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CHAPTER I 

INTRODUCTION 

A .  Gene ral 

The purpo s e·of this re s ea rch was to devel op a so lvent ext ract ion 

me thod to re solve opt ical i s ome r s . E a r l i e r  wo rk2 5  done in this l a bora­

tory has indicated that part ial  reso lut ion had been obt a ined by u s ing 

D (+ ) - d i i s opropyl t a rt rate and water as the immi s c i ble  so lvent system .  

Further work done by the author ind icat es that this  method c an be used 

t o  pa rt ia l ly re s o lve racemic modificat ions . Before this method is  dis­

cus s ed in det a i l , a s ummary o f  the known methods of re s o l ut ion s hould 

be pre s ented . 

Many d i fferent methods have been u s ed in the res o l ut ion o f  

opt ica l ly active compounds . Before any of t hese methods a re des c r i bed , 

it would be advant ageous to cons id e r  the nature of racemic mod if ica­

t ions . In  1 8 1 5  Biot 1 found that cert a in o rganic compounds rot ated the 

pl ane of polarized l ight. In 1 8 5 8  �ekule2 o r iginated the fundament a l s  

o f  mode rn s tructural o rganic chem i s t ry. LeBe l 3 and van't Hof f4 con­

ce ived the concept of the tet rahed ra l carbon s imult aneous ly . They a l s o  

recogni zed that two type s of isomerism , opt i c a l  and geome t r ic a l , could 

re sult from this arrangement . Opt ical i s omeri sm i s  usual ly c aused by 

the att achment of four d ifferent atoms or·groups to one of the carbon 

atoms in the mol e cu l e . Geome t r i c a l  isome r i sm may be de s c ribed as  

1 
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different arrangement of groups around double bonds or in ring compounds. 

Usually the ring compounds are the only type of geometrical isomers 

which show optical activity . Geometrical isomerism may be illustrated 

as follows: 

( 1 ) 

cis trans 

( 2 ) 

cis trans 

Optical isomerism is often found in very complex structures, however 

examples of some simple molecules are as follows: 

COOH to I 
H- H HC-OH ( 3) 

I I 
HO-C-H 

�H3 
�20H 

(-)-lactic acid (+)-threose 

A number of different formulae are used to depict the orientation of the 

asymmetric atoms. The most common.ones are as follows: 

CH3 
I 

H-C-OH 

I 
H-C-Br 

l3 

erythro 

CH3 
I 

HO-C-H 

I 
H-C-Br 

I 
CH3 

threo 

Fisher projection formulae 

( 4 )  
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H 

( 5 ) 

Br 
H 

e rythro threo 

S awhorse formulae 

CH3 

H 

HO ( 6)  

e rythro threo 

Newman p roject ion formulae 

( 7 )  

threo e rythro 

F ly ing-wedge formu l ae 

Mo l e cu l e s  of most subst ances a re opt ic a l ly act ive if they a re dis-

symetric. However ,  the subst ance in bu lk may not be opt ical ly act ive 

becaus e it may be cons t ituted of equa l numbe rs of dext rorot atory ( + )  and 

levorot atory ( - )  mo lecules s o  that the ave rage rotat ion i s  z e ro . - An 

a s s embly s uch as  this is c a l led a racemic mod if icat ion . 

E l ie l 5 g ives a comp lete s ummary of format ion o f  racemic modif ica-

t ions . The mo st import ant methods a re by synthe s is , racemizat ion , epimeri-

z at ion , mut arot at ion, and a symme t r i c  t rans fo rmat ions . 
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The d i f f icul t ie s  encounte red in the resolut ion of racemic modi-

f icat ions may be envis ioned by cons ide ring the i r  phys i c a l  and chemical 

p rope rt ie s . In the gas eous and l iquid s t ate , an ide al mixt ure is mos t  

often obt a ined . Tho le 6 
showed that s ign ificant deviat ions f rom ide a l ity 

could occur in l iquids capable of .hyd rogen bond ing . The so l id s t ate is 

not s ubject to ide a l ity .
7 

Intercryst a l l ine forces between mo lecules a re 

highly spec i f ic and s en s it ive to even minor change s in geome t ry .  The 

fol lowing three cases  may arise for the sol id s t ate: 

a .  Racemic mixture s . I f  the unit cel l o r  the mac ro s cop ic c ry s t a l  

cons i s t s  of e ithe r t h e  (+) or (-) form alone , t h i s  a rrangement is  c a l l ed 

a racemic mixture . Thus equal numbe rs of ( + )  and ( - )  c rys ta l s  a re formed. 

The X- ray and inf ra red s pect ra are s imi l a r  t o  the pure enant iome rs ; how-

ever the me l t ing point is l owe r. 

b .  Racemic compounds .  I f  the unit ce l l  cont ains equal numbe rs 

of the (+) and ( - )  fo rms, this a rrangement is  refe rred to as a racemic 

compound . Again the phys ical prope rt ie s dif f e r  f rom that of the pure 

enant iome rs . 

c .  Racemic s o l id s o lution s . I f  a random a rrangement of mo lecules 

occur, the res u l t ing compound s hows nea r  idea l  behavio r . This  ar range­

ment is referred to as a racemic s o l id s o lution . The phys ical prope rties 

of t he s o l ut ion a re the s ame a s  those of the pure enant iome r s  • 

. A f f in ity for l ike or unl ike mo le cules is be l ieved to be the caus e 

for the format ion of the three different type crysta l s . 
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B .  Methods of Resolution 

1 .  Mechanical 

The first resolution of a racemic modification was achieved by 

Louis Pasteur in 1 848
8 

in his famed experiment whereby he picked apart 

the two kinds of crystals of the sodium ammonium salt of racemic tar­

taric acid. It is fortunate that this salt is a racemic mixture, for 

racemic compounds or racemic solid solutions cannot be resolved by this 

method. 

2. Diastereoisomers 

A more useful method which was also developed by Pasteur is that 

of formation of diastereoisomers. An example would be a dl-acid 

neutralized with a dextrorotatory (d) base. The two salts formed are 

diastereoisomers which have different physical properties. The salts 

are usually purified by fractional crystallization. This method is 

limited by the fact that racemic modifications readily form reaction 

products with only a limited number of available resolving agents .  More­

over, only one of the pure enantiomers can be obtained by this method as 

the other one is left in the mother liquor. 

3. Complexes 

Complexes formed by treating a dl-pair with dissymmetric reagent 

often offers a method for resolution. The complex may be thought of as 

being a mixture of two diastereoisomers. One form of the diastereo­

isomer can usually be made to precipitate. A pure enantiomer of the 
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original  dl -p a i r  can be obt a ined by decompos it ion , chromatog raphy , o r  

chem ic a l  t reatment of t h e  comp l ex. 

The c l athrate or inc lus ion compl exes are s im i l a r. The comp lex 

is  formed by c rys t a l l i z ing a compound that forms a hole  wh ich anothe r 

component can occupy if it is  of suit able s hape . Desoxycho l ic acid has 

9 
been used t o  reso lve campho r. Anothe r examp le is that of t ri-E-

thymot ide c ryst al l ized f rom 2- bromobut ane .
1 0  

Tri�-thymot ide exis t s  as  

the d l- form .  After c ryst a l l i z ing f rom the solvent , it is  fo und that 

one enant iome r of 2- bromobut ane is p re s ent in one form of the thymot ide . 

( 8 )  

Tri-�-thymot ide 

Urea is not an asymmet ric mol e cule ; howeve r it c rys tal l iz e s  in 

s p i r a l - shaped asymmetric c ryst a l s . As a res u lt, 2-chlorooct ane has 

been reso lved by preferent i a l ly f itt ing into the l att ice of urea .
11 

The hemihedric urea cryst a l  must be induced by ino cu l at ing with the pre-

ferred s eed . 

4 .  B iological  

Pa s teur dis cove red that when the microorganism penic i l l ium 

g l aucum i s  g rown in a d i l ute s o l ut ion of nut rient s a l t s  c ont a ining 

racemic t a rt aric ac id, the o rig ina l ly opt ica l ly inactive s o l ut ion 
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slowly acquired a levorotatory character. Natural d-tartaric acid is 

consumed by the microorganism faster than the 1-form. Many. other in-

stances are known where microorganisms show a preference for one form 

of a dl-pair. 

5. Chromatography 

Chromatography has been used as a method of resolution. Diastereo-

isomeric adsorbates are formed. If column chromatography is employed, 

one technique involves the use of optically active substrates. The reso-

lution of p-phenylene-bis-iminocamphor has been reported to have been 

resolved on a lactose column. This method is sometimes used to determine 

whether a compound is a dl-pair or an inactive species. After chroma-

tographing, if the eluent shows activity, the material is a dl-pair. 

However, this method fails for some species. Sometimes an inactive sub-

strate can be treated with an active compound to induce resolution. 

13 
Paper chromatography has also been used. Both types of resolution 

are effected by·the difference in solubilities of the two diastereo-

isomers in the optically active substrate. In mor� recent years gas-

liquid chromatography has �en used. Partial resolution-of 2-butanol 

has been obtained on a stationary phase of (-) ethyl tartrate. 14 

Dialysis through an optically active membrane has been used to 

1 . . "d 
15 

resolve the d -pa�r of tartar�c ac� . 

6. Crystallization 

Crystallization from an optically active solvent has been used to 

resolve 2,3-dibromobutane-1,4-diol;
20 

(+)-diisopropyl tartrate was used 

as the solvent. 
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A theo ret ic al dis cuss ion of this method is given by Seco r .
24 

The 

author employs the phys ical app roach, and der ives phase diagrams ind i­

cat ing that resolut ions  can be obt a ined f rom both bina ry and ternary 

sys t ems . He al so suggests  that resolut ion by c ryst all iz a t ion f rom a 

bina ry system may be the mos t  convenie�t and pract ical method of separa­

t ion . A supers aturated s olut ion i s  needed; however t he c rystall i z at ion 

may be carried out i sotherma lly or by cool ing . A s eed c ryst al of the 

des i red isome r i s  used to induce c ry s t all i� at ion . Te rnary s ystems in­

volye e s s entially the s ame technique . The s olvent is s aturated with 

the racemic modif icat ion at an.e l evated t empe rature . The solut ion i s  

then cooled, and a s eed cryst al of the d e s ired isome r is added . 

The c ryst all izat ion p rocedure for res olut ion i s  easy to apply ; 

howeve r  the s eparat ion for a s ingle c ry s t all ization is  usually f a r  f rom 

complete . Repeated crystall izat ions, usually by alternat ing the removal 

of the d and 1 i s omer s, may g ive complete s eparat ion . 

No gene ral theo ry has been fully.developed, a�d as a re sult it 

is  not yet p o s s ible to p redict whethe r  the resolution of a g iven racemic 

mod if icat ion can be achieved by this method . 

7 .  Solvent Extract ion 

Prel imina ry dat a f rom this invest igat ion ind icate that dl -pairs 

may be p a rt i ally r e so lved by solvent ext ract ion . An optically act ive 

solvent, D(+ )-d i i s opropyl t art rate, and wat e r  have been used to part ially 

resolve dl-2,3-d ibromobut ane- 1,4-diol, dl-phenylephrine, dl-campho ric 

ac id , and dl- bi s -4-pyridylglycol . This the s i s  eluc idates the te chnique s  

us ed . 



C. Other Methods of Obtaining Optically Active Compounds 

1 .  As ymmetric Transformations 

9 

A number of asymmetric transformations are known . Mutarotating 

sugars illustrate a good example of this technique. In solution glucose· 

is present in an equilibrium mixture of the a and � forms. The position 

of equilibrium depends on the solvent. Crystallization of the least 

soluble form will occur from a concentrated solution. The concentra-

-tion of the sugar remaining in solution is changed from its equilib-

rium value, which results in formation of more of the least soluble 

species, which in turn continues to crys tallize. Essentially a pure 

sample of either form may be obtained, depending on the solvent. 

Epimerization may be induced by controlling the pH. Phenylchloro-

acetic acid may be partially resolved in a basic medium. 

bas e 

dl 

5 7% 1 
43% d 

( 9 )  

The equilibrium mixture contains 5 7  per cent ester of the (-) acid and 43 

. 1 6  
per cent ester of the ( +) ac1d. 
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Kinetic asymmetric transformation may be explained by differences 

in the transition state since diastereoisom�rs usually differ in free 

energy of the transition state. The reaction of cis and trans-1,2-cyclo­

pentanediol with lead tetraacetate illustrates this point.
17 

The cis 

isomer reacts 3000 times as fast as the � compound. An application 

using this principle is the reaction between (±)-menthol and (!)-

mandelic acid. If only one form of the racemic alcohol is used, resolu-

tion can be obtained. Thus �-)-menthol can form only two diastereo-

isomers with racemic acid, and data indicate that the (+) (-) isomer 

predominates. Separation of the resulting mixture yields a material 

enriched in (+)-mandelic acid. 

Asymmetric synthesis may also be used to advantage. The syntheses 

of sugars offer good illustrations. Gluconotrile and mannononitrile 

synthesized from (+)-arabinose may be illustrated as follows: 

IN 
HO-�-H 

H-�-OH 

HO-C-H 

HO-J-H 

I 
CH20H 

Gluconitrile 

(minor) 

HCN 

100 
H-�-OH 

HO-C-H 
I 

HO-C-H 
I 

CH20H 

(+)-arabinose 

HCN ) 

Mannononitrile 

(major) 

(10) 

A consideration of what happens in �n asymmetric synthesis shows that 

an asymmetric center introduced in a molecule containing one or more 

asymmetric centers may form a pair of diastereoisomers. 
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In the reduction of (� )-benzoin , the majo r product at low temp era-

tures is the me s o  fo rm and even at highe r tempe rature s the p roduct is 

s till  a 60:40 mixture in favor of the inactive compound. 1 8  Crams ru l e  

predicts this p roduct. 

HO 
HO 

HO H 

Reduce ( 11) 

benzoin me s o-hydro benzoin 

Optica l ly active compounds can be made f rom inactive s tarting 

mat e ria l s  by the kinetic induction method . Using t his t echnique , (-) -

mande lic acid wa s prepared by t he reduction of (-) -menthyl phenyl-

19 
g lyoxylat e .  

A lHg 

( -) product 

p redominat e s  

2. P refe rred Transition S tat es 

( 1 2 ) 

Pre fe r red t ransition s tates often l ead to asymmet ric synthe sis . 

I n  the Mee rwein-Ponndo rf reductions , the preferred t ransition s tat e is 

that in wh ich the two largest groups are on opposite sides of t he p l ane 

of the ring . A symmet ric Grigna rd reductions may be rationalized on 
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s imilar reasoning. P referred Meerwe in-Ponndo rf and Grignard t rans it ion 

s t ates would be as  follows: 

( 1 3 )  

3 .  Synthes is 

Compound s having wea�ly react ive funct ional g roup s  us ually c annot 

be resolved. Synthe s is us ing opt ically act ive s t a rt ing material s  are 

gene rally the methods us ed t o  obt a in the des i red compounds. 



CHAPTER II 

DISCUSSION 

A. Theory of Resolution 

Since Pasteur8 demonstrated that dl-transformations can be re-

solved, much research has been done to perfect the methods used. Many 

techniques that yield partial to complete separation have been developed. 

This thesis essentially describes another method of resolution. 

For many years after Pasteur's work, many workers believed that 

the concentration of the d and 1 form were the same in any solvent. 

Work done in recent years indicate that this is not true for all dl-

transformations. Luttringhaus20 has clearly shown that the d and 1 forms 

of 2 ,3-dibromobutane-1 ,4-diol are not equally soluble in an optically 

active solvent. Secor24 gives illustrations whereby the solubility of 

the two forms of certain dl-transformations can be made to differ in 

supersaturated solutions. 

Work done in this laboratory indicates that the d and 1 forms of 

some dl-transformations indeed differ in their solubilities in an optically 

active solvent. The technique used by the author differs considerably 

from any method reported in the literature. Crystallization.from super-

saturated solutions induced by seeding is the general method which has 

. 1 b d . h 
20 

h f. 1 . prev�ous y een use . Luttr�ng aus was t e �rst to report reso ut�on 

by crystallization from an optically active.solvent without seeding. 

13 
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Solvent extraction was used by the author. 

To explain the difference in solubility of the d and 1 form, one 

can visualize a number of rationalizations. One method may be that of a 

2 6  
three point attachment between the solute and solvent. Consider a 

simple optically active solvent molecule. Now consider a simple dl-

transformation dissolved in the solvent . 

, 

, 

.I 

R3'/
c

\2. 

(Solvent) D-diisopropyl tartrate 

d-solute 1-solute 

(14) 

Let us now assume that the groups on the solute molecule (Rl, R2, and 

R3) are in some manner (ionic,hydrogen bonding, dipole-dipole, etc.) 

preferentially attracted to the corres ponding groups (Rl', R2', R3' in 

that order) on the solvent molecule. Now there is only one spacial 

orientation whereby the three groups of the solvent molecule can come 

in contact with the corresponding three groups of the solute. Only one 

form of the solute will have the right configuration for this attachment. 
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Structure 1 5  shows one way that a solute molecule and a solvent molecule 

( 1 5 )  

can interact if the two molecules have the required orientation with re-

spect to each other. 

One can carry this approach further by assuming that only·two 

sites on each molecule are necessary for interaction. The third pair 

of sites will then have no interaction if there is no repulsion between 

the groups or if no steric effects are encountered. 

Thus one can see that interaction between solute and solvent mole-

cules may effect the solubility of a dl-pair in an optically active sol-

vent. If the interaction is s trong enough, this investigation indicates 

that partial resolution of the dl-pair can be effected by using solvent 

extraction methods. 

For simple dl-transformations, where the actual conformations may 

be known, it might be possible to predict which form of the dl-pair 

would be the most soluble in the solvent. However, in more complex 

sys tems where the actual s pacial arrangement is unknown, no predictions 

can be made . To elucidate this point, in the four systems studied by 

the author, three of the !-isomers were the more soluble in the optically 

active solvent; the d-isomer was more soluble in the other system. 

D-Diisopropyl tartrate would appear to be a good solvent where 

hydrogen bonding between solute and solvent may occur. Preferential 
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interaction between the solute form having the more favorable three point 

orientation as a result of hydrogen bonding with the tartrate molecule 

would result in a difference in solubilities of the enantiomers in the 

ester. If an initial quantity of the optically active solvent is satu­

rated with a dl-pair, and then an equal volume of water is added, two 

phases will result. If the mixture is shaken until equilibrium is 

attained and then the phases separated , the ester phase will be more 

concentrated in one form of the dl-solute. That form of the solute 

having the least attraction for the solvent molecules will be concen­

trated in the water phase. If a suitable method is available for isolat­

ing the material from each phase, one may obtain samples enriched in the 

respective isomers. 

B. Results 

1. D-Diisopropyl Tartrate 

The solvent used for all the resolutions attempted was D-diiso­

propyl tartrate. The material was synthesized as needed. Ten runs were 

made during the course of this investigation. The procedure given in 

the literature was found to be inadequate. Knowing that the formation 

of the ester from the acid is reversible in presence of water, an in­

creased yield was obtained on each run by distilling the water formed in 

the initial reaction. Additional pure isopropanol was then added to the 

mixture, and the reaction was allowed to continue. This method increased 

the yield from 80 per cent to above 90 per cent. 
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·Erratic yields (or·none at all) were obtained until it was found 

that the ester decomposed in the presence of atmospheric oxygen at temp­

eratures required for distillation. Complete decomposition was found to 

occur if the distillation was carried out at temperatures greater than 

15 0° . The results from experiments shown in Table I illustrate the 

effects of oxygen on distillation . As further proof that oxygen has a 

detrimental effect on yield, one reaction mixture was divided into two 

equal portions after the excess isopropanol and water was distilled from 

the final reaction mixture. The distillation of the product was carried 

out using atmospheric oxygen as the ebulliting gas with one sample and 

dry nitrogen with the other. A 43 per cent increase in product yield 

was obtained from the nitrogen distillation compared to the one where 

oxygen was used. See Table I .  

Steam bath temperature was found not to be high enough to effect 

the ester formation from the acid in good yield .  A heating mantle was 

used to obtain satisfactory refluxing temperature. Yields from the re­

action heated by a steam bath was only 30 per cent of those obtained by 

using a heating mantle . See Table I .  Preparations reported in the 

literature were made by using a steam bath to effect the ester formation. 

Physical constants reported in the literature are as follows: 

[a]0 = 16. 5 0° 

Refractive index = 1. 4368. 

The physical constants on the material made using the above described 

modifications are as follows: 



Tartaric Acid 
Date Run Used 

Made (g.) 

1/29/64 900 
2/18/64 1000 
2/26/64 600 
3/3/64 1200 
4/1/64 7 00 
4/24/64 800 
After distilling off water 
Split into 2 equal parts 
5 /25 /64 7 00 
6/26/64 7 00 
8/8/64 7 00 
9/2/64 7 00 

TABLE I 

SUMMARY OF D- (+)-DII SOPROPYL TARTRATE RUNS MADE 

Yield Ebulliting Heating Method Refractive 

(g.) Gas Used [a]p Index 

7 60 None Heating Mantle 18. 00 1. 43 68 
0. 0 Air Heating Mantle 
o.o Air Heating Mantle 

105 Air Heating Mantle 18. 00 1. 43 68 
130 Air Heating Mantle 18. 00 1. 43 64 

17 5 Air Heating Mantle 18. 00 1. 43 7 0  
250 Nitrogen Heating Mantle 20. 00 1. 43 7 2  
200 Nitrogen Steam Bath 20. 00 1. 43 68 
65 0 Nitrogen Heating Mantle 20. 00 1. 43 7 0  
650 Nitrogen Heating Mantle 20. 00 1.43 7 2  
600 Nitrogen Heating Mantle 20.00 1. 43 7 2  

I nf r are d 

Checked authentic sample 

Checked authentic sample 
Checked authentic sample 

Checked authentic sample 
Checked authentic sample 
Checked authentic sample 
Checked authentic sample 
Checked authentic sample 
Checked authentic sample 

...... 
00 



[a]n = 20. 00° 

Re fr act ive index = 1. 437 2. 

In summa ry it can be s a id that th is modifi ed p rocedure g ive s a 

g reat er y ie l d  and bet ter qual ity product . 

2 .  d l- B i s-4-pyridylg lyco l 
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The p rep a rat ion of d l - b is -pyr idy lg lyco l  was c a rried out a s  de­

scribed in the expe riment al s ect ion . The synthe s is of the compound wa s 

f ound to be f a i rly easy , howeve r  two run s we re made to obt a in enough 

mat e r i a l  for the des i red experiment s. The highe r me l t ing ��- i some r 

was s ep ar at ed f rom the d l -p a i r  by repeat ed recrysta l l izat ions f rom a 

water-met hano l mixture (5 0:50) unt i l  a p roduct having a cons t ant me lt ­

ing point o f  169° was obt a ine d . Three rec ryst a l l i z at ions we re done on 

e ach run , the p roduct s obt a ined f rom the two runs we re comb ined, and re­

c ryst a l l i z ed aga in . 

The be st method found for the p a rt ial res o l ut ion of the d l -pair 

wa s t hat of  d i s s o lving 4 . 2  g .  o f the glycol in 90 m l . of p reequil ibrated 

d i i s opropyl t a rt r ate fo l l owed by adding the s ame quant ity of pre­

equil ibrated wat e r  and then shaking the mixture for 5 hours . The pha s e s  

we re sep arated , and the bis -4-pyr idy l g lycol obt a ined f rom e ach pha s e  by 

remova l of the ester unde r vacuum .  

I t  was found that the g l ycol was not read i ly s o l uble in the init ia l 

p reeq u i l ibrated e s t e r . Heat ing t he e s t e r  to 40° and then s aturat ing with 

glycol proved to be s at is f actory . I f  the e s t er was heated above 40° and 

then s at urated with t he s amp l e , p recip it a t ion occurred upon cool ing . 
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Freeing the dl-bis -4-pyr idylglycol f rom the diisop ropyl t a rtrate 

proved to be harder than ant ic ipated . Extens ive decompo s it ion of the 

g l ycol occurred if the.di s t i l l at ion t empe rature was greater than 1 50 ° . 

At norma l ope rat ing condit ion s , ve ry l itt le e s t e r  cou l d  be removed at 

this  t empe rat ure . Howeve r ,  by obt a in ing a vacuum of 0.2 5 mm . ,  the 

e s t e r  cou ld be s l owly d i s t i lled . Wrapping a l l  the expo sed surf ace of 

the d i s t i l l at ion f l ask with a.heat ing t ape and app ly ing just enough 

vol t age to mainta in d ist i l l at ion tempe rature throughout the f l a s k  a l s o  

he l ped . 

After obt a in ing tne crude g lycol f rom both pha s e s  in t his manne r ,  

p ur i f ic at ion wa s carr ied out by repeat ed recrysta l l izat ions f rom·a 

water-met hano l mixture ( 50 : 50) unt il a product hav ing a const ant me l t ­

ing po int o f  1 69 °  w a s  obt ained . I nf r ared data was then obt a ined to 

be c� rt a in no e s t e r  remained in t he s amp l e . The st rong c a r bonyl ab­

sorpt ion at 5.9 f is  capable of ind ic at ing concentrat ions o f  l e s s  than 

0 . 5 pe r cent ester . A l l  ana l yt ic a l  data showed that s amp l e s  pur i f ied 

by us ing th is p rocedure we re f ree f rom e s te r  cont am in at ion; howeve r 

the s ampl e  obt a ined f rom tne e s t e r  phase··at this  po int was high ly 

co lored. 

Opt ical ro tat ions we re obt aine d on port ions of s amples  co l l e cted 

·f rom the e s te r and wa ter pha s es . The mat e r i a l  obt ained f rom the e s t e r  

pha s e  gave s uch a highly colore d  s o l ut ion that the rota t ion v a l ue s  we re 

que s t ionabl e . 

The remainder of t he s amp les we re recrysta l l i z ed . Charcoa l  wa s 

added to the s amp le o bt ained from t he e s ter pha s e  to remove·the co lor . 



Opt ical rot at ions we re then obt a ined aga in on the s amples . I t  was 
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demonst rated that the v a l ue s  we re in c l ose agreement with the· f i rst set . 

The procedure used t o  obt ain rot at ions was that of z e ro ing the 

p o l a r imet e r  with a bl ank of d l - r a cemate. The unknown was·then an alyzed 

us ing t he s ame s amp le s iz e  as was used for the bl ank . Ten read ings 

we re t aken on e ach s amp le and the s e  values ave raged . The rot ations in 

gl aci a l  acetic acid were as fol lows : 

[a]n = +6 . 1 7 °  fo r the mat e�ial  iso lated from e st e r  pha se 

[a]0 = -34 . 7 5 °  fo r the mat e r i a l  i s o l ated f rom the wat e r  phas e. 

The reso l ut ions we re ca l cu l ated as fol l ows: 

1 X � 
v 

[a]n = s pe c i f i c  rotat ion = 88 . 5 0 °  in acet ic acid 

a = obse rved rot at ion 

1 = length of cel l in de c imeters 

g = g r ams of s amp l e  

v = vo l ume o f  so lvent . 

After obt a in ing a f rom the opt ic a l  r e ad ings , the observed rot at ion wa s 

c a l c u l ated fo r the same s iz e  s amp le of the pu re isomer. It f o ll ows that 

O bs e rved rot at ion of unknown s ample 
C a l cu l ated rotat ion of pure isome r x 1 00 = % res o l ut ion 

The ca l c u l a t ions fo r the experiment s we re a s  fo l lows: 

a .  S amp le i s o l a ted f rom wate r phase: 

a = - 1 . 38 5 ° from me asu rement by d i s s o lving 0 . 1 0 0  g. in 5 . 0  ml . 

acet ic a c id us ing a 2 . 0  de cimeter ce l l .  
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Cal cul ated a for an equiva lent concent ration of the pure isome r: 

88 . 5 0 °  = 

2 X 

a 

0.1 0 0  
5 . 0 

a = - 3 . 540 . 

Per cent re s o l ution obt ained f rom one ext raction for wate r  pha se: 

- 1 . 38 
- 3 . 540 

X 1 00 = 39 . 1 0% . 

b. S amp le iso l ated f rom e ster pha s e: 

a = + 0 . 212 ° f rom measurement by dis s o l ving 0.085 g .  in 5 . 0  ml . 

acetic acid and using a 2.0 decimete r ce l l .  

C a l c u l ated a for the pure isome r: 

88 . 5 0 °  = 
2 X 

a 

0 . 085 
5.0 

a � + 3 . 0 1 .  

Per cent re s o lution obt ained f rom one ext raction for e st e r  pha s e : 

0 . 2 12 
3 . 01 

= 7 . 05% • 

The s o lubi lity of d l - bis -4-pyridylg lycol wa s found to be 6 . 5 per 

cent by weight in the preequi librated ester and 2 . 2  per cent by weight 

in p reequilibrated wate r . From the s e  dat a one would expe ct that the 

res o l ution obt ained f rom the materi a l  re cove red f rom the water phase  

would be  three t ime s that obt ained from t he e s t e r  phase . From the above 

data , the ratio is 5.54:1 , which is fairly c l ose to the e stimated value . 

Only if t he mixture behaved as an ideal s o l ution would the c a l cu l ated 

r atio s be obt ained. 
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3 .  d l -Camphoric Acid 

This compound was obtained f rom K and K Labo ratorie s , I nc . 

The be s t  procedure found for the p artia l res o l ution of the d l -

pair w a s  that of dis so lving 6 g .  o f  the acid in 1 00 ml . of preequilibrated 

diisqp ropyl t a rt rate fol lowed by addition of the s ame quantity of pre ­

equilibrated water , and then shaking the mixture f o r  5 hours . The pha s e s  

were separated , and mos t of the wate r  dis til led from the water phase 

samp l e. ( The volumes o f  water in both s amp le s  was he l d  con s t ant to 1 0  

ml . throughout the purificat ion s tep t o  avoid exces sive l o s s  of t he d l ­

c amphoric acid . )  Sodium bicarbonate w a s  then added to each s amp le to 

form the s a lt . The s alt  was f reed f rom the e s t e r  by extracting with 

chloroform. The s a lt wa s then converted to the f ree acid by the addi­

tion of di lut e  s u l f uric acid . The f ree acid f rom both s amp l e s  was col­

l ect ed by vacuum fi lt ration . Each s amp le was washed with dis ti l l ed 

water . Infrared data and a me lting point of 202 ° indicated that both 

s amp l e s  we re pure . Since it ·was impos sib le to tol erate even a few milli­

grams of the diisopropyl t a rt rate in the material , the s odium s a l t s  of 

the two acid s amp le s  we re again p repared and the me thod repe ated. 

This method of obtaining the campho ric acid f rom e ach pha s e  wa s 

found to be s uperior to that o f  removal of the e s t e r  cont aminant by dis ­

til l ation . 

Optical rot ations we re t aken in acetone using a 2 . 0  decimeter ce l l . 

The solubility of the d l- c amphoric acid was s o  much greate r in the e s t e r  

pha s e  that ext reme dif ficulties we re encountered in obt aining enough 
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pur i f ied samp le for anal y s i s  f rom the water phase f rom a s ing le ext rac­

t ion . For this reason three ext ract ions were car r ied out on the este r  

phase us ing f resh preequi l ibrated water for each ext ract ion . Suf f ic ient 

samp le wa s obta ined by combining t he three wate r ext ract s .  

The rotat ions in acetone we re as fo l l ows: 

[a] D = -0. 209°fo r the ester phase sample 

�]n = +0 . 209°for t he combined water phases . 

These va lues were smal ler than expect ed , ba sed on p rev ious ly stud ied 

systems . However two addit ional exper iment s gave es sent ial ly·t he.same 

res ult s .  

I t  wa s de cided to do a mu l t ip le ext ract ion experiment in hopes of 

obtaining la rger rotat ion va l ues. Two expe riment s we re ca rr ied out; 

t he f irst invo lved 12 extract ions of t he ester phase by chang ing the 

p reequil ibrated wate r phase each t ime , and the second invo lved 33 ext rac­

t ions by aga in us ing f resh p reequ i l ib rated wate r f or each ext ract ion . 

The samp les were co llected and purif ied as des c ribed above. 

The s pecific rotat ions were cal cu lated al ong with the pe r cent reso l u­

t ion. The d i s cu s s ion section of dl-b is -4-py ridylglyco l outl ines t he 

method used to ca l culate these va l ues. S ince a numbe r of ext ract ions 

wa s carried out w ith t his sys tem , it was dec ided to �al cu late a separa­

t ion factor . This factor wa s de r ived as fal l ows: 

Cn = Concent rat ion of D form 

Wn = We ight of D form 

K = Part ition coef f i c ient 

V = Vo lume 
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MW = Mo lecu l a r  weight . 

en ( org . )  

en ( aq . )  
= Kn 

Wn ( org . )  
MW x V ( or� . 5 

WD � aq .� 
= Kn 

MW x V ( aq . ) 

v ( o rg . ) = V ( aq . ) 

Wn ( org . ) 

( aq. ) 
:::1 Kn Wn 

Let 

Wo = O riginal tot a l  weight of D form 

Wn1 
= Weight of D form remaining in e s t e r  pha s e  a fte r first ext rac-

tion 

Wn - Wn1 
= Weight of D form extracted into aqueous phase . 

Then 

Wn l = Kn Wn - Wn l 

Wn1 
= Kn Wn - Kn Wnl 

Wn l 
(1 + Kn ) = Kn Wn 

Kn 
Wn Wn1 

= 
1 + Kn 

for two ext ractions 

Wn2 = Kn Wn l 
- Wn2 

Wn2 = Kn Wn l - Kn Wn2 

Wn2 ( 1 + Kn ) = Kn Wn l 
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Wn2 = 

Kn WDl 
1 + Kn 

and f rom the above 

Wn1 = 
Kn Wn 
1 + Kn 

( 
Kn 

) 2 Wn WD2 = 1 + Kn 
f o r  n ext ract ions 

(; 1 
Kn y Wnn = + Kn Wn 

S imi l ar ly for the L-form: 

WLn = ( 1 
K f +

L
KL 

W L 

( 1 
KD ) n 

Wnn + Kn = s
n 

= ( 1 KL T WLn + KL 

s ince 

Wn = WL . 

Now the sepa rat ion f actor (S) can be rel ated to the re s o l ut ion a s  

fo l l ows : 

In a p art ially res olved s ample of mass m let g be the excess  of 

one form .  

m -. g = ma s s  racemic 

m - g 
2 

m - g 
2 

= ma s s  L ( rae . )  = mas s D ( r ae.) 

+ g = tot a l  mas s of the form in exce s s  

m - g + 2g 
2 = 

m + g 
2 

m - g 
2 

= tot a l  ma s s  of the ot her fo rm. 



Now s o lving fo r g and m f rom the equation 

[a]n = 
a ( observed )  

_L X 1 
v 

g = a ( observed) v 

1 [a] D 

(a]n = a ( ca l cu l ated) 

�X 1 

m = 

F rom above 

s = 

s = 

v 

a ( ca l cu l ated) v 
1 a. D 

m + I 
2v m 

= 
m - g m 

2v 

+ g 
- .g 

a ( ca l c u l ated) X V 
1 

a ( obs erved )  
+ 

1 
X V  

= --------��--------------------.. �----------
[a.]n [a.]p 

= 

= 

s = 

s = 

a. (calculated) XV a ( ob s e rved )  
1 [a] 

a ( ca l cul ated) + a. ( observed) 
a ( c alcul ated )  - a ( observed )  

a ( observe d )  
1 + a ( c alculated)  = 

1 -
a ( o bserved) 
Cl ( ca l c u l ated) 

a ( obs e rved) 
1 00 + a ( ca l cu l ated ) 

1 00 - Cl ( obse rved )  
Cl ( ca l cu l ated) 

1 00 + % re s o lution 
1 0 0  - % res o lution 

s 

X 100 

X 100 

1 [a.Jn 
X V 

2 7  

The s ep a ration factor ( S) fo r the camphoric acid system was c a l -

cul at ed f rom the expe riment invo lving 33  ext ractions . 



83 3  = 

83 3  = 

100 + 1. 66 
.100 - 1. 66 

101 . 66 
98. 34 

s = 1 . 001 . 

Calculating the per cent resolution for 3 extractions: 

lOO + X = (1. 001)
3 = 1. 003 

100 - X 

100 + X  = 100. 3 - 1. 00 3X 

2 . 003X = 0. 3 

X =  0.15 per cent calculated resolution . 

Calculating the per cent resolution for 12 extractions: 

100 + X 
100 - X 

= 1. 012 

100 + X = 101. 2 - 1 . 012 X 

2. 012X = 1 . 2  

X = 0. 60 per cent calculated resolution . 

Table II lists the data obtained from the extractions carried 
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out on this system. Although the values are small, these data indicate 

that there is a steady increase in resolution as the extractions in-

crease. 

During the time these experiments were being carried out , the 

procedure for obtaining the optical values was changed. Earlier rota-

tions were obtained by using a J. and J. Fric-Praha polarimeter with a 

2. 0 decimeter cell. Extreme difficulties were encountered in reproducing 

small readings until a generalized procedure was developed. It was found 

that small readings could be reproduced if the following procedure was 

followed: 
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TABLE I I  

DATA O N  DL-CAMPHORIC ACID EXTRACTI ONS 

Pha s e  f rom [u] D 
27 

Res o l ut ion 
Which S amp l e  in No . of Observed C a l cu l ated from 

O bt ained Acetone Ext ract ions Re solut ion S e2a rat ion Factor 

Ester - 0 . 209° 3 0 . 42% 0 . 1 5% 

Combined wate r  + 0 . 209° 3 0 . 42% 

E s ter - 0 . 418° 12 0.84% 0 .  60% 

Combined wate r  + 0 . 209° 1 2  0 . 42% 

Ester - 0 . 8 3 6° . 33  1 . 66% 1 . 6 6% 
a 

Combined wat e r  + 0 .  209° 33 0 . 42% 

8As s umed co rrect . 
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The zero p o int wa s e s t abl ished by f i l l ing the ce l l  with the s ame 

concent rat ion o f  the d l - racemate as was to be u sed for the unknown 

s amp les . After the zero po int wa s est a bl ished , the cel l  wa s washed 

c le an without removing the two end caps . The unknown s amp les were then 

ana lyzed. Ten readings were obt a ined on ea ch s amp le and their average 

va l ue was t aken a s  the t rue rot at ion . The b l ank read ing wa s neve r 

t aken as the ze ro point a fter the e l apse of one d ay . The cap s were 

not removed f rom the ce l l  for it was le a rned from a series of reading s 

invo lving removing the caps to f i l l  the cel l  that s l ight l y  di fferent 

rot at ions were obta ined f rom the s ame s o l ut ions. I t  was found that 

the cel l  coul d  be c le aned and f il led f rom the center open ing. Rep ro­

duc ib le res u l t s  could a lways be o bt a ined if t he se p recaut ions were 

fo l l owed .  

Later rot at ions were o bt ained by us ing a Bendix Automat ic Model 

143A po l a r imeter . No d if f icu l t ies were encountered in rep roduc ing 

sma l l readings to ± 0 . 0 1 °  of the observed reading ove r a s ign if icant 

per iod of t ime. For re ading s t aken ove r a shorter pe riod of t ime , 

the rep roduc ibi l ity was 0.002 ° . Th is unit was a majo r imp rovement 

over the other po l a rimeter in terms of rep roduc ib i l ity and t ime . 

4 .  d l - 2 , 3-D i bromobut ane-1,4-dio l 

The prepa rat ion of this compound was carried o ut by bromin at ion 

of 2- butene- 1 , 4-diol in methy lene chlor ide at 0- 1 0 ° . The p roduct i s  

inso l uble i n  the so lvent a t  l ow tempe ratu res , and thi s  a l l owed the 

methylene chlor ide to be decanted at the comp let ion o f  the react ion. 



The product was purified by repe ated recryst al l izat ions f rom benz ene 

unt il  a material  having a me lt ing po int of 87° was obt ained . 

The mo s t  s at is factory method found for the p a rt i a l  re s o l ut ion 

o f  the d l -pair  was that of d i s so lving 15 g .  of d l -2,3-di bromobut ane-

1,4-dio l in 20 ml . of doubly preequil ibrated e s te r  fol lowed by addi­

t ion of the s ame vo lume of doubly p reequil ibrated wat e r  and shak ing 
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the mixture for 5 hours .  Doubl y preequil ibrated e s t e r  and water are 

mate ria l s  obt ained by d iscard ing the wat e r  from the f ir s t  preequi l ibra­

t ion and adding· an equa l vo lume of d i st i l led water to the rema ining 

e ster pha s e  and repeat ing the p reequil ibrat ion p ro cedure . S ee the 

Experiment a l  sect ion for a comp l ete d i s cuss ion . 

The pha s e s  we re then separated, and t he comp lete removal of 

the wat e r  in both s amp les was ef fected at s team bath t empe rature unde r 

asp i rator vacuum . Benzene was then added to each s amp l e  and crys t a l ­

l iz at ion induced by p lacing t he samp les i n  a n  i c e  bath . The f i r s t  part 

of t he prec ip itate was d is ca rded by dec ant ing the ben zene so lut ion aft er 

p re c ip itation had begun to occu r . The r e s idua l d iol in the de canted 

benzene was t hen allowed to pre c ipitate and the mate rial  was collected. 

Rec ryst a l l izat ions we re repeated in this manner unt i l  a product having 

a me lting point of 8 7 °  and showing no carbonyl absorpt ion in the in­

frared spect r�m was obta ined . 

Optical  readings were t aken in methano l us ing a 2 . 0  dec imeter 

c el l .  S im i l a r  to the d l -camphoric acid system, the readings from the 

f ir s t  expe riment s were t aken on a J. and J. Fric-Praha po l ar imet e r  

whi le the l atter read ings we re t aken on a Bend ix Mode l 143A. 
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The opt ic a l  rot at ions obt a ined f rom the f i r s t  s e r ies of experi­

ment s were dis couraging . The purified s amp l e s  i s o l ated f rom both 

phases g ave negat ive rot at ion.v a l ues. These resul t s  were conf irme d 

in three subsequent exper iment s .  A number o f  exp l anat ions were 

po s t u l ated and the mo st l ogical  at that t ime was that the D-di i so­

p ropy l t a rtrate wa s react ing with the d l - 2 , 3�d ibromobut ane- 1,4-dio l. 

Diastereo i s omers , at lea s t  one of wh ich was levorot atory , could have 

been formed and through the pur i f icat ion a negat ively rot atory im­

purity co u l d  thus have been coprecip it ated with the d io l. I t  was a l s o  

pos s i ble that the r ate con s t ant for t he f ormat ion o f  one o f  t he d i­

astereo i s omer s  was greater than the other. This wou ld le ave an exces s 

of one fo rm o f  the un rea cted dl-d ibromobut ane- 1 , 4-dio l . An impurity 

cou ld a l so have been p resent in the o r igina l es ter. 

A se r ies of exper iments were undert aken to determine t he cause. 

I t  was noted that dur ing the p ur if i cat ion of the iso l ated material  from 

both phases t hat an impur ity wa s present in bot h  s amp les. The l ower ing 

of the me lt ing po int and spur ious inf rared bands bo th ind ic ated an im­

purit y . 

An attempt was made to i s o late the imp ur ity. Infrared dat a 

showed that the imp u r ity was mo re concentrated in the material  ob­

t a ined f rom t he water pha se t han that of t he ester. I t  was found that 

t he impur ity was mo re concent rated in those port ions of t he d io l  samp le s 

which f i rst crys t a l l i zed f rom the benzene s o lvent. A s amp le cont ain ing 

app rox imate ly 2 5  pe r cent of the impu r�ty ( a s ind icated by in fra red) 
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wa s iso l a ted by co l le ct ing the f i rst p a rt of the cry st a l l izat ions f rom 

benzene . D at a  obt a ined f rom the inf rared ana lyses of this impure 

s amp le ind icated an ester fovmed by t he react ion of d l - 2 , 3-di bromobut ane-

1 , 4-d io l with D - d i i sop ropy l. t a rtr ate wa s one pos s ib i l ity . Inf rared data 

ind ic ated that the 1mpurity had s t rong a bsorpt ion b ands at 5. 9 p, 8. 6 

f' and 8 . 8  f· Nu clear magnet ic resonance was not o f  much value , for the 

s pect rum was ve ry s imi l a r  to that o f  th� d l - 2 , 3-dibromobutane-1 , 4-diol. 

Othe r  pos s i bi l it ies that the inf rared spect ra suggested wa s that of t a r­

t aric ac id. 

The pos s i bi l ity that t he impur ity could be res idua l  D- d i i so­

p ropy l t a rt rate was not ru led out . However , cons ider ing the method of 

purif icat ion and a l so that the ester shou ld g ive a pos it ive rot at ion , 

t his was thought to be unl ike ly. 

An experiment was devi sed to determ ine if any acidic impurities 

were in the isolated mate r ial obt a ined f rom the two phases. A concen­

t rated s amp le of the impu rity was d i s so lved in hot benzene. The mate­

ri a l  was then ext racted with d i l ute sodium hyd roxide. The aqueous l ayer 

was separ ated and neut r a l i zed with-di lute ac id. The water was then 

evaporated f rom the material and the inf rared s pect ra obt a ined. A l a ck 

of a carbonyl band ind icated that the mater i a l  probably cont a ined no 

o rgan ic ac id . 

Anothe r  po s s ibil ity was that the impurity was in the or ig inal D ­

d i isopropyl t art rate and that it was more so l uble i n  water than i n  e s ter . 

To determ ine if an impurity wa s in the orig inal es ter , 30 ml . of wate r 
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was added t o  30 ml . of D-diisopropyl t a rt rate and the m ixture shaken for 

5 hours . The pha s e s  we re s eparated . The aqueous phase was ext racted 

10 t ime s with chloro fo rm to remove the e s ter . The rot at ion val ue was 

then obt a ined on the res idual aqueous so lut ion . No rot at ion was ob­

s e rved . It was conc l uded that this expe r iment offered very l it t l e  s ince 

no def inite conclus ions could be drawn f rom the dat a and the impur ity , 

if present , was equa l ly soluble in chlorofo rm . 

Anothe r experiment w a s  de s igned to det e rm ine if a react ion was 

occurring between the D-d i i sopropy l t art rate and t he dl - 2 , 3-dibromo­

but ane- 1 , 4-d io l . Four g rams of 2 , 3-dibromobut ane - 1 , 4-dio l  was dis s o lved 

in 8 ml . of preequi l ibrated e s t e r  and the rot at ion with re s pe ct to t ime 

was det e rmined . The init i a l  rot at ion of the s o l ut ion . d id not change 

ove r a pe riod of 3 days . Nuc l e a r  magnet ic resonance s pe ct ra ind icated 

no change a l s o . I t  was  conc l uded that if a rea ct ion was occurring 

the se data did not show it . 

Another experiment carried out which indicated furthe r  evidence 

that no react ion was occurring was that of d i s s o lving 2 ml . of L-di iso­

p ropyl t a rt rate in 20 ml . of water . Two g rams of d l - 2 , 3-dibromobut ane-

1 , 4-diol was added and the m ixture was s haken ove rnight . The d l - 2 , 3-

dibromobut ane - 1 , 4-dio l  was recove red f rom the so lut ion by us ing the 

st andard procedure . The rotat ion of the dio l s amp le was t aken and 

found to be ze ro . I f  a reaction had o c cu rred in th is  s o l ut ion , the 

d io l  should have g iven a pos it ive rotat ion , a s s uming that the cause o f  

both samp l e s  be ing negat ive was due to a react ion between the d io l  and 

the e s ter . Ag a in , the data indicated that no react ion was occu rr ing 

between the diol and the e s t e r  solvent . 
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The possibil ity of an impurity be ing in the o r ig inal este r was 

recons idered . The negat ive rot at ions could be exp l a ined by an impurity 

be ing in the o r ig in a l  D - d i isop ropy l t a rt rate which gave a negat ive rot a­

tion and was highly wate r so luble . An exper iment was carried out by 

preequ i l i brat ing an ester samp le the usual way . After this in it ial  

step the phases were sep a rated and 2 . 0  g .  of d io l  was added to 3 . 0  ml . 

o f  the p reequil ibrated ester and 2 . 0  g .  of d iol added to 2 0  ml . of the 

preequil ibrated water . The samp les were a l lowed to st and overn ight . 

The d io l  f rom each samp le wa s iso l ated and pur i f ied by the usual p ro­

cedure . The rot at ions in methanol were as fo l lows: 

[a]n = - 0 . 790 ° for samp le obt a ined f rom t he preequil ibrated ester 

[a]n = -2 4 . 24° for samp le obt a ined from the p reequil ibrated water . 

These data ind icated that an impurity could be in the orig ina l  

ester . Anothe r  expe riment was carried out t o  see i f  this compound could 

be ext ra cted f rom the D - diisop ropy l t a rt rate . A p reeq uil ibr ated ester 

s amp le was p rep a red in the same manne r .  After this init ial step t he 

p reequil ibrated wat er was d iscarded . Fresh . d ist i l led water in equa l 

vo l umes was added to the p reequ i l ibrated este r and afte r  shak ing the 

p hases were sepa rated . Materials o bt a ined by this method wi l l  be re­

ferred to as doubly p reequil ibrated . 

A se ries of th ree exper iments were c a r r ied out by adding 2 . 0  g .  

d io l  to 3 . 0 ml . of pure ester , 2 . 0 g .  o f  d iol t o  2 0  ml . o f  the doubly 

preeq uil ibrated water and 2 . 0  g .  of d io l  to 3 . 0 ml . of doub ly p re­

equ i l ibrated este r . The three samp les we re lef t  to st and overn ight . 
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The dio l wa s recove red f rom e a ch s amp le by the s t andard procedu re . Opt ical 

· rot at ions we re zero on the mate r i a l s  iso lated f rom the doubly preequ i­

l ibr ated wat e r  and e s ter , and [a] n = -0. 7 90 for the diol obt ained f rom the 

pure e s t e r. The se d at a  ind icate that an impurity was in the orig ina l 

e s t e r  an d was h ighl y  so l uble in the wat er . The impurity cou ld , fo r ex­

amp l e , be the re sult of ch loride ion rep l a c ing a hyd roxy l group in the 

e s t e r i f i cat ion of the t a rt aric acid . 

As fu rthe r p roof that an impurity wa s in the origina l ester an 

expe r iment carried out befo re most of the dat a was accumul ated was re con ­

s ide red and found t o  be inform at ive . An early expe r iment had been carr ied 

out to det ermine if the D-di i sopropy l t a rt rate a ft e r  be ing us ed a s  t he 

solvent for one ext ract ion cou ld be re used without d is t i l l at ion . . A nor­

ma l ext ract ion o f  t he d io l  was carr ied out emp loying previous ly us ed 

e s te r .  The mate r i a l  i s o l ated f rom the wat e r  �ha se g ave a pos it ive rot a­

t ion whi l e  that f rom t he e s t e r  phas e g ave a neg at ive rot at ion . The dat a 

we re dis count ed at that t ime for in the init i a l  pha s e  of this wo rk it was 

be l ieved that t he rot at ion of mat e r i a l  f rom the water pha s e  was neg at ive , 

and that f rom the e s t e r  pha s e  wa s po s it ive . It was concl uded fr om the se 

dat a that the impu rity had been ext r acted into the wat er in the p revious 

expe r iment and t hat the D-di i s op ropyl t a rt rate was now pure . The s e  

l a t e r  dat a showed this to b e  t rue and t hat the exper iment was val id .  

I t  was a l s o sugge s ted earl ie r  that the negat ive rot at ions obt a ined 

f rom both pha se s  we re the result of re cry s t a l l i z ing f rom a sol ut ion con­

t a in ing an op t i c a l l y  act ive compound . . The expe r iment us ing doubly p re-
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equil ibrated mate r i a l s  indicated that t h i s  p re f e rent i a l  rec ry s t a l l iza­

t ion was not o c curring for the rot at ions obtained f rom the doubly pre� 

equil ibr ated system would a l so have been negat ive . 

Now . that it had been dete rm ined how to obta in an authent i c  s amp le 

f rom e ach phase , another se ries of experiment s we re carried out . Ext rac­

t ions rang ing f rom one to 12 t imes were carried out on the doubly p re ­

equ i l ibrated e s te r  phase by us ing f resh doubly p reequil ibrated wate r 

for each ext ract ion . 

Four exp e r iment s we re performed . Two involved one extract ion 

e ach , one involved 6 ,  and the other 1 2 . 

The so lubil ity of the d � - 2 , 3-dibromobut ane�l , 4  diol wa s founQ to 

be 9 . 0  pe r cent by we ight in preeq u i l ibrated water and 50 pe r cent by 

weight in p reequi l ibrated ester . 

Data obt a ined f rom the s e  expe rUDent s indicated that s eparat ion 

stead i ly increas ed with the number of ext ract ions . The per cent obs e rved 

reso lut ion , . [a] o ,  the c al culated resolut ion as obt a ined f rom the s epa­

rat ion . f a cto r , and othe r data are  g iven in Table I I I . 

The c a l cu l at ions derived f rom t he sep arat ion facto r we re done a s  

des cribed in the d l - c amphor i c  acid sys t em . 

5 .  d l -Phenylephrine 

The best method tound for the p a rt ial re solution of d l -phenyl­

ephr ine was to d i s so lve 4 . 0  g .  of the amine in 40  ml . of doubly p re ­

equil ibrated ester fo l lowed by the s ame vol ume of doubly p reequil ibrated 
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TABLE I I I  

DATA O N  DL-2 , 3-DI BROMOBUTANE- 1 , 4-DIOL 

(a] D 
2 7  

Phase f rom Resolut ion 
Which S amp le in No . of Obs e rved Cal cul ated f rom 

Obt a ined Methano l Ext ract ions Res o l ut ion S eparat ion F acto r 

E s te r - 0 . 5 62 °  1 0 . 7 5% 0 . 5 0% 

Combined wate r  + 0 . 374° 1 0 . 2 9% 

Ester - 1 . 690° 6 3 . 40% 2 . 9 1% 

Combined wate r + 0 . 374° 6 0 . 2 9% 

-2 . 430° 
a 

Este r 1 0  4 . 90% 4 .  90% 

Combined water + 0 . 5 60 ° 1 0  0 . 42% 

8A s sumed correct . 
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wat e r  and shak ing for 5 hour s. The phases were then separ ated and the 

complete removal of wate r f rom e ach phas e  wa s accomp l ished by us ing 

aspi rato r vacuum at 7 0 ° .  But ano l was added to e ach s amp le and the 

ch loride s a l t s  we re then made by bubbl ing dry . hydrogen chloride through 

ea ch s amp l e . The phenyl ephr ine hyd rochloride s a l t s  we re t hen sep a rated 

f rom the e s t e r  by the add it ion of ethe r. The o i ly precip itates we re 

then d i s s o lved in but ano l  and ethe r  added again to e f f e ct sepa rat ion. 

This p ro cedure was repeated unt i l  a so l id p recipitate was obt a ined upon 

the add it ion of ethe r .  The p re c ip it ates we re then rec rys t a l l ized three 

t imes f rom but anol . The purity of t he iso l ated mate ri a l  was e s t abl ished 

by inf r a red . Opt i c a l  read ings we re obt a ined on a Bend ix po l ar imete r .  

Two experiments we re c a rr ied to comp let ion . The samp le i s o l ated 

f rom t he e s t e r  phase was l ost through cont aminat ion in t he f i rst experi-

ment. The fo l l owing data we re o btained f rom the two experiment s :  

1 s t  experiment: � D  = - 0.90° for the wate r  pha s e  s amp le 

2nd expe r iment : �]n = - 0.7 5 ° for the water pha s e  s amp le 

�D = +0 . 60° fo r the ester pha s e  s amp l e . 

F rom the s e  dat a the resol ut ion is cal c u l ated as 1.3 3  per cent 

for a one t ime ext r act ion . Addit ional rec ryst a l l i zat ions of port ions of 

the s amp l e s  gave no change in ro t at ion value s . 

The so l ubil ity of t he f re e  amine in both doub ly p reequil ibrated 

wate r  and e s ter was not def init e l y  e s t a bl ished . App roximate ly 1 5  pe r 

cent of the amine by we ight was so luble in the doubly p reequ i l ibrat ed 

ester . Exact value s  cou ld not be dete rm ined fo r the water pha s e  for a s  
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it was l at e r  po inted out that this value wa s highly dependent on pH . 

However , approximat e l y  equa l amount s of s amp l e  we re iso l at ed from e ach 

pha s e  which is in q ua l itative agr eement with the rot at ions observed . 

The pH of t he aqueous pha s e  aft e r  equi l ibrium had been e s t abl ished was 

8 . 3 . No mu l t ip l e  ext ract ions we re carrie d  out becaus e  of this equa l 

sol ubi l ity rat io . 

The s e  data ind icate that the 0- i s ome r is more s o l uble in the 

este r . D a t a  obt a ined f rom t he s t udy of t he othe r three sys t ems ind icated 

that the L- is ome r s we re mo re s o l ub l e  in t he 0-d i i sop ropyl t a rt r ate . 

The d l -pheny lephrine was o bt a ined f rom Cheme t ron Corpo rat ion , 

Newpo rt , Tenne s s ee . 



CHAPTER I l l  

EXPERIMENTAL 

A .  Method fo r Preequil i brating the So lvent System 

Data obt a ined in the p a s t  indic ated that the s o lvent system must 

be t horoughly preequil ibrated to obt a in rep roducible re s u lt s .
2 3  

Wat e r  and D-diisop ropy l t art r ate we re the imm i s c i ble so lvent s ys t em 

used in the re solut ion of a l l  dl-pairs  attempted . Equa l vo l ume s of the 

pure ester and dist i l led wate r  we re mixed and shaken for 5 hours on an 

automatic shake r . The mat erial was t hen poured into a s ep a ratory funne l 

and t he two pha s e s  s epa rated . Mat e r ial s o bt a ined by this · method wil l be 

referred to a s  p reequil ibrated e s t e r  and preequ i l ibrated water . Doubly 

preequi l ibrated ester i s  that wh ich the wate r f rom t he f ir s t  equi li� 

brat ion has been discarded , f resh dis t il led wate r added , and t he equi­

l ibration procedure re peated . This p recaut ion was t aken aft er data in­

d icated t hat a highly wate r soluble impurity wa s present in some batche s 

· of dii sopropyl t art rate . 

1 .  Inf rared 

B .  Inst rument s Us ed to O bt a in Ana lytical  Dat a 

A Beckman I R- SA and a Pe rkin E lmer I nf racord Model 1 3 7 were u s ed . 

The potas s ium chl oride d i s c  p rocedure wa s used fo r a l l  s o l ids . A l l  

41 
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l iqu ids we re ana l yz ed · as s uch s andwiched between two so dium chl o r ide 

p l at e s . F igures 1 and 2 show inf rared curves of the compounds s tud ie d . 

2 .  Me l t ing Po int s 

A l l  me lt ing po int s we re taken us ing a M e l -Temp e l e ct rical  he at­

ing apparatus . 

3. Opt ica l Rot at ion Va lue s  

Opt ica l re adings were obt a ined b y  us ing a J. and J .  Fric-P raha 

un it . Lat er readings we re obt a ined by us ing a Bend ix Automatic P o l a r ­

imeter Mode l - 143A . 

4 .  Nuc l e a r  Magne t i c  Re sonance 

Limited data were obt a ined us ing the Varian A- 60 un it . 

5 .  Gas Chromatography 

Limited data we re obt a ined us ing a Perkin E lme r Mode l 1 54 Vapor 

Fractomet e r  in ve r i fy ing the purity of 2- butene- 1 , 4-dio l . 

C .  Prepa rat ion of D -D i isop ropy l Tart rate 

Seven hund red g r ams of d-t a rt a ric a c id and 500 ml . of isop ropano l 

we re pl aced in a 3- l it e r , round- bottome d f l ask equipped with a me chani­

cal s t irrer . The mixture was brought to ref l ux and hyd rogen ch lo ride 

gas s l owl y  bubb l ed th rough the mixture for a pe r iod o f  12 hours . The 

exces s  isop rop ano l and wate r we ve st ripped f rom the ma te rial unde r a sp i r­

ato r va cuum , 5 0 0  ml . of pure i s op ropano l added , and the re sul t ing mixture 
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F igure 1 .  Inf rared s p e c t ra on compounds s tudied . 



3 . 0  6 . 0  

3 . 0  6 . 0  

3 . 0 6 . 0 

d l-Camphoric Ac id 

I 

9 . 0  
microns 

12 . 0  1 5 . 0  

d l -Pheny l ephrine Hydrochloride 

9 . 0  1 2 . 0  1 5 . 0  
microns 

d l - 2 , 3-D ibromobutane - 1 , 4-d io l 

9 . 0  � 2 . 0  1 5 . 0  
microns 

Figure 2 .  I nfrared spectra on compounds s tqdied . 
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refluxed for anothe r 1 2  hours with the slow addition of dry, gaseous 

hydrogen chloride. The water and excess isopropanol were then distilled 

from the reaction mixture under aspirator vacuum . A vacuum pump was 

then connected to the system . Since oxygen . had been found to cause de-

composition of the product , nitrogen was bubbled through the ebulliting 

tube. Seven hundred twenty-five g rams of crude product was collected 

boiling at 140-1 50 °/1. 5 mm. This material was redistilled under the 

same conditions using a 30 em. Vigreux f ractionating column. 

During distillation of the este r, a heating tape was used along 

wit h the mantle to maintain an adiabatic distillation. The distillation 

apparatus was insulated with glass wool. The product ( 6 50 g . )  obtained 

had a ref ractive index of 1. 4370 and an optical rotation of [a] D = +20. 00. 

Infrared data was obtained on each batch as a check that the material was 

comparable to that made in the past. 

D. Preparation of dl-Bis -4-py ridylglyco l 

A detailed procedu re for making this compound is given in the 

. 21 
lLterature. Essentially the procedu re invo l ves the reduction of 4-

pyridyl aldehyde with zinc dust . After complete reduction, the meso 

compound is separated from the dl-racemate by repeated recrystallizations 

from boiling methanol to a constant melting point of 1 69 ° . Table IV de-

scribes the runs made. 
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TABLE IV 

ANALYTICAL DATA OBTAINED ON DL-BI S -4-PYRI DYlGLYCOL RUNS 

S t art ing Me l t ing 
Date Batch Mate rial  Yie ld Po int 

Made (g . ) (g . ) < •c . )  Infrared 

2/4/64 2 5  1 0  1 69 ° Checked authen t ic 
s amp l e  

2/7/64 50 1 6  1 69 ° Checked a uthent ic 
s amp l e  



E .  Part ial  Re s o l ut ion of d l - B i s -4-Pyridy l g lyeol 

1 .  Exper iment No . ! 
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The f i r s t  experiment was c arr ied out by d i s so lving 4 . 0  g .  o f  the 

g lyco l in 80 ml . of preequil ibrated e s ter . .  An equa l vo l ume o f  pre­

equ i l ibr ated wat e r  wa s added and the mate r i a l  was al lowed to shake over­

night . I nspect ion of the s amp le the next day showed that some of the 

glycol had precip itated . The s amp le was d i s c a rded .  

2 .  Expe r iment No . � 

Anothe r s ystem was p repared by d i s s o lving 2 . 5  g .  of g lycol in 9 5  

ml . of preeq u i l ibrated e s t e r .  The s ame volume o f  p reeq u i l ibrated wate r 

was added and the mate ria l was shaken fo r 5 hour s . An attempt was then 

made to iso l ate the g lyco l in the e s t e r  phas e  by d i s t i l l at ion of the 

e s t e r  us ing a he at ed o i l  bath to cont ro l the tempe rature . ( Pa s t  expe ri­

ence had shown that d i i s op ropyl t art rate cou ld be d is t i l led at head 

tempe rat ures between 1 2 0 - 1 50 ° ( depend ing on the p re s s ure ) . )  The bath 

tempe rature was t aken to 1 7 0 ° before any app re c iable quant ity of e s t e r  

was c o l lected . The res idue began to deco l orize rap idly and the d i s t i l ­

l at ion w a s  s topped f o r  f e a r  of decompos ing the glyco l . I t  wa s known 

that the g lyco l decomposed at tempe ratures s l ightly greater than 1 7 0 ° . 

When s t r ipp ing wa s cont inued , a he at ing t ape was wrapped around 

a l l  the exposed s urface . The oil bath tempe rature was t aken t o  1 5 0 ° . 

The manomete r  indicated 1 . 5 mm . pres s ure . Only app roximate ly one-ha lf  

of t he e s t e r  could be removed under the se condit ions . The d is t i l l at ion 
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wa s stopped and the mat e rial  t ransfe rred to a beake r .  Ben zene ( 2 00 ml . )  

was added , and the beake r p l aced in an ice bath . S ince precipit at ion of 

the g l yco l could not be induced , the s amp l e  was d i s carded . 

The water l aye r wa s then f reed of wat e r  by us e of asp irator 

vacuum and moderate he at ing . Mo st of the e s te r  wa s l e ft und ist i l led 

for fear of de compos ing the g l ycol . The g l yco l -ester · mixture wa s t r an s ­

. fe rred t o  a bake r and 2 0 0  ml . o f  ben z ene added . The g lyco l  precip it ated 

af t e r  p l acing the be ake r in an �ce bath . Af t e r  re crys t a l l i z ing the mat e­

rial  f rom wat e r , ve ry l it t l e  p roduct wa s obta ined and it wa s discarded . 

3 . Exper iment �· � 
I n  a third exper iment , 4 . 2  g .  of g lycol wa s adde d to 9 0  ml . of 

p reequ i l ibrated e s t e r . The s ame vo l ume of p reeq u i l ibrat ed wate r wa s 

added and the mixture shaken for 5 hours . The pha s e s  we re separated , 

and , unde r a vac uum of 0 . 2 5 mm . ,  both pha s e s we re dis t i l led at an oil  

b ath tempe rat ure of 1 50 ° . The d i s t i l lat ion wa s aided by us ing a heat­

ing tape . 

A crude yie ld of 1 . 5  g .  wa s obt a ined f rom the wat e r  pha se and 

1 . 0  g .  f rom the e s t e r  pha s e  by recry s t a l l i z ing both from benzene . Two 

addit ional recrys t a l l izat ions of e a ch s amp le f rom a 5 0 : 5 0  mixture of 

wate r  and methano l yielded pure bis -4-pyridylglyco l .  I n f r a red and 

me l t ing point (m . p .  = 1 69 ° )  dat a i�d icat ed t hat the s amp l e s  we re f ree 

of the ester . 

Opt ical rot at ion va lue s  we re then obt a ined on the two s amp l e s . 

A 2 . 0 decime ter ce l l  was used wh ich was f i l l ed with a s o l ut ion cont a ining 
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0 . 1 00 g . /5 . 0  ml . acet ic ac id . The solut ion f rom the e st e r  pha s e  was so 

highly co lored that the read ing s we re que st ionabl e .  Ten read ing s we re 

obt a ined on e ach s amp l e and a l so on the blank . The ave rage v a l ue s  were 

as  fol lows : 

[a] D = - 34 .  7 5° for the wat er pha s e  

[a] D = + 6 . 1 7° f o r  the e s t er pha s e . 

The rema inde r of each s amp l e  wa s recrystal l ized and t he opt ical 

read ing s we re repeated as a check to be sure the s amp l es  were f ree of 

e s t e r . The s amp l e  f rom the e s t e r  pha s e  was rec rys t a l l ized f rom a so lu­

t ion conta ining charcoal to obt a in a colorle s s  product . F rom this  second 

rec rys t a l l izat ion , 0 . 085 g .  of product was obt a ined f rom the e s t e r  phas e 

and 0 . 080 g .  f rom the wate r pha s e . The opt ical va l ue s  checked the above 

re s u l t s . 

F .  P a rt ial Re s o l ut ion of d l -Campho r ic Ac id 

1 .  Exp e r iment No . ! 

S ix grams of d l - c ampho r ic a c id was d i s �o lve d  in 60 ml . of pre­

equil ibrated e st e r , and then the s ame vo lume of preequil ibrat ed wat e r  

wa s added . The mixt ure wa s shaken for 1 0  hours and the pha s e s  we re 

t hen s ep a rated . 

The c amphoric a c id in the wate r  pha s e  was freed f rom wat e r  and 

e s t e r  by vacuum d i s t i l lat ion . The wat e r  was removed us ing an aspirator 

and an oil bath at 70 ° .  After remova l of the wat e r , a vacuum pump was 

connected to the sys tem and the oil bath taken to 1 50 ° . The e s t er was 
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dist i l led a t  t h i s  t empe rature under a vacuum o f  0 . 2 5 mm . The di s t i l l a ­

t ion res idue was recrys t a l l ized f rom 3 0  p e r  cent aqueous methano l . In­

frared dat a and a me l t ing po int above 2 5 0 ° ind icated t hat the mat e r i a l  

wa s inorganic . 

The s ame dis t i l l at ion techn ique wa s u s ed to obt a in the de s i red 

mat e r i a l  f rom the e s te r  pha s e . The re s i due wa s recrys t a l l ized f rom a 30 

pe r cent aqueous methano l mixture . Three recryst a l l i z at ions gave a 

product with a me l t ing point o f  20 2 ° .  The opt'ical rot at ion val ue [a.J o = 

-0 . 90° was obt a ined by us ing a 2 . 0  de c imete r tube f i l led with a s o l ut ion 

cont a in ing 0 . 500 g . /5 . 0  ml . ac etone . 

2 .  Expe riment No . � 
The next expe riment was ca rried out by adding 6 . 0  g .  of d l ­

camphoric ac id t o  1 5 0 ml . o f  p reequi l ibrated este r . The s ame vo l ume 

o f  preequil i br ated water was added and the m ixture was s haken for 5 

hours . Ag ain the camphoric acid f rom each phase wa s i s o l ated by remov a l  

o f  the wat e r  and e s t e r  under reduced pres s ure ; t he techn ique u s ed was 

that a s  des c r i be d  in Exper iment No . 1 .  

The iso l ated mate rial f rom the e s t e r  pha s e  wa s recryst a l l ized 

3 t ime s f rom a 30 p e r  cent aqueous methano l mi�ture . A purified s amp l e  

( a s indicated by infrared and m . p .  = 2 02 ° )  o f  0 . 460 g .  wa s o bt a ined . 

The opt i c a l  rot at ion in acetone was [a.J o = - 0 . 90 ° . 

The ma t e r i a l  obta ined f rom the wat er pha s e  again appe ared to be 

inorganic . 
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3 .  Experiment No . 3 

A third experiment wa s carried out in order to obt a in a s amp l e  

f rom the wat er phase . S ix g rams of d l - c amphoric acid wa s added to 1 00 

ml . of p reeq u i l ibrated e s te r .  The s ame vo l ume of preequil ibrated wat e r  

w a s  added and t h e  m ixture wa s shaken 5 hours . The two pha s e s  we re 

sepa rated , a f re sh 1 00 m l . port ion of preequi l ibrated wat er wa s added to 

the e s t e r  pha s e  and the p roc edure repe ated . Thre e ext ract ion s of the 

e s t e r  pha se we re done in this manne r .  The three wat e r  pha se s amp les 

thus obt a ined were combined and mo st of the water wa s removed unde r 

a s p i rator vacuum . F ive grams of sod ium bicarbonate wa s added and the 

solut ion was ext racted three t ime s with 50 m l . port ions o f  ch loroform . 

The s a l t  wa s then neutral i ze d  with 5 per cent su l furic acid . The pre­

c ip it ated camp horic acid was ext racted int o ethe r .  The ethe r wa s 

evaporated and the iso l ated s o l id wa s wa shed with benzene . I n f r a red 

and m . p .  = 2 02 ° indicated that the mate rial was pure ; howeve r the 

sod ium s a l t  wa s ag � in made and the pur if icat ion step repe ated . The 

rot at ion in acetone was [a] n = + 0 . 40 .  

The camphoric ac id in the e s t e r  pha se was co l l ected by us ing 

t he s ame procedure . The rot at ion in acetone was (a] n = - 0 . 40 .  

Aft e r  this method was deve l oped f ive more expe riment we re ca rried 

out , rang ing f rom one to 33 ext ract ions of the este r  pha se with fresh 

preeq u i l ibrated wa t e r  each t ime . 
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G. P repa rat ion of d l - 2 , 3-D ibromo but ane - 1 , 4-dio l 

The l i terature 20 gives the re act ion procedu re in det a i l . E s s en­

t i a l l y this method invo lves brominat ion of 2-butene - 1 , 4-dio l  in methy lene 

chloride at 0- 1 0 ° . The l ite rat ure recommends remov ing the s o lvent f rom 

the re act ion mixture unde r reduced pres s ure ; howeve r it was found that 

the p roduct is  es sent ia l ly in so lu ble in this so lvent be low 5 ° . This 

s t ep wa s e l iminat ed by decant ing the so lvent at the comp let ion of the 

react ion . Pur if icat ion of the product was obtained by leaching the 

res idual mixture with bo i l ing benzene . Aft e r  a l l  the . s o l uble port ions 

had gone into s o l ut ion , the product was a l l owed to crys t a l l iz e in an 

i ce bath . Us ing 200 ml . of 2 - butene - 1 , 4-dio l , it wa s found that three 

benzen� l eaching s of 600 ml . each we re suf f i cient . After the f i rst re­

c rys t a l l i zat ion , the crude product was repe atedly recrys t a l l i zed unt i l  

a const ant me l t ing po int o f  8 7% wa s obt a ined , Us ual ly , three or four 

recryst al l i z at ions we re necess ary . Three run$ were made us ing the above 

p rocedure . The yie lds and other data a re l is ted in Table V .  

H .  Part ial Re so l ut ion o f  d l - 2 , 3-D ibromobutane- 1 , 4-dio l  

1 .  Experiment No . ! 

S ix grams of d io l  we re d is so lve4 in 2 0  ml . of preeq u i l ibrated 

ester . The s ame vo l ume of p reeq u i l ibrated water was added and the m ix­

ture wa s shaken for 5 hours . The two pha s e s  were s eparated and comp lete 

remova l of wate r obt a ined by vacuum d is t i l l at ion at a max imum bath 
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TABLE V 

ANALYTI CAL DATA OBTAI NED ON DL- 2 , 3-DI BROMOBUTANE- 1 , 4-DIOL 

2 -Butene- 1 , 4-diol Me lt ing 
Date of Used Yield Aft e r  Po int 

Pre2arat ion <s · ) 3 Re cr�sta l l i z ations ( oc . )  

7/4/64 200 80 87  

8/9/64 2 00 7 5  8 7  

9/3/64 2 0 0  70 87 
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t empe rature o f  7 0 ° . The d is t i l l at ion re s idue s were t rans f e r red to 

be ake rs and 200 ml . of b en zene added to each . C ryst a l l izat ion of the 

dio l  was induced by p l a c ing the beake rs in an ice bath . I t  is impo r­

t ant that the mat e r i a l  be f ree of wat e r  fo r expe r iment s  ind i cate that 

pre c ipitat ion wi l l  not occur if s ign if i c ant wat e r  is present . The mate­

r ia l  wa s recrys t a l l ized f rom bo i l ing ben zene unt i l  a compound having a 

me lt ing po int of 8 7 ° was obt a ined and showed no carbony l in the inf ra red 

spect rum . Three recryst a l l i zat ions gave the des ired qua l ity . 

The opt ica l reading s we re t aken by us ing a 2 . 0  decimeter tube 

f i l led with a s o l ut ion cont a in ing 0 . 700 g .  s amp le/5 . 0  ml . me thano l .  

(See the D i s cuss ion sect ion for inte rp retat ion of the opt ica l va l ue s . )  

2 .  Exp e r iment No . 2 

I n  orde r to obtain mo re s amp l e  f rom t he water pha se , 1 5  g .  of diol 

wa s d is s o lved in 2 0  ml . of p reequil ibrated ester . The s ame vo l ume of 

preequil ibrated wat er was added and the mixture shaken for 5 hours . The 

two phases were then sep arated , and the s amp le f rom each phase wa s co l ­

l e ct ed and purif ied a s  de s c r ibed i n  the f i rst expe riment . 

This p ro cedure was us ed for a l l othe r expe r iment s ca rried out at 

a later dat e . The expe r iment s va ried f rom one to 12 ext rac tions o f  the 

e s t e r  pha s e . For the mu lt ip le ext ract ions , the wa ter phase wa s changed 

ea ch t ime with f resh port ions of doubly preeq u i l ibrated wate r .  Al l l at e r  

experiment s we re car ried out by us ing doubly p reeq u i l ibrated so l vent s .  

The opt i c a l  reading s f rom the l at te r  expe riment s we re obt a ined by 

us ing a Bend ix pol a r imeter . The rot at ions in methano l were [a]o = - 1 . 1 3 ° 
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for the ester phas e s amp le and [� D = + 0 . 7 � 0  for the wat er pha s e  s ample . 

I .  Part ial  Re so lut i9n of d l -Phenylephr ine 

1 .  Expe r iment No . ! 

The f i rst exper iment was carried out by d i s s o lv ing 3 . 0 g .  of the 

amine in 50  ml . of p reequi l ibrated e s te r  fo l lowed by the addit ion of the 

s ame vo lume of p reequi l ibrated wate r . The mixture was shaken for 5 

hours and the pha s es s eparated . D i lute 1 0 per cent hydrochlor ic a c id 

was  added to each phase to form the ami�e s a lt . Each s amp le wa s ex­

t racted s ix t imes with chloroform .  I n f rared dat a indicated that e ster 

was s t i l l pres ent in the s amp l e � . Attempt s to re cryst a l l ize the amine 

s a l t  f rom but ano l were uns ucce s s ful . 

2 .  Exp e r iment No . 2 

Anothe r  expe riment wa s done u s ing e s s ent ial ly the s ame technique . 

After the m aterial  wa s ext racted with chloroform , the wate r  was removed 

from the s amp les from a steam bath us ing a s p i r ator vacuum . The s amp l e s  

we re t hen p l aced i n  a steam bath dry ing oven ( 7 0 ° )  ove rnight . Attempts 

to recrys t a l l ize the s amp les f rom but ano l res u l t ed in f a i lure . 

3 .  Expe r iment No . � 

I n  a third exp e r iment , 4 . 0 g .  of the amine wa s added to 40 ml . o f  

twice preequil ibrated e s ter fo l lowed by the addit ion of 4 0  ml . of twice 

p reequil ibrated wate r .  The mixture was shaken fo r 5 hours . The pha s e s  

we r� s epa rated and comp lete removal o f  water w a $  obt a ined by. vacuum 
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dist i l l at ion us ing a wate r  asp irator with a maximum bath tempe rature of 

7 0 ° .  One hundred mil l i l iters of but ano l we re added to the re s idual 

mat e r ia l .  The s o l ut ion was t rans ferred to a beaker and dry hyd rogen 

chloride gas  was bubbl ed through the s o l ut ion for 1 0  minutes . The 

mate r i a l  was a l lowed to cool  and the phenyl ephrine hyd ro chloride was 

sepa rated by the addit ion of ethe r .  This  oily product was red i s s o lved 

· in hot butano l and ag ain caused to precipitate by the add it ion of ethe r .  

This procedure was repe ated unt il a g rainy p recip itate was o bt ained . 

As long as any app rec iable quant it i e s  of e s t e r  remain in the so lut ion , 

the amine hydrochloride s a l t  wi l l  not precip itate f rom but ano l .  The 

s amp le was recrys t a l l ized three t imes f rom boi l ing but ano l . Inf rared 

data indi cat�d t hat the mat e r i a l  cont a ined no ca rbonyl and that it was 

comparable to an · authent i c  s amp le of phenylephrine hyd ro chloride . 

Opt ical readings we re obtained on a Bendix po l arimeter us ing a 0 . 4  deci­

meter ce l l  f i l l ed with a so lut ion cont ain ing 0 . 500 g . /6. 0 ml . water . This 

procedure wa$ found to be s at i s f a ctory and anothe r expe r iment was done 

us ing this method . 

The opt i c a l  va lue s  f o r  the one t ime ext ract ion we re : 

� D  = + 0 . 60° for the ester phase 

� D  = -0 . 7 5° for the wate r phase . 

J .  Attempted Preparat ion of I sohydrobenzo in 

Fifty grams of benzo in we re added s lowly to a one l ite r ref l uxing 

mixt ure of dioxane containing 1 5  g .  of l ithium a l uminum hydr ide . .  Afte r 
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all the benzoin was added ( about one hour ) , the mixture was allowed to 

reflux for 20 hours . (Lithium aluminum hydride decomposes at 12 5 °  and 

care was taken with the reaction . )  

After complete reduction , 2 5  per cent phosphoric acid was added 

to decompose the complex . The solution was kept in an ice bath during 

this step to prevent excessive heating . The mixture was then extr acted 

three times using 300 ml . portions of ether. The extractions were com-

bined and the ether evaporated on a steam bath . 

The product made using this procedure was 60 per cent hydro-

b . ( ) 40 
. 22 

enzo 1n the meso form and per cent of the dl-pa 1r. 

Two runs of the material were made in this manner to obtain 

enough sample. Five recrystallizat ions from water gave a compound melt-

ing at 1 32 ° .  The same number of recrystallizations frQm isopropanol 

gave a product melting at 1 38 °. Additional recrystalliz ations from 

either solvent showed no change in the melting point . Infrared data 

indicated that no benzoin was present in either sample . As the desired 

melting point is 121 ° , it was concluded that it would be difficult to 

separate the dl-pair from the mixture. The project was discontinued 

for this reason. 



CHAPTER I V  

S UMMARY 

Pre l iminary s tudies invo lving the re s o l ut ion of opt ical ly act ive 

compounds by so lvent ext ract ion have been comp leted • . Four opt i c a l l y  

act ive compounds have been p a rt ial ly · resolved us ing the methods de ­

· Ve loped . Mult ip l e  ext ract ions we re carried out on two of the d l -

racemates , and s ingl e  ext ract ions f o r  the othe r two . 

The f our opt ical ly act ive compounds s t udied we re a s  fo l lows : 

( 1 )  d l - bis-4- pyridylg lyc o l  

( 2 ) d l - c amphoric ac id 

( 3) d l - 2 , 3-d ibromobut ane - 1 , 4-dio l  

( 4 )  d l -phenylephr ine .  

The re s o l ut ion pe r ext ract ion varied from 0 . 1 5 pe r cent for the 

d l - c amphoric a c id to 7 . 0  pe r cent for the d l - bis-4-pyr idy l g lycol 

systems . 

Mul t ip le ext ract ions carried out on the d l - camphQric acid and 

the dl - 2 , 3-d ibromobut ane - 1 , 4-d iol systems ind icated that the re s o lut ions 

increased in a manne r re l ated to the ir respect ive s eparat ion factors . 

The method of resolut ion for al l the compound s studied was to 

s at ur ate a port ion of preeq u i l i brated D-d i isopropy l t a rt rate with the 

de s ired d l- :racemate . The s ame vo lume of preequil ibrated water wa s then 

added and the res u l t ing mixture was shaken fo r 5 hour s . The two pha s e s  

we re then separated and the des ired mate rial w a s  i s o l ated f rom each 

5 8  
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phase and the optical rotation taken. The multiple extractions were 

carried out by changing the water phase after each extraction with pre­

eq uilibrated water. 

A hypothesis was suggested to explain the resolutions . This 

essentially entailed the ab ility of the solvent and solute molecules 

to be preferentially attached to each other through the greatest 

number of active s ites. One form of the dl-modification will have a 

more suitable configuration to interact with the solvent (D-diisopropyl 

tartrate) molecule than the other . 
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