. 114° has been made
by heating NH,(CH,),NH, with AgNO, and HCI.

Unsaturated esters other than a8 can be reduced by zinc¢ chromite or Na
and EtOH to unsaturated primary alcohols without reducing the double bond.
Thus oleyl alcohol, 9-octadecen-1-ol, is available from oleic esters.

4-Penten-1-ol, CH,=CH(CH,);0H, results from the action of Mg with
tetrahydrofurfuryl bromide. o

CH,—CH,

I
CH,OCH—CH.Br 4+ Mg —
BI‘MgOCHzCI'IchzCH = CHz —_ HO (CHz) 3CH = CHg

98 Prevost. Compt. rend. 185, 1283 (1927).

9 Young, Hartung, Crossley. J. Am. Chem. Soc. 58, 100 (1936).
100 Cope et al. J. Am. Chem. Soc. 63, 1843 (1941),

10t Robinson, Smith. J. Chem. Soc. 1936, 195.
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This is a peculiar case of Boord’s formation of an olefin from a beta-bromo
ether (p. 45).

A few higher unsaturated alcohols are found in nature: citronellol, 2,6~
dimethyl-1-octen-8-ol, in rose oil as the levorotatory form, in oil of citronella
as the dextrorotatory form, and in geranium oil in both forms; its isomer
rhodinol, 2,6-dimethyl-2-octen-8-ol ; phytol, 3,7,11,15-tetramethyl-2-hexadecen-
1-0l, a constituent of chlorophyll.

C. ACETYLENIC ALCOHOLS

The simplest possible member would be ethynol (ethinol), HC=C-OH.
This exists only in the tautomeric form, HoC=C =0, ketene.

Propargyl alcohol, propiolic alcohol, propynol, HC=CCH,0H, b. 115°
can be made from glycerol tribromohydrin by treatment with alcoholic KOH,
hydrolyzing with water and further treatment with alcoholic KOH.

BrCH,CHBrCH;Br — CH.=CBrCH,Br
— CH,=CBrCH,;OH — CH=CCH,OH

The product from the first step is easily isolated. One Br is inactive and the
other unusually active being an ‘“allyl” halogen. The removal of the last Br
to give the triple bond is the most difficult step. Propargyl alcohol can be
made from acetylene and formaldehyde under suitable conditions.!%

The effect of unsaturation on physical properties is seen in the series propyl,
allyl and propargyl aleohols, with m. —127°, —129°, —17°; b. 97°, 97°, 115°,
and d. about 0.80, 0.85, 0.97. The effect of the triple bond is much more
marked than that of the double bond. Propargyl alcohol shows the group
reactions typical of a primary alcohol group and of & terminal acetylene
linkage. Thus HBr gives Br-allyl alcohol, PBr; gives propargyl bromide, and
ammoniacal Ag and cuprous solutions give characteristic precipitates.

Higher acetylenic alcohols may be made by the action of acetylenic
Grignard reagents, HC=CMgX and RC=CMgX, or the corresponding sodium
derivatives with aldehydes and ketones. Another general method involves the
use of sodium, potassium or copper derivatives. NaNH,, KOH sand (made
in butyl alcohol and xylene at 140°), and KOH acetal complexes are effective
reagents. A great variety of syntheses is possible.!®1% The general reaction
is represented thus

o AN
(IJO — ﬁ‘,—-ONa. — HC=C—C—0H
CH; CH, CHs

102 Reppe. Modern Plastics 23, No. 6, 169 (1946).
13 Allen. Syn. Org. Chem., E. K. Co. 19, 3 (1947).
14 Weizmann, C. 4. 42, 3772 (1948).
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Traces of water greatly lower the yield of the ethynylcarbinols in these re-
actions.!%®

An example of the practical utilization of this process is the conversion of
2-Me-2-hepten-6-one (“methylheptenone” from citral) to 3,7-Me,-1-octyn-6-
ene-3-ol which is then partially hydrogenated to the perfume material linalool,
3,7-Me;-1,6-octadien-3-ol.

Vinylethynylcarbinols give viscous polymers of high adhesive power.

IV. ETHERS, R—-O-R, R-0~R’

The absence of the H attached to oxygen makes ethers much less reactive
than the corresponding alcohols. They are, however, much more reactive
than the corresponding hydrocarbons. They range from b. —25° to high
boiling liquids and finally solids. The ethers differ from the alcohols and
water in not having associated molecules. Thus the boiling points are much
lower than those of the isomeric alcohols and near to those of the hydrocarbons
of the same number of atoms in a chain. Thus: propane, —45°; CH;OCH,,
—24.5°; CH;0H, 66°; n-pentane, 36°, EtOEt, 35°.

1. Methy!l ether, dimethyl ether, CH;OCHjs, b. —24.5° can be prepared
from methanol and concentrated sulfuric acid. The reaction takes place in
definite steps:

(a) cold MeOH + H.80; — MeOSO:H + H,0
(b) hot MeOH 4 MeOSO;H — Me,0 + H,SO,

An alternative or supplementary mechanism for the formation of ethers
from alcohols and sulfuric acid involves the addition of alcohol to sulfuric acid
in the same way water adds to it.! Just as H,SO, can add 2 H,O to give the
unstable ortho acid S(OH)s it can add 2 ROH to give (RO),S(OH), which
could lose R;0 and H,0 leaving sulfuric acid to start the cycle again. The
action of sulfuric acid is a general method for making ethers. With higher
alcohols, especially those with branched chains, the tendency to form olefins
even at moderate temperatures increases greatly. This can be diminished
by operating at 140-145° under pressure (Oddo).

If one alcohol is treated with sulfuric acid to make the acid ester and then a
different alcohol is added during the heating, a mized ether, ROR/, is obtained.

Methyl ether as now commercially available is obtained from methanol
catalytically (DuPont). It is also a by-product of the preparation of di-
methylaniline from aniline, MeOH and HCI.

Another method of preparation is from sodium methylate and methyl
halide, preferably the iodide.? In the case of the methyl compounds this
reaction gives an excellent yield. With higher halides there is increasing

1% Hurd, McPhee. J. Am. Chem. Soc. 69, 239 (1947).

10ddo. Gazz. chim. ital. 31, i, 285 (1901).
2 Williamson. J. Chem. Soc. 4, 106 (1852).
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tendency to form olefins. The Williamson preparation of simple and mized
ethers is the best proof of their structure.

Methyl ether is soluble 600:1 (by volume) in conc. sulfuric acid. Its vapor
pressure at 20° is 5 atm.

Because of its remarkable properties as a solvent and because it can be
handled as readily as NH; and SO, in the liquid state, methyl ether finds many
uses.

Dimethyl! ether, like its homologs, forms complex compounds with many
types of substances. Me;O-C,H,, Me,O:-NH;, Me,0-AICl;, Me,0-2 AlCI,
Me,0O-CaCl,, Me;O-HCIL? Me,0-4 HCL, ete. Many of these are known to be
oxonium compounds.

Of the same nature as the oxonium compounds but characterized by
greater stability is the coordination compound Me,O-BF;, b. 128°, now com-
mercially available.

F T° +
Me:b‘:ﬁ:F Me:é:H Br-
Me F Me

In many ways these resemble ammonium salts which were formerly represented
as NH;-HX. Just as these are related to the unstable radical NH,, the
oxonium salts are related to an even less stable oxonium ion [H;OJf. The
oxonium salts are completely ionized.*

In case of an over-production of by-product methyl ether, it can be con-
verted smoothly to methanol by water and catalysts at 400°.

Methyl ethyl ether, b. 10.8°, is readily made from Mel and NaOEt or from
EtI and NaOMe. If needed commercially it could readily be made from the
two alcohols.

2. Ethyl ether, “ether,” “sulfuric ether,” C;H;OC,Hs, b. 34.5°, is made
from ethanol and sulfuric acid at 130-140°. The process is not perfectly
continuous because (1) most of the water formed remains in the acid and
dilutes it and (2) some of the ethanol is dehydrated to give ethylene which
partly polymerizes to give materials capable of reacting with the sulfuric acid
and reducing it to sulfur dioxide. Other by-products such as isethionic acid,
HOCH,CH.SO;H, are also formed. Ethyl ether is now available as a by-
product of the preparation of ethanol by hydrating ethylene with sulfuric
acid (CC).

A modification of the sulfuric acid preparation is to heat ethanol with an
aromatic sulfonic acid, always keeping an excess of alcohol present. The
process is much like that using sulfuric acid except that a higher temperature
can be used without reducing the acid. The cheapest sulfonic acid is para-

3 Friedel. Compt. rend. 81, 152 (1875).
40ddo, Seandola. Gazz. chim. dtal, 40, ii, 163 (1910).
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toluene sulfonic acid (from saccharin manufacture).

ArSO;H + EtOH — ArSO:Et 4+ H,0

Ethyl ether is obtained in good yield when ethanol is passed over alumina
at 250-300°.% A trace of a heavy metal salt like ferric chloride catalyzes ether
formation.®

Ethyl ether has been made by Williamson’s method (809, yield from
EtI + EtONa). The formation of ethyl ether from Ag.0 and Etl is addi-
tional evidence of its structure.

Ethyl ether is a typical ether in its reactions.

1. Tt dissolves in concentrated H,SO,. At higher temperatures it reacts.

Et,0 + H,80, — EtOSO;H 4 EtOH

2. Concentrated HI solution splits it even at room temperature.
Et.0 + HI — EtI + EtOH

Hydrobromic acid produces a similar change but less readily.

3. With sodium it does not react at its boiling point. This gives the best
way of removing the last traces of water and alcohol from ether for use in
making Grignard reagents. The assumption that higher ethers will not react
with Na is erroneous. On heating they react to give alcoholates, olefins
and H,.

4. It forms “oxonium salts” with halide acids, R,0. HX.

5. Ether reacts slowly with oxygen to give complex “peroxide’’ compounds
and aldehydes. Ether thus contaminated is dangerous in anesthetic use.
Evaporation of “old” ether sometimes leaves dangerous amounts of this highly
explosive material. Ether has been successfully preserved by storage with
asbestos impregnated with alkali and either pyrogallol or permanganate.?

6. Acid iodides split ethers.?

Et;0 4 MeCOI — EtI + MeCO.Et

Acid chlorides and acid anhydrides in the presence of anhydrous ZnCl, give a
similar splitting (Meerwein).

7. Phosphorus pentachloride reacts with ethers but, contrary to the
ordinary conception, gives complex chlorinated products instead of simple
alkyl chlorides.®

8. Chlorine and bromine react with ethers much as with paraffin hydro-
carbons. The first H atom replaced is one on the C attached to O. Then

8 Senderens. Bull. soc. chim. (4) 5, 480 (1909).

80ddo. Gazz. chim. ital. 31, i, 285 (1901).

7 Palkin, Watkins. Ind. Eng. Chem. 21, 863 (1929).

8 Gustus, Stevens. J. Am. Chem. Soc. 55, 378 (1933).

° Whitmore, Langlois. J. Am. Chem. Soc. 55, 1518 (1933).
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those of the next carbon are attacked (Oddo). Finally perchloroether,
(C:Cle):0, is obtained as a solid with an odor like camphor. At low tempera-
tures ether combines with bromine to give the compound, Et,0.Br,, m. 24°,
At higher temperatures this loses bromine with bromination of the ether.

The most important use of ether is as the commonest general anesthetic.
This property was probably first observed by Faraday. The actual use as an
anesthetic was made independently by Drs. Long, Morton, and Simpson of
Georgia, Boston, and Edinburgh in 1842, 1846 and 1848 respectively.

Ether is a very important general solvent in organic chemistry because it is
only slightly soluble in water (7%) and dissolves a great variety of materials
which are also soluble in water. It is thus used for extracting many materials
from their dilute solutions in water (Soxhlet, etc.). It is used for extracting
acetic acid from pyroligneous acid (Suida Process).

Since ether is largely used because of its chemical inertness, it is useful to
remember that it does not react under ordinary conditions with metals,
Grignard reagents, organic acid chlorides, organic acids, phosphorus trihalides,
permanganates and bases.

U.8.P. Ether contains about 49, éthanol and traces of water. Absolute,
anhydrous, or “dry’’ ether can be made from it by removing the alcohol with
solid CaCl,, decanting and distilling from P,O5 or Na. The product is satis-
factory for making Grignard reagents. Final traces of water and alcohol can
be removed by refluxing with a small amount of a cheap Grignard reagent such
as MeMgCl or EtMgBr and distilling the ether.

Methyl n-propyl ether, b. 39°; ethyl n-propyl ether, b. 64°; and ethyl
isopropyl ether, b. 54°, have been made in the usual way.

3. (a) n-Propyl Ether, C;H,0C;H, b. 90.4°, is made by the same reactions
as ethyl ether. The tendency for olefin formation is greater both by the acid
and the Williamson methods. Its reactions are like those of ethyl ether.

(b) Isopropyl Ether, (CH;);CHOCH(CH,),, b. 69°, is available as a by-
product of the hydration of propylene to isopropyl aleohol (C and C). Its
higher boiling point and its even lower mutual solubility with water gives it
advantages over ethyl ether as an extracting agent. It is specially useful in
extracting acetic and lactic acids from their dilute water solutions. Since it
is actually cheaper than ethyl ether it will undoubtedly find wide uses as a
solvent and extractant. It is apparently less useful in the Grignard reaction
than ethyl ether and the higher normal ethers.

Isopropyl ether is used in high anti-knock fuels for airplanes.

4, Higher ethers can be obtained by the regular methods, the amount of
olefin increasing with the size and branching of the alcohols or halides used.
n-Butyl ether, b. 141°, is valuable as a high boiling ether for the Grignard
reagent. It can be made by the action of 509, sulfuric acid with 1-butanol.
Mixed amyl ethers, b. 170-190°, are available as a by-product of the prepara-
tion of amyl aleohols from pentanes (Sharples). Mixed higher ethers con-
taining the ¢-butyl group and a Me, Et, n-Pr, n-Bu or isopropyl have been
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made by heating the mixtures of alcohols with a 159, solution of sulfuric acid
or NaHSO,. In this process there is little or no tendency to form the simple
ethers, To prepare ethers containing primary and secondary alkyl groups it
is necessary to use 509, acid. All three possible ethers were formed in each
case, the mixed ethers predominating.!’® This preparation of ethers is all the
more important because of the good yields obtained. Thus ethyl t-butyl ether,
b. 73°, was made in 959, yield and isopropyl t-butyl ether, b. 87°, in 8297,

Mixed primary-tertiary and secondary-tertiary ethers are obtained by
adding primary or secondary alcohols to olefins related to tertiary aleohols, in
presence of catalysts, usually acidic in nature.’ Thus methanol and isopropyl
aleohol with isobutylene give respectively MeOCMe; and Me:CHOCMe;.

As would be expected, ethers containing tertiary groups are readily split
by acids like HCI to give a tertiary chloride and the alcohol corresponding to
the other radical.

Higher ethers can be made by the action of the Grignard reagent with
an alpha chloro or bromomethyl ether’? obtained from formaldehyde, an
alcohol and HX. 1

ROH + CH,0 + HX — ROCH.X + H,0
ROCH,X + R'MgX — ROCH,R’

Beta halogenated ethers are less active but can be caused to react with
Grignard reagents by using a higher temperature made possible by the use of
a higher ether such as n-butyl ether. Thus pg’-dichloroethyl ether,
(CICH,CH,).0, gives (RCH,CH,);0. The former compound is Chlorez, first
made by dehydrating ethylene chlorohydrin,** long a useless by-product of
ethylene glycol manufacture, but now important as a solvent in the petroleum
industry, an intermediate in chemical synthesis, a soil fumigant and an in-
secticide. Chlorex with Grignard reagents provides a convenient synthesis
of ethers.

Trimethylethylene with methanol and sulfuric acid gives a methyl amyl
ether.!

The higher ethers, because of their higher boiling points, react more than the
lower members. Thus, refluxing amyl ether with phosphoric anhydride gives
amylene.

Higher ethers also react with Na on heating.

2 RCH,CH,OR’ 4+ 2 Na — 2 R'ONa + 2 RCH=CH; + H;

Alkyl derivatives of hydrogen peroxide such as EtOOH, liquid, and
EtOOEt, b. 65°, are known. They are strong oxidizing agents and are ex-

1o Norris, Rigby. J. Am. Chem. Soc. 54, 2088 (1932).
1 Edlund, Evans. C. A. 28, 5831 (1934).

2 Hamonet. Compt. rend. 138, 813 (1904).

13 Henry, Compt. rend. 113, 368 (1891).

i Kamm, Waldo, J. Am. Chem. Soc. 43, 2223 (1921).
1 Reychler. Bull. soc. chim. Belg. 21, 71 (1907).



Copyrighted Materials

Copyright © 1937; 1951 Dover Publications Refrieved from www.knovel.com

ALIPHATIC SULFUR COMPOUNDS 143

plosive. Unsaturated ethers, particularly the vinyl type, are becoming
increasingly important, especially in plastics and chemical synthesis; methyl
vinyl ether b. 6°, vinyl n-butyl ether b. 94°. Vinyl ether, b. 39° (Vinethene),
is used as a general anesthetic and has been found particularly useful in
dentistry.16.17

V. ALIPHATIC SULFUR COMPOUNDS

Almost all organic compounds on heating with sulfur give H,S and sub-
stitution products containing sulfur. Usually these are of unknown com-
plexity.

While some of the simpler sulfur compounds resemble the corresponding
oxygen compounds in their formulas they differ in many ways:

1. The sulfur atom can be oxidized whereas the oxygen atom cannot.
This ability makes possible compounds such as the sulfoxides, sulfones, sulfonic
acids and sulfinic acids, R.80, R,S0,, RSO;H and RSO,H respectively.

2. The —S—S— linkage iz stable whereas the —O—~O— linkage is very
unstable.

3. The -onium compounds of sulfur are very stable whereas those of oxygen
are unstable.

Considerable amounts of aliphatic sulfur compounds occur in many crude
petroleums. The removal of such compounds from petroleum products is
troublesome and expensive. It is stated that the danger of corrosion from
small amounts of sulfur compounds is greatly exaggerated.!

Organic sulfur compounds, under hydrogenation conditions, give up all
their sulfur as H,S which can readily be separated. The older catalytic
processes were stopped by sulfur compounds but the modern sulfide catalysts
used in the hydrogenation of petroleum and coal are not poisoned in this way.?
This conversion of complex organic sulfur compounds to H,S represents one of
the chief advantages of hydrogenation as a method of refining.

Mercaptans, thioaleohols, alkanethiols, RSH, resemble alcohols only as to
formulas. The lower members have remarkably disagreeable odors. Ethyl
mercaptan can be detected by smell in as small an amount as 2 X 10~2 gram.?
This is less than 1/200 of the smallest amount of Na detectable with the
spectroscope. The offensive odor decreases with the homologs until the C,
member has a pleasant odor. The lower mercaptans boil lower than the
corresponding alcohols just as H,S boils lower than H,O0. This difference
steadily decreases. For the first six normal members the differences (°C)
between the boiling points of the alcohols and mercaptans are 58, 41, 30, 20,
12, and 7. The higher mercaptans (Cy etc.) boil at almost the same point as

16 Carr, Kibler, Krantz. Anesthesiology 5, 495 (1944).

17, A. 39, 2330 (1945).

1 Egloff, Lowry, Truesdell. Natl. Petroleum News 22, No. 24, 41 (1930).
2 Haslam, Russel. Ind. Eng. Chem. 22, 1030 (1930).

3 Fischer, Penzoldt. Ann. 239, 131 (1887).
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the alcohols. The mercaptans are insoluble in water but soluble in alcohols
and ethers. The reactions of the mercaptans and alcohols differ profoundly.
The reactions of the mercaptans can be generalized more safely than those of
the alcohols largely because the C-S linkage is not broken as is the C-O
linkage in most reactions. Even the preparation of mercaptans from alkyl
halides apparently involves less rearrangement than does that of the alcohols.
This may well be due to the ability of sulfur to add alkyl halides as in the
formation of sulfonium halides.

Preparation of Mercaptans.

1. By passage of an alcohol and H,S over hot thorium oxide.

2. By addition of HJS to olefins.

3. By heating NaSH solution (NaOH saturated with H,S) with a solution
of a salt of an alkyl sulfuric acid (a solution of an alcohol in sulfuric acid,
diluted and exactly neutralized with a base).

NaSH 4 RNaSO; — RSH + Na,S0,

4. By treatment of an alkyl halide with concentrated KSH solution. This
has the disadvantages of the insolubility of the alkyl halide and the basic
nature of the reagent which tends to remove HX from halides. This reaction
has not been studied with all types of alkyl halides (p. 73-6).

5. In special cases, by treatment of a Grignard reagent with sulfur.

RMgX — RSMgX — RSH

In this way neopentyl mercaptan, Me;CCH,SH, and related compounds have
been made available.

Reactions of Mercaptans. The stability of the C-8 linkage is much like
that of the C-N linkage thus differing very much from the C-O linkage.

1. Mercaptans form metal derivatives, mercaptides or thiolates, much
more readily than alcohols form alcoholates. Thus they are soluble in base
solutions and react with HgO to give RSNa, (RS),Hg, ete. They also form
mixed compounds like RSHgCl, valuable for identification purposes because
of their crystalline character and high melting points, and RSHgR’ of value
therapeutically when one of the R groups contains a solubilizing group (p. 698).

2. Gentle oxidation merely removes the hydrogen from the —SH group
giving a disulfide

2 RSH + [0]— H,0 + RS—-SR

This process takes place even more easily with the soluble mercaptides. Thus
a mercaptan in presence of ammonia solution is oxidized by air to a disulfide.
The process is easily reversed by reducing agents. The oxidation-reduction
system represented by the mercaptans and their disulfides is of great biological
importance in the action of substances like cystine and glutathione.

The use of compounds of the isotope $* is valuable in biological studies.

4 Ann. Rep. Chem. Soc. (London) 1905, 105.
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3. Vigorous oxidation converts the —SH group to the sulfonic acid group
—8SO0;H. The intermediate sulfinic acid, RSOH, cannot be isolated because
of its ease of oxidation.

4. Just as alcohols react with carbonyl compounds to give hemiacetals,
acetals and esters, mercaptans give similar reactions but with greater ease.
Whereas alcohols give acetals with aldehydes but do not react with unsub-
stituted ketones, mercaptans give mercaptals with aldehydes and mercaptols
with ketones in presence of HCI.

=C=0— =C(SR),

The RS — groups are readily removed by treatment with mercuric compounds
and water. =C(8R); + HgO — =C=0 + (RS);Hg. This gives a method
of “protecting” the aldehyde group while other groups in the molecule are
being studied.

With carboxylic acids, the mercaptans give monothioesters and water.
The mechanism is probably like that of esterification with an alcohol. The
R -8 linkage is not broken in the process. This agrees with the conclusion
that the R—O linkage in alcohols ts not broken during esterification with car-
boxylic acids (p. 120).

Mercaptans do not react with halide acids as do alcohols. Thus the most
prolific source of rearrangements in alcohols is lacking with the mercaptans
just as it is with the amines.

5. Mercaptans add to aB-unsaturated compounds.®

RCH=CHCOR’ — RCH(SR")CH,COR'

Mercaptans can be identified by the mixed sulfides formed by the action of
their sodium compounds with the active chlorine atom in 2,4-dinitrochloro-
benzene. The melting points for the compounds R—8— C¢H3(NO,), for the
first nine normal alkyl groups (°C.) are 128, 115, 81, 66, 80, 74, 82, 78, 86 and
cetyl, Cis, 91. Potassium permanganate in acetic acid oxidizes these sulfides
to sulfones with the following melting points for C, to C,, 189, 160, 127, 92,
83, 97, 101, 98, 92.

Mercaptans can be estimated by titration with Cu alkyl phthalates.®

Methyl mercaptan, methanthiol, CHsSH, b. 7.6°, is formed by the decay
and hydrolysis of various proteins. Presumably its source is methionine or
related compounds (p. 556-7).

Ethyl mercaptan, ethanthiol, CH;CH.SH, b. 37°, is made commercially
from NaEtSO, for the preparation of the soporifics Sulfonal and Trional.
-BuSH, b. 64°, is readily available from isobutylene and H.S. #Alkyl sulfides
are available with 4-8 and 12, 14, and 16 carbon atoms (Phillips, Socony).

n-BuSH is used as an alarm agent in mines since its penetrating odor reaches
all points more surely than any ordinary alarm system.

8 Ann. Rep. Chem. Soc. (London) 1905, 115.
8 Turk, Reid. Ind. Eng. Chem., Anal. Ed. 17, 713 (1945).
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EtSH-18H,0, crystals below 8°; (EtS),Hg, m. 76°; (EtS),Pb, m. 150°;
BuSH, b. 97°.

1- and 2-mercaptans through Cs; have been made and their properties
studied in detail.”

Higher mercaptans to Cis have been prepared.®

Monothioglycol, mercaptoethanol, HOCH,CH,SH and the corresponding
sulfide, (HOCH,CH,),S, Kromaz, are readily available from ethylene chlorohy-
drin. The latter is the intermediate for mustard gas.

Thioglycolic acid, mercaptoacetic acid, HSCH,;CO.H, is readily prepared
from chloroacetic acid. It is used as a depilatory and in the permanent
waving of hair.

The thioglycollates presumably react with cystine and break the sulfide
linkages, weakening the fiber; a mild oxidizing agent such as hydrogen peroxide
acts as a neutralizer restoring the sulfide linkage.?

Mercaptans.!®

Alkyl sulfides, thioethers, R.S, are prepared by treating alkali sulfides
with alkyl halides or alkyl sodium sulfates. Mixed alkyl sulfides can be made
from alkyl! iodides and mercaptides, RSNa 4+ R’I — Nal + RSR’. Grignard
reagents treated with one atomic equivalent of sulfur and then with R’X give
alkyl sulfides. RMgX — RSMgX — RSR'. The alkyl sulfides are pleasant
smelling (when pure) and are insoluble in water. They boil higher than the
corresponding mercaptans and ethers. The effect of —S— is about equal to
that of —CH,OCH,—. Thus the boiling points of the following pairs (°C.)
are: Me,S, Et,0, 38, 35, and Et.S, Pr,0, 92, 91.

The alkyl sulfides form addition products with a great variety of substances
including mercuric salts, halogens, and alkyl halides to form R.S.HgX,,
Rs8.X,, and RsSX. These are sulfonium compounds analogous to ammonium
compounds.

R ++ R + R +
lR:é:Hg] X [R:é:i:] X~ [R:é:R} x-

The second compound is interesting in that one halogen atom is part of the
cation and the other forms the anion.

MesS, b. 38°; Et,S, b. 92°; Bu,S, b. 182°,

Mild oxidation converts the sulfides to sulfoxides, R,SO, and more vigorous
oxidation to sulfones, R.S0.,.

7 Ellis, Reid. J. Am. Chem. Soc. 54, 1674 (1932).

8 Collin et al. J. Soc. Chem. Ind. 52, 272T (1933).

¢ Addleston. Chem. Ind. 58, 414 (1946).

10 Malisoff, Marks, Hess. Chem. Rev. 7, 493 (1930).
1 Ann. Rep. Chem. Soc. (London) 1905, 105,



ALIPHATIC SULFUR COMPOUNDS 147

The splitting of a C—8 linkage is difficult. The sulfides can be split by
treatment with cyanogen bromide.

RSR’ 4 BrCN — RSCN + R'Br

In most cases R > R'.22

Polymethylene dimercaptans, HS(CH,),SH, react with polymethylene
bromides, Br(CH,).Br, and bases to give polymeric cyclic sulfides in great
variety.1?

B8’-Dichloroethyl sulfide, Mustard Gas, Yperite, (CiCH;CH,).S, b. 218°,
was the most important vesicant used during World War 1.4 The two methods
for its preparation start from ethylene, sodium chloride and sulfur. Thus the
folly of any attempted legislation against materials for war “gases’ is obvious.
In the German method,'s ethylene chlorohydrin is treated with Na,S and the
resulting thiodiglycol gives the chloride with HCl. The other method (Guthrie
1860)'¢ adds sulfur monochloride, S,Cl,, to ethylene to give the sulfide and
free S which remains in colloidal form.

C:H, — CICH.CH,OH — S(CH,CH,0OH), — S(CH,CH,CI),
CzH4 + Szclz - S + S(CHzCHzCl)z

This compound had been obtained even earlier by the action of chlorine
on Et;8.17 The vesicant properties depend on the B-position of the CI.
CICH,CH. SMe has similar properties but CICH;SMe does not.!* The best
method for rendering mustard gas harmless is by chlorination.’® The potential
production of mustard gas in all countries at the time of the Armistice (1918)
was of the order of 300 tons a day. The amount available but not used in
World War II was of an entirely higher order of magnitude. The predomi-
nance of the U.S.A. in the ethylene industry probably accounted for the
failure of the Axis nations to start using Mustard.

Thiokol is a complex elastomer obtained from sodium sulfide or polysulfide
with dichlorides such as ethylene chloride or 1,4-Cl,-2-butene obtained by
1,4-addition of Cl; to butadiene. The resulting products contain groupings
such as —(CH,CH.S),—, —(SCH,CH.).—, and —(CH,CH=CHCH,),.
The latter can be vulcanized like the polymers of isoprene and of butadiene.

The action of sulfur with olefins has not been adequately studied in spite
of the great practical importance of vulcanization and the large mass of applied
information in this field.?®

2 Ann. Rep. Chem. Soc. (London) 1923, 87.

13 Meadow, Reid. J. Am. Chem. Soc. 56, 2177 (1934).

¥ Ann. Rep. Chem. Soc. (London) 1920, 58; 1922, 23,

1 Ber. 19, 3259 (1886); 20, 1729 (1887).

18 Prentiss. “Chemicals in War.” p. 625.

17 Richie. Ann. 92, 353 (1854).

18 Kirner. J. Am. Chem. Soc. 50, 2446 (1928).

19 Lawson, Dawson. J. Am. Chem. Soc. 49, 3119 (1927).

20 Armstrong, Little, Doak. Ind. Eng. Chem. 36, 628 (1944).
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Mixed tetra-thioethers, C(CH,SR);, have been made from the tetra
bromide of pentaerythritol and mercaptides from Cs to Cyz.2!

Allyl sulfide, (CH,=CHCH.).S, b. 140°, occurs in onions and garlic. It
is readily prepared from the allyl halides.

Sulfur compounds are best removed from petroleum products by hydrogena-
tion with various molybdenum catalysts.?? The products are hydrocarbons and
HSS.

The sulfonium halides, RR'R”SX, are obtained from alkyl halides and
dialkyl sulfides. They resemble ammonium and other -onium salts. Heating
alkyl iodides with sulfur gives a similar result to that obtained with phosphorus
(p. 847-8), forming periodides, R;SI;, which can easily be reduced to R,SI.
Treatment of sulfonium halides with AgOH gives the sulfonium hydroxides,
strong soluble bases. Asymmetric sulfonium compounds have been obtained
as optically active enantiomers. The sulfonium compounds form stable
products with mercuric salts, halogens, etc. The electronic nature of the
substances may be closely related to that of the sulfonium salts

R I+ R - R -+
R:é: X- R:é:Hg 3 X~ R:'S':SC: 2X-
R R R

Alkyldisulfides, RS—8R, may be made by oxidizing the mercaptans cau-
tiously or from alkali disulfides and alkyl sodium sulfates. Reduction gives
mercaptans. Mild oxidation converts one sulfur to a sulfone grouping thus
giving a thiosulfonic acid ester, RSO.,SR, sometimes incorrectly called a
disulfoxide. After oxidation starts, the monosulfoxide next goes to a mono-
sulfone before the second sulfur is attacked. Vigorous oxidation gives a
disulfone, RSO,S0O.R, and finally two molecules of a sulfonic acid, RSO,H.
The —S—8— is broken not only by reduction and oxidation but by the action
of alkyl iodides, which give sulfonium compounds. Me,S,, b. 112°, Et,S,,
b. 153°,

Alkyl sulfoxides, R.SO, are obtained by the action of nitric acid with the
sulfides. The first product is a “nitrate,” R;80. HNQO;, which is decomposed
by water or mild bases (p. 150). A better preparation is from the sulfides and
an organic peroxide such as psrbenzoic acid, PnCO;H. The lower sulfoxides
are liquids which solidify on cooling. They are soluble in water, alcohol and
ether. The higher ones are solids insoluble in water. Pr,SO, m. 15°; Bu,SO,
m. 32°; Hept,SO, m. 70°. Reduction changes them back to sulfides.

Any superficial resemblance between the SO and the CO groupings must
not be accepted as real. This will be clearer from a consideration of the mode

21 Backer, Dykstra. Rec. trav. chim. 51, 289 (1932).
% Byrns, Bradley, Lee. Ind. Eng. Chem. 35, 1160 (1943).
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of formation of the two types of groups. Using electronic formulas:

:6:H :0:
RZéZR'-{—[:6:]—»H:6:H+R:8:R’
:0:
Ri'S‘iR'+[:6:]—->R::S':R’
i Sulfoxide

In the case of the ketone there is a true double bond involving a sharing of four
electrons by the C and O to complete both octets. In the case of the sulfoxide
there is no double bond although this type of linkage is sometimes referred to
as a semipolar double bond. It is more properly classed as a coordinate link.2
It is also represented as R,S — O, Rs8 = O and R.;8+—O~. The difference
between the CO and SO groups can be shown better with space models, using
tetrahedra to represent the C and S atoms.

% h',

I an
It will be seen that the ketone (I) has a plane of symmetry through R, R’ and
the O atom while the sulfoxide (II) has no such plane. This agrees with the
experimental fact that sulfoxides can be obtained as optically active isomers.?
This would be obviously impossible with a structure RR’S=0 which would
have a plane of symmetry and could not exist in enantiomeric forms.

The differences between sulfoxides and ketones extends to nearly all their
properties.?® However some of the reactions and properties of sulfoxides,
sulfones and sulfonic acids may be interpreted on the basis that sulfur can
accommodate more than eight electrons.?¢

The difference between the SO and CO groupings persists in all compounds
containing them. Another experimental evidence of this difference is given
by the value of the parachors for the two types of compounds, one indicating
a double bond and the other no double bond.?7-%8

2 Sidgwick. “The Electronic Theory of Valency.” Oxford, 1927. p. 60.

2 Kenyon. Ann. Rep. Chem. Soc. (London) 1926, 106, 111, 126,

2 Shriner, Struck, Jorison. J. Am. Chem. Soc. 52, 2060 (1930).

 Luder, Zuffanti. “Electronic Theory of Acids and Bases.”” John Wiley & Sons, 1946.

27 Hiickel. “Theoretische Grundlagen der Organischen Chemie,” Vol. II. Leipzig, 1931.

p. 169.
28 Sidgwick. ‘““The Electronic Theory of Valency.” Oxford, 1927. p. 60.
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The existence of the ‘“‘nitrates’” of the sulfoxides offers an interesting
possibility in electronic formulas:

:6: 10 :0: :0:
HY} N:0:f +R:8S:—=H*R:8 : N:0:
: 0 R R :0:

Such complex acids (not true nitrates) could not be produced by ordinary acids
whose negative ions have complete octets and so could not form a coordinate
Iink with the “free’” electron pair of the sulfoxide.

Further evidence for the coordinate linking in sulfoxides is given by the
existence of cis and trans forms of certain disulfoxides such as those of 1,4-
dithian. The double bond formula is inadequate to express this isomerism.
The coordinate link formulas are shown with the edge of the plane of the ring
represented by the heavy line.

CH,—CH. :6:
08 SO 1S ma— ;S —
CH.—CH, : 0 :0: :0:

A4

Alky! sulfones, R,S0,, are stable, crystalline, odorless solids obtained by
vigorous oxidation of the sulfides or by treating sodium alkyl sulfinates with
alkyl halides. They are not attacked by reducing agents or by PCl;. Their
properties are reflections of the effect of the two coordinate links and the
resulting strong electrical fields within the materials.

:6: /0
R:S:R RgS\
:0: (0]

M92802, m. 1090, b. 238°; EtzSOz, m. 700, b. 248°.
Soporifics of the sulfonal type are disulfones obtained by oxidizing mer-

captols of ketones.
Sulfonal, Sulfonmethane (NNR), (CH;),C(S0,C;Hg)s, m. 125°, is made by
oxidizing the mercaptol of acetone with KMnO,.

Me:CO + 2 EtSH — Me,C(SEt), — Me.C(SO,Et),

Many modifications are known. The best known are trional and tetronal
which contain three and four Et groups. They can be made from MeEt-
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ketone and Ets-ketone but are more readily prepared from acetaldehyde and

propionaldehyde.
Na

RCHO — RCH(SEt); — RCH(S0:Et), —— REtC(SO:Et),
EtBr

The H on the carbon between two sulfone groups is replaceable like that
between two carbonyl groups.

Alkyl sulfonic acids, RSO;H, are soluble, strong acids. Their formation
by oxid