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HISTORICAL 

General Introduction. 

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

has assumed great imrortanca with the discovery by the Geigy Chemical 

Company that it is a vary potent contact insecticide. Their results 

are surrnnarized in a paper by Lauger, Martin and Muller (1). Patents 

were issued to cover this work (2). To most cow~cn 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 insects. DDT is included in a list 

of contact insecticides. These materials are effective only when the 

insect's body mnkes.contact with the chemical. Compounds in this class 

bear no relation 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 surface. 

The study of the chemistry of DDT is vitally important. This is 

because very slight changes in the molecule 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 \rldely differing 

·insecticidal action. This fact also indicates the contingency that it 

may be possible to prepare a compound even more powerfully toxic than DDT, 

even though its other analogues have been without insecticidal action. 

cide. 

Chemical studies may over come the disadvantages of DDT as an insecti­
v 

The compound does not kill all insect pests, but does destroy sone 

creatures essential to plant economy, such as bees. Present day knowledge 
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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 chemicals, 

depending on the pest that is to be eliminated. 

DDT is prepared by the Baeyer reaction when two moles of chlorobenzene 

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'ieomcr, 

the toxic ingredient (3). 
H 

Cl c c13 - C - OH 

CO 

CH 
/~ 

0 ""-
CCl3 - CHOt-u H2SO~ , H2S04 ] 0 0 Cl Cl Cl 

Cl 
II I 

The alcohol 1-(4-chlorophenyl)-2,2,2-trichloroethanol, written as the 

intermediate (II) was isolated up to as much as five percent in co~mercial 

preparations (4, 5). Several analogous alcohols were prepared by Chattaway 

and Muir (6), by using excess chloral in the Baeyor reaction. These 

alcohols gave the Baeyer product by condensation with chlorobenzene in sul-

furic acid. The strongest evidence for the alcohol being the intermediate 

was obtained by Gar.maise and Eastwood (3). 

The alcohol (II) occupies a key place in the chemistry of DDT. It is 

the souree of esters and others, sevaral 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 main impurities in commercial DDT were prepared and tested 

insecticidally. The compound 1-(2-chlorophenyl)-1-(4-chlorophenyl)-2,2,2-

trichloroethane, the ortho-para iso~er of DDT, the major impurity (4) was 
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found non-toxic on Drosophila (7). The intermediate alcohol (II) has a 

relative potency of one hundredth that of DDT (7). 

this is given on page 5. 

A discussion of 

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 desirable to determine any possible differences in 

toxicity between the d- and 1- forms of the al~ohol or its derivatives. 

2) The analogue 1-(4-chlorophenyl)-1-phenyl-2,2,2-trichloroethane 

had appreciable insecticidal activity (7). Unlike DDT, it has an un-

symmetrical structure. 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 Baeyer pxrluct was optically active 

could be drawn. 

of interest. 

Insecticidal tests run on such a product would also be 
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The Testing of Materials as Contact Insecticides. 

Methods of insecticidal testing were devised at McGill (7) to test 

materials to see if they had a greater ultimate relative potency than 

DDT. 
,, \f 

This follows the approach of Lauger, !viartin and Muller (1)~ who 

methodically tested very many compo~nds, and succeeded in determining 

a few toxic materials. They tried to assign toxicity to the following 

mechanism. The trichloromethyl group is the toxic unit~ but the mole-

cule also requires thebenzene rings to confer fat solubility for entrance 

into the insect. Other vrorkors tried to relate chemical s true ture to 

toxicity (8). 

The McGill workers used Drosophila as the test insect, and noted 

interesting facts, surn:narized as follows:- A very slight change in chemical 

structure often produces a co~pound of profoundly different toxicity. For 

example, the ortho para isomer of DDT, 1-(2-chlorophenyl)-1-(4-chlorophenyl) 

-2,2,2-trichloroethane has no action on Drosophila (7), neither has tha 

compound 1,1,1~2-tetrachloro-2,2-di(4-chlorophenyl) ethane. Only one of 

the stereoisomers of hexachlorocyclohexane (666) is toxic, tho others 

being inactive (9). 

Studies on the physiological effects of optical isomers have shown 

that there may nr may not be considerable differences bet·Neen the d- and 1-

forms. Where they do exhibit a specific difference, it seems probable that 

diastereoisomers are produced by the reaction of the optically active reasent 

with some optically active component of the living tissue. Such diastereo-

isomers have different properties and hence would be expected to have differ-

ent physiological action. A likely source of optically activo body eo~-
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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 diastereoisomers 

at equilibrium. This effect was observed by McKenzie (10) and reviewed 

by King (11). The inequality in amounts maybe so great that only one 

can be isolated ( 12, 13). Or it maybe that d- and 1- forms react at 

different rates with tho 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 CusbnJ· (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 o~~er 

asymmetric cell constituants which are able to exert a selective influence 

on metabolites through differential reaction, absorption or catalysis. 



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

Introduction. 

6 

One of the most commonly observed phenomena 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 chamical properties. 

The cause of this difference was realized early to be a 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 chemically. 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 - CE3CH20H - and 

ethyl ether - CH30CH3 - have the same empirical formula, but differ markedly 

in physical and chemical properties. The second type includes position 
,CH3 

isomers of the type CH3CH2CH2CH2CH3-n-pentane and isopentane CH3CH2CH- CH3, 
Cl 

which differ in carbon skeleton, and CH3CH - CHs.2-chloropropane and 

CH3CH2CH2Cl,l-chloropropane, which differ in point of attachment of the 

functional groups to the carbon skeleton. Another example of this type 

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

In these cases the functional groups have different reactivities. 

A special type of the second class of isomerism is stereoisomerism. 
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Here the two isomers possess the same molecular for.mula and same functional 

groups, but differ in the three dimensional space arrangement of the atoms 

or groups within the molecule. The two commonly observed ~pes 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 co.mpounds shows that only those structures, 

crystalline or molecular, which possess mirror images non-superimposible on 

the original are able to affect plane polarized light. The isomers hav~ 

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 ter.med 

a~y.mmetric, 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 image. This non­

identity of structure may or may not be shown by the external crystal for.m. 

Optical activity will be observed here, the material being separable into 

isomers called dextro (d-) or laevo (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 quartz. 

Experimentally it is found that when a molecule has an asymmetrical 

three dimensional molecular structure, it exists in forms capable of rotating 
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polarized light. These forms show this property in all their physical 

states, thereby sh~Ting the molecule to be the fundamental asymmetric 

unit. The molecule and its mirror image are called enantiomorphs and 

are identical in all respects except that they rotate the plane of pol-

arized light an equal amount in opposite directions. 

cases the asymmetry is reflected in the crystal fern. 

found this so for sodium ammonium tartrate. 

In a very few 

Pasteur (15) 

Asymmetric molecules can be divided into two groups:- (1) Compounds 

in which an individual atom is asymmetric. This is readily observed 

when any carbon atom in the molecule has four different groups attached 

to its valances. (2) Molecules containing no individual asymnetric 

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 as~~e­

trical structure is synthesized in the laboratory, the product is quite 

inactive when examined in a polarimeter. This is because the tNo 

enantiomorphs have been prepared in equal amounts, and their rotations 

neutralize each other. There is no general method for their separation 

per se by the usual methods 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 another 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. 
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These products, called diastereoisomers differ appreciably in their 

physical 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, may be written 

dl-A + 2 1-B d-P.-1-B + 1-A.l-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 Technique in Optical Resolutions. 

Like all organic reactions, those for the resolution of optical 

isomors have technical difficulties which reduce the versatility of the 

method in question. It is felt by the author that Shriner and Adams (17) 

have s~~arized these difficulties succinctly. 

properties of a good resolving agent are:-

They v.Tote that "The 

1) It should be readily obtainable from easily available starting 

materials. 

2) It should react with the racemic modification in but one way. 

Thus a dibasic acid, which can for.m both normal and acid_ salts, is not so 

useful a resolving agent as a monobasic acid. 

3) It must for.m 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 diasterooisomeric 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. However, there is one 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 uncertainty may be found in the literature• 

Linstead (18) 1 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 

a 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 1-menthoxy 

acetic acid was quite unsuitable, whereas d-bornoxy acetic acid (20) gave 

a pure crystalline precipitate of one diastereoisomer. Oily mixtures 

of diastereoisomers have never been separated. They have to be cry-

stallized first. 

Chemical Pacularities 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 1-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 

OH 0 OH OH 
I 11 I I 

C6H5- C-C - OH 
( 
H 

c 6n5 - c - c - o c 1 0 H 19 

~ 6H 
dl - large amount 

11 - small amount 

------7 Hz o + 

dl - large amount 

11 - small amount 

Ono reason suggested for the inequality in amounts is that ester-

ification probably involves the formation of the intermediate addition 

compound shmvn in tho brackets. The active 1-menthol adds to the 

carbonyl group of the d- and 1- mandelic acids at different rates because 

of the different staric influences involved. The unesterified acid 

contained a corresponding excess of !-mandelic acid. The hydrolysis 

of an equimolar mixture of the ~No diastereoisomers resulted in an excess 

of one active acid being formed. 

2) The equilibrium point in the reactions of d- and 1- isor.1ers vnth 

an optically active reagent may tend to for.m products in one case much more 

than in the other. This effect was first noticed by McKenzie and Smith 

(10) in the preparation of !-menthyl esters of dl -er- chlorophenylacetic 

acid. They found that if the d-, 1-~ or dl- esters were treated with a 

trace of alkali 1 the isomeric esters were for.med in 57 and 43% yield. 
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50% 

50% 

Some examples are knovm where the inequality may be so great that only 

one form can be isolated, as in the brucine salt of a certain pari-sub-

stituted naphthalene (13). The effect was summarized by King (11). 

Interconversion of the d- and 1- for.ms about the asymmetric atom has taken 

place. 

3) Differential rates of adsorption of optical isomers by optically 

active adsorbents have been observed. An apparatus of the type used in 

chroma. tog11phic work Wa.s constructed, and the column was filled with an 

optically active adsorbent. Henderson and Rule (22) poured a petroleum 

ether solution of dl-N,Nl-p-phenylene bis (3-imino camphor) tl~ough a 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]~,~ 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 fonnation of diasterooisomers, or their separation. 

lfurckwald (24) defined asymmetric syntheses as those processes which produce 

optically active compounds from symmetrically constituted molecules by tha 

intermediate use of optically active reagents, but without the use of any of 
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An example of this type of synthesis was found by MCKenzie (25) when 

he treated optically active keto-esters with the Grignard reagent, and 

hydrolysed the product. 

Q 9. 
R C - COOH--1 R C - COOR R'MgX) R -

OMgX OH 

d COOR---tR 6 - COOH -+-· R OH 

'1 r 1 R R 

Optically 
active 

Many other examples of this in many other fields of organic chemistry are 

known. 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 than a few percent. 

Many asymmetric syntheseJare brought about by enzymes. The follow-

ing conversion ~~s performed by Dakin (26). 

()CH= CHCOOH -1- HO 
2 

Fu:narase \ X -CHzCOOH 

OH 

1 

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

the purity is found to approach one hundred percent. 



An Outline of the Methods used for Resolving Racemic 
Alcohols into their Pure Dextro and Laevo For.ms. 

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

Acid Phthalates or Sucoinatas. 

The great majority of simple primary and secondary alcohols form 

hydrogen esters of diacids with ease. Usually phthalic or succinic 

14 

acids are chosen, and are heated as the anhydride with the alcohol, which 

is either free 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 purity. 

ROH (+or-)~ 

+ 

//0 

OCOR 
ROH--7> 

. C OH ,, 
0 

. 9 
~ OCOR 

COBase 
11 

0 

0 ~ 

OCOR 

COBase (+or-) 
11 

11 

OCOR 
~ ROH(~or+) 

COBase (-or+) · 
11 

0 0 

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

active bases readily available. 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 Piokard and Littlebury (27) who 

resolved borneol by fraotionation of the 1- menthyl amine salts of the 

acid phthalate. Series of aloohols were resolved by Pickard and 

Kenyan (28) and by Levene and eo-workers (29). The following series 

have been resolved by this method:-

CH3CHOER 

C2H5CHOBR 

(CH3 )2CHCHOHR 

(CH3)2CECH2CHOHR 

C6H5CHOHR 

Cs!llCHOHR 

CH2 = CHCHOER 

CE2 =-CHCH2CHOER 

where R ~ various normal or branched chains from methyl to pentadeoyl. 

In the resolution of aloohols by acid ester formation, all the common 

optically active bases, brucine, quinine, strychnine, an~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-1, 

3-phenyl-butanol-1, and 4-phenyl-pentanol-1. 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 oases, 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-

astereoisomerio salts could not be separated, however. The hydrogen 

succinates of menthol (35), and various members of the series -

CESCHOHR (55) 

(CH3 )2CHCHOER(34) 

c2E5CHOHR (35) 

have been prepared and resolved with optically active bases. The sucoinates 
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are superior to the phthalates when more soluble or more stablo salts 

are required, or when completing resolutions only partly effected by 

means of the phthalates (34, 35). 

Modifications to Overcome InapplicaUlity of the Method. 

This method of resolution cannot be used when the anhydride fails 

to react 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 (36). It consists in the addition of a solution of 

powdered potassium and the alcohol in benzene to a solution of phthalic 

anhydride in benzene. By this method, the hydrogen phthalates of«-

terpineol, dl-cr- and#-- santa.lols, and dl- linalool (37, 38) were pre-

pared. 

RONa 

0 

("'f~o 
""-_):() ()~~:: 

0 

(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 -

C2H~gBr ~ ROH 0 

/ o:o 0 0 _/C./ o:..OMgBr H20. OC:_OH ~ C2% f ROMgBr 0 
C-:-OR C-OR ~ ,, 

0 0 
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The scid phthalates of tertiary alcohols were prepared in good yield by 
this method. It has not been used to synthesize phthalates as resol-
ution intermediates. 

(3) The 4- toluene sulfonates of numerous alcohols have been shown 

to undergo an ionic reaction of the following type with salts of carboxylic 
acids (40). 

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 sulfurio acid at -15°0, and the product is isolated at the 

barium salt. This is reacted with an alkaloid sulfate. Removal of the 

barium sulfate by filtration leaves a solution of diastereoisomeric sulfates 

separable by fractional crystallization. Saponification with dilute alkali 

gives the active alcohol. 



ROH + 

dl d 
(ROS03) alkaloid 

./ ~ 
ROS03 alkaloid ROS03 d d 1 

~ d 
ROS03H 

d 

+ BaS04 

dil 
alkaloid 

acid d 

ROH 
d 

alkaloid 
sulfate 

dil 
ROS03H 

l base ROH 
l 

), -
The sulfates of most alcohols are too unstable to work vath (45). 

Pentyl- 1-hydrogen sulfate (46), hexyl-3-hydrogen sulfate (47) and 
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butyl-2-hydrogen sulfate alkaloid salts were only partially or unsuccess-

fully fractionated (32). 

of these esters (48). 

Racemization ~s very noticeable on hydrolysis 

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

and sulfates r~ve been used for resolutions of~lcohols. 
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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 reaction betv;een 

1-2-methyl-butanol-1 and dl-a;p -dibenzoyl propionic acid. However, the 

diastereoisomers could not be separated by recrystallization. The cor-

responding dl- alcohol 1-acid was a liquid. Marckwald and McKenzie (21) 

(51), effected partial resolutions of dl- mandelic and related acids with 

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

L- Menthyl 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-1-phenyl-1-p-hydroxy phenyl ethane and (53) dl-ac-tetrahydro-2 

naphthol, obtaining only one optically pure however. Hydrolysis was 

achieved by refluxing with dilute alcoholic potassium hydroxide. However, 

dl-isobornyl !-menthyl urethane cannot be separated as it forms mixed crys-

tals inseparable by fractional crystallization. Tho 1- menthyl urethane 

of 1:3 methyl cyclohexanol is a viscous oil. 

D- Camphoric Acid. 

It has been found that the hydrogen camphorate esters of such alcohols 

as !-phenyl-propanol could not be separated by fractional crystallization 

(54, 55). 

D- and 1- l:l'andelic Acids • 

Dl- menthol has been completely resolved by the use of d- and 1- man-

delic acids. HYdrolysis of tho 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 

chloride. 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- manthoxy acetyl chloride by Read 

and eo-workers (59, 60, 61) surmounted many difficulties. Alkoxy acetic 

acids are easily prepared from ohloroacetic acid and the sodium derivatives 

of active alcohols such as 1- menthol or d~ borneol. 

toluene 

A good yield of the crystalline diastereoisomers ia obtained from dl-

menthol and 1- menthoxy ace~l 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 ~esolution. The alcohol and resolving 

agent can be isolated optically pure. 
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In a resolution, after the less soluble diastereoisomer separates 

out, the mother liquor contains the other one, together with byproduots. 

Most resolution methods do not per.mit 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 as tha least solu.ble diastereo-

isomer. For example, dl- menthol (59~ dl- neomenthol (62) and dl-

~quilenin (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 on hydrolysis gave pure d- borneol and pure d- bornoxy acetic 

acid. 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- borneol signifies a mixture of 

d- borneol and 1- isoborneol, which is obtained by the reduction of d- camphor. 



Na 

d- camphor 

sodium derivative of 
impure 

d- borneol 

impure 
d- bornoxy acetic acid 

impure impure 
d- bornoxy d- borneol 
acetyl chloride 

d-borneol d-bornoxy acetic 
acid 

ale. 

KOH 
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+ 

d- borneol 1- isoborneol 

+ Cl C:E2COOH 

chloroacetic acid 

impure . 
d- bornoxy acetyl chloride 

impure 
d- bornoxy acetate of d- borneol 

frac~ionally 
crysrllize 

pure d - bornoxy acetate of d- borneol 

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

a polynuclear phenol with restricted rotation (65) were separated by frao-
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tional crystallization and each gave pure d- or 1- isomers on hydrolysis. 

L- menthoxy acetates of some lower alcohols are oili. Sometimes, it 

is found that even when crystal line, the es~ters cannot be separated ( 66). 

L- Menthyl Glycine. 

Although resolution is theoretically an elegant technique in organic 

chemistry, yet the chemist is so~etimes compelled to try several resolving 

agents before crystalline diastereoisomers of widely differing physical 

properties are obtained. There is no way of foretelling the properties 

of the diastereoisomers, or of choosing with certainty the correct resolving 

agent. An 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 each. 

For the resolUtion 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 alcohol with 1- 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 
11 

dl ROCCH2Cl + 1Cl0Hl9~ ~ 
0 ,, 

0 
11 

dl ROCCHzNHCloH 19 
d ROCCH2NHC1oH1g---------. 

0 
11 

ROCCH2NHC1oH1g-----. : 1 
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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 crystallize with the requisite difference in 

physical properties. Alternatively, one diastereoisomer can be puri-

fied through one salt; 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 1- 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 optically active amines. 

D- Tartranilic Acid. 

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

stereoisomeric tartranilates. 

H6~H-COOH 

\ +H2NC6% ~ 
HOCH--COOH 

d- tartaric acid 

The reaction is usually acid catalysed. 

0 
HO CHef 

j ;c6H5 +- ROH 

Hocnc~ 0 I 
~so4 

d- tartranil 

0 
lt 

HOrlCN!lC sH5 

HOCHC -OR 
~ 
0 

The versatility can be increased by asing other amines. The reagent 

is not recovered. The usual difficulties caused by non-reactivity of the 

alcohol, or failure of the diastereoisomers to separate are found with this 



(c) Reaction of the Racemic Alcohol with an Optically 
Active Alcohol, giving an Ether. 
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The general reaction of an acetor~lo hexose with an alcohol vms used 

by Helferich and Hiltmann (69) for the resolution of dl-trans-cyclopentane-

1,2-diol to the acetylated monoglucoside. The dl- modification was reacted 

with d,S--acetobromo glucose and silver carbonate. Fractional crystalli-

zation followed by deacetylation gave a 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 
I 

d-~-acetobromo glucose, but obtained a non-crystalline product. The catalyst 

used vras silver oxide. 



26 

(d) Miscellaneous Methods of Resolution. 

There are numerous reactions attempted where but partial resolutions 

have been observed. Some of th~ are mentioned on page 12, and depend 

on the fact that d- and 1- isomers react 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 diastereoisomor than for the other. 

Again, but not always, however, this results in but a~ight 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 fairly pure condition:-

!) Sobotka and Goldberg (71) found that desoxycholic acid formed a 

coordination compound with many functional groups, including alcohols. 

They fractionally crystallized the product from dl-4-phenyl-2-butanol and 

desoxycholic acid and isolated one isomer optically pure by decomposition 

with hydrochloric acid. Partial resolutionsof dl- camphor, dl- limonene, 

and dl- methyl ethyl acetic acid have also been obtained. Digitonin is 

a reagent in sterol che.mistry 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 for.m (74). There were many unsuccessful.attempts made with this 

reagent (74. 75). 



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 atte.tJ.pts shovring partial resolution 

using other adsorbents. 
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3) Asymmetric synthesis (page 12) usually gives but a slight excess 

of one isomer over the other. except when enzyne catalysis is used. 
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On the Trichloromethyl Group. 

The most reactive part of the DDT molecule is the trichloromethyl 

group. It is decomposed in base. 

An early example of this type -was the reaction of potassium hydroxide 

on a ,«-di bromo-acetophenone. The follo·wing equation ·vms written by 

Engler and VIohrle (76) -

0 0 
CsHsC-CHBr2 -t- 2 KOH---~C6B5C-CH(OH)2 -+ 2KBr 

0 0 0 

C6H5C-CHO ---~ C6H5C-COOH 

Many thousands of replacements of one or more halogen atoms by an - OH 

group have been recorded. If "buo halogens are on the smne carbon a tom, 

the product isolated has lost the elements of water. 

Another type of reaction is that called the haloform test. Here, 

all compounds which contain, or can be converted into, the acetyl group, 
I 

un~argo reaction with sodium hypoiodite. 

0 0 
Rc!-c~ -+- 3NaOI Rd-cr3 -r 31-Ja.OH 

i NaOH 

0 ,, 
RC-ONa + CHI3 

CCI3COOH -+- NaOH , CHCI3 + 1Ta2C03 -~ H20 

This reaction has been reviewed by Fuson and Bull (77). 
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The DDT molecule has been found to undergo a systematic degr~dation 

in basic solution by White and Sweeney (78). 

3% KOH 

1% 
alcohvlic 

KOH 
15-~ 
·ns. 

in ethylene 
glycol 

10% 
in e 

g 

3% 
in e 

g 

eT; J -to 1 t;. Haller (-pq) have continued this work. 

HOOC-CH 

60 
3% KOH 

in ethylene 
glycol 
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On the Acid E¥drolysis of Esters. 

Because of the deleterious effect of aqueous basic solutions on the 

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

of esters. 

HzO acid RCOOH -t 

Many workers have come to the realization that in this reaction, the lir~ 

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 butena-2-ol-l(crotylacetate) and the acetate of 1-methyl propene-

2-ol-1(«-methyl allyl acetate) and found that the corresponding alcohols 

were produced. The work of Burton tal) indicates that if a crotyl or en 

«-methyl allyl carbonium ion were formed, the same mixture of products would 

result from each alcohol. 

have been broken. 

Might have got 

In other words, the oxygen-alkyl link would 

butene-2-ol-1 

only product 
obtained. 

[CifsyH- CH~ CHz]+ 

1 
CH3~H - CH = CHz 

OH 

1-methyl propene-2-ol-1 
(not obtained) 



C% C% I I 
CH2 = CH - CH-OCOCH3 ~ CH2 ===- CH - CHOH only product 

obtained. 
CH3t CH3 -r 

[cHz = CH CH J ·~ [ CHz - CH==-CH ] Might have got 

I I l 
C~ - CH = CHCH3 
\ 

OH 
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butene-2-ol-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 nor.mal oxygen composition. 

The reaction must have been -

i 

c6H5 co:oH 

and not -

+ 

+ 
lB, 

HO ICH3 
I 

C6%COOCH + 
16 
~0 

18 
C6H5COOCH3 + H20 

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. 

I 0 
I 

C5H11 : OC - CH3 

18 
-1- ~0 + CH3COOH 
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The mechanism for the acid hydrolysis of esters was for.mally stated 

by Eammett (84) as follows -

HA 

[ 

OH1· -t RC/ 
' OH 

+ ROH 

[
RC/ OH]t 

'oH 

OH 
\ 

RC -OR 
I 
OH 

HA 

The ester is then for.med by a series of reactions analogous to the reversal 

of the process but with HOH instead of ROH splitting off. This equilibrium 

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

alcohol. 



33 

Methods Used in Acid Hydrolysis of Esters. 

Houben and Weyl (85) summarize the co~~on methods of hydrolysis by 

acids. Hydrochloric or sulfuric acids in dilute aqueous or alcoholic 

solution are oft~n 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 for.m. The products can be isolated 

after diluting with water (86, 87). For quantitative kinetic studies, 

Timm and Binshelwood (88) found benzene sulfonic acid useful. At steam 

bath temperatures. it usually does not est9rify the alcohol product or one 

used as a solvent. A note by Ott (89) tells how aluminium chloride cat-

alyses the hydrolysis of esters untouched by boiling alkali over many hours. 

When certain esters of tetraethyl succinic acid are fused with a little 

aluminium chloride, alkyl halide is i~~ediately given off. 

anhydride is found as the residue. 

Ethyl succinic 

A paper on the general catalytic of zinc salts in acid hydrolysis was 

published by Andreicheva (90). He states that zinc ion (Zht •) ahv~:rs 

hastens hydrolysis when no other reaction interferes. Zinc nitrate shows 

positive catalysis, zinc sulfate negative. The catalytic effect depends 

very little on the concentratiqn of zinc ion. 

Very little is known of the acid hydrolysis of urethanw~sters of oar-

brunic acid. Basic hydrolysis, although almost universally used, is not 

satisfactory for compounds containing a trichloromethyl group. For each 

example 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 1 urethanes have not been hydrolysed 

with the aim of preparing large alcohols. 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 uretha.ne from three or four times its v'leight 

of calcium hydroxide. 

c15H31NHCOOCH3 -+-

They also say that poorer yields can be obtained by heating vdth 

concentrated hydrochloric 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 Ion Reactions. 

The existence of Carbonium Ions. 

The possibility of the ionization of carbon compounds was first sus-

pected 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). The resulting solution is an 

excellnnt electrical conductor. A solution in cresol behaves similarly. 

(93). Triphenyl methyl chloride is classed as a pseudo electrolyte, one 

which ionizes 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 alum~~chloride, a coloured conducting sol-

ution is obtained (94, 95, 96 ). The most probable course of the re-

action is as follows -

The formation of the cha~ged stannic complex is well known in inor-

ganic chemistry. The positively charged particle ia 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 :m.etlanol. 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 
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The situation is different when methyl and ethyl alcohols are treated with 

concentrated sulfuric acid. The molecular freezing point depression is only 

three times that for o. non-electrolyte. 

Triphenyl methanol ionizes in formic acid solution -

(CsE5 )3- coH T HCOOH (Csli5)3 C~ .,. HCCO -t 

and in sulfur dioxide solution -

In such cases as the above, the existence of carbonium ions (and car-

banions)can be directly demonstrated because they are stabilized by roson-

ance, and their concentration becomes large. However, the work of 

Vfuitmore (99) on rearrangement nechanisns, of Gloave, Hughes and Ingold (100) 

on the mechanism of substitutions, and Arndt and Eistert (101) on tho mech-

anism of the Claisen Condensation indicates that they probably appear as 

transient intermediates in the course of reactions that lead froill non-ionic 

reactants to non-ionic products. 

Tho Structure of Carbonium Ions (and Carbanions). 

Vfuen an asymmetric carbon atom has one of its four attached groups re-

moved, one of three situations may arise. (1) The remaining three groups 

may retain essentially their original configuration, in which casG 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 bo 

active. (2) The ion or radical may settle down in a form in which the 

_three groups on the central carbon atom lie in one plane. 
J 

Si:!lce this is 

a plane of symmetry, there is no possibilitY of activity in the product. 
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(3) The asymmetric form may be stable, but the energy of acti?ation re-

quired to convert one enantiomorph into the other may be so small that 

the molecule oscillates be~aeen 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 sodi~ 

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

hybrid 
R 0 

I I ,, 
R--C--N 

'o 
R ol-, I I 

~ R--C--N 
' "o_ 

The acid function is shown by the left hand structure, and the as~~etry 

by the other ~vo. ~vo other cases of optically active carbanions have 

been reported (103, 104). There is no direct evidence for the existence 

of optically active carbonium ions or free radicals. 

The Mechanism of the Reaction be~Neen Alcohols and Benzene 
to give Nuclear Alkylated Aromatics, in Presence of 
Electrophilic Catalysts. 

This discussion will be restricted to a consideration of the inform-

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 p6rcent 

sulfuric acid, by Meyer and Bernhauer (105). A similar series of ro-

actions, catalysed by 96% sulfuric acid, were performed by Chattaway and 

Muir (6). They condensed substituted l-h.a.lopheny1-2,2,2-triha1oethanols 

with substituted benzenes to get unsymmetrical diaryl ethanes. The same 

type of condensation may be brought about by boron trifluorido (106, 107), 

or by a1uminum chloride (108), or by hydrogen fluoride (109). 



38 

UcKonna and Sowa (110) felt that the products of alkylation of benzeno 

with alcohols all indicated that an unsaturated compound was first fonrred. 

This wve.s followed by condensations into the aromatic nucleus -

CH3 CHz CH2 CH2 OH --. 

CH3 CHz CH=CHz +- C6% -----+ CH3 CHz CH(CH3 )~---..... c6H5 

Thore are three pieces of evidence against this mechanism. The 

first, reported by Price and Ciskowski (111), is obtained from the very 

easy condensation of cyclohexanol and naphthalene, catalysed by boron 

trifluoride. They found t:ha.t cyclohoxanol is recovered quantitatively 

after treatment with boron trifluoride under conditions considerably more 

drastic than those required for alkylation. 

Price and Ciskowski also mention another result controverting the 

existence of an unsaturated interilledllte. They found that nuclear 

alkylation of aromatics by benzyl alcohol took placo very easily. Benzyl-

alcohol cannot form an olefin however. They put forward a mechanism, 

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

H 
ROH + 

I 

BF 
3 

;====i RO ~ BF 
3 
;=.==~(ROBF3 r H.,. 

~ 
H 

+ I 
R-O~BF3 
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The alcohol-boron trifluoride addition complex is 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 a tendency for the carbonium ion R~ to 

exist. 

This mechanism was developed to explain an experiment w·hich defin-

itely disproves the presence of an unsaturated intermediate. An opti-

cally active 2-phenyl butane ( ~L," 0.15° and 0.16°) was prepared from 

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 ( ) (11·1) 

(115). 

Catalyst 

hydroflouric acid 
sulfuric acid 
phosphoric acid 
boron trifluoride 

Observed rotn. 
of 2-phenyl 

butane 

0.17° 
o.os 
0.15 
0.17 

Fractional 
Maintenance 

of 
Configuration 

0.0072 
0.0034 
0.0064 
0.0072 

The product has suffered a gr0at deal of racemization, and, therefore, the 

alcohol has existed as a carbonium ion for an appreciable time. Bunvell 

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 "~Nith a 

slight excess of one configuration. 

This mechanism is very different from that now given for Walden Inver-

si on. A clear cut example of this is the conversion of the 4-tolueno 

sulfonate of l-methy1-2-phenylethanol ( [~.1) ~ 31.11°) to the acetate 
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( ( C( Jl> :: 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 -

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 Catalyst Rotation of Ba.Salt. 

[er] I)=+ 5.29° 
.,.5.29 
-2.09 

dioxane sulfotrioxide 
chlorosulfonic acid 
sulfuric acid 

[al;1'4.34 
+0.50 
-0.38 

There is no proof of the absolute configuration of the product. either 

here or 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 6 a medium of 

low acidity, greatly reduced raoemization. This configurational instab-

ili~ in acid medium was shown by an attempted hydrolysis. In neutral 

solution, 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. 



The following mechanism was proposed by Burwell (48)-

H 
C% - 9- C~CH3 + 

OH 

H H H 
H2S04;::!c~g- ~H2CH~~ CH3 - p- CHzC% CH3- 9 - CH2C% 

OH2 OS03H 

H 
I 

Cli3 - C - CH2 - CIJ:) 
I 
oso-3 + 

Aoid conditions appear to favour the for.mation of the carbonium ion , 

which is followed by the usual racemization. 

A Short Consideration of the Mechanism of the 
Hydrolysis of Alkyl Ealides. 

The observation_was made on phenyl methyl chloromethane that it 
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was hydrolysed to the alcohol with considerable# but not complete, racem-

ization ( 123). A carbonium ion was indicated as the intermediate.. Ogg 

and Folanyi (125) point out that the transition to the ionic state can only 

take place if both ions are formed as hydrates# or othervnse 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 for.mation# 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 for.med on decomposition of the carbonium hydrate, will be-

come linked. 

!Ph Me 

\I 
H2o-----··· C- Cl------· If20 

I 
H 

... 
H 

Cl_ H20 

cPh Me 

t X HO \H 

t- Cl-. HzO 
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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. 
Eammett (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 1 but while the two ions are still so close to­
gether that the halide ion shields the carbonium ion against attack from 
the side from which the halide has separated. The racemized product 
is then attributed to the cases in which reaction occurs after a separa-
tion of the ions. Eammett emphasizes the difference between the ealva-
tion of the halide ion1 ~th 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. 



DISCUSSION 

The Conversion of Optically Active 1-(4-chlorophenyl)-2~2,2-trichloro­ethanol to 1-(4-chlorophenyl)-1-phenyl-2,2,2-trichloroethano. 

Tho condensation of the dl- alcohol with benzene by means of 96 
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percent sulfuric acid was carried out. The product melted at 76.5 - 77°C, 

tvro degrees higher than reported by Cha. ttawvay and Muir ( 6). The yield 

of crude product was almost quantitative. The dl- alcohol acetate under-

went conversion to the same product in about 80 percent yield. 

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

theoretically resolvable into optical isomers. The condensation was 

performed with 1- alcohol ( lCi)D=- -33.8°). The product had a slight 

optical rotation [a: J:o~+l.--2..~ • The product from the conversion of 

the 1- acetate ( feel,= -61.5°) had no detectable rotation. 

In the case of butanol-2~ discussed above (113), the alkyl benzene 

had a small rotation, but this could be shown to be a product of 99% racem-

ization, for 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 pure Baeyer product. An indication 

of the extent of racemization~ if any, could be obtained by treating the acid 

obtained by hydrolysis of the trichloro-methyl group vri th an optically active 

base. The separation and determination of the amounts of tho diastereo-

isomers will give an indication of the amount of racemization that ha.s taken 

place. An optically pure Baeyer product will, of course, give but one 

diastereoisomer. 



dextro 

Ba(OH)2 

Ethylene 
glycol 

COOH 
1 <c, 

() 
dextro 
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C60 Alkaloid 
1 

Alkaloid . ~ 
--------~,~ H 

V 
d alkaloid d Baeyer. 

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

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

to resolve the Baeyer product, and determine its rotation. 

might be performed as follows:-

Clo --> CC13- di\"H2 _r_e_s_. o_l_v-te 
I~ I' Wlth 

~)~~ Optio~lly 
actlve 

' acid 
Cl 

Such a step 

H mm2 
CCl 3-r'Q 

HCl 

0 ~--/ then 

Cl H3P02 

For the conversion of the ,alcohol to DDT, the following mechan:bn has 

been advanced (116, 117) 



H CCl3 -~~Cl 
OH\..-~./ 

+ 

+ 

~ H 

Ucl ~ CC13 c)OCl + 

Cl 

A slightly modified version was presented by Garmaise (3) -
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H2so4 

This mechanism emphasizes the importance of the carbonium ion as an inter-

mediate structure. 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 sulfurio aoid. As shown on page 35, the existence of 

a oarbonium ion can be demonstrated for a triphenyl methanol solution in 
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sulfuric acid by its having a value four times that or a non-electrolyte. 

No carboniU@ ion exists in a methanol solution, for its molecular freezing 

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

OH~ 
3 

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

shbvm as follows -

H 

CClz- 9Qcl 

0 0 
The above intermediate is the same as that given for the , alcoh:>l. It 

is felt that some evidence for this is obtained from the hydrolysis of the 

acetate, which was accomplished vdth concentrated sulfuric acid. This can 

be postulated as follows:-



H 

CC13- ~OCl t 
OH 

H 
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+ 

Eastwood (118) has prepared the barium hydrogen sulfate of the alcohol 

by its reaction with dioxane sulfotrioxida and converted it to DDT with no 

t:;,dded catalyst. Infor.mation 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 condensation, might have considerable rota-

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

The successful resolution using 1- menthoxy acetyl chloride. 

The resolution of 1-(4-chlorophenyl)-2,2,2-trichloroethanol (II) was 
accomplished by fractional crystallization of its 1- menthoxy acetate (IV). 
The yields of active alcohols were very low, for both the fractionation and 
subsequent hydrolysis was accomplished in poor yield. 

II III IV 

[ 
l25 0 ab =-t-sl.s 

"ZnCl?/ CC13-f<Jcl 

OH 

[a]!5
= -33 .s0 

(CH3CO )20 

CCl3-6Qcl 
I -
00 H3 . 

r, 125 0 la~ = -s2 .s 

The preparation of the menthoxy acetates was performed by dissolving 1-
menthoxy acetyl chloride and the alcohol in equivalent amounts in benzene. 
Excess pyridine was added, and a quantitative yield of pyridine hydrochloride 

was removed by filtration. .6rystals of the 1- menthoxy acetates of the 



dl• alcohol were then isolated. Vfuen the reaction was performed in 

pyridine solution, only a hen-crystalline oil could be isolated, even 

though the solution of the product in ether was washed thoroughly with 

dilute aqueous acid and base. 

49 

Although a quantitative yield of crude dl-1-(4-chlorophenyl)-2,2,2-

trichloroethyl-1-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 diastereoisomer, the 1- menthoxy acetate of the 1- alcohol, 

was isolated in 28% yield and had a specific rotation [a]~5~ -89.7° in 

chloroform. 

As the other diastereoisamer was contaminated with a strongly laevo-

rotatory material, prolonged fractional crystallization was necessary for 

its isolation. Eventually it was obtained in. 8.1% yield, and had a specific 

rotation oflaJD = -2.4° • 

The hydrolysis of the diastereoisomers was performed in methanol sol-

ution using zinc chloride catalysis. The method was adapted fro~ an 

article describing the general effect of zinc salts in acid catalysis (90). 

It was first used on the unsubstituted acetate of the alcohol, and a nearly 

quantitative yield of crude crystalline alcohol was o~tained. When the 

method was applied to the hydrolysis of the 1- 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 cecrystallizations. 



The constants of the acetate~ were -

B.P. = 

0 0 
61.5 and -62.6 in chloroform 

0 
91 - 92.5 0 

91 - 93 

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

about 80% yield. 

The constants of the alcohols were -

0 0 
33.0 and -33.8 in chloroform 

M.P. 

It was considered that the use of a dextro resolving agent would 

facilitate the production of the d- alcohol in better yield. So d-

bornoxy acetyl chloride was substituted for the 1- menthoxy in the above 

reaction. The compound dl-1-(4-ohlorophenyl)-2,2,2-trichloroethyl-d-

bornoxy acetate was obtained in crystalline form, and crystallized to con-

stant melting point and rotation. EYdrolysis and conversion to the 

acetate with acetic anhydride was then performed. Only the inactive 

product, identical with the original alcohol acetate, was obtained. The 

diastereoisomers had not been separated on recrystallization. 



Unsuccessful Attempts at Resolution. 

Acid Ester of Alcohol with an Alkaloid. 

Cl -+ 

,, 
0 

cQcl 
\ ococ 

HOOC ) 
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alkaloid CCl3 _ C\~- ~Cl 

Base ::o 
Many unsuccessful attempts were made to prepared the acid ~ster 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, l':.hich 

was thoroughly oxtr~.ctod with chloroform. The chloroform solution was 

thoroughly extracted with lafo aqueous sodium carbonate. Acidification of 

this solution yielded only phthalic acid, which presumably -vva.s dissolved in 

-the chloroform as the anhydride. The chloroform solution was dried and 

the solvent removed by distillation. An acetone soluticn of the residual 

oil was titrated with 0.1 N sodium hydroxide, but only a small fraction of 

the organic oil was titratable. The base absorbed was probably due 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 Kenyan (28) or Levene and eo-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 other organic 

material from the aqueous alkaline solution with ether. However, on the 



chance that the product from the experiment ~~s 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, 

however. 

The phthalic anhydride was still present in a large amount when the 

reaction was preformed in a sealed tube at l00°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 sodi~~ derivative of the alcohol for 

condensation with phthalic anhydride, but only sodium chloride was obtained. 

Miscellaneous· Indirect Attempted Esterifica tions. 

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 ha.lide, which was then stirred with phthalic anhydride. A :m.ixture 

of products, none of which was acidic, was obtained. The reaction attempted 

was -

CC13- fO Cl+ 

OH 

C2%MgCl 

0 

CCl 
3 ~0 Cl+ o:·:o 

OMgCl ,, 
0 

V 

CCl 
3 

Cl +-

H . 

-6 Qcl 
1 ; oco("'-.

1 

HOOC'-y/ 

C2F-'6 
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The alcohol was converted to its ~- toluene sulfonate ester (VI), 
and a few unsuccesful attempts were made to replace the tosyl radical by 
the anion of a carboxylic acid. 

CCl3 - ; 0-cl .._ 
OH 

VI 

HCl 

This reaction had been reported for 1-methyl-2-phenyl ethanol (40) and 
other secondary alcohols. However, the reaction is easily hindered by 

sterio effects. Lithium chloride and potassium acetate were tried. 
Potassium acid phthalate was also used, although it had not been reported 
previously. The tosyl ester was recovered, however. Bartlett (119) 

says that the failure of the ester(VII)to undergo conversion to an acetate 
is due to the cage of carbon radicles which prevent the approach of the 

displacing ion. 

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). 

VIII lX 

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 

rac emi za ti on. Eastwood (118) prepared the sulfate with dioxaneeulfotri-

oxide, and converted it to DDT with chlorobenzene. 

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 here. 

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 

solution. An oil, insoluble in sodium carbonate, was obtained which 

could not be crystallized. 

Alcohol with Optically Active Acid Derivative. 

L- Menthyl Glycine with Alcohol. 

~ The preparation of 1-(4-chlorophenyl)-2,2,2-trichloroethyl chloro-

acetate and 1- menthyl amine 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 pyridine. This apparently caused 

hydrolysis of the glycine ester, for the alcohol acetate was the only 

material isolated. The yield was 68.4%. 

CCl3 -10Cl 
OCOCH 3 

X 
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A hydrolysis of the acetyl-oxygen linkage had apparently 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 tho isolation of the 1- alcohol. in very 
poor yield. L- menthyl isocyanate was reacted with the alcohol and tho 
resulting dl-1-(4-chlorophenyl)-2,2,2-trichloroethyl-N-1-menthyl urethane 
(XI) was fractionally crystallized from petroleum ether. 

XI 

The purified product, the ester of the 1- alcohol, was dry distilled from 
calciUlil hydroxide in a high vacuum and some oil ·was obtained which was con-
verted to the acetate. Tha product was crystallized and shov.n to be the 1-

acetate by mixed melting point. The menthyl ester of the d- alcohol vras 

not obtained crystalline. 

CCl3 - ~ 0 Cl+ Ca(()H)2 

OCONHC 10H19 

-------\ CC13 -1 Qcl -t- CaC03 + c 10H1g~'H2 
OH 
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On none of the previous resolutions by this method (52
1 53) ~~s a good 

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 reaction was performed in dry pyridine solution and in dry 
banzene solution. However, the d- camphor sulfonate (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, a crystalline product would have 
been obtained. The very easy hydrolysis of the 1- monthoxy acetate, the 
monochloroa.cetate, and the acetate of the alcohol by zinc chloride would make 
it appear that the esters aro decomposed by the addition of water which per-
mits the formation of chloride ion from the pyridine salt. In the success-
ful preparation of the 1- menthoxy acetate, the chloride ~~s all removed by 
filtration of a dry benzene solution, before the addition of v;a.ter took place. 

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 glucosid~s -
\\ . . 

ROTs Pyrid. HCl RCl + Pyrid. TsOH 



The Tests on the D- and 1- Alcohols as Insecticides. 

Tested on Drosophila Melanogaster, the separated alcohols showed 

appreciable difference in ultimate toxicity. The tests were designed 

to compare them \rlth 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). Tests could be performed on the separated acetates of the optically 

active alcohols, and on any other derivatives that were toxic in the 

racemic form. (2) Insects other than Drosophila should be used. 

Specificity of physiological action is often shovm on relatively few 
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species. (3) The tests should be performed over a 1rlde 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. 

I 
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EXPERDvffiNTAL 

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

I A le o:.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 gm. of chloral (48.8 cc., 0.5 mole) in 112.5 gm. chloro­

banzene (102 cc., 1.0 mole) was prepared in a three-necked flask, fitted 

with a mercury-sealed stirrer. The other two necks were corked, except 

during the addition of 13.3 gm. aluminium trichloride (0.1 mole). This 

was added over 4 hours, during which the reaction was stirred vigorously 

at room temperature. Stirring was continued for twu days. The deep 

red reaction mixture was shaken with 2 volumes of ~ater, and acidified 

with a few cc. of concentrated hydrochloric acid. A yellow oil separated 

from the water, which was distilled at 4 mm. pressure. A pale yellow 

product of boiling point 138 - 9°0 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 
1 either free or in sol vents, or washing with non-sol vents • 

It was put in the refrigerator for 2 weeks, but did not crystallize • 

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

5.5 gm. or the oil (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 

gummy material precipitated~ which crystallized on being all~;ed to stnnd 

overnight. It was crystallized fro~ 70% acetic acid~ weighed 1.3 gm., 

a ykid of 20%~ and melted at 121- 122°C. 

Anothor run was made when the alcohol (26.0 gn., 0.1 mole) v;as hoatod 

for 8 hours at 120 - 140°C with 20.4 gm.~ acetic anhydride (0.2 mole). 

Vihen the mixture was treated as in the previous run, only 14.2 gm., of cry-

stalline acetate~ a yield of 47%, could be obtained. From tho mother 

liquor of this acetylation 1vas isolated 18.2 gm., of an oil which failed to 

give acetate on further treatnent with acetic anhydride. So the alcohol, 

prepared by aluminium chloride catalysis, ~as discarded. 

II Preparation of Alcohol by Condensation of 4-chlorobenzaldehyde 
and Chloroform by Potassium Hydroxide. 

4- toluidine was converted to 4- chlorotoluene in 68.5% yield, follow-

ing a procedure outlined in Organic Syntheses (130). The yield is there 

reported as 70 - 79%. This was converted to 4- chlorobenzaldehyde by the 

procedure outlined in Organic Syntheses (131). The alcohol was prepared 

following a procedure outlined by Howa.rd ( 129), as folbPv·s :-

A solution of 115 gm. 4- chlorobenzaldehyda (0.82 mole) in 150 gm. 

chloroform (1.26 mole) was prepared. Powdered potassium hydroxide 

(10.0 gm., 0.18 mole) was added over an hour. The mixture was stirred 

for 2 hours. The mixture was cooled in ice water during the addition, 

and then looked cloudy and slightly yellow. The mixture was diluted with 

an equal volume of ether, and an inorganic precipitate ~as filtered off. 

The other was removed by evaporation, and the mixture steam distilled till 

no more crystalline precipitate came over. This took about a half to 

J 
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three quarters of an hour. 38.3 gm. of 4- chlorobenza.ldehyde were re-

covered here. The residue was extracted with chloroform, the extract 

dried over sodium sulfate, and the solvent removed by evaporation. The 

alcohol ~~s distilled at 1030C at 0.5 mm. pressure. The yield was 58.1 

gm. (27 .3%). Based on the 4- chlorobenzaldehyde not recovered, it was 

41.2~~. A thin film of the white distillate crystallized on standing 

several weeks. This was 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- 4?.5cC in poor yield. 

The acetate of the crystalline alcohol was prepared according to 

Howard '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. la% 

sodium carbonate. In both cases a clear aqueous solution was obtained, 

showing that the alcohol had decomposed. With sodium bicarbonate, the 

acetate was recovered unchanged after many days boiling. 

2) 10 gm. of acetate were stirred fer 11 hours Yrlth 25 cc. of 96% 

sulfuric acid at roo.m temperature. The mixture now contained a gelatin-

ous precipitate and vro.s diluted with ice water • The mixture vms ex-

tracted with ether, the extract was dried over sodium sulfate, and the 

solvent vras removed by evaporation. The residual oil was distilled 

in vacuo. B.p. 132oc at 2 mm. pressure. The oil weighed 7.2 gm., a yield 

of 84%. This procedure did not work for the monochloroacetate. vYhen 
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the temperature was raised to 95°C, the product obtained was insoluble in 

petroleum ether, and did not crystallize on seeding with alcohol. 

3) The monochloroacetate was ::table to boiling concentrated hydrochloric 

acid over severa~ hours. It was also recovered from an alcoholic solution 

of hydrogen chloride, after a half hour of reflux. Equal weights of con-

centrated hydrochloric acid and aluminium chloride were mixed and a little 

monochloroacetate was added. After several minutes at steam bath temper-

atures, the reaction mixture was diluted with water. 

was recovered from an ether extract. 

The monochloroacetate 

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 1.3 gm., 

anhydrous zinc chloride in 100 cc. 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 hydrochloric 

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 colourless. 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.P. 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 trGatment:- 4-chloro­

benzoate, ~- toluene sulfonate, N-phenyl urethane. 
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The Resolution of 1-(4-chlorophenyl)-2,2,2-trichloroethanol. 

Methods of Resolution Attempted. 

I Efdrogen Esters of Alcohol and Alkaloid. 

Attempts to Prepare a EYdrogen Ester of the Alcohol. 

(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 boated in a test tube for 11 hours at 115 - 120°0. 

During this time the tube was stoppered with a calcium 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 cc. of lQ% sodium carbonate 0.01 mole). 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 ethyl ether. The solvent was evaporated, and left a clear oil which 

could not be crystallized by cooling or scratching or washing with solvents. 

The aqueous residue was acidified with hydrochloric acid. The white cry­

stalline precipitate was collected on a filter. It was phthalic acid, 

recovered in 33% yielg. M.P. about 200°0 with decomposition. 

2) 1.3 gm. alcohol (0.005 mole) and 0.8 gm. phthalic anhydride (0.005 

mole) were dissolved in 20 oc. 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 hour. The white liquid 

was poured into 100 cc. of water and 20 cc. of concentrated hydrochloric acid. 



The organic material was removed by extraction with chloroform. The 

extract was dried over ·calcium sulfate, and the solvent was ramoved by 

evaporation. The residual clear white oil could not be caused to cry­

stallize by cooling or scratching or washing in solvents. It was in-

soluble in.sodium carbonate, and weighed 1.8 ~· It was dissolved in 

10 oo. reagent acetone and 2.0 gm. brucine was added. No crystalline 

material could be obtained on evaporation or cooling. 
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The white oil was prepared again. It was dissolved in acetone and 

titrated with 0.1 N aqueous sodium hydroxide, using phenolphthalein as 

indicator. Only 12.3% o£ the Yoluma of alkali required for the titra-

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

3) A solution or 2.6 gm. alcohol (0.01 mole) in 60 eo. of chlorofor.m 

was treated with 1.5 gm. (0.01 mole) phthalic anhydride. The ohloro£o~ 

was distilled fro.m the reaction mixture over 5 hours. Cold lo.% sodium 

carbonate solution was added, and the mixture was stirred till no more 

organic material appeared to dissolve. The aqueous extract vms acidified 

with 2Q% hydrochloric acid. The precipitate was collected on a filter. 

It weighed 1.0 gm. and was found to be phthalic acid, melting indefinitely 

at 210 - 215°0. When the amount dissolved in the water was accounted for, 

the phthalic acid was recovered in 95% yield. 

4) In a sealed tube at l00°C was placed 1~3 gm. o£ 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 recovered 

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°0 was placed 1.3 gm. of alcohol (0.005 mole) 

and 1.0 gm. phthalic anhydride (0.0068 mole). The tamperature was main-

tained for 16 hours and then the tube was cooled. The mixture was now a 

black tar. Considerable pressure had developed in the tube due to the 

formation of hydrogen chloride_. The mixture was dissolved in 50 eo. ohloro-

form, and a few crystals of phthalic acid were removed by filtration.- After 

boiling with charcoal for 10 minutes, the solution was pale brawn. The 

chloroform was distilled off, leaving 1.3 gm. brown crystals of M.P. 120-

128°C. They were washed with petroleum ether, and recrystallized from a 

ltl mixture of ethyl ether and chloroform. The product weighed 0.5 gm. 

and melted at 130 - 134°0. It was not characterized as it was insoluble 

in 1~/o sodium carbonate solution, and produced in such low yield; also the 

evolution of hydrogen chloride indicated a breakdown of the trichloro.methyl 

group. 

6) Phthalic anhydride was converted to the 3-nitro derivative. Yield 

of recrystallized product 20.4%. (132) 

A solution of 1~0 gm. of the anhydride (0.005 mole) and 1.3 gm. of the 

alcohol (0.005 mole) was mixed with 10 cc. pyridine in a flask. The 

temperature of the reaction mixture rose a few degrees. The mixture was 

allowed to stand overnight, and then poured into 100 cc • water with 10 c .c • 

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. 



7) 25 eo. 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 
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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 gm., 

and was identified as 3-nitro phthalic acid. M.P. 219 - 228°C. Yield 

91%. Concentration of the benzene solution gave a small amount of alkali 

soluble material, recovered in poor yield on acidification. 

· 8) 1.5 gm. of phthalic anhydride (0.01 mole) was heated with 2.6 gm. 

of alcohol (0.01 mole) in a flask on the steam cone. On addition of 

2 cc. of 4Q% hydrobromic acid (0.01 mole approx.) the reaction mixture 

solidified. 50 eo. of lo% sodium carbonate solution was added, and the 

mixture was stirred till no more organic material appeared to dissolve. 

The mixture was then extracted with ether to remove unchanged alcohol. 

The a~ueous layer was acidified with 20% hydrochloric acid and the crystalline 

product. collected on a Buchner funnel. The melting point of the product, 

identified as phthalic acid, was 201°C. 

9) A solution of 3.2 gm. of alcohol (0.012 mola) 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 ~s acidified with 

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

210 - 213°C. 

10) Two condensations were qttemped with succinic anhydride, with no 

catalyst present. In one, equimolar portions of the reactants were main­

tained in an oil bath at 140- 150°C for seven hours. In the other case, 

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 oc. dry toluene was added 

1.15 gm. clean sodium (0.05 mole). The toluene was warmed till the sodium 

melted, then cooled while the mixture was stirred. The sodium was now in 

the form of fine powder. Now a solution of 13.0 gm. (0.05 mole) of alcohol 

in 10 cc. toluene was added. A gas was slowly given off. The reaction 

was maintained at 500C for an hour, and than was diluted with dry ether. A 

dark brown precipitate was formed immediately. It was collected on a filter 

and found to weigh 4.7 gm. It did not burn in a Bunsen flame and was pre-

sumed to be inorganic. The yield, on the basis of the product's being 

sodium chloride, was SO%. 

2) An attempt was made to synthesize the alcoholrelll 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 flask. This was equipped with a 
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mercury-sealed propeller stirrer, and a reflux condnnser, having a calcium 

chloride tube in the open and. Through the third neck, a glass tube was 

lad into 10 cc. of ethyl ether, which covered the magnesium. This glass 

tuba was connected to an ampoule of ethyl chloride, cooled in dry ice. 

The reaction commenced after three quarters of an hour of stirring, and the 

addition of a crystal of iodine. Within half an hour the magnesium had 

all dissolved, forming a black solution. 50 eo. of dry ether ware added 

to the flask. A solution of 3.9 gm. alcohol (0.015 mole) in 10 cc. dry 

ether was added to the flask from a separatory funnel, which replaced the 

ethyl chloride tube. The solution was added dropwise. With each drop, 

a vigorous evolution of gas, probably ethane, occurred. After this, the 

mixture had a white cloudy appearance. 2.2 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 acid. This mixture was allowed to stand 

overnight. 

the water • 

The reaction mixture had dissolved in either the ether or 

This indicated that the phthalic anhydride had reacted. 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 
white crystalline material was collected on a filter. It weighed 1.2 gm. 

and melted at 173 - 175°C. The mother liquor was decol~zed to a pale 

brown with charcoal, and the solvent removed by evaporation. The yellow 
crystalline product melted at 123 - 125oc. This material was dissolved in 

ether and evaporated on a watch glass. Four distinct crystal types could 

easily be discerned. This explained why successive runs gave high melting 
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material of melting point 170 - 185°C1 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 potassium acid phthalate 

with the ~- toluene sulfonate of the alcohol. To prepare the tosyl der­

ivative, 1.3 gm. alcohol (0.005 mole) and 1.0 gm. of ~- toluene sulfonyl 

chloride (0.005 mole) were dissolved in 10 cc. dry pyridine. 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 sodium sulf'ate, and the solvent 

removed by evaporation. The residue ~~s crystalline, melting at 118 -

122°C1 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 potassium 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% s ulfuric acid ( 1.5 cc., 0.013 mols ) was added to 

3.3 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. 

lOO gm. ice water ~ras added. This precipitated a white powder which was 

collected on a filter and weighed m.5 gm. Its melting point was 43 - 45°0• 
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The melting point of the mixture of this material with the alcohol was 

43 - 46°C. The filtrate was then neutralized with barium carbonate, 

and barium sulfate was removed by filtration. Nothing could be pre-

cipitated from solution by the addition of acetone, dioxane, or ethanol. 

The barium salt of butyl hydrogen sulfate was precipitated by solvents 

at this stage. 

A slight excess of 96% sulfuric acid (9 cc., 0.15 mo~) was heated 

with 3 gm. 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 barium carbonate. On 

cooling the oil a wOOJc in dry ice methanol, a few white crystals were 

obtained, meltingat 123- 6°C. These gave a negative test for 

SOzOH. (133) • (Benzene sulfonic acid was used as a knoYm sample.) 

This compound was not analysed but was thought to be the ether formed 

by the condensation of two alcohol units. 

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 ~~s the 

product from the reaction with p?thalyl chloride. 
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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 gm. 0.15 mole) was refluxed together for 25 hours. The 

product was poured into lOO cc. of water. The brawn oil crystallized on 

standing a few hours. The product weighed 5.5 gm., a 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) L- menthyl amine L- menthol was converted to 1- ment~one by 

the method of Beckmann (134). The optical rotation in ethanol solution 

of the menthol used vas -

-2.57 X lOO 
1 X 5.15 

The Merck Index (135) reports the rotation as [~ ~5 ' -50° for a 20% ethanol 

solution. 



A solution of 120 gm. (0.41 moles) of potassium dichromate and 100 

gm. 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-
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tinued for a half hour, during which there was a slow rise in temperature. 

At 53°0 the black addition compound decomposed, and a bro~n layer formed 

on top of the aqueous solution. The mixture was allowed to stand for an 

hour, and was then extracted tvvice with 100 cc. and once with 50 cc. of 

ethyl ether. The extract was washed with 100 eo. portions of water, 

5% sodium hydroxide, and then water. The extractwas naw colourless. 

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 opttcal rotation of the product in ethanol solution ~us -

-4.73 X lOO : - 23.80 
2 X 9.908 

The optical rotation of the pure menthone was -

-25.83 

1 X 0.895 
- 28.50 



Marek's Index reports the rotation as [a:]~O 
alcohol solution. 

-24.8° for a 20% 

L- menthane oxime was prepared according to the method of Beclnna.nn 

(134) -

A solution of 75 gm. of 1- menthane (0.49 moles) in 225 cc. of 90% 
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.ethanol was mixed with 45.0 gm. of hydroxylamine hydrochloride (0.65 mole). 

Upon the addition of 59 gm. of sodium bicarbonate (0.70 mole) there was a 

rapid evolution of carbon dioxide. The mixture was allowed to stand 10 

hours, and then refluxed a half flour. The white solid was then coLla cted 

on a filter, and found to contain no more carbonate. The sol vent y:as 

removed from the filtrate by evaporation. It was then diluted with v.-a. ter. 

An oil was thro~n d~~ which would not crystallize •. The oxime was extrac-

ted with petroleum 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 ~. pressure. The product was a clear white oil ohich 

rapidly crystallized as needles, melting at 51.5 ~ 54°C. 

43.5 gm., a yield. of 52.9%. 

The optical rotation of the product in ethanol vms -

:. 
-9.31 X 100 

2 X 9.984 

The product weighed 



Becbmann reported the rotation ~~O ~ -42.5° in 10% ethanol. 

Further distillation did not change the specific rotation or the 
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mal ting point. Crystallization from dilute alcohol ~ perfor.med with 

great difficulty, for the product showed a great tendency to come down 

as an oil. ~ben this was accomplished, the melting point was raised 

The reported value (Beckmann) was 58°C. 

The oxime of 1- menthane was also prepared with hydroxylamine acetate 

(136). Their product was reported with a rotation of [~£5 
> -39.7°C 

in ethanol. The yield of crude oxime was only 30%. The yield of crude 

1- menthone oxime based on 1- menthol was 38.6%. 

L- menthyl amine was prepared according to the procedure of Wallach(l37)-

A solution was prepared of 43.3 gm. of 1- menthane 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, bvo 100 cc. portions of alcohol were added, as the reaction 

mixture tended to solidify. The mixture was steam distilled in an apparatus 

protected from carbon dioxide. First clear ethanol came over. 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 weigh 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 c rysta.ls, 

a yield of 88.4%. 

The optical rotation of a solution in water was -

-3.15 X lOO 

2 :X: 5.682 

Tutin and Kipping (138) report that the ogtical rotation of the crude 

1- menthyl amine [ ~D : -28.0°. One isomer can be separated by systematic 

fractional crystallization from water to give a product of fal : -36.6° 
- - D 

3) D- fenchylamine 

method of Wallach (142). 

was formed in 96% yield. 

L- fenchone was converted to the oxime by the 

The crude product ~~s easily crystallized and 

One eecrystallization 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 vnth 

sodium in ethanol. The yield was 41% of clear liquid. The procedure 

follows closely that for the preparation of 1- menthyl amine, except that 

the d- amine is produced. 

Cli3 
I 

CH2- c--c .. NOH 

I . ., 
CH2 
I 

CH2-C--C(CH3)2 
I 

H 

C% 
I H 

CH2- ~ -c~ ..... N·~H.l. 

CH2 

CH2- b_ (C%)2 
I 
H 
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The Resolution Reaction. 

An intimate mixture of 9.2 gm. of d- fenchylamine (0.06 mole) and 

10.6 gm. of alcohol chloroacetate (0.03 mole) was heated in a flask 

immersed in an oil bath at lOO - 120°C. The flask had been swept out 

with nitrogen, and was protected from the a tm.osphere by soda. lime tubes. 

The heating was continued for 11.5 hours. A hard resinous material 

was formed on cooling. This product was dissolved in chloroform and 

the solution was washed several times with 2 N hydrochloric acid, followed 

by several washes with water. The solution 1ms then dried over sodium 

sulfate and the solvent removed by evaporation. A brown oil remained 

which oould not be crystallized by- any mixture of common solvents, or by 

thorough cooling in dry ice metrAnol. 

To make an acetyl derivative, the oil was dissolved in 6 cc. of dry 

pyridine, and 6 cc. of acetic anhydride were added. This mixture was 

allowed to stand for 3 hours, and then poured into lOO cc. of water con-

taining 5 cc. of concentrated hydrochloric acid. A crystalline product 

was formed immediately. It weighed 11.6 gm. and melted at 95 - 120°C. 

The product was recrystallized from methanol. 6.5 gm. of product were 

obtained. The melting point of ,these long needles was 123.5 - 125°C. 

The same melting point was observed with a mixture of this product with 

alcohol acetate. The yield of recrystallized alcohol acetate was 68.4%. 

The material was quite inactive in the polarimeter. 

An attempt was made to condense 1- menthyl rumina with the alcohol 

chloroaceta te. The reaction conditions were exactly similar to those 

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

the only product isolated, however. Crude 1- menthyl amine of [~D ~ -28° 

was used • 



(b) L- Menthyl Isocyanate ·with Alcohol. 

Preparation of the Reagents. 

The conversion of 1- menthyl amine to the isocyanate was performed 

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

CH3 

c~t~ciH2 
bH2 [ )JCI!H2 
~ 

I 
CH(C~)2 

Crude 1- menthyl amine hydrochloride was prepared as outlined on pages 
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72 75 • The reducti~n product was purified by systematic fractional 

crystallization from water. 18.5 gm. of the pure hydrochloride was ob~ 

tained from 36.1 gm. of the crude, a yield of 51%. 

18.5 gm. of the purified hydrochloride was mixed with 25 cc. of 2~/o 

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 .a%. The yield of pure amine from 

1- menthol is 17.Q%. 

A solution of 14.6 gm. 1- menthyl amine in 100 cc. petroleum ether 

(B.P. 30- 60°C) was prepared in a 300 cc. three neck flask. This was 

fitted with a mercury-sealed stirrer, a reflux condenser and a dropping 

furmel. Solid sodium bicarbonate (8.4 gm., 0.1 mole) was suspended in 

the petroleum ether, and then refluxing and stirring was commenced. Pure 
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ethyl chlorocarbonate. (10.2 gm., 0.094 mole) was added through the dropping 

funnel during "b.venty minutes. A heavy precipitate formed i~~ediately, and 

was present during the succeeding two hour period of stirring and refluxing. 

The cooled reaction mixture wo.s diluted with 200 cc. of water, and the vrhole 

was poured into a separatory funnel. Two clear layers formed. The 

petroleum ether layer was dried over sodium sulfnte and the solvent distilled 

until crystallization co~~enced. The flask ~~s then cooled, and the pro-

duct collected on a filter. 

59.5 - 60.5°C. 

It weighed 12.4 gm., a yield of 58 .8~{, U.P. 

The optical rotation of a chloroform solution was -

-6.04 X lOO 
2 X 4.324 

-69.8° 

Nevil1e and Pickard (140) report the following constants -

M.I'. 54 - 59 C [a]D ~ -64 to 68.9° 

They reported a quantitative yield, however. 

A 50 cc. Claisen flask was fitted vnth 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 n~. pressure. The N-1-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 tho 

mixture was transferred to the distillation assembly. A clear ·white oil 

distilled at 115 - 120°C at 13 ~~. pressure. Most of this came over at 

The product weighed 2.1 gm., a yield of 87.8%. 



The optical rotation of the product in benzene solution was -

-2.55 X lOO 
2 X 2.250 

-56.6° 
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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 or~Jn: -54.97 - 54.79° in benzene. 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 prepared from the 1- menthol in 8.8% yield, and 

from the pure 1- menthyl amine in 51.7% yield. 

The preparation and Hydrolysis of the N- Phenyl 
Urethane of the Alcohol. 

Preparation of the Urethane. 

A mixture of 2.6 gm. of alcohol (0.01 mole) and 2.3 gm. of phenyl 

isocyanate was prepared in a test tube bearing a calcium chloride tube. 

The tube was i~~ersed in an oil bath at 160°C for a half hour. The mix-

ture was then cooled, but could not be crystallized by scratching or 

washing in solvents. It was allowed to stand several days in the refri-

gerator. . The mass solidified rapidly when a seed appeared • 3.9 gm. 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, a 

very small yield of white needles was obtained. M.P. 137 - 9°C • 
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Attempted Hydrolysis of the Urethane. 

1) A solution of 0.2 gm.af the urethane in 20 cc. of 5q% acetic acid 

was refluxed for an hour. On cooling the hot clear solution, the urethane 

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 gm. 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 cc. of water containing 1 cc. of concentrqted hydrochloric ac~d was added. 

The aqueous mixture was thoroughly extracted with ethyl ether. Removal of 

the solvent from the dried extract left a solid of melting point 128 - l33°C. 

The melting point of a mixture of this material with the urethane was 130 - 1350C. 

3) 0.3 gm. of urathane 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 . 
with alcohol acetate, however. 

4) An intimAte mixture of 20 gm. freshly prepared dry calcium hydroxide 

and 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 

gm. calcium hydroxide was heated in an oil bath to 120°C. Then a vacuum 

was applied, and a liquid distilled over at 1200C at 1 mm. pressure. This 

was a brown oil, which crystallized on adding a seed of alcohol. The 

product weighed 0.7 gm., a yield of 85%. Its melting point, and the melting 

point of a mixture of this product with alcohol was 43.5 - 48°C. 



The Resolution Reaction. 

A mixture of 3.1 gm. of 1- menthyl isocyanate (0.017 mole) and 4.5 

gm. of alcohol (0.017 mole) was heated for three hours at an oil bath 
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temperature of 140°C. The cooled reaction mixture then consisted of a 

bro~n tacl~ solid. The product was difficult to cryst~llize. 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 petroleilla 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 solution -r:as 

washed with 10% hydrochloric acid. The solvent ~as ev~porated from the 

dried extract, but the residue did not crystallize. 

To r6movo unreaated alcohol, the oil was placed in a vacuum distil!-

ation apparatus. The oil bath ~~s 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 lOO cc. petroleum ether, and the solution was 

poured through a column of 11 super-filtrol11 clay, 20 cm. lonG by 3 cm. diameter. 

Then lOO cc. more petroleum ether was poured through as eluate. Tho com-

bined filtrates were evaporated and tho oil crystallized overnight. The 

column was pushed out of the tube, and divided in thirds. These 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 

wei~hed 4.9 gm., a yield of 64.5%. They wera systematically fr~otionally 

crystallized from petroleum ether, as foll~rs:-



4.9 gm. 
94°C (la) 
[a]D: -36 .1 o 

I 

1.9 gm. 
136-141°0 (2a) 

I 

I 
(2b) 

I 
I I 

1.0 gm. (3b) 
143-145.5°0 (3a) 105-118°0 

1 
(3c) 

[a] D: -45 ,so . I 

0,3 gm, ~.....----'---o-i_l_y---;14~ 
135-140°0 (4b) crystals 

(4d) 
oil [a] D: -45.1 o 

I 111--_.._______, 
(5b) o.s gm. (5c) 

80-l00°C 
[a] : -35.5° 

D I 

0.3 gm. 
128-137°0 (6c) 

[ex] D = -40.0° 

I 
I I 

0.2 gm. 0.5 gm. 
142-144°0 (7c)ll5-118°0 (7d) 

[ a-Jn ~ -44.3° [ex] n' -33 ·r 
I 

141-142.5°0 
(8d) 

Trace of 
M.P. 140°C (9a) 

(6d) 

I 

1 I 
105-120°0 

(Se) 
I 

I 
(10e) 
105-106°0 

I 

(5d) 
oil 

I 
(7e) 

I 
(9f) 

(8f) 

I 
(lOf) 
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Fraction (3a) was presumed to be the N- 1- menthyl urethane of tha 

1- alcohol. Yield based on total crystals obtained 

Anal. ca.lcd. for C19H2402N Cl4 

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 5.64 31.93 

Fraction (3a), weighing 1.0 gm. was mixed with 4.0 gm. of calcium 

hydroxide in a vacuum distillation apparatus. The hydrolysis ~ms per-

formed as described for the N- phenyl urethane of the alcohol. 

oil was obtainod, weighing 0.2 g~., a yield of 33.8%. 

The optical rotation in chloroform solution was -

-1.29 X lOO 

2 X 1.985 

A white 

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

page 61. 

0 : -50 • 

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

After racrystallization from methanol, the product melted 

A melting point of the mixture of this product with that 

from the 1- menthoxy acetyl chloride run was 84 - 7°0. 

Fractions (5b), (7c) and (8d) were combined and found to weigh 0.3 gm. 

This material was distilled from calcium hydroxide in the manner outlined 

above. The distillate was still laevorotatory. 

The other diastereoisomer was not obtained in a crystalline for.m. 
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(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 -

3.42 X lOO 
1 X 8.35 

:: 

The rotation was reported by Merck's Index (141) was [~D , 41..,12°. 

D- camphor sulfonic acid --- The procedure followed was that of 

Reychler (142), as modified by Arrnstrong and Lowry (143, 144). 

Concentrated sulfuric acid (10.2 gm., 0.1 mole) was mixed with 20.4 

gm. of acetic anhydride (0.2 mole) while the flask was cooled. in ice water. 

Then 15.2 gm. d- camphor (0.1 mole) vms added in pulverized form. After 

a few hours at room temperature, a clear heavy yellow liquid had formed in 

the flask. Within a day, precipitation of the sulfonic acid had comnenced. 

After 5 days, the precipitate was colbcted on a filter. It vvas 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 allovmd the reaction to stand for two weeks • Tho product 

was found to melt at 193 - 194°C, as reported. 

For conversion to the acid chloride, the product (5.3 gm., 0.0023 mole) 

was treated with 10 cc. thionyl chloride (16.1 gm., 0.14 mole) and refluxed 

two hours. The excess thionyl chloride was distilled off, and the product 

was recrystallized twice from dry benzene. 1.7 gm. 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 -

1.51 X lOO 
2 X 2.286 

33.0° 

The value reported by Armstrong and Lowry (144) was [a.J~8 

Attempts at Resolution with tha Acid Chloride. 

1) A solution in 10 eo. dry pyridine was made of 1.0 gm. of the acid 

chloride (.004 mole) and 1.0 gm. of alcohol (0.004 mole). 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 lOO cc. of 

water with 10 eo. of concentrated hydrochloric acid. The oily precipitate 

was extracted with ethyl ether. The sol vent was removed from the dried 

extract by evaporation. An oil was obtained which could not be crystal!-

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 cc. anhydrous 

pyridine was prepared and 0.24 gm. d- camphor sulfonyl chloride (0.001 mole) 

was added. The solution was refluxed 5 hours. Then water was added. 

The mixture was extracted with ether, and the extract ~s washed with dilute 

hydrochloric acid. However, removal of the solvent from the dried extract 

left only an oil 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 mole) 

and 0.4 gm. alcohol (0.0015 mole) in 10 cc. dry benzene was prepared, and 

1 c.c. pyridine (0.013 mole) was added. This mixture was allowed to 

stand for ~days. then poured into 100 cc. of water and 2 cc. of concen-

trated sulfuric acid. The organic material was treated as in the exper-

iments above. but only a non-crystalline oil 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 ·#ith nitric 

acid. The anhydride crystallized out of a mixture of acetic anhydride 

and acetyl chloride with a melting point of 223 - 224°0. The value 

given inMerck's Index (145) is 216- 217°0. The procedure followed 

was tint of Noyes (146). Their period of heating was shortened fro.m 

65 hours to 48 hours. This decreased the yield from 62% to 54%. The 

anhydride was obtained in 7Q% yield (reported 68%). 

A mixture of 2.6 gm. camphoric anhydride (0.013 mole) and 3.4 gm. 

alcohol (0.013 mole) with 25 cc. pyridine were refluxed together for 17 

hours. The cooled mixture was poured onto ice and 30 cc. concentrated 

hydrochloric acid. 1.6 gm. of a white crystalline precipitate were 

collected on a filter, and shown to be camphoric anhydride by melting point 

and optical rotation. 

filtrate with ether. 

Alcohol was recovered by an extraction of the 
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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 

procedurss followed were those of Lefflar and Calkins (147). 

The optical rotation or the acid in methanol solution was -

-5.47 X 100 

2 X 2.982 Reported r/V]n2s --l\A -92 .·1° 

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

-4.80 X lOO 
Reported [a] 25 0 

- D 2 X 2.704 

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 s lovvly added, while the reaction 

flask was swirled in ice water. The resulting mixture was allowed to 

stand overnight, and then poured into 400 cc. of ice water. The organic 

material was extracted with ethyl ether and the extract:vc.s l"Jashed 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. 1Yhen the solvent was removed, a bro~n oil was left, which could 

not be made to crystallize by any of the usual techniques, such as ~~shing 

with mixtures of solvents, or cooling in dry ice. 
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2) A solution of 32.7 gm. of 1- menthoxy acetyl chloride (0.133 mole) 

and 34.5 gm. of alcohol (0.133 mole) in lOO cc. dry benzene (treated with 

sodium) was prepared. 21.4 cc. of dry pyridine (20.9 gm., 0.265 mole) 

were added dropwise to the benzene solution, which was kept at 5°C. (The 

pyridine was distilled from calcium oxide, over which it had been allowed 

to stand for several days.) This caused the precipitation of a white 

crystalline solid • After allowing the reaction mixture to stand at root1. 

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 15.3 gm., a quantitative yield of the hydrochloride. 

The benzene solution was washed twice with 50 cc. portions of 5~; 

hydrochloric acid. This was followed by a similar trea. tment 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 ooc, complete crystallization had taken place. The crude product 

consisted of oily crystals, and weighed 60.5 gm., a quantitative yield. 

The crude crystalline product was given a systematic fractional cry­

stallization from ~~ter. 



Crude 
60.5 fl• 
47-49 C (la) 

I 

I 

35 .. o gm. 
55-59~C (2a) 

I 
(2b) 

I 
18.0 gm. I J28 .1° 
73-76°C (3a) (3b) (3c) 

15.6 gm. 
77.5-78°C 

I lrill 
~D:. -89 .7°(4a) 

I 
47-48°C 

(5b) 

I 
I 

7.0 gm. 
55,.56°C ( 6b) 

I 
/I 

(7c) 

1 

(4b) 

I 

J I 

, 1 I" ". 
(5c) 

I 

ra1 = -35 .oo 
[JD I 

I 
(7d) 

I 
I/ 

4.8 gm. 
(8d) 

I 

(9e) 

fresh }1eOH 

I 

(4c) 

I 
I 

no ml. 

Brown oil 
(5d) 

no ml. 

no ml. 
(Be) 

89 



Fraction (4a) was considered to be the pure 1- menthoxy acetate of 

the 1- alcohol. 

Found 

L- Alcohol. 

It was prepared in 25.8% of its expected yield. 

c, 52.65r 

c, 52.69 
52.40 

52.55 

H, 5.75; 

H, 5.70 
5.59 

5.65 

Cl,'31.18 

Cl, 31.32 
31.33 

31.33 
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A solution of 15 gm. of the 1- menthoxy acetate and 15 gm. anhydrous 

zinc chloride in 25 cc. anhydrous methanol was refluxed one hour. A 

·mixture of 500 cc. water and 20 cc. concentrated hydrochloric acid ·vras 

added. Tho organic material v.as removed by extraction vli th "bNo 100 cc • 

portions of ethyl ether. The extract was washed with 10% sodium carbonate 

to remove 1- menthoxy acetic acid. The solvent was removed by distillation, 

and the pale yellow oily residue was distilled in vacuo. The distillate 

had a boiling point of 95 - 115°C at 0.2 to 0.4 mm. pressure, and v;eir;hcd 

11.8 gm. 

The optical rotaticn of~the a:J:(.ohDl in chloroform solution was -

= 
.2 ,21 X 100 
2 X 1,805 

:: 

The acetate of this crude alcohol was prepared as follows. 8 cc. of 

acetic anhydride was mixed with 11.8 gm. of the distillate in a flask. This 

was placed in an oil bath at l60°C for 3 hours. 20 cc. of \','0. ter ·was then 

add.ed, and the mixture was allowed to stand overnight. The organic material 

was removed by extraction with ethyl ether. The extract v:as washed with 10% 

sodium carbonate and dried over soditnn sulfate. The solvent was removed by 
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evaporation. The residue consisted of a crystalline prodJct weighing 

e.o gm. 1 and melting at 8~ - aaoc. This vms recrystallized fro~ 

methanol, and 3.8 gm. of heavy needles, a yield of 26.2% based on the 

menthoxy acetate, 'were precipitated. This product had a melting point 

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

-2.64 X lOO 

2 X 2.109 

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

51.5- 53°Cr [a:]n~ -33.8°. 

D - Alcohol. 

Fractions (8b) and (9c), 4.9 gm., were considered the pure 1- menthoxy 

acetate of d- alcohol. This represents an 8.1% yield. The product 

vms hydrolysed to the alcohol, following a procedure similar to that used 

for the 1- alcohol. A yield of white oil of 4.2 gm. Vw-as isolated. The 

acetate was also prepared by a similar procedure. The crude acetate melted 1 

It was recrystallized twice from methanol and then melted 

The pure product weighed 0.8 gm., 24.7J{, based on 

monthoxy acetate. 

The optical rotation of the atcohcl in chloroform solution was -

1.25 X lOO 
2 X 1.066 

HYdrolysis of the acetate with zinc chloride gave pure alcohol M.P. 
·-

50 - 52°C ;: [a]n :: 33 .o0
• 

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 sa~ple of acetate. The 

melting point was 122 - 124°C. 



• 

(f) D- Bornoxi Acetyl Chloride with Alcohol. 
r· 

Preparation qf the Reagent. 
'·, 
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D- ~a.mphor was reduced to d- borneol, according to the procedure of 

Wall.ach ~148). A solution of 100 gm. of d- camphor (0.66 mole) in 1 1. 

of dry ethanol was prepared. To the boiling solution was added 120 gm. 

sodium (5 .2 mole:) in small pieces. To dissolve the last pieces of 

s.odium added, 250 cc. additional dry ethanol had to be poured in. 6 1. 
'\ 

of water were added, and the white crystalline precipitate was filtered 

off. It was dissolved in petroleum ether, and the water was removed by 

separation, and by drying the solution over CaS04• The solvent was removed 

by-distillation until precipitation of solid commenced. The flask was 

then cooled in the refrigerator, and the product collected on a filter. 

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

The optical rotation of a solution in ethanol was 

[ a]~5 4.72 X lOO - 22.4° -
2 X 10.56 

Clark and Read ( 6 7 ); report. [a)n = 21.5° 

D- borneol was converted into d- bornoxy acetic acid, following the pro-

oedure of Clark and Read (67), considerably modified. 

A 3-neck flask was set up, equipped ~th an efficient mercury-sealed 

stirrer and a reflux condenser with a calcium chloride tube. In it was 

placed a solution of 34.3 gm. d- borneol (0.226 mole) in 150 cc. toluene 
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(distilled from sodium). 4.9 gm. sodium (0.213 mole) were added~ and 

the solution was refluxed in an oil bath for 18 hours. Stirring was 

maintained so that the liquid sodium was suspended in fine particles 

throughout the toluene. The sodium ~esidue was removed from the 

cooled solution by filtration, and found to weigh about 0.3 gm. 

The apparatus was again assembled, 'rlth a dropping funnel in the 

third neck. To the stirred, refluxing solution was added dropwise a 

solution of 10 gm. chloroacetic acid (0.106 mole) in lOO cc. toluene. 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 acid. The toluene layer ~~s separated 

and the aqueous portion was e~tracted three times with lOO cc. portions of 

benzene. The toluene was combined with the extracts, and was extracted 

with 10% sodium carbonate solution, t\vice with 100 cc. portions, followed 

by a water wash. The alkaline extract was acidified ~~th 2afo hydro-

chloric acid. The bornoxy acetic acid was extracted with three 50 cc. 

portions or 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 gm., a yield of 25.9%, and 

melted at 62 - 68oc. 

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

= 
1.49 X 100 
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 ste~~ bath. The thionyl chloride 
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was removed by distillation and the acid chloride distilled at the water 

pump. B.P. 125 - 134°0 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. 

of dry pyridine (0.0384 mole) were added to the cooled solution. 

3 cc. 

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 acfi and 5% sodium bicarbonate. The solvent was distilled from 

the dried solution. 

Great difficulty was experienced in obtaining crystals of the esters. 

They were finally obtained by slow evaporation of a solution in thoroughly 

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 -

~D 
0.54 X lOO 

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 70.5 - 71.5°C. 

The optical rotation had hardly been changed 
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HYdrolysis of this product was accomplished as for the 1- menthoxy 

acetate on page 90. However~ on conversion of the alcohol to the 

acetate~ only the inactive product of melting point 118 - 122°C could 

be obtained. The melting point of a mixt~e of this material with 

authentic acetate was not depressed. 
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III Miscellaneous Methods of Resolution. 

(a) Formation of Co-ordination Complexes. 

1) Co-ordination - Complex For.mation with Digitonin. 

A solution .of 1.0 gm. of digitonin and 0.32 gm. of the alcohol 

(excess) in lOO cc. of 5Q% ethanol was prepared. Complete solution 

was achieved at room temperature. The flask was allowed to stand at 

room temperature for 5 hours, but no crystals were deposited. It was ..., 

then placed in the refrigerator for ~~o hours, and a fine white crystal!-

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

210 - 212°C with frothing. The Merck Index·reports digitonin to 
I ......... 

sinter at 225°C and melt at 235°C. The precipitate was distilled 

in vacuo at a pressure of 0.5 mm. An oil was obtained which did not 

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

2) Co-ordination- Complex For.mation with Desoxycholic Acid. 

Commercial Rohm and Eaas desoxycholic acid was purified according to 

the procedure of Sobotka and Goldberg ( 7·1). 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 gm. of material were obtained of melting point 103 - 104°C. 

1.0 gm. of the pure acid and 5.2 gm. of the alcohol v1ere dissolved 

in the minimum amount (10 cc.) absolute methanol. Cooling in the refri-

gerator for many weaks with thorough scratching caused no crystallization, 

howe~r. 



(b) Differe.ntial Reaction with an Optically Active Adsorbent. 

The procedure followed was similar to tr~t used by Eenderson and 

Rule (22) and by Prelog and Wieland (23) • 

• Lactose (Kahlbaum) was activated by digestion for 5 min. vd. th 

chloroform, which was removed by placing in a vacuuo dessicator for a 

day. The powder was put into a chromatographic adsorption tube, 

and made a col~~ 20 cm. long by 3 cm. diameter. 

1 gm. 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 lOO cc. of petroleum ether 

was poured through as an eluant •. ~sorption 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 collli~ was pushed onto paper and divided 

in thirds. These were extracted separately with ethyl ether. However, 

the residues from this proce-ss showed no optical rotation. 

(c) Asymmetric Synthesis of Acetate. 

A solution in 40 cc. carbon tetrachloride of 1.3 gm. alcohol (0.005 mole) 

1,8 gm. brucine (0.0045 mol0) and 1.0 cc. of acetic anhydride was prepared. 

The red solution was refluxed for 16 hours. 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 105~ hydrochloric 

acid. This removed the colour from the solution. The carbon tetrachlor-

ide solution was dried over sodium sulfate, and the solvent removed by eva-
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poration. A crystalline product was obtained of melting point 121 - 125°C, 

weighing 0.74 gm.,a yield of 49%. This material rotated a fraction of a 

degree in the dextro direction. However, an optically inactive product 

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

acid. 



99 

III Reactions of the Optically Active Alcohols. 

The Preparation of 1-phenyl-1-(4-chlorophenyl)-2,2,2-trichloroethane 
fr~ the Alcohol. 

In ~ test tube were placed 1.3 gm. dl- alcohol (0.005 mole) and 5.1 

gm. of 96% sulfuric acid (0.5 mole). The mixture was stirred viGorously 

and 0.47 gm. dry benzene (0.006 mole) was added. Stirring vras continued 

for 16 hours at room temperature. The.reaction mixture then contained 

a white precipitate. It was diluted vd~h yrater~ and the white precipitate 

was collected on a filter. The product weigped 1.7 gm., a quantitative 
{ 

yield, and melted at 64 - 74°C. After two .~ecrystallizations from ethanol 

the product melted at 77 - 78°C and was not raised by further rocrystall-

ization. 

In a t8st tube were placed 0.35 gm. of 1- alcohol (0.8014 mole)[ctJ~~'-3J·~·)o.~~ 

2.1 gm. of 96% sulfuric acid. 0.31 gm. of b"enzene (0.004 mole) were 

added to the vigorously stirred mixture. The stirring vms maintained 

for 16 hours. Then the product vras precipitated by adding water., 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. 

ethanol, and melted at 76.5 - 77.5°C. 

in the polarimeter. 

It was rocrystallized once fror.1 

It gave a rotation of ~] D ~ + 2.2° 
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The Preparation of 1-phenyl-1-(4-chlorophenyl)-2,2~2-trichloroethanol 
from the Alcohol Acetate. 

A mixture of 1.4 gm. of dl- alcohol acetate (0.0046 mo~) and 9.2 gm. 

of 96% sulfuric acid (0.095 mole) was prepared in a tost tube. The 

mixture was vigorously stirred while 0.42 gm. benzene (0.0054 mole) 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 

1.4 gm.~ a yield of 81.5%~ and melted at 73.5 -76.5°C, after two recrystall-

izations from ethanol. The melting point of a 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 mole) was stirred vigorously in a test tube. 

0.078 gm. of benzene (0.001 mole) was added~ and stirring was maintained 

for 18 hours. A white precipitate had formed after 1 hour. The re-

action mixture was diluted vdth water and filtered. The crude product 

weighed 0.4 gm.~ a quantitative yield~ and 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 submitted 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 a 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 ma teria.l. 

The value for the laevo alcohol was twice that for the dextro. 

The value for the racemic lay slightly above that for the dextro. 

The mechanism of toxicity appeared different for the alcohols than 

for DDT. It was easy to tell when flies had been killed by DDT, for 

they were shriva·lled. DDT poisoning takes about six hours for the 

effect to set in. Flies treated with the alcohol were knocked dm~ 

vnthin an hour, but did not shrivel up for several days. 

101 
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CONTRIBUTIONS TO KNm~TEDGE. 

1) The alcohol 1-(4-chlorophenyl)-2,2,2-trichloroethanol has been 

resolved into its optical isomers. 

2) These isomers have beentested 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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S Ul.lliiARY 

1) The alcohol 1-(4-chlorophenyl)-2,2,2-trichloroethanol was resolved 

into its optical isomers. The specific rotations were TQ1~~~ 33.0° and r _ n 
-33 .8° • The specific rota ti ens of the corresponding aceta tc s were 

[c!J~ = 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 pyridino. 

4) The 1- isomer was obtained as the acetate in very poor yield by 

fractionation of the 1- menthyl urothane of the alcohol and hydrolysis by 

distillation from calcium hydroxide. 

5) The d- bornoxy acetates of the alcohol were prepared. The product 

was recrystallized several times but no separation of the diasterooisomors 

could be obtained. 

6) Th~ synthesis of d- bornoxy acetyl chloride, and 1- menthyl iso-

cyanate was taken from the literature and improved upon. 



7) Hydrolysis of some substituted acetates of the alcohol was 

achieved by refluxing in a solution of zinc chloride in methanol. 

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

some optical activity. Theoretical deductions from this fact are dra·wn. 

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

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

a ti ve potency t"nice that of the dextro. 



REFERENCES 

1. La.uger, P., Martin, H., and Muller, P., Helv. Chim. Acta., 27, 
892 - 928, (1944). 

1C5 

2. Geigy, Br. Pat. 547,874, Sept. 15, 1942; Chem. Abst. 37, 6400 (1943) 
Geigy, U.S.Pat.2,329,074, Sept. 7, 1943; Chem. Abst. 38, 1056 (1944) 

3. Garmaise, D.L., Ph.D. Dissertation, McGill University, 1945. 

4. Haller, Bartlett, Drake, Ne~man, Cristol, Eaker, Hayes, Kilmer, 
Mageslein, Mueller, Schneider, '\:Vh.eatley, J • .Am. Chem. Soc. 67, 
1591 (1945) --

5. Harrington, Chem. Inspection Dept., Br. Ministry of Supply, S0/10, 
417, LB-699., 116-2-U, March 14, 1944. 

6. Chattaway, F.D., and Muir, R.J.K., J. Chem. Soc. 701-3 (l934). 

7. Unpublished results from Progress Repts. 8, 9, 10, 11, 12, 13, 14, 
under Project C.E. 179 DDT. of the Can. National ~esearch Council 
at McGill University. 

8. Martin, H., and Wain, R.L., Nature, 154, 512-3 (1944) 
Busvine, J.R., Nature, 156, 169-70 (1945). 

9. · Imperial Chemical Industries Ltd., General Chemical Div.,Development 
Dept.,Report No. GC/D/37 

10. :McKenzie, A., and Smith, I., Ber. ~~ 894-908 (1925) 

11. :King, H., Arm. Repts. Chem. Soc. (London), ~~ 261 (1933) 

12. Leuchs, H., Ber., ~~ 830-4 (1921) 

13. Mills, W.H., and Elliot, K~~.c., J. Chem. Soc. 1291 (1928) 

14. Cushny, "Biological Relations of Optically Isomeric Substances", 
W1lliams and Wilkins Co., Baltimore, 1926. 

15. Pasteur, 1., Compt. Rend.,~~ 535 (1848); Ann. Chim. Phys. [3], 

~~ 442 (1848) 

16. Pasteur, 1., Compt. Rend., ~' 176 (1852); ibid., ~' 162 (1853) 

17. Shriner and Adams, "Organic Chemistry - An Advanced Treatise'', edited 
by Gim:an, John Wiley an~ Sons, Nmv York, (1943) Chapter 4, p. 259. 

18. Linstead, R.P ... and Doering, W.E., J. lml. Chem. Soc.,_§!, 2005 (1942) 



106 

19. I~vine, J.C., MacDona1d, J.L • .A.., and Soutar, c.w. J. Chem. Soc., 107, 
337-51 (1915) 

20. C1ark, J., and Read, J., J. Chem. Soc., 1773-5 (1934) 

21. Marckwald, Vf., and McKenzie, A., Bar., 32, 2130-6 (1899) 

22. Henderson, G.M., and Rule, H.G., Nature, 1!!, 917 (1938); J. Chem. Soc. 
1568-73 (1939) 

23. Prelog, V., and Wie1and, P., Helv. Chim. Acta.,~~ 1127-34, (1944); 
Chem. Abs., ~~ 4328, (1945) 

24. Ma.rckwald, W., Ber., 37, 349-54 (1904) 

25. McKenzie, A., J. Chem. Soc., 85, 1249 (1904) 

26. Da.kin, H.D., J. Biol. Chem., ~~ 183 (1922) 

27. Pickard, R.H. and Litt1ebury, w.o., J. Chem. Soc., 91, 1973-81 (1907) 

28. Pickard, R.H. and Kenyoh, J., J. Chem. Soc., (1907-1914) 

29. Levene, P.A. and eo-workers, J. Biol. Chen., (1928-1937) 

30. Cohen, J.B., Marsha11, J., and Woodman, H.E., J. Chem. Soc., 107, 887-902, 
(1915) 

31. Levene, P.A., Me.rker and Rothen, J. Bio1. Chem., lOO, 589 (1933) 

32. Meth, Ber., 40, 695 (1907) 

33. Pickard, R.H. and Kenyon, J., J. Chem. Soc., ~~ 45-72 (1911) 

34. Pickard, R.H. and Kenyon, J., J. Chem. Soc., 101, 620-638 (1912) 

35. Pickard, R.H. and Kenyon, J ., J. Chem. Soc., 103, 1923-59 (1913) 

36. Fuller, A.T.,and Kenyon, J ., J. Chem. Soc., 125, 2304-16 (1924) 

37. Pao1ini, V., Gaz,z. Chim. Ital., 55, 804, 812, 818 (1925). 
Cham. Abs ., 20, 1397, 1398, 13'98, (1926) 

38. Pao1ini, V., and Divisia., L., Atti accad. Lincei, p1, ~~ (II), 
226-30, (1914) 

39. Fessler, W.A. and Shriner, R.L., J. Jun. Chem. Soc., 58, 1384-6 (1936) 

40. Phil1ips, J.,J.Chem. Soc. 123, ·44 (1923) 

41. Grun, A., Ber., g, 260-3 (1919) 



107 

42. Derx, H.G., Rec. Trav. Chim., !!1 312-43,(1922) 

43. Godchot, :M., and 11ousseron, :M., Co!npt. Rend., 198, 837-8, (1934) 

44. Godchot, M., Mousseron, M:., and Richaud; R., Compt. Rend., ~· 1233-5, 
(1934) 

45. Hano, Folia pharm. Japan, :3:]_, 315-23, (1939). Chem. Aba., 34, 2069,(1940) 

46. Ostromisslenski, I., Ber., 41, 3035-46, (1908) 

47. F..ruger, T.R., Ber., ~~ 1203-4, (1893) 

48. Bunvell, R.L., J. Am. Chem. Soc., 67 1 220, (1945) 

49. Frankland, P., and Price, T.S., J. Chem. Soc., 71, 253-75, (1897) 

50. Frankland, P., J. Chem. Soc., 22• 696, (1897) 

51. Marck:w-ald, W., and McKenzie, A., Ber., 34, 469-78, (1901) 

52. Pickard, R.H.,and Littlebury, W.o., J. Chem. Soc.,~, 467-70, (1906) 

53. Pickard, R.H.,and Littlebury, W.O., J. Chem. Soc.,89, 1254-7, (1906) 

54. l:S.scarelli, 1., Atti a.ccad. Lincei., ~~ (I), 43-7, (1916) 
Chem. Abs., ~~ 789, (l917) 

55. V~scarelli, 1., and Deliperi, D., Gazz. Chim. Ital., ~~ (I), 416-30, 
(1916). Chem. Abs., 1!• 1148, (1917) 

56. 1lcKenzie, A., and Luiz, E.M., J. Chem. Soc., 715-6, (1934) 

57. Findlay and Hickman, J. Chem. Soc.,~~ 905-11, (1907) 

58. Read, J., and Grubb, V{., J. Chem. Soc., 188-95, (1931) 

59. Read, J., and Grubb, W., J. Soc. Chem. Ind., g, 329T, (1932) 

60. Read, J., and Grubb, w., Brit. Pat. 397,212, Aug. 24, 1933. 
Chem. Abs., ~~ 784, (1934) 

61. Read, J., and Grubb, w., Ger. Pat. 600,983, Aug. 6, 1934. 
Chem. Abs., ~~ 3692, (1935) 

62. Read, J., and Grubb, w., J. Chem. Soc., 167-70, (1933) 

63. 

64. 

65. 

Bochman.,., l,'r ~ Cola, ·~~r., and Wilds, A.L., J • .Am. Chem. Soc., _62, 824-39 
(;.1, ...... , .w • .w., ~ 

(1940) 

Wilson, N.A.B., and Read, J., J. Chem. Soc., 1269-73, (1935) 

Knauf, A.Z., Shildeck, P.R., and Adans, R., J. A~. Chem. Soc., 56, 

2109-11, (1934) 



66. Read, J., Grubb, W., and Ma1colm, D., J. Chem. Soc. 170-3 (1933) 

67. C1ark, J., and~ Read, J., J. Chem. Soc., 1775 (1934) 

68. Barr~N, F., and Atkinson, R.G., J. Chem. Soc., 638-640 (1939) 

69. He1fer..zh, B., and Hi1tmann, R., Ber., 70, 308-13, 588 (1937) 

70. Barry, J.G.T., Private Communication, McGi11 University, Dept. of 
Chem. (1945) 

71. Sobotka, H., and Go1dborg, L., Biochem. J., ~~ 905, (1932) 

72. Windaus, A., Ber., 42, 238-46 (1909) 

73. Windaus, A., and Weinho1d, z.,Physio1. Chem., 126, 299 (1923) 

108 

74. Windaus, A., Weinho1d and K1anhardt, z. Physiol. Chem. 126, 299, 308 
(1923) 

74. Eisenlohr, F., and Meyer, G., Ber., 71, 1005, (1938) 

76. Eng1er and Vlohrle, Ber., 201 2201 (1887) 

77. Fuson, R.C., and Bull, B.A., Chem. Rev., ~~ 275-309 (1934) 

78. Vrnite, 1q.c., and Sweeney, T.R., U.S. Public Health Service, Public 
Health Repts., 60, 66 (1945) 

/ Cv'ast.,/, S.J. 
79. "F..aller, H.L., J. Am. Chem. Soc. 2]_, 2222-3 (1945) 

80. Ingo1d, E.R., and Ingo1d, C.K., J. Chem. Soc. 756-760 (1932) 

81. Burton, H., J. Chem. Soc., 1650-7 (1928) 

82.· Roberts, I., and Urey, H.C., J • .Am. Chem. Soc.,.§.!_, 2584-7 (1939) 

83. Po1a.nyi, M., and Szabo, A.L., Trans. Faraday Soc.,~~ 508-12 (1934) 

84. Harmnett, Physical-Organic Chemistry, McGraw Hill Book Co., New York, 
(1944) P• 356. 

85. Houben and Weyl, Die Methoden der Organischen Chemie, Zweiter Band, 
Spe~iellen Teil, s. 682-6 ~ 

.. 
86. Sudborough, J., and Thomas, w., Proc. Roy. Soc.,~~ 88, (1905) 

87. Sudborough, J., and' Thomas, W., J. Chem. Soc., 87, 1752-6 (1905) 

88. Timm, E~v. and Hinshelwood, C.N., J. Chem. Soc., 862-9 (1938) 



89. Ott,E., Ber., ~~ 2362 (1937) 

90. Andreicheva, M., Ann. Univ. Sofia, Facu1te phys. math., 28, No. 2, 
· 45-71 (1932) Chem. Abs., 27, 5622 (1933) 

91. Jaffreys, A~er. Chem. J., ~~ 14, (1899) 

92. Walden, P., Bar., 35, 2018-31, (1902) 

93. Hantzsch, A., Bar., ~~ 2573-2612 (1921) 

94. Norris and Sanders, Am. Chem. J., 25, 54 (1901) 

95. Gomberg, M., Ber., ~~ 2726-33 (1901) 

109 

96. Kehr.mann, F., and Wentzel, F., J. Am. Chem. Soc., 34, 3815-9 (1~01) 

97. Eantzsch, A., z. Physik. Chem., 61, 257-312 (1908) 

98. Hammett, L.P. and Deyrup, A.J., J. Am. Chem. Soc., 55, 1900-9 (1933) 

99. Yihitmore, F.C., J. Am. Chem. Soc.~~ 3274-83, (1932) 

100. Gleave, T.L., Hughes, E.D. and Ingold, C.K., J. Chem. Soc. 236-44 (1935) 

101. Arndt, F., and Eistert, B., Ber., 69B, 238-93 (1936) 

102. Kuhn R., and Albrecht, H., Bar.,~~ 1297 (1927) 

103. Shrinor, R.L. and Young, J., J. Am. Chem. Soc., 52, 3332-40 (1930) 

104. Wal1is, E.S. and Adams, F.H., J. Am. Chem. Soc., 55, 3838-51 (1933) 

105. Meyer and Bernha.uer, Mona.ts., 53-54, 721 (1929) 

106. Meerwein, H., Ber., ~~ 411-4, (1933) 

107. Croxa11, J., Sowa, F.J. and Nieuw1and·. J.A., J. Org. Chem. ~~ 253-9, 

(1937) 

108. Norris and Sturgis, J. Am. Chem. Soc.,~~ 1413-7 (1939) 

109. Simons, J.H. and Archer.-, S., J • .Am. Chem. Soc., 62, 1623-4 (1940) 

110. McKenna, J.F. and Sowa, F.J., J. J...m. Chem. Soc., ~~ 1204-5 (1937) 

111. Price, c.c. and Ciskowski, J.~., J. Am. Chem. Soc., 60, 2499-2502 (1938) 

112. Price, C.C., and Lund, M., J. Am. Chem. Soc.,~~ 3105, (1940) 

113. Burwe11, R.L., J. Am. Chem. Soc., ~~ 1032 (1942) 



114. P..arrison, P.W.B., Kenyon, J., and Shepherd, J.R., J. Chem. Soc. 
658-63 (1926) 

115. Levene, P.A., J. Biol. Chem., ~~ 684 (1933) 

110 

116. Rueggeberg, Vl.E.C., Weary~ Cook, Dawson and Mitchell, T.D.1:.R. 990; 

Project: A 11-1, Feb. 14, 1945, C.v;.s., Edgewood Arsenal. 

117. Rueggeberg, W.H.C., Cushny, 1.1.1. and Cook, W.A., J. Am. Chen. Soc. 

~· 191-2 (1946) 

118. Eastvrood, T .A. Private Communication, McGi11 Univ. Dept. of Chem. 

119. Bartlett, P.D. and Knox, L.E.,J. Am. Chom. Soc., 61, 3184-92 (1939) 

120. Bartlett, P.D. and Cohen, S.D., J. Am. Chem. Soc.~~ 1183-9 (1940) 

121. Adams, R., and Gilman, H., J. Am. Chem. Soc.,~~ 2716-20 (1915) 

122. Hess, K., and Stenzel, E., Ber., ~~ 981-9, (1935) 

123. Ward, A.:M., J. Chem. Soc. 2285-95 (1927) 

124. Hughes and -InEold, J. Chom. Soc., 244 (1935) 

125. Ogg and Polanyi, Trans. Faraday Soc.,~~ 604-20 (1935) 

126. Olson & Voge, J. Am. Chem. Soc., 56, 1690, (1934) 

127. He.mmett, Physical Organic Chemistry, l.:cGraw Hill Book Co., Nevf York, 

(1940) P• 171. 

128. Dinesmann, Compt. Rend., 1!!• 201, (1905) 

/ 129. Howard, J.W., J.A.c.s., 57, 2317-8, Cl935) 

130. Marvel, C.S., and McElvain, S.l.r., Organic Syntheses, Coll. Vol. I, 

2nd ed. P• 170 (1941) 

131. Gilrr.an, H., and Liu, C., Organic Syntheses,~~ 12 (1932): 

132. Nicolet, B.H., and Bender, J.A., Organic Syntheses, Call., Vol. I, 

2nd ed. p.410 (1941) 

133. Feig1, F., Manual of Spot Tests ,Academic Press Inc., New York (1943), 

P• 181 

134. Backmann, E., Ann.~~ 325, (1889) 

135. The Merck Index, Merck and Co., Inc., Rah~~y, N.J. (1940) 5th ed. P• 341. 



111 

136. Read, J., and Robertson, G.J., J. Chem. Soc., 2221 (1926) 

137. Wa1lach, o., Ann.,~~ 301, (1893) 

138. Tutin and KippinG, J. Chem. Soc.,~~ 65, (1904) 

139. Wa1lach, 0., Ann., 272, 104, (1892) 

140. Nevi1le and Pickard, J. Chem. Soc.,~~ 685, (1904) 

141. The Merck Index, Merck and Co. Inc., Rahway, N.J. (1940) 5th ed. P• 115. 

142. Reychler, M.A., Bull. Soc. Chim., ~], ~~ 120-8 (1898) 

143. Armstrong, H.E. and Lowry, T.M.,J. Chem. Soc. 81, 1440-62 (1902) 

144. Armstrong, H.E., and Lowry, T.M., J. Chem. Soc.,..!£!_, 754 (1912) 

145. The 1Ierck Index, Merck and Co. Inc., Rahvmy 1 N .J. (1940) 5th ed. p • 116. 

146. Noyes, W.A., Amer. Chem. J., ~~ 501, (1894) 

147. Leff1er and Ca1kins, Organic Syntheses,~' 52, 55, (1943) 

148. Wallach, o., Ann., 230, 225, (1885) 




