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HISTORICAL

-

General Introduction.

The compound 1,1-di(4-chlorophenyl)-2,2,2-trichloroethane (DDT I)

has assumed great importance with the discovery by the Geigy Chemical

Company that it is a very potent contact insecticide. Their results
are summarized in a paper by Lauger, Martin end Miller (1), Patents
were issued to cover this work (2). To most commen insects, it is

the most powerful contact insecticide known.
The Geigy paper is chiefly concerned with the testing of a large
number of chemicals on various insectse DDT is included in a l1list
of contact insecticides. These materiels are effective only when the
insect's body makes contact with the chemicals Compounds in this class
bear no reiatioh chemically to those classed as stomach poisons, which kill
only on being eaten with the insect's food. - Neither are they related
to repellants, materials which keep flies from touching a treated surfece.
The study of the chemistry of DDT is vitally important. This is
because very slight changes in the moleculs cause it to lose its toxicity.
An approach can be made to the structural basis of insecticidal action when
two closely related'chemical molecules are found to have widely differing
‘insecticidal actione This fact also indicates the contingency that it
may be possiblé to prepare a compound even more powerfully toxic than DDT,
éven though its other analogues have been withcut insecticidal action.
Chemical studies may over come the disadvantages of DDT as an insecti=-
cidee The compound does not kill all insect pests, but does destroy some

creatures essential toc plant economy, such as beese. Present day knowledge



of the specificity of DDT and other contact insecticides tends to in-
dicate that eventually one may be able to choose from a list of éhemicals,
depending on the pest that is to be eliminated.

DDT is prepared by the Baeyer reaction when two moles of chlorobenzense
are condensed with one of chloral in twenty moles of ninety-five percent

sulfuric acid at 30°C to give a fifty percent yield of the para-para'isomecr,

the toxic ingredient (3).

Cl C Cls - C - QH CClg———CH
PN ; j>>\\
CCly - CHO+ HpS04 ) _ HpSO4 ' k
Cl Cl
II I

The alcohol 1-(4-chlorophenyl)-2,2,2-trichloroethanocl, written as the
intermediate (II) was isolated up to as much as five percent in commercial
preparaticns (4; 5)e Several analogous alcohols were prepared by Chattaway
and Muir (8), by using excess chloral in the Baeyer reaction. These
alcohols gave the Baeyer product by condensation with chlorobenzene in sul-
furic acide. The strongest evidence for the alcohol being the intermediate
was obtained by Garmaise gnd Eastwood (3).

The alcohol (II) occupies & key place in the chemistry of DDT. It is
the souree of esters and ethers, several of which have been prepared and
tested on insects. It can be reacted with aryl compounds other than chloro-
benzene, giving a series of unsymmetrical diaryl ethanes, unobtainable pure
by the ordinary Baeyer reaction (6).

Some. of the mein impurities in commercial DDT were prepared and tested
insecticidally. The compound 1-(2-chlorophenyl)-1l-(4-chlorophenyl)=2,2,2-

trichloroethane, the ortho-paras isomer of DDT, the major impurity (4) was



found non-toxic on Drosophila (7). The intermediate alcohol (II) has a
relative potency of one hundredth that of DDT (7). A discussion of
this is given on page 5.

As the alcohol has an asymmetric carbon atom, it can exist as
optical isomers, Their separation was considered for the following
reasons -

1) It was felt desifable to determine any possible differences in
toxicity between the d- and 1~ forms of the alcohol or its derivatives.

2) The analogue 1-(4-chlorophenyl)-l-phenyl-2,2,2-trichloroethene
had appreciable insecticidal activity (7). Unlike DDT, it has an un=-
symmetrical structuree. The asymmetric carbon atom in the d- or 1-
alcohol may retain its configuration on being converted to the Baeyer product,
which would then be optically active also. Interesting mechanistic conclu-
sions depending on whether or not the Basyer pmduct was optically active
could be drawn. Insecticidal tests run on such & product would also be

of intereste



The Testing of Materials as Contact Insecticides.

Methods of insecticidal testing were devised at McGill (7) to test
raterials to see if they had a greater ultimate relative potency than
DDT. This follows the approach of ﬁéuger, Martin and M;ller (1), who
methodically tested very many compounds, and succeeded in determining
a few toxic materials. They tried to assign toxicity to the following
mechanisme, The trichloromethyl group is the toxic unit, but the mole-
cule also requires the benzene rings to confer fat solubility for entrance
into the insect. Other workors tried to relate chemical structure to
toxicity (8).

The McGill workers used Drosophila as the test insect, and noted
interésting facts, summarized»as follows:~= A very slight change in chemical
structure often produces a compound of profoundly different toxicity. For
example, the ortho para isamer of DDT, 1=-(2-chlorophenyl)-1-{4-chlorophenyl)
=2,2,2=trichloroethane has no action on Drosophila (7), neither has the
compound 1,1,1,2-tetrachloro-2,2-di(4~-chlorophenyl) ethane. Only one of
the stereoisomers of hexachlorocyclohexane (666) is toxic, the others
being inactive (9).

Studies on the physiological effects of optical isomers havs shown
that there may nr may not be considerable differences between the d- and 1~
forms. Where they do exhibit a specific difference, it seems probable that
diastereoisomers ars produced by the reaction of the optically active reagent
with some optically active component of the living tissue. Such dlasterso=-
isomers have different properties and hence would be expected to have differ-

ent physiological action. A likely source of optically active body come



ponents is found in the enzymes.

The difference in physiological effect of the d- and 1= forms may be
due in part to the formation of different amounts of the diastere§isomers
at equilibrium. This effect was observed by McKenzie (10) and reviewed
by King (11). Thé ineqﬁality in amounts may be so great that only one
can be isolated (12, 13). Or it may be that d- and 1- forms react at
different rates with the optically active tissue component. The inactive
isomer does not react at a rate fast enough to cause accumulation of the
physiologically active product.

The situation has been summarized by Cusbny (14) in the general
statement that when differing effects of d- and 1- isomers are observed,
the controlling reagents are probably optically active enzymes or other
asymmetric cell constituénts which are able to exert a selective influence

on metabolites through differential reaction, absorption or catalysis.



Principles Governing the Resolution of Alcohols and other
Racemioc Modifications into their Constituent Isomers.

Introduction.

One of the most commonly observed phencmena in organic chemistry is
that of the existence of isomers, whose empirical formula is the same,
but which differ in at least one of their physical or chemical properties.
The cauwse of this difference was realized early to be & result of the
different arrangement of the atoms within the two molecules. Two types
of isomerism can be distinguished. In the first, the functional groups
of the two isomers are not related éhemically. The second class includes
all types where the relative distances of the functional groups from each
other are not constant, even though their type is the same,

The first type of isomerism is exemplified by the corresponding
members of certain homologous series. Ethyl alcohol - CHzCH20H - and

ethyl ether - CHzOCH3 - have the same empirical formula, but differ markedly

in physical and chemical properties. The second type includes position
v CHz

isomers of the type CHzCHpCHpCHpCHz-n-pentane and isopentane CHzCHpCH- CHgz,
C1

which differ in carbon skeleton, and CHzCH - CHz,2-chloropropane and
CHzCH2CH2C1,l~chloropropane, which differ in point of attachment of the
functional groups to the carbon skeletons  Another example of this type

is the ortho, meta, and para isomers of bromo-nitrobenzene

Br Br r
Ok (e @

In these cases the functional groups have different reactivities.

A special type of the second class of isomerism is stereoisomerism.



Here the two isomers possess the seme molecular formula and same functional
groups, but differ in the three dimensional space arrangement of the atoms
or groups within the molecule. The two commonly observed types here are

optical isomerism and cis-trans isomerism.

Properties of Molecules with Asymmetric Atoms.

A pair of optical isomers has indistinguishable physical and chemical
properties except for one characteristic. Each isomer rotates the plane
of plane polarized light in equal and opposite directions. Examination
of the nature of these pairs of compounds shows that only those structures,
crystalline or molecular, which fossess mirror imeges non-Superimposible on
the original are able to affect plane polarized light. The isomers have
the same relation to each other as do the right and left human hands, that
is, each is the mirror image of the other. Their structures are termed
asymmetric, or without geometrical symmetry.

With some crystals, it is found that the crystal lattice as shown
by X-rays is asymmetric, non-superimposible on its mirror images This non=-
identity of structure may or may not be shown by the external crystal form.
Optical activity will be observed here, the material being separable into
isomers called dextro (d-) or leevo (1-) forms, which rotate plane polarized
light an equal amount either to the right or the left. The phenomenon will
only be observed in the crystalline state, and not when the compound is a
liquid or gas or dissolved in a solvent. A compound showing this type of
isomerism is quartze.

Experimentally it is found that when a molsclile has an asymmetrical

three dimensional molecular structure, it exists in forms capable of rotating



polarized light, These forms show this property in all their physical
states, thereby showing the molecule to be the fundemental asymmetric
unite The molecule and its mirror image are called snantiomorphs and
are identical in all respects except that they rotate the plane of pol-
arized light an equal amount in opposite directionse. In a very few
cases the asymmetry is reflected in the crystal form. Pasteur (15)
found this so for sodium ammonium tartrate. |
Asymmetric molecules can be divided into two groups:- (1) Compounds
in which an individual atom is #symmetric. This is readily observed
when any carbon atom in the molecule has four different groups attached
to its valences. (2) Molecules containing no individual asymmetric
atom. Their asymmetry is due to the absence of any of the necessary
elements of symmetry, which permit the mirror image of the molecule to

be superimposible.
Principles Involved in Separation of Optical Isomers,

Experimentally it is always observed that when a compound of asymme-
trical structure is synthesized in the laboratory, the preduct is quite
inactive when examined in a polarimeter. This is because the two
enantiomorphs have been prepared in equal ambunts, and their rotations
neutralize each other, There is no general method for their separaticn
per se by the usual methodé of organic chemistry, for they have no differ-
ence in physical properties, for example, solubility, or boiling or melting
point. However, if the product, called a racemic modification is re-
acted with anothsr optically active compound, the two products obtained

are not mirror images. The spatial construction of the product of re-

action of the d= isomer differs from that of the reaction of the 1= isomer.



These products, called diastereoiscmers differ appreciably in their
éhysical properties such as solubility, and so can be separated by frac-
tional crystallization from a suitable solvent.

The reaction of a racemic alcohol, dl-A, with an optically active
acid, 1-B, mey be written

dl-4 + 2 1-B ———p d=2.,1-B + 1-A.1-B

The diastereoisomeric esters after separation are saponified to give the
separated optically active alcohols. The method was first used by

Pasteur (16) for the separation of the tartaric acids.

Points of Technigue in Optical Resolutions.,

Like all organic reactions, those for the resolution of optical
isomers have technical difficulties which reduce the versatility of the
method in question. It is felt by the author that Shriner and Adams (17)
have summarized these difficulties succinctlye. They wrote that "The
properties of a good resolving agent are:-

1) It should be readily obtainable from easily available starting
materials.

2) It should react with the racemic modification in but one way e
Thus a dibasic acid, which can form both‘normal and acid salts, is not so
useful a resolving agent as a monobasic acid.

3) It must form compounds with the racemic modification stable enough
to resist dissociation or decomposition on recrystallization, yet easily
split after separation, by methods not drastic enough to cause racemization.

4) Its diastercoisomeric derivative must be crystallizable and less
soluble than any of its components.,

5) It should have a high rotatory power in order to enable the progress
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of a resolution to be followed by polarimetric methods.

6) It should be readily recoverable for repeated use.

The above technicalities are typical of those met in organic chem-
ical syntheses. Howsver, there is onse outstanding difficulty which
occurs only in the performance of optical resolutions. One cannot
predict what resolving agent will give diastereoisomers with properties
which make their separation possible, The esters must be crystalline
and have considerable difference in solubility in at least one solvent.
Many examples of this uncertaihty may be found in the literatures
Linstead (18), tried five optically active bases in the resolution of a
diphenic acid and six for its half methyl ester, but could not obtain
crystalline salts, The acid phthalate of a glycerol mono ester gave
e crystalline salt with brucine. Only a very small amount of resol-
ution could be effected on recrystallization (19). In the purification
of commercial borneol containing isoborneol, it was found that l-menfhbxy
acetic acid was quite unsuitable, whereas d-bornoxy acetic acid (20) gavé
8 pure crystalline precipitate of one diastereoisomer. Oily mixtures
of diastereoisomers have never been separated. They have to be cry-
stallized first.

Chemical Pecularities of the Reaction of d- and 1~

Isomers with Optically Active Reagents.

1) D- and 1~ isomers obviously enter into the same type of chemical
reaction,. However, the d- and 1= forms may react at different rates
with an optically active molecule. Marckwald & McKenzie (21) have shown
that if dl-mandelic acid is esterified with a quantity of l-menthol in=-

sufficient to react with all the acid present, the product consists to a
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large extent of 1 menthyl d-mandelate

?H ﬁ O0H OH
|
C6H5—C'— C - 0H Cloﬂlgo.H CGHS -C—C -0 C10H19
EE— |
H H OH

dl - large amount
11 - small amount
0o
—> Hp0 + CgHg— C—-C—0 Ci0H19
H
dl - large amount
11 - small amount

One reason suggested for the inequality in amounts is that ester-
ification probably involves the formation of the intermediate addition
compound shown in tho brackets, The active l-menthol adds to the
carbonyl group of the d- and l- mandelic acids at different rates because
of the differmnt steric influences involved. The unesterified acid
contained a corresponding excess of }-mandelic acid. The hydrolysis
of an equimolar mixture of the two diastersoisomers resulted in an excess
of one active acid being formed.

2) The equilibrium point in the reactions of d- and 1- isomers with
an optically active‘reagent may tend to form products in one case much more
than in the other, This effect was first noticed by McKenzie and Smith
(10) in the preparation of l-menthyl esters of dl -d - chlorophenylacetic
écid. They found that if the d-, 1=, or dl- esters were treated with a

trace of alkall, the iscmeric esters were formed in 57 and 43% yield.
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1 1
CgHs CHCL CO5Cy0Hpg
1 1
d 1 57% CgH5CHC1 CO5Cq0H g
CgHg CIC1 COpCy0H1g — )
‘ d 1
1 1 437 CgHgCHC1 CO5Cq0Hy g

50% CeH5CHCL COpCy0Hpg

d 1
50% CgHgCHC1 CO5Cy0H1g
Some examples are known where the inequality may be so great that only
one form can be isolated, as in the brucine salt of a certain peri-sub=-
stituted naphthalene (13), The effect was summarized by King (11).
Interconversion of the d- and 1- forms about the asymmetric atom has taken
place.

3) Differential rates of adsorption of optical iscmers by optically
active adsorbents have been observed. An apparatus of the type used in
chromatogrphic work wmas constructed, and the column was filled with an
optically active adsorbent. Henderson and Rule (22) poured a petroleum
ether solution of d1-N,Nl-p-phenylene bis (3-imino camphor) through & column
of d-lactose hydrate. After passing the solution through many times, it
was found that one isomer was adsorbed by the lactose while the other remained
in solution, The same method (23) was used to resolve 2,8=dimethyl-5,11
(6,12)-methanodibenzo{b,f]h,ﬁ]diazocine (Troger's base) using the same ad-
sorbent,

4) The final point characteristic of the reactions of d- and 1- iso=
mers does not involve the formation of diastereoisomers, or their separation,
Marckwald (24) defined asymmetric syntheses as those processes which produce
optically active compounds from symmetrically constituted moleculss by the

intermediate use of optically active reagents, but without the use of any of

T a wmathade of rasolutione
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An example of this type of synthesis was found by McKenzie (25) when
he treated optically active keto=-ssters with the Grignard reagent, and

hydrolysed the product.

. . OMgX C‘)H
R C - COOH— R C - COOR—RMEX; R - ¢ COOR—R C - COOH -+ R OH
| gl 5
Optically
active

lany other examples of this in many other fields of organic chemistry are
knovn, In practically all cases, the active products obtained by asy-
mmetric syntheses are not optically pure. The amount of one isomer
usually exceeds that of the other by no more tﬁan a few percent.

Many asymmetric synthesesare brought about by enzymes e The follow=-

ing conversion was performed by Dakin (26).

. OH

. /\F
< \\CH== CHCOOH 4 HO _Fumarase \e - CHpCOCH
k ] 2 )i

7
1

In such conversions, the product often consists mostly of one isomer and

the purity is found to approach one hundred percent.
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An Outline of the Methods used for Resolving Racemic
Alcohols into their Pure Dextro and lasevo Forms,

(a) Hydrogen ester of the alcohol with optically active base.

Acid Phthalates or Succinates,

The great majority of simple primary and secmdary alcohols form
hydrogen esters of diacids with eass. Usually phthalic or succinic
acids are chosen, and are heated as the anhydride with the alcohol, which
is either frce or dissolved in pyridine. The reaction of the acid ester
with an optically active base gives a product resolvable with ease. It
usually happens that only one diastereoisomer crystallizes out of the re=-

action solvent, in a state of considerable puritye.

//0 //o . 9
C\ C ORrR COR
/0 + ROH— —_—>
c -~ C 0H COBase
X, \ 0
6] 0 0
i 9
COR COR |
ROH (+or=) «— —> ROH(-or-H
%OBase (+or=) ﬁOBase(-or+) : :
o]

This is a versatile method as there are a large number of optically

active bases readily availablee Several dibasic acids have also been
used. Treatment of the separated diastereoisomers with dilute acid
gives the acid esters. These can be saponified to give the active

alcohols,
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The method was first introduced by Pickard and Littlebury (27) who
resolved borneol by fractionation of the 1~ menthyl amine salts of the
acid phthalate, Series of alcohols were resolved by Pickard and
Kenyon (28) and by Levene and co-workers (29). The foilowing series

have been resolved by this method s~

CHzCHOHR CgH5CHOHR
CoH5CHOER CgHCHOHR

(CHz )oCECHOHR CHp = CHCHOHR
(CHz )2CHCHoCHOHR CHp =CHCHpCHORR

where R = various normal or branched chains from methyl to pentadecyl.

In the resolution of alcohols by acid ester formation, all the common
opticélly active bases, brucine, quinine, strychnine, anq/or cinchonidine
have been used. The 3-nitro derivative of phthalic anhydride has proved
more useful than the unsubstituted material for resolving 2-methyl-butanol-l,
$-phenyl-butanol-1l, and 4-phenyl-pentanol-l. The phthalates, consisting
of oily masses gave only oily salts, or crystalline ones which could not be
separated, or which dissociated on recrystallization, giving some free base.
(30, 31). In these cases, pure diastereoisomers, easily resolvable, were
obtained from the 3-nitro phthalates. Tetrachloro phthalates of simple
secondary alcohols such as butanol=2, were prepared (32, 33). Their di-
astereoisomeric salts could not be separated, however. The hydrogen
succinates of menthol ~ (33), and various members of the series =

CH,CHOHR (33)
(CH; ),CHCHOHR(34)

C,H;CHOHR (35)

have been prepared and resolved with optically active bases. The succinates

©
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are superior to the phthalates when more soluble or more stable salts
are required, or when completing resolutions only partly effected by

means of the phthalates (34, 35),

Modifications to Overcome Inapplicalflity of the Method.

This method of resolution cannot be used when the anhydride fails
to reéct'with, or dehydrates the alcohol, This is often the case with
tertiary alcohols.

(1) One alternative method of synthesis of the phthalate 'was developed
by Fuller and Kenyon (56). It consists in the addition of a solution of
powderad potassium and the alcohol in benzene to a solution of phthalic
anhydride in benzens, By this method, the hydrogen phthahtes of & =
terpinadl, dl-a= and g~ séntalols, and dl- linalool (37, 38) were pre-

pared.

.0 0
vd :\ : [//\\\ * ~ ONa
RONe - + ::E//O —_— //E - o
N % ~ X
(2) Acid phthalates have also been synthesized by Fessler and Shriner
(39) by the reaction of their magnesium halides with phthalic anhydride.
The acid phthalate of benzohydrol, prepared in about 14 percent yield by
direct esterification, was synthesized in 84 percent yield by this modi-
fication -

CoHglgBr + ROH

0
S0
o \f’-OMgBr HoO. C<0H

CoHg +  ROMgBr 0 —
, A C—OR C-OR
0

Yo
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The acid phthalatss of tertiary alcohols were prepared in good yield by
fhis method. It has not been used to synthesize phthalates as resol-
ution intermediates,

(3) The 4- toluens sulfonates of numerous alcohols have been shown
to undergo an ionic reaction of the following type with salts of carboxylic

acids (40).

- 0 -
ROSO,C7H7  +  CHzCO0 — ROC-CH; +  CqH;080,
Potassium benzoate, potassium acetate, lithium chloride and other salts
will react thus. Apparently potassium acid phthalate, which theoretically
should react to give the alcohol acid phthalate, had not yet been used in

this reaction.
Acid Sulfates,

A few alcohols can be resolved somewhat completely by reaction of
their hydrogen sulfates with optically active bases, The method is easily
applied to glycols which form stable sulfates (41), as well as to cyclo=-
hexane diol (42, 43, 44). The glycol is sulfated by reaction with excess
concentrated sulfuric acid at -15°C, and the product is isolated at the
barium salte This is reacted with an alkaloid sulfate. Removal of the
barium salfate By filtration leaves a solution of diastereocisomeric sulfates
separable by fractional crystallizatione. Saponification with dilute alkali

gives the active alcohol.
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BaCOg '
ROH + Hp804 ——— ROSOZH ——2 (ROS03 )2 Ba
alkaloid
sulfate
dl d
(ROS0z) alkaloid + BaSOy
/ . dil dil
ROSOz alkaloid ROS0z alkaleid ——— ROSOzH ———— ROH
a 4 1 d acid 1 base 1
dil -
acid
ROSOzH ——— RCH
a d £ -

The sulfates of most alcohols are too unstable to work vith (45). =
Pentyl - 1-hydrogen sulfate (46), hexyl-3-hydrogen sulfate (47) and
butyl-2-hydrogen sulfate alkaloid salts were only partially or unsuccess=-
fully fracticnated (32). Racemization is very noticesble on hydrolysis
of these esters (48), |

No other acid esters except phthalates, 3=-nitro phthaiates, succinates

and sulfates have been used for resolutions of alcohols.
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(b) Tho Action of an Optically Active Acid on the Alcohol.

A study of diastereoisomeric esters was made by Frankland and Price
(49,50). A crystalline product was obtained from the reacticn between
1-2-methyl-butanol-l and dl—a;ﬁ -dibenzoyl propionic acid, However, the
diastereoisomers could not be separated by recrystallization, The ¢ or=-
responding dl- alcohol l-acid was a liquid.,. Marckwald and McKenzie (21)
(51),veffected partial resolutions of dl=- mandelic and related acids with

1- menthol and d=- bornsol, and of dl- octanol with d- tartaric acid.

I~ MNenthyl Isocyanate.

This reagent was used by Pickard and Littlebury to form crystalline
urethanes with alcohols and phenols., They easily separated the urethanes
of (52) dl-l-phenyl-l-p=hydroxy phenyl ethane and (63) dl-ac-tetrahydro-2
naphthol, obtaining only one optically pure howevers, Hydrolysis was
achieved by refluxing with dilute alcoholic potassium hydroxide.  However,
dl-isobornyl l-menthyl urethane cennot be separated as it forms mixed crys-
tals inseparable by fractional crystallization. The 1- menthyl urethane

of 1:3 methyl cyclohexanol is a viscous o0il.

D= Camphoric Acid.
It has been found that the hydrogen camphorate esters of such alcohols
as l-phenyl-propanol could not be separated by fracticnal crystallization

(54, 55).

D- and 1~ Mandelic Acidse
D1~ menthol has been completely resolved by the use of d- and 1- man-

delic acids, Hydrolysis of the mandelate menthyl esters results in the

racemization of the resolving agent (56, 57).
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D- and L~ Camphor Sulfonyl Chloride.

The separation of d=- from 1- menthol has also been achieved by
fractionation of the crystalline esters with d- and 1- camphor sulfonyl
chlorids. The method was first used by Read and Grubb (58). Hydro-
lysis of the esters was accomplished by the steam distillation of a 50%

oxalic acid solution. A low yield of isomers was obtained.

L~ Menthoxy Acetyl Chloride.

The above reagents all lack at least one property from those listed
by Adams as desirable. The use of 1- menthoxy acetyl chloride by Read
and co-workers (59, 60, 61) surmounted many difficultiese Alkoxy acetie

acids are easily prepared from chloroacetic acid and the stbdium derivatives

of active alcohols such as 1= menthol or d= borneol,

CHz CHg
I

c c
1
CH2 H\\\CHZ toluene CH2 H CHy
l l + C1CHCOOH ——>
Cig . CHONa CHz  ,CHOCHCOOH
\\\\\é/// \\\\C///

| I

CH(CHz )o CH(CHz )

A good yield of the crystalline diastereoisomers is obtained from dl-
menthol and 1- menthoxy acetyl chloride in pyridine. These are easily
separated by fractional crystallization and have convenient rotations.
Mild conditions are used for the hydrolysis. 1% alcoholic potassium
hydroxide serves for the menthol sesolution. The alcohol and resolving

agent can be isolated optically pure.



21

In & resolution, after the less soluble diastereoisomer separates
out, the mother liquor contains the other one, together with byproducts.
Most resolution methods do not permit the purification of the second
alcohol, Here the impure product can be saponified and reacted with
d- menthoxy or d- bornoxy acetic acid, both of which are readily avail-
able. Now the other antipode separates és the least soluble diastereo=-
isomer. For example, dl=- menthol (59), d1l- neomenthol (62) and dl-
gquilenin (63) have been completely resolved by successive application
of d- and 1- menthoxy acetic acids. These reagents were also used in
the following experiment, D= camphor was reduced with sodium in ethanol,
yielding a mixture of d- borneol with some 1- isoborneol. This mixture
was converted to the alkoxy acetic acid and reacted with further impure
d~- borneol. Fractional crystallization gave pure d= bornyl-d-bornoxy
acetate, wlich oh hydrolysis gave pure d- borneol and pure d- bornoxy acetic
acide. Similarly 1- camphor was converted into pure 1~ borneol, by way of
1- bornoxy acetic acid (20). The equation is given below,

In the following scheme, "impure" d- bormeol signifies a mixture of

d- borneol and 1- isoborneol, ﬁhioh is obteined by the reduction of d- camphor.
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CHy | CoH;OH  CHy | cH, |
CH C CH
2.0 % Q 2 4
7 a N / \H
CHy CHZ CH,
d- camphor d- borneol 1- isoborneol

ClOHi7ONa + Cl CHéCOOH

sodium derivative of chloroacetic acid
impure

d=- borneol

NaCl + Cj0H;70CHoCOOH S0C1l2 | ¢q0Hy70CHCOCL

impure .

impure
d~ bornoxy acetyl chloridse

d= bornoxy acetic acid

010H17OCH2C001 + ClOHl7OH > C10H17OCH2000C10H17
impure impure impure
d- bornoxy d- borneol d- bornoxy acetate of d- borneol
acetyl chloride
fractionally
crystallize
alc, - -
Cloﬂi7OH}+CloH17OCHéCOOH G_ESET____ pure d - bornoxy acetate of d=- borneol
d-borneol d-bornoxy acetic

acid

The 1- menthoxy acetates of dl=trans-cyclohexasne-1,2-diol (64) and of

a polynuclear phenol with restricted rotation (65) were separated by frac=
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tionael crystallization and each gave pure d- or 1- isomers on hydrolysis.
1- mentboxy acetatss of some lower alcohols are oils. Sometimes, it

is found that even when crystalline, the esters cannot be separated (66).

I~ Menthyl Glycine.

Although resolution is theoretically an elegant technique in organic
chemistry, yet the chemist is sometimes compelled to try several resolving
agents before erystalline diastereoisomers of widely differing physical
properties are obtained. There is no way of foretelling the properties
of the diastereoisomers, or of choosing with ce;tainty the correct resolving
agente 4n extreme example of this was found by Linstead (18) when he was
unsuccessful in resolving a diphenic acid or its half methyl ester, even
though he used six optically active bases.on eachs,

For the resolulion of alcohols, the formation of 1- menthyl glycine
esters is a method which overcomes many of these difficulties. These are
prepared by reacting the monochloroacetate of the aleohol with 1l- menthyl-
amine, They are separated by fractional crystallization and saponified by
dilute alkali to give the active alcohol and pure 1- menthyl glycine which

can be used again.

0
1l
H —
dl ROCCHsCl + 1C;4H;gNHy o
0 —— d ROCCHo NHC 10H19
dl ROCCH;NHC1oH 19 —— 0

—> 1 RO&CHzNHC 10H19

1 ROH + 1 CyqH;gNHCHyCOOH<—

d ROH +~ 1 C10H1 gNHCH,COOH:
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The advantage of this method is that if the diastereoisomeric mixture
should not happen to be crystalline, salts or N- acyl derivatives can
be‘prep@red‘which will orystallize with the requisite difference in
physical properiies. Alternatively, one diastereoisomer can be puri-
fied through one salty; the mother liquor is then hydrolysed and then is
converted into another salt or an N- acyl derivative which can be easily
purified from another solvent. Clark and Read (67) resolved dl- menthol
by this method. L- menthyl l- menthyl glycine was purified as the sul-
fate, and d=- menthyl 1- menthyl glycine as the 4-nitro benzoate. The
recovered 1= menthyl glycine or its N=- acyl derivative was used in further
resolutions, being reacted directly with the alcohol. The versatility

has not yet been further extended by using other 0ptically active amines.,

D= Tartranilic Acid.

D- tartranil will react with certain alcohols forming mixtures of dia-

stergoisomeric tartranilates. The reaction is usually acid catalysed,
_0
HOGH— COOH HOCHC,
] “MNCgHs + ROH
+ HoNCgHs ——>
HOCH-~-COQH HOCHC
| 1,50,
d- tartaric acid d=- tartranil
0
/
HOCHCNHC gHg
HDCH%\-OR
0

The versalility can be increased by msing other amines. The reagent

is nof recovered. The usual difficulties caused by non-reactivity of the

alcohol, or failure of the diastereoiscmers to separate are found with this
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(¢) Reaction of the Racemic Alcohél with an Optically
Active Alcohol, giving an Ether.

The general reaction of an acetohalo hexose with an alcohol was used
by Hbiferich and Hiltmann (69) for the resolution of dl=-trans-cyclopentans-
1,2-diol to the acetylated monoglucoside. The dl= modification was reacted
with d4B~-acetobromo glucose and silver carbonates. Fractional crystalli-
zation followed by deacetylation gave & product which was hydrolysed by
emulsin, giving the pure dextro isomer in moderate yield.

Barry (70) has treated 1-(4~chlorophenyl)=2,2,2-trichloroethanol with

d=&=acetobromo glucose, but obtained & non-crystalline product, The catalyst

used was silver oxidee.
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(d) Miscellaneous Methods of Resolution.

There are numerous reactions attempted where but partiel resolutions
have been observed, Scme of them are mentioned on page 12, and d epend
on the fact that d- and 1- isomers reasct at different rates with another
partially active reagent. The product consists of a mixture composed
of a slight excess of one isomer over the other. Little time was spent
on this line of research, as the separated isomers were to be tested in~
secticidally.

Other reactions which prepare diastereoisomers come to an equilibrium
as mentioned on page 11, The equilibrium point tends to the formation
of products more in the case of one diastereoisomer than for the other,
Again, but not always, however, this resulis in but a slight excess of one
enantiomorph over the other, when the product is isolated.

The following methods have given one or both of the enantiomorphs in
a faifly pure condition:-

1) Sobotke and Goldberg (71) found that desoxycholic acid formed &
coordination compound with many functional groups, including alcohols.
They frectionally crystallized the product from dl=4=~phenyl=-2-butanocl and
desoxycholic acid and isolated one isomer optically pure by decomposition
with hydrochloric acid. Partial resolutionsof dl- camphor, dl- limonense,
end dl- methyl ethyl acetic acid have also been obtained. Digitonin is
a reagent in sterol chemistry which precipitates epimers of selective con-
figuration, The effect was first observed by Windaus (72, 73). It was
also found that digitonin precipitates the digitonide of one form of & -
terpineol and ac- tetrahydro@-naphthol, when added to a solution of the

racemic form (74). There were many unsuccessful attempts made with this

reagent (74, 75)e
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2) Mention has previously been made of two complete resolutions,
using the procedure of differential adsorption on an optically active
catalyst, There have been other attenpts showing partial resolution
using other adsorbentse.

3) Asymmetric synthesis (page 12) usually gives but a slight excess

of one isomer over the other, except when enzyme catalysis is usede
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On the Trichloromethyl Group.

The most reactive part of the DDT molecule is the trichloromsthyl
group . It is decomposed in base,
An early example of this type was the reaction of potassium hydroxide

on @ ,a-dibromo-acetophenone The following equation was written by

Engler and Vohrle (76) -

0 0
CeHsC— CHBra —+ 2 KOH—— 5 CgHsC — CH(CH)2 -+

AN

06H5C—-CBO R ——— CGHSC -COOH

/

Meny thousands of replacements of one or more halogen atoms by an - QH
group have been recorded. If two halogens are on the sams carbon atom,
the product isolated has lost the elements of water.

Another type of reaction is that called the haloform teste Here,

all compounds which contain, or can be converted into, ths acetyl group,
\

undargo reaction with sodium hypoiodite.

RE—CHz -+  3Na0I » ch’~,¢3 +  3Na0H

Na QI

RC-ONa +  CHIg

CCIzCCOH —+ NaOH > CHCIz + MNagC0z -+ H20

This reaction has been reviewed by Fuson and Bull (77).
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The DDT molecule has been found to undergo & systematic degradatlon

in baslc solution by White and Sweeney (78).

CCla=C
v - 1%
'CC1z —CH alcoholic i HOOC —CH
' KOH
o 15-/
- mins, 1
) g
Ci/J df/ \?ﬁf/
10% Be(OH),
in ethylene
glycol
3% KOH 3% KOH 3% KOH
in ethylene : in ethylene in ethylens
glycol gliycol glycol

<

cristole Haller (79) have continued this work.
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On the Acid Hydrolysis of Esters.

Because of the deleterious effect of aqueous basic solutions on the

trichloromethyl group, a survey was made of methods for the acid hydrolysis

of esters.

RCOOR!  +  Ho —80id . pooop . ploy

Many workers have ccme to the realization that in this reaction, the link
broken is the oxygen-acyl link and not the oxygen=-alkyl, Strong evidence
for this was obtained by Ingold and Ingold (80). They hydrolysed the
acetate of butene-2-ol-l(crotylacetate) and the acetate of l-methyl propene=
2-ol-1(@-methyl allyl acotate) and found that the corresponding alcohols
were produced. The work of Burton {81) indicates that if a crotyl or m
a~methyl allyl carﬁonium ion were formed, the same mixture of products would
result from sach alecohol. In other words, the oxygen-alkyl link would
have been broken.

CHz— CH = CHCHo-0COCHg —— CHz CH =— CHCH0H only product
obtained.

butene=~2-0l1=1

+ -
Might have got [CHsCH = CHCHg} & [CHCH = CH= CHy

l

OH

l-methyl propene=2=-ol-l
(not obtained)
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CHg CHz
/!
CH== CH =~ CH————OCOCHs——q CH,== CH - CHOH only product
obtained.
C Hz CHgz "

J T
Might have got |CHp — CH CH == [CHg - CH==CH |
!

CH, - CH = CHCEH;

|

OH

butene-2-0l-1 (not obtained)

The most conclusive proof of the link severed in acid hydrolysis was

furnished by Roberts and Urey (82). They performed the esterification

of benzoic acid with methanol which contained oxygen 18, and found that the
water eliminated had the normal oxygen composition.
The reaction must have been =
; B8 16
CeHs COEOH +  HOCH; —— CgHsCOOCH + K50

and not =

B 18
| |

The proof for the hydrolysis reaction was furnished by Polanyi and
Szabo (83). The saponification of pentyl acetate (amylacetate) in heavy

water gave pentanol of normal oxygen composition.

' 0 18 16
C5Hll:OC - Cﬁs + HéO e C5H110H + CHsCOOH
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The mechanism for the acid hydrolysis of esters was formally stated

by Hemmett (84) as follows -

,0
RC + HA
o)
JOH M
RC_ + ROH
OH
0H t+
l R
R=-C = o: + A
1 H
OH

——

—_—_— N
e

o]’
RC + A
“oH
OH +
\ R
RC = 0]
| H
OH
OH
|
RC - OR + HA

I
OH

The ester is then formed by a series of reactions analogous to the reversal

of the process but with HOH instead of ROH splitting off.,

This equilibrium

1s made essentially complete in either direction by the addition of water or

alcohol,
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Methods Used in Acid Hydrolysis of Estorse.

Houben and Weyl (85) summarize the common methods of hydrolysis by
acids, Hydrochloric or sulfuric acids in dilute agueous or alcoholic
solution are oftén chosen as catalysts. When the hydrolysis is slow
and the products are stable, these acids are used at steam bath tempera-
tures in the concentrated aqueous form., The products can be isolated
after diluting with water (86, 87). For quantitative kinetic studises,
Timm and Hinshelwood (88) found benzene sulfonic acid useful. At steam
bath tempsratures, it ustially does not estsrify the alcohol product or one
used as a solvent. A note by Ott (89) tells how aluminium chloride cat-
alyses the h&drolysis of estersAuntouched by boiling alkali over many hours.
¥When ceftain esters of tetraethyl succinic acid are fused with a little
alﬁminium chloride, alkyl halide is immediately given off., Ethyl succinic
anhydride is found as the residue.

A paper on the generél catalytic of zinc salts in acid hydrolysis was
published by Andreicheva (90). Ho states that zinc ion (Zﬁf‘) alwzys
hastens hydrolysis when no othsr reaction interferes. Zinc nitrate shows
positive catalysis, zinc sulfate négative. The catalytic effect depends
very little on the concentration of zinc ion.

Very little is known of the acid‘hydroljsis of urethanespgsters of car-
bemic acid. Basic hydrolysis, although almost universally used, is not
satisfactory for cdmpounds containing a trichloromethyl groupe. For each
examble of the resolution of.alcohols by this method (52, 53), hydrolysis

was achieved by refluxing many hours with alcoholic solution of potassium
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hydroxide. Except in these cases, urethanes have not been hydrolysed
with the aim of preparing large alcochols. Usually the amine is the
material sought, In an article by Jeffreys {91) is given a synthesis
of pentadecyl amine. This is obtained quantitatively from the dis-

tillation of pentadecyl ethyl urethane from three or four times its weight

of calcium hydroxide,

C1gHzNICOOCH;  —+ Ca(OH)2—~> CygHz  NHy + CaCOz + CH;OH

They also say that poorer yields can be obtained by heating with
concentrated hydrcchloric acid in a sealed tube for five hours, at 200°C
or by heating in an open container at 100°C for one hour with concentrated

sulfuric acid,
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On Carbonium Jon Reactionse

The existence of Carbonium Ions.

The possibility of the ionization of carbon compounds was first sus-
peoted from studies on triphenyl methyl chloride. This compound dis-
solves in chloroform, benzene, and ethyl acetate with the formation of
colourless non-conducting solutions. However, it dissolves in sulfur
dioxide giving a deep yellow colour (92)s The resulting solution is en
excellant electrical conductor. 4 solution in cresol bshaves similarly.
(93)e  Triphenyl methyl chloride is classed as a pseudo electrolyte, one
which lonizes under the influence of a shared electron bond.

If to a colourless solution of the chloride in a non-ionizing solvent,
is added stannic chloride or aluminiwmm chlorids, & coloured céonducting sol-
ution is obtained (94, 95, 96 ). The most probable course of the re-

aection is as follows =

(CeHs)z CC1 +  8nCly ——— (CgHg)z €' + 6n Olg

The formation of the charged stannic complex is well known in inor=-
ganic chemistry. - The positively charged particle im triphenyl carbonium
ion, Solvents which cause the ionization of the triphenyl methyl chlor=-
ide to take place are considered to react as do the inorganic chlorides.

Triphenyl carbonium ion is also produced by the action of a very strong
acid on triphenyl metlanol. The resulting solution has light absorption
identical with the solutions from the other sources (93). Its molecular
freezing point depression is four times that of a non-electrolyte (97 )(98 ),
indicating that the following has occurred

+ + =
(CgHs)z COH + 2HpSO4 —— (CgHz)z C + OHz + 2HSO4
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The situation is different when methyl and ethyl alcohols are treated with

concentrated sulfuric acid. The molecular freszing point depression is only

threse times that for a non-electrolyte.

-+

CH0H ~ +  2HSO &= CHgSO4H ~+ OHj + HSO,

Triphenyl methanol ionizes in formic acid solution -

(CgHs)3 — COH + HCOOH (CeHs)s C + HCCO + 10

and in sulfur dioxide solution -

(CgHs)z— COH + 802 &————— (CgHg5)3 C" + Hso;:,-

In such cases as the above, the existence of carbonium ions (and car-
banions )can be directly demonsitrated because they are stabilized by reson-
ance, and thelr concentration becomes large. However, the work of
Vihitmore (99) on rearrangement nmschanisms, of Gleave, Hughes and Ingold (100)
on the mochanism of substitutions, and Arndt and Eistert (101) on the mech-
anism of the Claisen Condensation indicates that they Prohably appear as
transient intermediates in the course of reactions that lead from ncn-ionic

reactants to non-ionic products.

Tho Structure of Carbonium Ions (and Carbanions).

When an asymmetric carbon atom has one of its four attached groups re-
moved, one of three situations may arisc. (1) The remaining three groups
may retain essentially their originél configuration, in which cass the ion or
radical formed will be capable of optical activity. If this is so, the
product formed from an active reactant by way of the ion or radical will be
active. (2) The ion or radical may settle down in a form in which the
three groupé on the central carbon atom lie in one plane, Since this is

1

a plene of symmetry, thers is no possibility of activity in the producte
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(3) The asymmetric form may be stable, but the energy of activation re-
quired to convert one enantiomorph into the other may be so small that
the molecule oscillates between the d- and 1- forms,

For carbanions, there are a few examples of retention of optical
activity in the free form. The most notable example is the sodium

salt of 2=-nitro-butane (102), whose modern structure is the following

. IF ’O ] $ I;O + 'R' IO -
hybrid R—<C N > R o N < R C N
0 ‘ 0 ' 0

The acid function is shown by the left hand structure, and the asymmetry
By the other two. Two other casss of optically active carbanions have
been reported (103, 104). There is no direct evidence for the existenco
of optically active carbonium ions or free radicals.

The Mechanism of the Reaction between Alcohols and Benzene

to give Nuclear Alkylated Aromatics, in Presence of

Electrophilic Catalysts.

This disoussion will be restricted to a consideration of the informe
ation obtained when optically active alcohols are used in nuclear alkyla~
tion. Prior to their use, the reactions had been studied for the con-
densation of benzene and propanol-2, in the presence of 70 to 80 percent
sulfuric acid, by Meyer and Bernhauer (105), A similar series of re-
actions, catalysed by 96% sulfuric acid, were performed by Chattaway and
Muir (6). They condensed substituted l-halophenyl-2,2,2-trihaloethanols
with substitutéd benzenes to get unsymmetrical diaryl ethanss, The same
type of condensation may be brought about by boron trifluoride (106, 107),

or by aluminum chloride (108), or by hydrogen fluoride (109).
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KeKenna and Sowa (110) felt that the products of alkylation of benzeno
with alcohols all indicated that an unsaturated compound was first formed.

This was followed by condensations into the aromatic nucleus =

CHg CHp CHp CHy OH —— CHg CHy CH CHy + Hy0

CHz CHp CH==CHp + CgHg — CHz CHj CH(CHg }—<¢H;g

There ars three pieces of evidence against this mechanism, The
first, reported by Price and Ciskowski (111), is obtained from the ﬁary
easy condensation of cyclohexanol and naphthalene, catalysed by boron
trifluoride. They found that cyclohoxanol is recovered quantitatively
after treatment with boron trifluoride under conditions considsrably more
drastic than those required for alkylation.

Price and Ciskowski also mention another result controverting the
existence of an unsaturated intermednte. They found that nuclsar
alkylation of arcmaties by benzyl alcohol ook place very easily. Benzyl-
alcohol cannot form an olefin however. They put forward a mechanisn,

and modified it in a later paper (112), to read -

H
ROH - BFz &~ RO — BF, e——-’(faosrf3 )y o+ H"
i
R— 0= BF
H +
H R _ R
+ R*"O_*-?BFs I ’ + (HOBFs) - + Hzo, BFS

/
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The alcohol=-boron trifluoride addition complsx 1s a strong acid, and,
therefore, has a weak OH bond, We may presume that it has a weak OR
bond, and that there will be & tendency for the carbonium ion R o
exist.

This mechanism was developed to explain an experiment which defin-
itely‘disprovos the presence of an unsaturated intermediate. An opti-
cally active 2-phenyl butane ( EL; 0.15° and 0,16°) was prepared from
d-butanol~2 ( Pﬂa: 11.05° and 11.36°). Burwell (113) used other

catalysts and found an aromatic product of very small, but appreciable

rotation. He calculated the fractional maintenance of configuration
from the rotation of pure 2-phenyl butane ( F@ T 239 . ..o) (114)
D
(115).
Catalyst Observed rotn. Fractional
of Z2-phenyl Maintenance
butane of
Configuration
hydroflouric acid 0.17° 0.0072
sulfuric acid 0,08 0.0034
phosphoric acid 0.15 0.0064
boron trifluoride 0,17 0.0072

The product has suffered a grecat deal of racemization, and, therefore, the
élcohol has existed as a carbonium ion for an appreciable tims, Burwell
points out that the life of the intermediate (R*) should not be many times
the period of one molecular vibration. A small proportion of the ions
would then react so soon after formation as to give a final product with a
slight excéss of one configuration,

This mechanism is very different from that now given for Walden Inver=-
sione A clear cut example of this is the conversion of the 4~toluene

sulfonate of l-methyl-2-phenylethanol ( Lﬂb * 31.11°9) to the acetate



40

( [a}p= 7.06°) by reaction with potassium acetate ( 40). This has
been proved an inversion with no racemization by observing the.optical
rotation of the reactant and product alcohols, The mechanism given

for it and all other complete Walden Inversions is as follows -

» R2
O« _ 0
(oc-cHz) + R 0:'802C7H7 —» CHzC0L--
R3
CHzCO
There is no formation of carbonium ion. The acetate approaches as the

tosyl ion recedes.
Some information on the maintenance of configuration of d-butanol~2
in sulfuric acid was obtained by Burwell (48), He prepared barium

d=butyl sulfate with three different catalysts

Rotation of alcohol Catalzst Rotation of Ba,Salt,
[djn=+5.29° didxane sulfotrioxide [a1?4;34
+5e29 chlorosulforic acid ~ +0.50
-2.09 sulfuric acid -0.,38

There is no proof of the absolute configuration of the product, either
hers 6r in the case of nuclear alkylation. Even though the configuration
of the alcohol had been apparently maintained, there was considerable racem=
ization in the highly acid media. Dioxane sulfotrioxide, a medium of
low acidity, greatly reduced racemization, This configurational instab-
ility in acid medium was shown by an attempted‘hydrolysis. In neutral
solutioh, the salt was stable, and was recovered unchanged. The reaction
went easily in acid, giving an alcohol with but 30 percent of its original

rotation,
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The following mechanism was proposed by Burwell (48) -

H i B B |
Clig = - CHyCHg +  HpSO0=CliyC- CH,CHg=2 CHy = C-CH,CHz=CHy G ~ CHyCHy
OH OHy 0SOz H

+
HSOZ + HpO + HSOg4 + HpO

: L

!
CHz - C - CHp - CHg
050y 4+  OHg

+
Acid conditions appear to favour the formation of the carbonium ion ,
which is followed by the usual racemization.

A Short Consideration of the Mechanism of the

Hydrolysis of Alkyl Halides.

The observaetion was made on phenyl methyl chloromethane that it
was hydrolysed to the alcohol with considerable, but not complete, racem-
ization (123). A carbonium ion was indicated as the intermediate.\ Ogg
and Polanyi (125) point out that the transition to the ionic state can only
take place if both ions are formed as hydrates, or otherwise the activation
heat would be inaccessibly high. This had previously been pointed out
by Olsen and Voge (126 ) and Hughes and Ingold ( 124). At the moment
of its formation, the carbonium ion can add a water molecule only on its
side opposite the halogen link. Therefore, it is to this side that the
hydroxyl group formed on decomposition of the carbonium hydrate, will be-

come linked.

®h Me Ph Me
\/ | \/ _
H20-------- ¢ —— Cl—----H0 —— |[H.oCt * Ol HO
H H
Ph Me
- }/ .
H + Cl. Hp0
\ :
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When the ionization to a carbonium ion occurs, it is the rate deter=-
mining step. When this happens complete racemization should occur.
Farmett (127) says that the inversion can be accounted for by supposing
that the reaction of the carbonium ion and solvent molecule occurs after
ionization has taken place, but while the two ions are still so close to-
gether that the halide ion shields the cerbonium ion against attack from
the side from which the halide has separated, The racemized product
1s then attributed to the cases in which reaction occurs after a separa-
tion of the ions. Hammett emphesizes the difference between the solva-
tion of the halide ion, with the accompanying electronic redistribution
and probable shift in the relative positions of the nuclei, which converts
the homopolar alkyl halide to an ion pair, and the subsequent separation

of the ion pair,
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DISCUSSION

The Conversion of Optically Active 1-(4-chlorophenyl)-2,2,2-trichloro=
ethanol to 1-(4-chlorophenyl)=-1l-phenyl-2,2,2~trichloroethano .

Tho condensation of the dl- alcohol with benzens by means of 96
percent sulfuric acid was carried out. The product melted at 76.5 - 77°C,
two degrses higher than reported by Chattaway and luir (6). The yield
of crude product was almost quantitative. The dl- alcohol acetats under=
went conversion to the same product in abﬁut 80 percent yield.

The product contained an asymmetric carbon atom and, therefore, was

theoretically resolvable into optical isomers. The condensation was
performed with 1- alecohol ( [q],= -33.8°), The product had a slight
optical rotation &I]Dvrlfo . The product from the conversion of

the 1- acetate ( []: =-61.5°) had no detectable rotation.

In the case of butanol-2, discussed above (113), the alkyl benzene
had & small rotation, but this could be shown to be a product of 99% racem=
ization, fbr the d-2-phenyl butane had been completely resolved by other
methods (114, 115). In the present case such a separate resolution
must await the preparation of optically purs Baeyer product. An indicaticn
of the extent of racemization, if any, could be obtained by treating the acid
obtained by hydrolysis of the trichloro-methyl group with an optically active
base. The separation and determination of the amounts of the diastereo-
isomers will give an indication of the amount of racemization that has taken
place. An optically pure Baeyer product will, of course, give but one

diastereoisomsre
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B (IJOOH ceo Alkaloid
Ba(OH)g (L Alkaloid
_ Ethylene /
glycol
dextro dextro d alkaloid d Basyers

(+ d alkaloid 1 Baeyer, if
product is a racemic
modification.)

A better method of determining the extent of racemization would be, of courss,

to resolve the Baeyer prbduct, and determine its rotatione. Such a step

might be performed as follows:-

““\\ //_—- CHC13 /
CH3<i-—/NH2———% CHCl@\ Hp —— CH Hp — CC13 C Hp
- 0

}i resolve iH
CClg-(‘K NHg 4+ CI —_— 0015- WHy —’ CClz- sz
oH Optlcally
L\\//J active
" acid

Cl Cl d- or 1=~
A HNNO,
CCl z—C
‘ ) HC1
then
Cl HzPOg2

For the conversion of the ~alcohol to DDT, the following mechanim has

been advanced (116, 117)
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" H
. ]
CClz - C\”>Cl + HpS804 ———= CClz =~ (f< 1 4 Ha0

050, 0H
— H
CClg c \__ /% < YC1 > CClz — €< /\01 +  HyS0,
ds030H ’ |
c1

A slightly modified version was presented by Garmaise (3) -

T
) .
CClz— c’:~< JCL + 2H,S0, & |CCls-C ./ X1 OHf + 2HSO,

OH

| H H
ce15-C- Ver . <:>01 c015_cl< N1+ 180,

N
* )\J
HSO, c1

This mechanism emphasizes the importance of the carbonium ion as an inter-
mediate structuree. Information about its existence free in the reaction
mixture can be obtained from two sources:~
(1) Examination of the optical purity of the product obtained from the d=
and 1~ -alcohols,
(2) Determination of the molecular freezing point lowering of a solution
of the .alcohol in sulfuric acid. As shown on page 35, the existence of

a carbonium ion can be demonstrated for a triphenyl methanol solution in
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sulfuric acid by its having a value four times that of a non-electrolyte.
No carbonium ion exists in a methanol solution, for its molecular freezing

point lowering is but three times that of a non-electrolyte.

(CgHg)g COH  + 2HpS0y &———= (C¢Hs)z ¢" + OHf  + 2mS0,

CHzOH r EHZSO4 —— CHzHS04 4 OHg + SO,

The conversion of the acetate to DDT and analogues can probably be

shown as follows =

H +
| S/ +

CClg—(l) Cl + 2HpS04 —— [CClz-C \—§>Cl + HpCpHzOz2 —+ 2HSOy
OCOCHg '

I H t H

!
> CClz- QOM ~  HpSO4
| + Q u

The above intermediate is the same as that given for the - alcohale It

(o

|
cClz- C

+
g
N

is felt that some evidence for this is obtained from the hydrolysis of the
acetate, which was accomplished with concentrated sulfuric acid. This cen

be postulated as follows:=
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H /7 H Iy
CClz - c< /€l  +  HpS0y ———(CC1z-~ 6/\ >01 x

HzCszoz + 2HSO4

H —+

: H
! +
oclz~ € Nei| o« B0 ————  cCly— ¢ V€1 + H
i

] OH

T

H + HéO

+

Of

Eastwood (118) has prepared the barium hydrogen sulfate of the alcohol
by its reaction with dioxane sulfotrioxide and converted it to DDT with no
added catalyste. Information similar to that obtained by Burwell for d-
butanol-2, could be obtained for the optical stability of this alcohol in
sulfuric acid solution, by performing this reaction on the optically active
alcohol, and converting the product to DDT. This product, in contrast

to that from the sulfuric acid condensatién, might have considerable rota-

tion,
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An Account of the Difficulties Encountered in the Resolution of
1=(4~chlorophenyl)-2,2 s2=trichloroethanol into its Optical Isomers,

The successful resolution using 1= menthoxy acetyl chloride.

The resolution of 1-(4-chlorophenyl)=2,2,2-trichlorosthanol (1I) was
accom?lished by fractional crystallization of its l= menthoxy acetate (IV ),
The yields of active alcohols were very low, for both the fractionation and

subsequent hydrolysis was accomplished in poor yield.

H//__‘
CClg-C// »Cl + C1COCHa0C1oH g _ ,CClz- ?\\ N:>Cl

0COCH20C710H; g

II III / v

H< ZnC1 < \AB ZnC1 >
0015-?; >01 = ?cnn5 - c €l CClg- Um Btk R 0015-0/ c1

OH OCOCH20010H19 OCOCHQOCloﬂig
| 25
{drs =33° o %= 240 [szs_ -89.7° MD = ~33.8°
D . > 2 ‘
(CHzCO )20 ‘ (CHzC0)90
H ‘ i
{
0015-?, cl 0013-? | c1
OCOCHz ' 0coCHz
. 25 o
[a]is =*61.50 [EIJD = =62 o6

The preparation of the menthoxy acetates was performed by dissolving l-
menthoxy acetyl chloride and the alcohol in egquivalent esmounts in benzense.
Excess pyridine was added, and a quantitative yield of pyridine hydrochloride

was removed by filtration. Brystals  of the 1- menthoxy acetates of the
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dl= alcohol were then isolated. When the reaction was performed in

pyridine solution, only a hon-crystalline oil could be isolated, even
though the solution of the product in ether was washed thoroughly with
dilute aqueous acid and base.

Although a quantitative yield of crude dl-l-(4-chlorophenyl)—2,2,2-
trichloroethyl-l-menthoxy acetate was obtained, the loss on fractional
crystallization, especially on the first crystallization, was heavy.

This had also been found in the resolution of dl- menthol (59). The
least soluble diastersoisomer, the 1- menthoxy acetate of the 1- alcohol,
was isolated in 28% yield and had a specific rotation [aﬂ§5= -89.7° in
chloroform.

As the other diastersoiscmer was contaminated with a strongly laevo-
rotatory material, prolonged fractional crystallization was necessary for
its isolation. Eventually it was obtained in'8.1% yiéld, and had a specific
= -2,4%

D

The hydrolysis of the diastereoisomers was performed in methanol sol=-

rotation oflqﬂ

ution using zinc chloride catalysis. The method was adapted from en
article describing the general effect of zinc salts in acid catalysis (90).
It was first used on the unsubstituted acetate of the alcohol, and & nearly
quantitative yield of crude crystalline alcohol was obtained. When the
method was applied to the hydrolysis of the l- menthoxy acetates, the yield
was around 25%. The yield was determined by conversion of the oily
alcohol, which contained 1= menthoxy acetic acid, to the acetate, weighed

after several pecrystallizations.
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The constants of the acetates were =

5

N.P.

4

o o
6le5 and =62.6 in chloroform

o o
91 - 92,5 91 - 93

These were converted to the free alcohols by hydrolysis with zinc
chloride, and the crystalline optically active alcohols Wwere obtained in

about 80% yield.

The constants of the alcohols were =

o o o
al. = 3340 and =33.8 in chloroform

M.P. 50 = 520C and 51.5 = 53°C

i

It was considered that the use of a dextro resolving agent would
facilitate the productlon of the d- alcohol in better yleld. S0 d-
bornoxy acetyl chloride was substltutad for the l- menthoxy in the above
reaction. The compound dl-l-(4-chloropheny1)-2,2,2-trichloroethyl-d-
bornoxy acetate was obtained in crystalline form, and crystallized to con-
stant melting point and rotation. Hydrolysis and conversion to the
acetate with acetic anhydride was then performed. Only the inactive
product, identical with the original alecohol acetade, was obtainede The

diastereoisomers had not been separated on recrystallization.,
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Unsuccessful Attempts at Resolution.

Acid Ester of Alcohol with an Alkaloid,
0

“

H /— : c —
oclz - C \01 + 0, cc1g = ¢ ¢ \01M0013-c< >01
o\ ¢ \ |\

| 0co 0co

Y

0
HOOC[:i:] ‘ Base QOC //J

Many unsuccessful attempts were made to prepared the acid gster of the
alcohol, Equimolar quantities of the alcohol and the anhydride of
phthalic or succinic acid were heated together with or without pyridine.

Then water was added to precipitate the organic material as an oil, which

was thorouchly extracted with chloroform. The chloroform solution was
thoroughly extracted with 107 aqueous sodium carbonats. Acidification of

this solution yielded only phthalic acid, which presumably was dissolved in
the chloroform as the anhydride. The chloroform solution was dried and
the solvent removed by distillation. An acetons soluticn of the residual
0il was titrated with O.1 N sodium hydroxide, but only a small fraction of
the organic oil was titratabls. The base absorbed was probably dus to
the presence of phthalic anhydride.

In a paper by Fessler and Shriner (39) are listed some acid tetrachloro-
phthalates that are insoluble in 5% sodium hydroxide. All the phthalates
used by Pickard and Kenyon (28) or Levene and co-workers (29) were soluble
in aqueous sodium carbonate. Stress was laid on the solubility, for it
enabled the acid ester to be purified by extraction of the othsr organic

material from the aqueous alkaline solution with ether, However, on the
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chance that the product from the experiment was the acid phthalate, in
spite of its base insolubility, it was dissolved in boiling acetone with
an equivalent of brucine., No crystalline salt could be precipitated,
howsver.

The phthalic anhydride was still preéent in a large amoﬁnt when the
reaction was preformed in a sealed tube at 100°C for 16 hours. A similar
treatment at 200°C caused decomposition of the alcohol with loss of hydrogen
chloride gas., Use of catalysts other than pyridine did not bring about
the condensation.

It was attempted to prepare the sodium derivative of the alecohol for

condensation with phthalic anhydride, but only sodium chloride was obtained.
Miscellaneous Indirect Attempted Esterifications.

Fessler's and Shriner's procedure (39) was attempted in the preparation

of the acid phthalate (V). The alcohol was converted to the alkoxy magne=-

sium halide, which was then stirred with phthalic anhydride. A nmixture
of products, none of which was acidic, was obtained. The reaction attempted
was -
' H
CClz = <<i::>> CoHgMgCl —— CClz =~ i<< Cl » CoHg
OMgCl
0
I'i ) ;
1 -¢C Cl+ 0 —/ ¢C1 ~-¢C Cl
3 ! <_\_/ C/ 3 ,
OMgCl B\
: 0 | 0c0.~"\L
HOOC
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The alcohol was converted to its 4~ toluene sulfonate ester (v1),

and a few unsuccesful attempts were made to replace the tosyl radical by

the anion of a carboxylic acid.

H H

! |
CClz = C{ \,»01 * C7H7S0201 ~— cClz - c( /\cx. + Hl
[ I
OH 0805CHy
VI
H | H
| - i/ -
cClz - z I + O0COCHs — CCIg -C /c1 + CqH7S020
| |
S0,C Hy OCOCH,

This reaction had been reported for l-methyl-2~phenyl ethanol (40) ana
other secondary alcohols, However, the reaction is eesily hindered by
steric effects. Lithiﬁm chloride and potassium acetate were tried.
Potassium acid phthalate was also used, although‘it had not been reported
previously, The tosyl ester was recoversd, however, Baertlett (119)
says that the féilure of the ester(VII)to undergo conversion to an acetate
is due to the cage of carbon radicles which prevent the apprcach of the

displacing ione

Cth CHs
/ /CHS\
CH C C——050207H7
AN
CHS
CHQL————CHQ‘

VII
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It is possible that the space-filling trichloromethyl group might do the
same . Bartlett says that the compound is reactive when it undergoes

reactions that do not depend on displacement mechanisms. The point is
clearly illustrated also by the reactivity of the bromine in VIII and its

unreactivity in IX (120).

CHé

e

P

VIII X

A few attempts were made to prepare acid sulfates of the alcohol with
sulfuric acid. The method was not pursued extensively, for all reports
(32, 48) said that the hydrolysis of such structures was followed by much
racemization. Eastwood (118) prepared the sulfate with dioxanesulfotri-
oxide, and converted it to DDT with chlorobenzense.

Maleic anhydride was recovered as the acid after it was heated with
the alcohol for several hours. This is not surprising, as the same
. effects hindering the reaction of phthalic and succinic anhydrides would
surely apply heres

Oxalyl chloride can be used to prepare diesters if the reaction is run
at 0°C in pyridine. Adams and Gilman (121) prepared diphenyl oxalate by

*
this method. A reaction was attempted between one mole of the alcohol
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and one of the chloride, The only acid material recovered was oxalic
acid, however,

Phthalyl chloride reacted vigorously with the alcohol in pyridine
soluticn. An o0il, insoluble in sodium carbonate, was obtained which

could not be erystallized,
Alcohol with Optically Active Acid Derivative,

L- Menthyl Glycine with Alcohol.

. Ihe preparation of 1-(4—chlorophenyl)-2,2,2-trichloroethy1 chloro-
ecetate and 1- menthyl emine are described in the experimental, The
reaction procedure is also described there, and follows that of Clark
-~ and Read (20). This procedure failed to give the crystalline 1-(4-chloro=-
phenyl)-2,2,2-trichloroethyl ester of 1= menthyl glycine (X),. So the oil
was esterified with acetic anhydride in pyridire. This appafently ceused
hydrolysis of the glycine ester, for the alcohol acetéte was the only

material isolated. The yield was 68.4%.

H “ H
CClz = C { Nar ¢ C10HygNHp —— CClg - c'< \, C1

N/ L\ /

0COCHaC1 OCOCHpNHCj oHyg

acetic anhydride
pyridine

cclz - %{C> c1

OCOCH g
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A hydrolysis of the acetyl-oxygen linkage had epparently occurred
at some stage, The most probable stage is at the addition of pyridine.

Glycine esters are not difficulty hydrolysed, the reaction requiring only

dilute base.

L- Menthyl Isocyanate with Alcohol,

This procedure resulted in the isolation of the 1- alcohol in very
poor yiseld, L- menthyl isocyanate was reacted with the alcohol and tho
resulting dl-l-(4-chloropheﬁy1)—2,2,2-trichloroethyl-N-l-menthyl urethane

(X1) was fractionally crystallized from petroleum ether.

H — H \
cClz - ?< >01 + CyoHpgN:C:0 —— ¢Clz - ¢ > c1
_/ l

OH

OCONHCIOHIQ
XI

The purified product, the ester of the 1~ alecohol, was dry distilled from
calcium hydroxide in & high vacuum and some oil was obtained whichwas con-
verted to the acetate,. The product was crystallized and shown to be the 1=
acetate by mixed melting pbintg The menthyl ester of the d- alcohol vas

not obtained crystalline.

H H .
CClg = C Q Cl+ Ca(QH)2 ——CClz - ¢ / yC1l + CaCOz + CyoHygNHp
l | N

OCONEC; oHy o)

ecetic
4= anhydride
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On none of the previous resolutions by this method (52, 53) was a goed
yield obtained, or more than one isomer obtained pure. The above pro-

cedure lacks a good recrystallizing medium and method of hydrolysis.

D- Camphor Sulfonyl Chloride with Alcohol,

This reacticn was performed in dry pyridine solufion and in dry
benzene solution, However, the d- cemphor sulfonste (XII) could not be
crystallized in spite of the most vigorous attempts to do so. It is felt
that if the reaction had been done in dry benzene and the pyridine hydro=-
chloride removed by filtration before adding water, as in the case of the
preparation of the 1- menthoxy acetate, & crystalline product would have
been obtained. The very easy hydrolysis of the 1- menthoxy acetate, the
monochloroacetate, and the acetate of the alecohol by zinc chloride would make
it appear that the esters arc decomposed by the addition of water which per-
mits the formaticn of chloride ion from the pyridine salt, In the success-
ful preparation of the 1- menthoxy acetate, the chloride was all removed by

filtration of a dry benzene solution, before the addition of water took place.

H H
CClz = C!J { )C1 + 0C1gH14S02C1 — > CClg - ? { /‘ c1

OH 0302C10H140

XII

An indication of the source of impurity present in this reaction was given
by Hess and Stenzel (122) who found the following side reaction in the tosyl=-

ation of glucosides -
\ ' [

ROTs .. Pyrid. H1 RC1 +  Pyrid. TsOH
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The Tests on the D~ and L~ Alcohols as Insecticides.

Tested on Drosophila Melanogaster, the separated alcohols showed

appreciable difference in ultimate toxicity. The tests wers designed
to compare them with DDT acting in its most effective way, which is a
contact insecticide over a long period. The laevo had a relative pot=
ency of twice that of the dextro, which was slightly less active than
the racemic modification.

Three directions are indicated for future research on this subject.
(1)s Tests could be performed on the separated acetates of the optically
activé alcohols, and on any other derivatives that were toxic in the
racemic form. (2) 1Insects other than Drosophila should be used.
Specificity of physiological action is often shown on relatively few
species. (3) The tests should be performed over & wide range of times
of exposure of the flies to the treated surface.When d- and 1= forms show
specificity of physiological action, it is usually shown as a time effect,

one isomer acting more quickly than the other.
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EXPERIMENTAL

The Preparation of Pure Alcohol 1-(4-ch10r0phenyl)-2,2,2-trichloroethanol,
and of its esterse. Hydrolysis studies on the esters.,

I Alco.hol Preparation by Condensation of Chloral and
Chlorobenzene with Aluminium Chloride.,

This procedure is that of Dinesmann (128), modified somewhat. A
solution of 73.7 gme of chloral (48.8 cc., 0.5 mole) in 112.5 gm. chloro-
benzene (102 cc., 1.0 mole) was prepared in a three-necked flask, fitted
with a mercury-sealed stirrere The other two necks were corked, excdpt
during the addition of 13.3 gm. aluminium trichloride (0l mole)s This
was added over 4 hours, during which the reaction was stirred vigorously
at room temperature, Stirring was continued for two days. The deep
red reaction mixture was shaken with 2 volumes of water, and acidified
with a few cc.v of concentrated hydrochloric acid. A yellow oil separated
from the wé.ter, which was distilled at 4 mm. pressure. A pale yellow
product of boiling point 138 = 9°C was obtained. It weighed 55.5 gm., a
yield of alcohol of 29.6%. The residue from the distillation was dis-
solved in boiling ethanol. On cooling, 5.2 gm. of DDT, M.P. 107.5 - 108°C,
was obtained.

The alcohol could not be crystallized by the usual techniques such as
cooling in dry ice, either free or in solvents, or washing with non-solvents.
It was put in the refrigerator for 2 weeks, but did not crystallize.

The acetate was prepared following the procedure of‘ Howard (129).

5.5 gm. of the 0il (0,02 mole) were heated with 4.4 gm. (0.04 mole) of

acetic anhydride at 120 - 130°C for 3 hours. On pouring into water, a



60

gumy material preciritated, which crystallized on being allowed to stand
overnighte It was crystallized from 70% acetic acid, weighed 1.3 gnm.,
a yidd of 20%, and melted at 121- 122°C,

Anothor run was made when the alcohol (26.C gm., 0.1 mole) was heatod
for 8 hours at 120 = 140°C with 20.4 gme, acetic anhydride (0.2 mole).
When the mixture was treated as in the previous run, only 14.2 gm., of cry-
stalline acetate, a yieid of 47%, could be obtained. From the mother
liquor of this acetylation was isolated 18.2 gm., of an oil which failed to
give acetate on further treatment with acetic anhydride. So the alcohol,
prepared by aluminium chloride catalysis, was discarded.

II  Preparaticn of Alcohol by Condensation of 4-chlorobenzaldehyde

and Chloroform by Potassium Fydroxide.

4= toluidine was converted to 4~ chlorotoluene in 68.5% yield, follow=-
ing a procedure outlined in Organic Syntheses (130). The yield is there
reportedvas 70 = 79%. This was converted to 4~ chlorobenzaldehyde by the
procedure outlined in Ofganic Syntheses (131). The alcohol was prepared
following e procedure outlined by Howard (129), as follws:-

A solution of 115 gm. 4~ chlorobenzaldehyde (0.82 mole) in 150 gm.

chloroform (1.26 mole) was prepared. Powdered potassium hydroxids
(1040 gm., 0.18 mols) was added over an hour. The mixture was stirred
for 2 hours. The mixture was ccoled in ice water during the addition,

and then looked cloudy and slightly yellow. The mixture was diluted with
&n equal volume of ether, and an inorganic precipitate was filtered offe.
The ether was removed by evaporation, and the mixture steam distilled till

o more crystalline precipitate came over. This tock about a half to
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three quarters of an houre. 3843 gm. of 4~ chlorobenzaldehyde were re-
covered here. The residue was extracted with chloroform, the extract
dried over sodium‘sulfate, end the solvent removed by evaporation. The
alcohol was distilled at 103°C at 0.5 mm, pressure. The yield was 58,1
g (2743%) Based on the 4=~ chlorobenzaldehyde not recovered, it was
41.2%. A thin film of the white distillate crystallized on standing
several weeks. This waé‘added to the main distillate, and the whole
solidified. Three recrystallizations from petroleum of boiling point
100 - 102°C gave a product of melting point 46.5 = 47.5°C in poor yield.
The acetate of the crystalline alcohol was prepared according to

Hovard's procedure given above (129.). An 88,5% yield of crystalline

product was obtained.

Attempted Hydrolyses of Esters of the Crystalline Alcohol.

1) The acetate of the alcohol was studied first. 1.0 gm. was
boiled with 20 cc. of 10% aqueous sodium hydroxide, and with 20 cc. 10%
sodium carbonate. In both cases a clear aqueous solution was obtained,
showing that the alcohol had deccomposed. With sodium bicarbonate, the
acetate was recovered unchanged after many days boilinge

2) 10 gm. of acetate were stirred for 11 hours with 25 cc. of 96%
sulfuric acid at room temperaturee. The mixture now contained a gelatin-
ous precipitate and was diluted with ice water. The mixture was ex=~
tracted with ether, the extract was dried over scdium sulfete, and the
solvent was removed by evaporatione The residual oil was digtilled
in vacuo. B.P. 1329C at 2 mm. pressure.- The 0il weighed 7.2 gm., a yleld

of 847, This procedure did not work for the monochloroacetate. ¥hen
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the temperature was raised to 95°C, the product obtained was insoluble in
petroleun ether, and did not crystallize on seeding with alcohol,

3) The monochloroacetate was stable to boiling concentrated hydrochloric
acid over several hours. It was also recovered from an alcoholic solution
of hydrogen chloride, after & half hour of reflux. Equal weights of con-
centrated hydrochloric acid and aluminium chloride were mixed and a little
monochloroaoetate was added. After several minutes at steam bath temper-
atures, the reaction mixture was diluted with water. The monochloroacetate
was recovered from an ether extract.

4) A successful hydrolysis of the chloroacetate and of the acetate was
accomplished as follows. A solution of 1,3 gm., of -the ester and l.3 gm.,
anhydrous zinc chloride in 100 cce absolute methanol was refluxed a half hour
on the steam bath. It was then diluted to 300 cc. with water. This
caused the formation of a flocculent precipitate. 2 cc. of hydroohloric
acid were added, causing the precipitate to become an oil. The mixture
was thoroughly extracted with several portions of ether, until the aqueous
layer was clear and colourlsss. The extract was dried over sodium sulfate,
and the solvent removed by evaporation. The residual white oil was seeded
with alcohol, and crystallized completely. The yield in tlis case was
nearly quantitative. M.Pe 43 = 5°C. The melting point of a mixture of
this compound with authentic alcohol was 42 - 6°C.

The method worked only with acetate and substituted acetates. The
following esters were recovered unchanged by this trcatment:-  4=-chloro-

benzoate, 4- toluene sulfonate, N-phenyl urethane .
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The Resolution of l=-(4-chlorophenyl)=2,2,2=trichloroethanols
Methods of Resolution Attempted.
I Hydrogen Esters of Alcohol and Alkaloid.

Attempts to Prepare a Hydrogen Ester of the Alcohole.

(a) Acid Phthalate or Succinate by Direct Esterification.

1) A mixture of 1.3 gm. of alcohol (0,005 mole) and 0.8 gm. phthalic
anhydride (0.005 mole) was heated in a test tube for 11 hours at 115 - 120°C,
During this time the tube was stoppered with & calecium chloride tube.

During the period of heating, a few crystals of phthalic anhydride had sub-
limed out of the mixture, which was then a clear liquid. This was poured
into 10 cce of 10% sodium carbonate (.01 mols). The resulting mixture was
allowed to stand 3 days at room temperature. A considerable portion of

the material remained undissolved. Then the organic material was extracted
with ethyi ethere. The solvent was evaporated, and left a clear oil which
could not be crystallized by cooling or scratching or washing with solvents.
The aqusous residue was acidified with hydrochloric acid. The white cry-
stalline precipitate was collected on a filter. It was phthalic acid,

recovered in 33% yield. M.P. about 200°C with decomposition.

2) 1.3 gme alcohol (0,005 mole) and 0.8 gm. phthalic anhydride (0,005
mols) were dissolved in 20 cc. dry pyridine (distilled from barium oxide).
The white clear solution was allowed to stand at room temperature for 11
hours, and then was heated on the steam bath for an houre The white ligquid

was poured into 100 cc. of water and 20 cce of concentrated hydrochloric acide.
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The organic material was removed by extraction with chloroform. The
éxtract was dried over calcium sulfate, and the solvent was removed by
evaporations The residual clear white oil could not be caused to ery-
stallize by cooling or scratching or washing in solvents. It was in=-
soluble in sodium carbonate, and weighed 1.8 gme It was dissolved in
10 cc. roagent acetone and 2,0 gm. brucine was added. No crystalline
material could be obtained on evaporation or cooling.

The white oil was prepared again. It was dissolved in acetone and
titrated with O.1 N aqueous sodium hydroxide, using phenolphthalein as
indicator. Only 12.3% of the wolume of alkali required for the titra=-

tion of the acid ester of the alcohol was taken up by the solution.

3) A solution of 2.5 gme alcohol (0.0l mole) in 60 cc. of chloroform
was treated with 1.5 gme (0.0l mole) phthalic anhydride. The chloroform
was distilled from the reaction mixture over 5 hourse. Cold 10% sodium
carbonate solution was added, and the mixture was stirred till no more
organic material appeared to dissolve. The aqueous extract was acidified
with 20% hydrochloric acid. The precipitéte was collscted on a filter.

It weighed 1.0 gm. and was found to be phthalic acid, melting indefinitely
at 210 - 215°C, When the amount dissolved in the water was accounted for,

the phthalic acid was recovered in 95% yield.

4) In a sealed tube at 100°C was placed 13 gme of alcohol (0.005 mole)
and 1.0 gm. phthalic anhydride (0.0068 mole). The temperature was maintained
for 16 hours and then the tube was cooled. Phthalic anhydride was rscovered

almost quantitatively by extracting with chloroform and collecting the anhy-

dride on a filter,
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5) In a sealed tube at 200°C was placed 1.3 gm. of alcohol (0.005 mols)
and 1.0 gm. phthalic anhydride (0.0068 mole), The temperature wus main-
tgined for 16 hours and then the tube was cboled. The mixture was now a
black tare. Considerable pressure had developed in‘the tube due to the
formation of hydrogen chloridee. The mixture was dissolved in 50 ccs chloro-
form, and a few crystals of phthalic acid were removed by filtration.s ter
boiling with charcoal for 10 minutes, the solution was pale browne The
chloroform was distilled off, leaving 13 gm. brown crystals of M.P. 120 =
128°C, They were washed with petroleum ether, and recrystallized from a
1:1 mixture of ethyl ether and chloroform. The product weighed 0.5 gme.
and melted at 130 - 134°C, It was not characterized as it -was insoluble
in 10% sodium carbonate solution, and produced in such low yield; also the
evdlution of hydrogen chloride indicated a breakdown of the trichloromethyl

groupe

6) Phthalic anhydride was converted to the 3-nitro derivative. Yield
of recrystallized product 20.4%. (132)

A solution of 10 gm. of the anh&dride (04005 mole) and 1.3 gme of the
alcohol (0.005 mols) was mixed with 10 cce pyridine in a flaske The
temperature of the reaction mixture rose a few degresese. The mixture was
allowed to stand overnight, and then poured into 100 cce water with 10 ceco
concentrated hydrochloric acid. The organic material was extracted with
ether, and the solvent was removed by evaporation. As the product was

not acidic, it was discarded.
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7) 25 cce of dry xylene were used to dissolve 1.3 gm. of alcohol
(0,005 mole) and 1.0 gm. of 3-nitro phthalic anhydride (0,005 mole).
The solution was refluxed for 3 hours. A small insoluble residue was
collected on a filter, and the xylene removed by distillation. The
residue was dissolved in 75 cc. of boiling benzene, the solution filtered
hot, and allowed to stand overnight in the refrigerator. A precipitate
of light yellow needles was collected on a filter. It weighed 1.0 gnm.,
end was identified as 3-nitro phthalic acid. M.P. 219 - 228°C, Yield
91%s Concentration of the benzene solution gave & small amount of alkall

soluble material, recovered in poor yield on acidification.

"8) 1.5 gm. of phthalic anhydride (0.0l mole) was heated with 2.6 gm.
of alcohol (0.01 mole) in a flask on the steam cons. On addition of
2 cc. of 40% hydrobromic acid (0.0l mole approx.) the reaction mixture
solidified. 50 cc. of 10% sodium carbonate solution was added, and the
mixture was stirred till no more organic material appeared to dissoive.
The mixture was then extracted with ether to remove unchanged alcohol.
The agueous layer was acidified with 20% hydrochloric acid and the crystalline
product, collected on & Buchner funnel. The melting point of the product,

identified as phthalic acid, was 201°C.

9) A solution of 3.2 gme of alcohol (0.012 molo) and 0.8 gm. phthalic
anhydride (0,012 mole) in 25 cc. chloroform was refluxed with 20 drops of
concentrated sulfuric acid for 16 hours. The cooled reaction mixture was
extracted with dilute sodium carbonate. The extract was acidified with

dilute hydrochloric acid. The white crystalline precipitate was collected
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on & Buchner funnel, and was identified as phthalic acid of melting point

210 - 213°C.

10) Two condensations were gttemped with succinic anhydride, with no
catalyst bresent. In one, equimolar portions of the reactants were main-
tained in an oil bath at 140 - 150°C for seven hours. In the other cass,
reactants were maintained at what was apparently the boiling point. No

alkali soluble product could be isolated.
Miscellaneous Preparations of the Phthalate.

1) An attempt was made to prepare the sodium derivative of the alcohol,
for reaction with phthalic anhydride. To 50 oce dry tolusne was added
1.15 gm. clean sodiun (0.05 mole). The toluene was warmed till the sodium
melted, then cooled while the mixture weas stirred. The sodium was now in
the form of fine powder.  Now & solution of 130 gm. (0.05 mole) of alcohol
in 10 cc. toluene was added. A gas was slowly given off. The reaction

was miintained at 50°C for an hour, and then was diluted with dry ether. A

dark brown precipitate was formed immediatelye It was collected on a filter
and found to weigh 4.7 gme It did not burn in a Bunsen flame and was pre-
sumed to be inorgenice The yield, on the basis of the product's being

sodium chloride, was 80%.

2) An attempt was made to synthesize the alcohol scid. phthalate by com=-
bination of the carbinyl magnesium halide with phthalic anhydride. For
the preparation of ethyl magnesium chloride, 0.4 gm. of magnesium (0.015 mole)

was placed in a 125 cc. Grignard raaction flaske. This was equipped with a



68

mercury=-sealed propellor stirrer, and & reflux condenser, having a calcium
chloride tube in the open end, Through the third neck, a glass tube was
led into 10 ce. of ethyl ether, which covered the magnesium, This glass
tube was connected to an ampoule of ethyl chloride, cooled in dry ice.

The reaction commenced after threes quarters of an hour of stirring, and the
addition of a erystal of iodine. Within half an hour the magnesium had
all dissolved, forming a black solutione 50 ces of dry ether were added
to the flask., A solution of 8.9 gm, alcohol (0.015 mole) in 10 cc. dry
ether was added to the flask from a separatory funmnel, which replaced the
ethyl chloride tube. The solution was added dropwisee With each drop,
a vigorous evolution of gas, probably ethane, occurred. After this, the
mixture had a white cloudy appearsnce. 242 gm. phthalic anhydride (0.015
mole) were added altogether in a finely ground form. The mixture was re-
fluxed with vigorous stirring for three hours. During this time a white
precipitate was continuously present. It was then poured over 50 gm. of
ice and 20 cc. 2N hydrochloric ecid. This mixture was allowed to s tand
overnight, The reaction mixture had dissolved in either the ether or

the water, This indicated that the phthalic anhydride had reactede The
ether layer was separated, dried over sodium sulfate, and evaporated. Oily
crystals weighing 4.2 gm. were isolated. Cold chloroform was added, and a
vhite crystalline material was collected on a filter. It weighed 1.2 gm.
and melted at 173 - 175°C, The mother liquor was decolourized to a pale
brown with charcoal, and the solvent removed by evaporation. The yellow
crystalline product melted at 123 - 125°C, This material was dissolved in
ether and evaporated on a watch glass. Four distinct crystal types could

®asily be discerned. This explained why successive runs gave high melting
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material of melting point 170 - 185°C, and low melting material from
120 - 160°C, These products sometimes raised and sometimes lowered

their melting points on recrystallization.

3) An attempt was made to synthesize the acid phthalate of the
alcohol through a transesterification reaction of potaséium acid phthalate
with the 4- toluene sulfonate of the alcohol. To prepare the tosyl der-
ivative, 1.3 gm. alcohol (0,005 mole) and 1.0 gm. of 4- toluene sulfonyl
chloride (0.005 mole) were dissolved in 10 cc. dry pyridinee. The flask
was allowed to stand at room temperature for 12 hours, and the reaction
mixture was diluted with 100 cc. of water. The organic material was
extracted with ether, the extract dried over sddium sulfate, and the solvent
removed by evaporation. The residue was crystalline, melting at 118 =
122°C, and weighing 1.0 gm. (Yield 47%) On recrystallization from di-
ethyl ether, large white rhomboids were obtained, melting at 123 - 4°C,

Equimolar quantities of this ester and potassium acetate, lithium
chloride and po’cass‘ium acid phthalate were refluxed in 10 cc. of anhydrous
ethanol, for 25 hours. In each case dilution with water gave the unreacted

tosyl ester with nearly quantitative recovery.
Acid Sulfates.

An equivalent of 96% sulfuric acid (15 cce, 0.012 mols ) was added to
348 gm. of alcohol (0,013 mole). The mixture was stirred at room temper-
ature for three hours, and then contained a large lump of red solid.
100 gm. ice water was added. This precipitated a white powder which was

collected on a filter and weighed de5 gme  Its melting point was 43 - 45°C.
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The melting point of the mixture of this material with the alecohol was
43 - 46°C, The filtrate was then neutralized with barium carbonate,
and barium sulféte was removed by filtration, Nothing could be pre~
cipitated from solution by the addition of ecetone, dioxane, or ethanol.
The barium salt of butyl hydrogen sulfate was precipitated by solvents
at this stage.

A slight excess of 967% sulfuric acid (9 cc., 0.15 mole ) was heated
with 3 gme alcohol (0.012 mole) on the steam bath a half hour. The
mixture then consisted of a dark red oily bottom layer and a white top
layer of roughly equal volume. The reaction mixture was diluted with
water, and a large amount of water insoluble brown oil was precipitated.
This was partly soluble in petroleum ether. This solvent was removed
and the residue was found to be insolbble in bafium carbonate. Cn
cooling the oil a wedk in dry ice methanol, a few white crystals were
obtained, melting at 123 - 6°C . These gave a negative test for =
S0g0H. (133), (Benzene sulfonic acid was used &s & known sample. )

This compound was ﬁot analysed but was thought to be the ether formed

by the condensation of two alcohol unitse
Miscellaneous Attempts at Esterification.

Maleic anhydride, oxalyl chloride and phthalyl chloride were condensed
with equivalent amounts of alcohol, using the techniques outlined above.
No acidic materials were obtained. Maleic anhydride was recovered un-
reacted, oxalic acid was recovered, and a non-crystalline oil was the

product from the reaction with phthalyl chloridee.
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II  Alcohol with Optically Active Acid Derivative,.
(a) L= Menthyl Glycine with Alcohol.

Preparation of the Reagents,

1) Alcohol chloroacetate =-- Monochloroacetyl chloride was prepared
in 75% crude yield by the action of phosphorus trichloride on monochloro-
acetic acid. The crude product was fractionated from dimethyl aniline.
A mixture of 8.6 gm. of alcohol (0.03 mole) and 11 cc. of monochloroacetyl
chloride (16.5 gne 0.15 mole) was refluxed together for 25 hours. The
product was poured into 100 cc. of water. The brown oil crystallized on
stending a few hours. The product weighed 5.5 gme, & yield of 55%. It
was decolourized by boiling a petroleum ether solution with charcoal, and
recrystallized twice from petroleum ether. The product was then obtained

as cream coloured needles of melting point 90 - 1°c,

2) 1L- menthyl amine === L- menthol was converted to 1- mentkone by
the method of Beckmann (134). The optical rotation in ethanol solution

of the menthol usedvwas -

25 =257 x 100 o oo
D 1 x 54156
The Merck Index (135) reports the rotation as [ 55 : -50° for a 20% ethanol

solution,



CH3

CHQ////C\\\THQ ﬁf////HF\\\I
Y \ /

I
CH(CHz ), CH(CHS )

A solution of 120 gm. (0.41 moles) of potassium dichromate and 1CO

gn. of 96% sulfuric acid (54.5 cc., 0.98 mole) was prepared. Finely
ground 1- menthol (90 gm.; 0+58 mole) was added all at once. After a
moment's stirring, the solid turned black. Gentle agitation was con=
tinued for a half hour, during which there was a slow rise in temperature.
At 53°C the black addition compound decomposed, and a brown layer formed
on top of the aqueous solution. The mixture was allowed to s tand for an
hour, and was then extracted twice with 100 cc. and once with 50 cc. of
ethyl ether., The extract was washed with 100 cc. portions of water,
5% sodium hydroxide, and then water. The extract was now colourlesse
The ether was removed by evaporation, and the menthane steam distilled.
It collected in the receiver as a transparent white liquid on top of the
water., The product was separated and found to weigh 77.5 gm., a yield
of 87.2%.

The optical rotation of the product in ethanol solution was -

-4,73 x 100
]38 AT x . - 25.80
D 2 x 9.908

The optical rotation of the pure menthone was =

D 1 x 0.895 *



Merck's Index reports the rotation as wago 1 =24.8° for a 20%
D

alcohol solutione.

L~ menthone oxime was prepared according to the method of Beclmann

(13¢) -
7H3 C‘HS
}II '
CHZ/C \7H2 CH, H\CH2
'c’:HZ C=0 CHp (,3.-NOH
L :
| l
CH(CHp )y CE(CHz ),

A solution of 75 gm., of 1- menthans (0.49 moles) in 225 cc. of 90%
~ethanol was mixed with 45.0 gm. of hydroxylamine hydrochloride (065 mole),
Upon the addition of 59 gm. of sodium bicarbonats (0470 mole) there was a
rapid evolution of carbon dioxides The mixture was allowed to s tand 10

hours, and then refluxed a half Hour. The white solid was then collscted

on a filter, and found to contain no more carbonate, The solvent was
removed from the filtrate by evaporation. It was then diluted with vater,
An oil was thrown down which would not crystallize,. The oxime was extrac-

ted with petrcleum ether, the extract dried over sodium sulfate, and the

solvent removed by evaporation. The oxime was distilled in vacuo. B.P.
85 - 90°C at 1,5 mm. pressure. The product was a clear white oil which

rapidly crystallizeé as needles, melting at 51.5 2 s40¢, The product weighed
435 gm., a yield of 52.9%.

The optical rotation of the product in ethanol was =

st . =9.31 x 100 . 46,50
i 2 x 9.984
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Beckmann reported the rotation kdso * =42,5° in 10% ethanol.
Further distillation did not change the specific rotation or the
meltihg point. Crystallization from dilute alcohol was performed ﬁith
great difficulty, for the product showed a great tendency to come down
as an oils When this was accomplished, the melting point was raised
to 5645 = 57°C. The reported value (Beckmann) was 58°C,
The oxime of 1? menthone was also prepared with hydroxylamine acetate

(136). Their product was reported with a rotation of ki]lS r =39,7°C

1D
in ethanol. The yield of crude oxime was only 30%. The yield of crude
1- menthone oxime based on l- menthol was 38.6%.
1- menthyl emine was prepared according to the procedure of Wallach(137)-
CHgz Chgz

:NOH LHL C-NE,
' \II{

H(CHS) 5 CIIH(CHS)Z
A solution was prepared of 43.3 gm. of l- menthone oxime (0.256 mole)
in 360 cc. absolute ethanol, 65 gm. of clean sodium (2.8 moles) was added
to the boiling solution in small pieces over an hour. Toward the end of
this period, two 100 cc. portions of alcohol were added, as the reaction
mixture tended to solidifye. The mixture was steam distilled in an apparatus
protected from carbon dioxide. First clear ethanol came overe. As soon as

the distillate appeared cloudy, the receivers were changed, and distillation

was continued until no more cloudy liquid came over. The amine formed a
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transparent pale yellow layer on top of the water. This layer was
separated and found to wsigh 33.2 gm., a yield of 83.7%. The liquid
amine was ccnverted to the hydrochloride by the addition of 20% hydro-
chloric acid. Evaporation of the water left 36.1 gm. of grey crystals,
e yield of 88.4%.

The optical rotation of a solution in water was =

-3-15 X lOO
a 5 2 -27.7°

2 x 5,682

Tutin end Kipping (138) report that the optical rotation of the crude
1- meﬁthyl amine [tqD : =28,.0°, One isomer can be separated by systematic

frectional crystallization from water to give a product of P&I : =36.6°
D

3) D= fenchylemine =-- L~ fenchone was converted to the oxime by the
method oflwallach (142). The crude product was easily crystallized and
was formed in 96% yield. One pecrystallization from ether gave a pure
product of melting point 161 - 162.5°C, The yield here was only 33.8%.

Wallach reports also the reduction of the oxime to the amine with
sodium in ethanol. The yield was 41% of clear liquide. The procedure
follows closely that for the preparation of 1l- menthyl amine, except that

the d- emine is produced.

CHg CHz CHz
I c
CHp— 0 CH,—— C—C:NOH CHy—— C——C-N-H,
- l |

iHz J 7 CHp — CHy
l

i (CHS)Z CHz—C—-C(CH3)2 CHo—— ?—C(CH5)2
]
i H
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The Resolution Reaction.

An intimate mixture of 9.2 gm. of d- fenchylemine (0.06 mole) and
1046 gme of alcohol chloroacetate (0,03 mole) was heated in a flask
inmersed in an oil bath at 100 - 120°C,  The flask had been swept out
with nitrogen, and was protected from the atmosphere by soda lime tubes.
The heating was continued for 11.5 hours. A hard resinous material
was formed on cooling, This product was diésolved in chloroform and
the solution was washed seﬁeral times with 2 N hydrochloric acid, followed
by several washes with water, The solution was then dried over sodium
sulfate and the solvent removed by evaporation. A brown oil remained
which eould not be crystallized by any mixture of common solvents, or by
thorough cooling in dry ice methanol.

To make an acetyl derivative, the oil was dissolved in 6 cc. of dry
pyridine, and 6 cc. of acetic anhydride wers added. This mixture was
allowed to stand for 3 hours, and then poured into 100 cc. of water con-
taining 6 cc. of concentrated hydrochloric acid. 4 crystalline product
was formed immediately. It weighed 11.6 gm. and melted at 95 - 120°C,
The product was recrystallized from methanol. 645 gme of product were
obtained. The melting point of these long needles was 123.5 - 125°C,

The same meltine

g point was observed with a mixture of this product with

alcohol acetats. The yield of recrystallized alcohol acetate was 68.4%.
The material was quite inactive in the polarimeter.

An attempt was made to condense l- menthyl amine with the alcohol
chloroacetates The reaction conditions were exactly similar to those

outlined above., vCrystals of pure alcohol. acetate, in good yield were

the only product isolated, howsver, Crude 1= menthyl amine of P%D : =280

Was useq,
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(b) L- Menthyl Isocyanate with Alcohol,

Preparation of the Reagentse
The conversion of 1= menthyl amine to the isocyanate was performed

according to the method of Neville and Pickard (140).

CHz CHz CHz

| | |
CHz/ ﬁ\CHz cl—xz/j{ le cx{z/ix\ CHy
| | |

£H2 NH2 CHo HCHHCOOC2Hs CHo CHN:C:0
\H \H/ \III/
| [
C C C

CH(CE, ), ba(os, ), ‘LH(CHs)z

Crude 1- menthyl emine hydrochloride was prepared as outlined on pages

72 = 75 o+ The reduction product was purified by systematic fractional
crystallization from water. 18.5 gm. of the pure hydrochloride was ob=
tained from 36.1 gme of the crude, a yield of 51%.

18.5 gm. of the purified hydrochloride was mixed with 25 ccs of 20%
sodium hydroxide, and the mixture was steam distilled. The yield of .
water-white 1= menthyl amine was 14.6 gm. (97%) « The yield of pure amine
from the reduction of the oxime is 36.8%. The yield of pure amine from
1- menthol is 170%.

A solution of 14.6 gm. l1- menthyl amine in 100 cc. petroleum ether
(B.P, 30 - 60°C) was preéared in a 300 cc. three neck flaske. This was
fitted with a mercury-sealed stirrer, a reflux condenser and a dropping
fumnel. Solid sodium bicarbonate (8.4 gm., O.l mole) was suspended in

the petroleum ether, and then refluxing and stirring was commenced. FPure
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ethyl chlorocarbonate. (10.2 gm., 0,094 mole) was added through the dropping
fumnel during twenty minutes, A heavy precipitate formed immediately, and
was present during the succeeding two hour period of stirring and refluxing.
The cooled reaction mixture was diluted with 200 cce+ of water, and the whole
was poured into a separatory funnel, Two clear layers formed. The
petroleun ether layer was dried over sodium sulfate and the solvent distilled
until crystallization commenced. The flask was then cooled, and the pro-
duct collected on a filter, It'weighed 12.4 gm., a yield of 58.8%, 1I,P.
59.5 = 60.5°C.

The optical rotation of a chloroform solution was -

ﬁj]zs . -6,04 x 100

2 "'69 080
D 2 x 4,324

Neville and Pickard (140) report the following constants =
l.Ps 54 - 59 C %X}D 1 =64 to 68,9°

They reported a quantitative yield, howevers

£ 50 cce Claisen flask was fitted with a distilling flask directly
attached to it as a receiver, but did not have a bubbling tube. Vacuum
was obtained by water pump giving 10 mm. pressure. The N-le-menthyl
ethyl urethane was divided into 3 gm. portions. For a distillation, a

portion was mixed with 4.5 gm. solid phosphorus pentoxide and then the

nixture was transferred to the distillation assembly. A clear white oil
distilled at 115 = 120°C at 13 mm. pressure. lMost of this came over at

118°¢c, The product weighed 2.1 gm., a yield of 87.8%.
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The optical rotation of the product in benzene solution was =

: i =56,6°

Lr]so . =2.55 x 100
D 2 x 24250

Neville and Pickard reported the boiling point of the crude product
to be 90 - 160°C., Their product, after being fractionated three times,
had an optical rotation of%x]nz 54,07 = 54.79° in benzenee. They do
not mention their yield. It apparently is necessary to purify the 1-
menthyl ethyl urethane before conversion to the isocyanate.

The isocyanate was prcpared from the l- menthol in 8.8% yield, and
from the pure l- menthyl amine in 51.7% yield.

The Breparation and Hydrolysis of the N~ Phenyl

Urethane of the Alcohol. .

Preparation of the Urethanse

A mixture of 2.6 gm. of alcohol (0.0l mole) and 2.3 gm. of phenyl
isocyanate was prepared in a test tube bearing a calcium chloride tubo.
The tube was immersed in an oil bath at 160°C for a half hour. The mix-
ture was then cooled, but could not be crystallized by seratching or
washing in solvents. It was allowed to stand several days in the refri-
gerator. - The mass solidified rapidly when a seed appeareds 3.9 gme of
oily crystals, a yield of 80%, were obtained. After four hours recry-
stallization from a 1:1 mixture of ethyl ether and petroleum ether, &

very small yield of white needles was obtained. Y.Pe 137 - 99C.
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Attempted Hydrolysis of the Urethane.,

1) A solution of 0,2 gmeof the urethane in 20 cc, of 50% acetic acid
was refluxed for an hours On cooling the hot clear solution, the urethanse
was recovered almost quantitatively., The melting point of the mixture of
this material with the reactant was not depressed.

2) A solution of 0.4 gme of urethane and 0.4 gm. anhydrous zinc chloride
in 10 cc. absolute methanol was refluxed for a half hour on the steam bath.
50 cco of water contaiﬁing 1l cce of concentrgted hydrochloric acid was a dded.
The agqueous mixture was thoroughly extracted with ethyl ether. Removal of
the solvent from the dried extract left a solid of melting point 128 - 133°C,
The melting point of a mixture of this material with the urethane was 130 - 135°C,

3) 0.3 gm. of urethane was refluxed for seven hours with 20 cc. of 25%
hydrochloric acid. Then the product consisted of water solublo material
with a little undissolved oil. The mixture was extracted with ether, and
the oil obtained from the dried extract was treated with acetic anhydride.
The product obtained from this reaction could not be crystallized on seeding
Wiéh alcohol acetate, however,

4) An intimate mixture of 20 gm. freshly prepared dry calcium hydroxide
end 5 gm. N- phenyl ethyl urethane was distilled at atmospheric pressure.

A white clear liquid of boiling point 78°C was obtained.

A mixture of 1.4 gm. of the N- phenyl urethane of the alcohol and 4.5
gme calcium hydroxide was heated in an oil bath to 120°C., Then a vacuum
was applied, and a liquid distilled over at 120°C at 1 mm. pressurs. This
was a brown oil, which crystallized on adding a seed of alcohol. The
product waighéd 0.7 gm., & yield of 85%. Its melting point, and the melting

point of a mixture of this product with alcohol was 43.5 - 48°C,
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The Resolution Reaction.

A mixture of 3.1 gm. of 1- menthyl isocyanate (0,017 mole) and 4.5
gn. of alcohol (0.017 mole) was heated for three hours at an oil bath
temperature of 140°C, The cooled reacticn mixture then consisted of a
browvn tacky solid. The product was difficult to crystallize. | It
was allowed to stand three days in the refrigerator with a few drops of
petroleum ether, and was then observed to have crystallized. The
product was recrystallized from petroleum ether (B.P. 60 - 80°C). The
filtrate was allowed to stand in the refrigerator overnight, with a little
petroleum ether, and an additional crop of oil crystals were obtained.

The residual oil was dissolved in ethyl ether, and the sclution was
washed with 10% hydrechloric acid. The solvent was evaporated from the
dried extract, but the residue did not crystallize.

To remove unreacted alcohol, the o0il was placed in a vacuvm distill-
ation apparatus. The 0il bath was heated to 210°C, and one drop of
material was distilled. It had a boiling point of 140°C at 1 mm. pressure.

The oil was dissolved in 100 cce petroleum ether, and the solution was
poured through a column of "super-filtrol" clay, 20 cm. long by 3 cm. diamcter.
Then 100 cce more petroleum ether was poured through as eluate. The com-
bined filtrates were avaporated and tho o0il crystallized overnighte The
column was pushed out of the tube, and divided in thirdse. Those were
extracted with ethyl ether, and the solvent removed from each fraction by
evaporation. The oil from the bottom third crystallized overnight.

The combined amounts of crystals obtained from the above experiment
weighad 4.9 gm., a yield of 64.5%. They weré systematically fractionally

crystallized from petroleum ether, as follows:-
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Fraction (3a) was presumed to be the Ne 1~ menthyl urethane of the

1- alcohol. Yield based on total crystals obtained  20.2%.
Anale calcde for C19Hp402N Cly
C, 51.83; H, 5.49; Cl, 32.20
Found C, 51.88 H, 5.58 Cl, 31.88
51.95 5.69 31,98
51,92 5464 31493

Fraction (3a), weighing 1.0 gm. was mixed with 4.0 gme of calcium
hydroxide in a vacuum distillation apparatus. The hydrolysis was per-
formed as described for the N~ phenyl urethane of the alcohol. A white
0il was obtainod, weighing 0.2 gm., & yield of 33.8%7.

The optical rotation in chloroform solution was -

[CI.] N -M : -32 .50
D 2 x 1.385

A portion was converted to the acetate using the procedure given on

page 61, The product melted at 67 - 82°C. The optical rotation was

FJD . -50°, After recrystallization from methanol, the product melted
at.84 - 88°, A melting point of the mixture of this product with that
from the 1~ menthoxy acetyl chloride run was 84 - 7°C,

Fractions (5b), (7c) and (8d) were combined and found to weigh 0.3 gn.
This material was distilled from calcium hydroxide in the manner outlined

above, The distillate was still laevorotatorys

The other diastersoiscmer was not obtained in a crystalline form.



84

(¢c) D- Camphor Sulfonyl Chloride with Alcohol.

Preparation of the Reagents,
D= Camphor was obtained from stores, and had a rotation in ethanol
solution of -

25 3.42 x 100
T = 410

D 1 x 8.35

The rotation was reported by Merck's Index (141) was Eﬁn = 41+42°,

D- camphor sulfonic acid === The procedure followed was that of
Reychler (142), as modified by Armstrong and Lowry (143, 144).

Concentrated sulfuric acid (10.2 gm., 0.1 mole) was mixed with 20.4
gne of acetic anhydride (0.2 mole) while the flask was cooled. in ice water,
Then 15.2 gms d=- camphor (0.1 mole) was added in pulverized form. After
& few hours at room tempefature, a clear heavy yellow liquid had formed in
the flask, ¥Within a day, precipitation of the sulfonic acid had commenced.
After 5 days, the precipitate was collcted on a filter, It was washed
with ethyl ether, and recrystallized from ethyl acetate, and found to weigh
5.3 gm., a yield of 22.6%. The yield is reported as quantitative by
Reychler, after he éllowed the reaction to stand for two weeks. Tho product
was found to melt at 193 - 194°C, as reportede

For conversion to the acid chloride, the product (5.3 gm., 0.0023 mols)
was treated with 10 cc. thionyl chloride (16.4 gm., 0.14 mole) and refluxed
two hours, The excess thionyl chlorids was distilled off, and the product
was recrystallized twice from dry benzenc. 1.7 gme of white needles (29.4%)

yield were obtained, of melting point 67 = 68.5°C, tho reported value.
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The optical rotation of a solution in chloroform was -

ch}25 . Lslxi00
D 2 x 2,286

The value reported by Armstrong and Lowry (144) was [a]%s - 31.1°

Attempts at Resolution with the Acid Chloride.

1) A solution in 10 cc. dry pyridine was made of 1.0 gme of the acid
chloride (e004 mole) and 1.0 gm. of alcohol (0+004 mole)s The solution
was prepared while the flask was submerged in ice water. The flask was
allowed to stand overnight, then the contents were poured into 100 cc. of
water with 10 cc. of concentrated hydrochloric acid. The oily precipitate
was extracted with ethyl ether. The solvent was removed from the dried
extract by evaporation. An oil was obtained which ¢ ould not be crystall-
ized by cooling in dry ice, or precipitating from mixtures of the common
solvents, It was allowed to stand in the refrigerator many weeks, but

only a few crystals of the alcohol crystallized.,

2) A solution of 0.26 gm. alcohol (0,001 mole) in 5 cce anhydrous
pyridine was prepared and 0«24 gme d- camphor sulfonyl chloride (0.001 molse)
was added. The solution was refluxed 5 hours. Then water was added.
The mixture was-extracted with ether, and the extracf was washed with dilute
hydrochloric acid. However, removal of the solvent from the dried extract

left only an 0il which could not be crystallized by the usual techniques.
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3) A solution of 1.8 gm. d- camphor sulfonyl chloride (0,0072 mols)
and 0.4 gm. alcohol (0.0015 mole) in 10 cc. dry benzens was prepared, and
1 ceco pyridine (04013 mole) was added., This mixture was allowed to
stand for 5%— days, then poured into 100 cc. 6f water and 2 cc. of concen-
trated sulfuric acid. The organic material was treated as in the exper-
iments above, but only a non-erystalline o0il could be obtained after pro-

longed attempts at crystallization.

(d) D= Camphoric Anhydride with Alcohol.

The reagent was prepared by the oxidation of d- camphor with nitric
acide The anhydride crystellized out of a mixture of acetic anhydride
and acetyl chloride with a melting point of 223 - 224°C, | The wvalue
given in Merck's Index (145) is 216 - 217°C, The procedure followed
was et of Noyes (146). Their period of heatihg was shortened from
65 hours to 48 hours.  This decreased the yvield from 62% to 54%. The
anhydride was obtained in 70% yield (reported 68%).

A mixture of 2.6 gm. camphoric anhydride (0.013 mols) and 3.4 gm.
alcohol (0,013 mole) with 25 cce pyridine were refluxed together for 17
hours, The cooled mixture was poured onto ice and 30 cc. concentrated
hydrochloric acid. 1.6 gme of a white crystalline precipitate were
collected on a filter, and shown to be camphoric anhydride by melting point
and optical rotation, Alcohol was recovered by an extraction of the

filtrate with ether.
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(e) L~ menthoxy acetyl chloride with alcohol,.

L- menthoxy acetic acid was prepared from 1- menthol and chloroacetic
acid in 73% yield, and converted to the acid chloride in 91% yield. The
procedures followed were those of leffler and Calkins (147).

The optical rotation of the acid in methanol solution was -

Ianll =547 x 100 291,70 R 25 °
- =JLle t - =& o
0 2 x 2.982 eported [(I}D 92.4

The optical rotation of the acid chloride in chloroforn solution was -

25 =4 ,830 x 100 25
H s — T T _gg.7° Reported M . -89.3°
Ip 2 x 2.704 D

Preparation of the L~ Menthoxy Acetate of the dl- Alcohol.

1) A solution of 10.4 gm. of alcohol (0.04 mole) in 40 cc. anhydrous
pyridine (dried over sodium hydroxide) was prepared. 9.3 gm. of 1=
menthoxy acetyl chloride (0.04 mole) was slowly added, while the reaction
flask was swirled in ice water., The resulting mixture was allowsed to
stand overnight, and then poured into 400 cc. of ice water. The organic
material was extracted with ethyl ether and the extractwvas washed many
times with 6 N hydrochloric acid, followed by thorough sodium carbonate
and water washes., The solvent was removed from the extract by evaporation
and the product was steam distilled to remove any unchanged alcohol. The
residue was extracted with ethyl ether, and the extract dried over sodium
Sulfate. Then the solvent was removed, a brown oil was left, which could
not be made to crystallize by any of the usual techniques, such as washing

with mixtures of solvents, or cooling in dry ice.
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2) A solution of 32.7 gm. of 1l- menthoxy acetyl chloride (0.133 mole)
and 34.5 gms of alcohol (0.133 mole) in 100 cc. dry benzens (treated with
sodium) was prepared. 2le cce of dry pyridine (20.9 gm., 0.265 mole)
were added dropwise to the benzens solution, which was kept at 5°C, (The
pyridine was distilled from calcium oxide, over which it had been allowéd
to sté.nd for several days.) This caused the precipitation of a white
crystalline solid. After allowing the reaction mixture to stand at room
temperature overnight, the solid was collected on a filter. It was very
soluble in water and was presumed to be pyridine hydrochloride. The
product weighed 15.5 gm., a quantitative yield of the hydrochloride.

The benzene sovlution was washed twice with 50 cc. portions of 5%

hydrochleric acid. This was followed by & similar treatment with 5%

sodium bicarbonate, and water. The benzene solution was dried over sodium
sulfate, and the solvent removed by distillation. After standing one day
at 0°C, complete crystallization had taken place. The crude product

consisted of oily crystals, and weighed 60.5 gme., & quantitative yield.
The crude crystalline product was given a systematic fractional cry-

stallization from water.
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Frection (4a) was considered to be the pure l- menthoxy acetate of
the 1= alcohol, -+ It was prepared in 25.8% of its expected yield,

Anal. Caled. for CpoHpe03Cly  C, 52.65; H, 5.75; C1, 31.18

Found ; C, 52.69 Hy, 5470 Cl, 31.22
52 .40 5459 31433
52455 5.65 31433

L= Alcohol.

4 solution of 15 gm. of the 1~ menthoxy acetate and 15 gme. anhydrous
zinc chloride in 25 cc. anhydrous methanol was refluxed one hour. A
mixture of 500 cce water and 20 cc. concentrated hydrochloric acid was
addede  Tho organic material was removed by extraction with two 100 CCe
portions of ethyl ether. The extract was washed with 10% sodium carbonate
to remove l- menthoxy acetic acid. The solvent was removed by. distillaticn,
and the pale yellow oily residue was distilled iln Vacuo. The distillate
had a boiling point of 95 - 115°C at 0.2 to 0.4 mm. pressure, and weighed
11.8 em. |

The optical rotaticn of "the altedhsol in chloroform solution was -

o 2.2
st : SR XA L e1.20
The acetate of this crude alcohol was prepared as follows, 8 cce of

acetic anhydride was mixed with 11.8 gm. of the distillate in a flask. This
was placed in an oil bath at 160°C for 3 hours. 20 cc. of voater was then
added, and the mixture was allowed to s tand overnight. The organic material
was removed by extraction with ethyl ether. The extrect vas washed with 10%

sodium carbonate and dried ovér sodium sulfatee. The solvent was removed by
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,

evaporation. The residue consisted of a crystalline prodgct weighing
9.0 gme, and melting at 81 - 86°C, This was recrystallized from
methanol, and 3.8 gme of heavy needles; a yield of 26.2% based on the
menthoxy acetate, were proecipitated, This product had a melting point
of 91 - 93°C.

The optical rotation of a solution of the product in chloroform was =

25 -2.54 x 100
a P 5 -62.6°
D 2 x 2.109

Hydrolysis of the acetate with zinc chloride gave pure alcohol M.P.

51.5 - 53°C; MD: -33.8°,

D - Alcohol;

Fractions (8b) and (9¢), 4.9 gm., were considered the pure 1- mehthoxy
acetate of d- alcohol.  This represents an 8,1% yield. The product
was hydrolysed to the alcohol, following a procedure similar'to that used

for the 1- alcohol. A yield of white cil of 4.2 gme was isolated. The

acetate was also prepared by a similar procedurae. The crude acetate melted
at 58 - 73°C, It was recrystallized twice from methanol and then melted

at 91 - 92,5°C, The pure product weighed 0.8 gm., 24.7%, based on

menthoxy acetate.

The optical rotation of the altcéhol in chloroform solution was -

5 25 - 025 x 100 - 61.50
D 2 x 1,066

Hydrolysis of the acetate with zinc chloride gave pure alcohol M.R
50 - 52°C; [cz]D = 33,0°,

The melting point of a mixture of equal parts of the d- and 1- alcohol
acetates was 120.,5 - 124°C.

Some of the mixture was mixed with an authentic sample of acetate. The

melting point was 122 - 124°C.
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- (£) D- Bornox&'Adetyl éﬁloride with Alcﬁhol.
. - - - -

Preparation of the Reagent. - | ‘

b- Gamphor was reduced to d- borneol, according to the procedure of
walyach (148). A solution of 100 gme of d- camphor (0.66 mole) in 1 1.
of dry ethanol was prépared. To the boiling solution was added 120 gm.
sﬁdium (5.2 mole) in small pieces. To dissolve the last pieces of
sodium added, 250 cc. additional dry ethanol had to be poured in. 6 1.
\of we.ter were éﬁded, and the white crystalline precipitate was filtered
off e It was dissolved in petroleum ether, and the water was removed by
separation, and by drying the solution over CaSO4e The solvent was removed
by ‘distillation until precipitation of solid commenced. The flask was
then cooled.in the refrigerator, and the precduct collected on a filter.

It weighed 74 gm., a yield of 73%.

The optical rotation of a solution in ethanol was =

[a,zs _ 4.72 x 100 . 5540
D 2 x 10,86
Clark and Read (67) report LIJD = 21.5°

D= bornecl was converted into d- bornoxy acetic acid, following the pro-
cedure of Clark and Read (67), considerably modified.

A 3-neck flask was set up, equipped with an efficient mercury-sealed
stirrer and a reflux condenser with a calcium chloride tube. In it was

placed a solution of 34.3 gme d= borneol (0.226 mole) in 150 cc. toluene
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(distilled from sodium). 4,9 gme sodium (0.213 mole) were added, and
the solution was refluxed in an oil bath for 18 hours. Stirring was
mainteined so that the liquid sodium'wés suspended in fine particles

- throughout the tolusns, The sodium residue was removed from the
cooled solution by filtration, and found to weigh about 0.3 gm.

The apparatus was again assembled, with a dropping funnel in the
third‘neck. To the stirred, rsfluxing solution was added dropwise a
solution of 10 gm. chloroacetic acid (0,106 mole) in 100 cc. toluens. A
precipitate formed at this stage, which remained throughout the period of
refluxing and stirring of 24 hours. The mixture was then treated with
500 cc. water and 35 cc. sulfuric acide. The toluene layer was separated
and the aqueous portion was e§tracted three times with 100 cc. portions of
benzens. The toluens was coﬁbined with the extracts, and was extracted
with 10% sodium carbonate solution, twice with 100 cc. portions, followed

by a water wash. The alkaline extract was acidified with 20% hydro-

chloric acid. The bornoxy acetic acid was extracted with three 50 cc.
portions of benzene. The solvent was removed from the dried extract by
evaporation, The residual brown oil crystallized after standing several

days in the refrigerator. It weighed 14.3 gme., a yield of 25.9%, and

melted at 62 - 68°C,

The optical rotation of a solution of the acid in alcohol was -

Fdzo . 1.49 x 100 - 32,30
D 2 x 2.306

A solution of 14.3 gm. d- bornoxy acetic acid in 10 cc. thionyl

chloride was refluxed for 3 hours on the steam bathe The thionyl chloride
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was removed by distillation and ths acid chloride distilled at the water

pUID » BoPe 125 = 134°C at 10 mm. pressure.  11.5 gm. of the acid

chloride were obtained, a yield of 74%,

The Preparation of the d- Bornoxy Acetate of the dl- Alcohol.

A solution of 5.5 gm. of alcohol (0,021 mole) and 5.2 gm. d- bornoxy
acetyl chloride (0.021 mole) in 25 cc. dry benzene was prepared. 3 ccoe
of dry pyridine (0.0384 mole) were added to the cooled solutiocn. A
heavy precipitate was formed. The mixture was allowed to stand over=-
night and was then filtered. The solution was washed with 5% hydro-
chloric aci and 5% sodium bicarbonates. - The solvent was distilled from
the dried soluticne.

Great difficulty was experienced in obtaining crystals of the esters.
They were finally obtained by slow evaporation of & solution in theroughly
dried methanol, 9.5 gm. of crude product was obtained, a yield of 99%.
The melting point was 56.5 - 59°C.,

The optical rotation of a solution in chloroform of the product was =~

0+54 x 100 - 16.50
[G]D T 2 x 1.636

The product was recrystllized six times from methanol and bunches of

white needles were obtained having a constant melting point of 70.56 = 71.5°C.

- 0
The optical rotation had hardly been changed FﬂD = 18.8%.
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Hydrolysis of this product was accomplished as for the 1= menthoxy
acetafe on page 90. However, on conversion of the alcohol to the
vace’cate, only the inactive product of melting point 118 = 122°C could

be obtained. The melting point of a mixture of this material with

authentic acetate was not depressede
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III Miscellaneous Methods of Resolutione.

+*

(a) Formation of Co=-ordination Complexess

1) Co-ordination - Complex Formation with Digitonin.

A solution of 1.0 gme of digitonin and 0.32 gm. of the alcohol
(excess) in 100 cc. of 50% ethanol was prepared. Complete solution
was achieved at room temperature. The flask was allowed to stand at
room temperature for 5 hours, but no érystals were deposited. It was
then placed in the fefrigerator for two hours, and a fine white crystall-

ine deposit‘was obtained. The melting point of the precipitate was

210 = 212°C with frothinge. The Merck Index reports digitonin to -
sinter at 225°C and melt at 235°C. The precipitate was distilled
in vacuo at a pressure of O¢5 mmo An oil was obtained which did not

crystallize on seeding with alcohol, nor on cooling in dry ice.

-

2) Co-ordinetion - Complex Formation with Desoxycholic Acid.

Commercial Rohm and Haas desoxycholic acid was purified according to
the procedure of Sobotke and Goldberg (71). 5.0 gm. of the acid was
dissolved in 25 cc. of hot ethanol. A small insoluble residue was
removed by filtration. The filtrate was concentrated to 10 cc. and
poured into 75 cc. cold anhydrous ethyl ether. The fine crystalline
precipitate was collected on a filter and recrystallized from absolute
ethanol, 1.6 gme of material were obtained of melting point 103 -~ 1040¢,

1.0 gm. of the pure acid and 5.2 gm. of the alcohol were dissolved
in the minimum smount (10 cc.) absolute methanol. Cooling in the refri-

gerator for meny wesks with thorough scratching caused no crystallization,

however.
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(b) Differential Reaction with an Optically Active Adsorbent.

The procedure followed was similar to that used by Henderson and
Rule (22) and by Prelog and Wieland (23).

Lactose (Kahlbaum) was activated by digestion for 5 min. with
chloroform, which was removed by placing in a vacuum dessicator for a
daye The powder was put into a chromatographic adsorption tubse,
and made a column 20 cme long by 3 cm. diametere

1 gme of alcohol was dissolved in 500 cc. petroleum ether, and
poured through the column, The liquid came through at the rate of
1 drop per second. In a similar fashion 100 cc. of petroleum ether
was poursd through as an eluant. Adsorption had apparently taken place,
as the eluant contained alcohol, which crystallized on seeding. However,
neither this material, nor further residues from elution showed any acti-
vity in the polarimeter. The column was pushed onto paper and divided
in thirds. These were extracted separately with ethyl ether. waaver;

the residues from this process showéd no optical rotatione.
(¢c) Asymmetric Synthesis of Acetates

A solution in 40 cc. carbon tetrachloride of 1.3 gm. alcohol (0.005 mole)
1.8 gme brucine (0.0045 mole) and 1.0 cc. of acetic anhydride was prepareds
The red solution was refluxed for 16 hourse. A few brown crystals had sep-
arated. These were collected on a filter and found to be brucine. The
filtrate was washed with 10% sodium carbonate, then with 10% hydrochloric
acid. This removed the colour from the solution. The carbon teﬁrachlor-

ide solution was dried over sodium sulfate, and the solvent removed by eva-
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poratione A crystalline product was obtained of melting point 121 - 125°C,
woighing 0.74 gm.,a yield of 49%. This material rotated a fraction of a
degree in the dextro direction, Ebwever, an optically inactive product

of melting point 123.5 = 125°C was obtained on recrystallization from acetic

acide



29

III Reactions of the Optically Active Alcohols.

The Preparation of l-phenyl-l-(4-chlorophenyl)-2,2,2-trichlorosthane

from the Alcohol.

In a test tube were placed 1.3 gm. dl- alcohol (0,005 mole) and 5.1
gme of 96% sulfuric acid (0.5 mole). The mixture was stirred vigorously
and 0447 gme dry benzens (0,006 mole ) was added. Stirring was continued
for 16 hours at room temperature. The.r;;ction mixture then containsd
a white precipitate. It was diluted with wafer; and the white precipitate
was collected on a filter, Thg product weighed 1.7 gme, a quantitative
vield, and melted at 64 - 74°C, After two recrystallizations from ethanol
the product melted at 77 - 78°C and waé not raised by further recrystall-
ization, |

In & tect tube were placed 0.35 gm. of 1- aloohol (0,0014 mole) ]’ —33-%)am:
2.1 gm. of 96% sulfuric acid. 0,31 gme. of benzene (04004 mols ) were '
added to the vigorouély stirred mixture. " The stirring was maintained
for 16 hours. Then the product was precibitated by adding wéier.y The
precipitate was collected on a filter and weighed 0.3 gm., a yield of 70%.
The product melted at 73.5 - 74.5°C, It was recrystallized once from

ethanol, and melted at 76.5 = 77.5°C. It gave a rotaticn of HD 2+2,2°

in the polarimeter.
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The Preparation of 1-nheny1-1—(4-chlorophenyl) 2,2,2-trichloroethanol
from the Alcohol Acetate.

A mixture of 1.4 gm. of dl- alcohol acetate (0.0046 mols ) and 9.2 ge
of 96% sulfuric acid (0,095 mole) was prepared in & tost tube. The
mixture was vigorously stirred while 0.42 gm. benzens (0.0054 mols) was
added. Stirring was continued for 11 hours at room temperature. The
reaction mixture then held a white precipitate. It was diluted with
water, and the precipitate was collected on a filter. The product weighed
14 gme, a yield of 81.5%, and melbed at 73.5 =76.5°C, after two recrystall-
izations from ethanol, The melting point of & mixture of this product
and that from the alcohol was not depressed.

A mixture of 0.3 gm. 1- alcohol acetate (0,001 mole) and 2.1 gm. of
96% sulfuric acid (0.02 mols) was stirred vigorously in a test tube.

0,078 gm. of benzene (0,001 mols) was added, and stirring was maintained
for 18 hours.,. A white precipitate had formed after 1 hour, The re-
action mixture was diluted with water and filtersd. The crude product
weighed O.4 gm., & quantitative yield, end melted at 67 - 70°C, After

recrystallization from ethanol, it showed no activity in the polarimeter.



The Testing of the D= and L- Alcohols as Contact Insecticides.

The d- and 1- alcohols, separated by 1= menthoxy acetyl chloride,
were éubmitted to the Department of Genetics, at McGill University
for insecticidal testing,

The tests consisted of the exposure of Drosophila to a film of
DDT on glass under standard conditions for 18 hours. The amount of
DDT present was sufficient to cause & mortality of 30 to 50%. The
test was repeated using a series of concentrations of the compound to
be tested. That concentration which gave a mortality similar to
that for DDT was noted, Its reciprocal gave the relative potency
of the material,

The value for the laevo alcohol was twice that for the dextros
The vélue for the racemic lay slightly above that for the dextro.

The mechanism of toxicity appeared different for the alcohols than
for DbT. It was easy to tell when flies had been killed by DDT, for
they were shrivelled. DDT poisoning takes about six hours for the
effect to set in. Flies tréated with the alecohol were knocked down

within an hour, but did not shrivel up for several dayse

101
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CONTRIBUTIONS TO KNOWLEDGE .

1) The alcohol l-(4-chlor0phenyl)-2,2,2-trichloroethanol has been
resolved into its optical isomers.
2) These isomers have been'tested for ultimate toxicity as contact

insecticides on Drosophila. Over a limited range, the laevo has a

relative potency twice that of the dextro.
3) The condensation of one optically active alcohol with benzene

in tho presence of sulfuric acid yielded the corresponding diaryl ethane,

retaining some optical activity.
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SULMARY

1) The alcchol 1-(4~chlorophenyl)-2,2,2-trichloroethanol was resolved
into its optical isomers. The specific rotations were‘ka;f: 33,09 and
-33.8%, The specific rotaticns of the corresponding acetatcs were

[Oqz;: 61.5° and -62.6%

2) The above resolution was effected by fractionation of the 1= men-
thoxy acetates of the alcohol. These were prepared by mixing the alcohol
and 1- menthoxy acetyl chloride in benzene solution and adding excess pyri=-

dine .

3) The alcohol aould not be converted into an acid phthalate, succin-
ate, sulfate or camphorate; or into a crystalline d=- camphor sulfonate or
1- menthyl glycine ester. Neither could it be converted into a crystall-

ine 1~ menthoxy acetate when the reaction was performed in pyridinc.

4) The 1- isomer was obtained as the acetate in very poor yield by
fractionation of the 1= menthyl urethane of the alcohol and hydrolysis by

distillation from calcium hydroxidee.

5) The d- bornoxy acetates of the alcohol were prepared. The product
was recrysfallized several times but no separation of the diastercoisomers

could be obtained.

6) The synthesis of d~ bornoxy acetyl chloride, and 1= menthyl iso=

cyanate was taken from the literature and improved upon.
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7) Hydrolysis of some substituted acetates of the alcohol was

schieved by refluxing in a solution of zinc chloride in methenol,

8) One of the optically active alcohols was converted to the
diaryl ethane by condensation with benzene. This product still retained

some optical activity. Theoretical deductions from this fact are drawn.

9) The separated isomers were tested for ultimate toxicity as contact

insecticides on Drosophila, Over a limited range, the laevo has a rel-

ative potency twice that of the dextro.
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