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CLAIM TO ORIG mAL RESEARCH 

One method for the elucidation of the relation­

ships between Intramolecular Rearrangement& and Substitution 

Processes has been described and investigated. The basis 

of this method is the definite correlation of the configu­

rations of the rearrangement product and the original 

compound, in this case 2 chloro-2,3-dimethyl hexane and 

n-propyl tert. butyl carbinol. Levo m-Propyl tert. butyl 

carbinol has been configurationally related to levo 2,3 

dimethyl hexanol-2. An a ttampt to correlate the configu­

rations of levo 2,3 dimethyl hexanol-2 and 2-chloro-2,3 

dimethyl haxane however, led to the discovery of the 

occurrence of an intramolecular rearrangement, which had 

not previously been demonstrated in compounds of this 

type; thus invalidating the method for the conditions 

used in these experiments. This rearrangement has been 

Shown to be of the •ionic" type. the "ionic mechanism" 

of intramolecular rearrangement processes being 

apparently applicable in this case. In this manner, 

the processes involved in the reactions of the isomeric 

octanols. n-propyl tert. butyl carbinol, 2,3 dimethyl 

hexanol-2 and 2,3 dimethyl hexanol-3 with a~eous hydro­

chloric acid have been determimad. 
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The llechanism 

o~ Intramolecular Rearrangements 

The object of science is to systematize the changes 

which matter has been observed to undergo, to explain their 

cause, and to predict their occurrence. The investigations 

of the chemical reactions of the compounds of carbon have 

shown, in many cases, that rearrangements of the molecular 

structures concerned might occur either by the simple read­

justment of the atoms already present, or as a result of an 

addition to, or a remova1 from the original molecule of 

certain atoms or groups of atoms. Since the molecular 

structure of an organic compound is its fundamental character­

istic, the study of these rearrangement processes has become 

of prime importance. The organic chemist must be able to 

foresee when rearrangements may be expected to occur, and to 

know with certainty when and how they have taken place. 

The intimate mechanism involved in these transformations 

ImlSt therefore be understood. 

The modern electronic concept of the mechanism of 

these reactions considers the prior formation of an atom 

deficient in electrons as the KEY to the processes of intra­

molecular rearrangements. This deficiency may be satisfied 
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either by a new atom or radical entering the molecule in 

this position, or by an atom or radical migrating from within 

the molecule, that is, b~ an intramolecular substi~tion 

reaction, wherein the migrating radical has substituted on 

the carbon atom deficient in electrons. The investigations 

of substitution or replacement reactions, however, have shown 

that the new substituent need not always take up the position 

in space about the carbon atom which the group removed had 

occupied. That is, a Walden Inversion may occur. Recent 

studies have indicated that intramolecular rearrangements may 

involve a Walden Inversion at the carbon atom to whiCh the 

migrating radical becomes attached. 

The present investigations were undertaken with 

the purpose of increasing our knowledge of intramolecular 

rearrangements in this direction. Prior to the description 

of these investigations and their results, a survey of our 

present knowledge of intramolecular rearrangement processes, 

together "With a review of the various theories which have 

been proposed to explain these reactions, will be presented. 
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Historical Introduction 

Organic Chemistry began with the discoTery of 

the first molecular rearrangement in 1828. In that year 

Friedrioh Wohler synthesised urea, a typical product of 

the living or organic world, by simply heating ammonium 

QJ&nate (1), a typically inorganic material. This synthes­

is, being the first truly aynthetio formation of an organic 

oompound, is usually regarded as a turning point iB the hist­

ory of chemistry, for it directed attention to the possibility 

of synthesising other orgaaio componnda artifioally in the 

laboratory from inorganic mater'ials. Previously, the labor­

atory or even the industrial preparation of those compounds 

which are built up in plant or animal organism&, by the 

combination of the elements or their derivatives, had been 

regarded as impossible of attainment. A mysterious vital 

force, which resided only in living matter, was thought 

necessary. 

This classic synthesis is also of interest as the 

first recorded example of an isomeric change wherein one of a 

pair of isomeric compounds was converted into the other. Its 

great significance from the synthetic standpoint, drew atten­

tion to the possibility of molecules rearranging within the~ 

salves under the appropriate conditions. However, no great 

progress could be made in the study of intramolecular rearr­

angement& until the development of the doctrine of valencJ. 
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and the ·assignment to the molecules of organic compounds 

of definite· molecular structures by Kekule) Co~per, Butlerov 

and Erlenmeyer after 1860. Just as soon as the significanae 

of the structural or space formulation of organic molecules, 

that is, of· the actual arrangement of the atoms Vlr.t thin the 

molecule in the sense of the order of their successive 

attachments to each other, was realised, molecular rearrange­

menta were found to have occurred in a number of reactions. 

For example, the transformation of benzil to benzilic acid, 

discovered by Liebig in l-838 (2), and the transformation of 

pinacol to pinacolone by Fittig in 1860 (3), were not recog-

nized as reactions involving a rearrangement ·within the mole-

cule until 1874. 

Prior to 1874, much speculation and discussion 

had taken place as to the formulae of benzil and benzilic 

acid. Two isomeric formulae had been proposed for benzil, 

I and II, the latter on the basis of the transformation to 

benzilic acid, III. 

0 H 6 5
)0-0H 

C6H5 COOH 

III 

At this time, Symons and Zincke (4) reviewed the experimental 

evidence in favor of the formulae and concluded that benzil 

and benzilic acid could not belong to one and the same series, 

and, that in the format ion of the latter, a migration of the 
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phenyl group ~rom one carbon to the other must be assumed. 

This transformation discovered as it ~as in 1838, becomes 

then, the oldest known molecular rearrangement ~herein a 

migration o£ a oarbon radical from one carbon atom to another 

has taken place. 

In the same year, the pinaool-pinaaolone transfor­

mation was shown by Butlerov (5) to involve an alkyl radical 

migration during the process of dehydration, after he had 

succeeded in synthesising the ketone from trimethyl acetyl 

chloride and zino methyl. 

(CH3 )2 ?-OH 

(CH
3

)
2 

!-oH 

(C~3)3 ~ 
cH3-c=o 

Two years previously, in 1872, Linneman (6) 

had concluded, from his observations that the reaction of 

isobutyl iodide with silver acetate and iodine monochloride 

produced the corres·ponding tertiary bu.tyl derivatives, that 

a transposition of a hydrogen atom might occur during typical 

double decomposition reactions. 

Rearrahgements of this type, wherein an atom or a 

radical migrates from one atom to an adjacent atom of the 

molecule, have been found to ooour in avery large number 

of the reactions of organic chemistry. They may be classified 

as 1,2 - or o1.j B - or Viainal Intramolecular Rearrangements. 
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Vicinal Intramolecular Rearrangements 

Many different classes of compounds have been 

observed, sometimes unex-pectedly. to undergo this type of 

rearrangement. A. Michael (7) visualiz-ed the reactions as 

occurring in two different chemical systems, -

(a) "In a homogeneous chemical system, an intramole­

cular rearrangement takes place through a change in the 

positions of certain atoms or groups of atoms in the mole­

cule,and the new isomeric produce may belong to the same or 

to a different chemical type." 

(b) "In a heterogeneous chemical. system~ the change in 

chemica1 structure may occur with the loss of a component 

part of the substance, through the catalytic effect or the 

chemical action of the energy in the reagent, with isomeri­

zation of the residual structure. Or, by the union of the 

substance with the reagent, where owing to the chemical energy 

thus added, an isomerization in the substance part of the 

"polymolecule" takes :place with partial conversion of its 

free energy into b'ound energy, and is followed by the breaking 

do\m of the system into the isomerized substance and the reagent .n 

1. Rearrangements and Isomerization:-

A rearrangement may ~ mply involve, a readjustment 

of the atoms present in the molecule, to form a product which 

is isomeric with the original compound. Intramolecular re­

arrangements occurring in this manner are referred to as 

isomerizations and are generally considered to occur in the 
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direction producing a more stable substanae. 

Isomerizations involving an interchange o~ two 

radicals on adjacent atoms o~ the skeleton of the molecule 

have been found to ooaur in many of the different types 

of chemiaal compounds. Hydrocarbons, alaohols, aldehy.des, 

ketones, ethylene oxides, isoayanides, eta., have all been 

found to isomerize under various conditione:-

CH3 

' CH3-0-0H•OH2 
OH/ 

3 

CH~ 
/OH-OR2Br 

CH3 

OH1CH2CH2yHCB:3 
Cl 

Al2(S04)3 
=-2750 

heat-230° or 
in liquid ~ 
below B.p. 

heat and 
~ 

pressure 

Distillation> 

CH3, - /CH3 c .. c 
CH/ 'ea 3 3 

62.4% 

OH~ 
/O-OH3 CH3 I 

Br 

OH3CH2<fHOH2CH3 
01 

(8) 

(9) 

(10) 

(11) 

(12) 



.....,CH3 C H -CO-OH 
6 5 'OH 

3 
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Reflux in Alcohol 

350° Al2 (504)3 

Cold oono. H2so4 

dil. acid ;.. 
@ 135° 

Heat alone or 
8 6 catalysts 

CH 3 'cH-CO-CH 
OH/ 3 

3 

CH3 
' OH3-y-OHO 

CH2:CH 

(13) 

(14) 

(16) 

(16) 

(17) 

(18) 

(19) 



C6Hs-g .. C6H5 
N-OC6H2 (N02 )3 
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(20) 

distillation_. C6H5CO-CH20-CO-C 6H5 
at 4 m.m. 

_h_a_a_t_al_m_o_s_t_~..,. . c6n6-~-oc6H2 (N02 )3 
explosively 06H

5
-N 

at M.p. 

This latter example is similar to the familar 

Beokmann rearrangement of ketoximes to aaid amides (23) 

affected by a large number of reagents chiefly acidic in 

nature, and occasionally under the influence of heat alone. 

(24) 
C6H6-r.-C6H6 

N-OH also BF~F 
eta. 

The oxime and the corresponding amide are isomeric. 

Beokmann regarded the rearrangement as involving a simple 

catalyzed direct interchange of radicals between carbon 

and nitrogen. 

2. Rearrangements and Elimination Reaations:-

Changes in molecular stru.oture, in which a. group 

migrates from one position in a. compound to an adjacent 

position also occur with the elimination of nitrogen, 

water, halogen aoid or some other simple molecule. 

(21) 

(22) 
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Molecular rearrangements of great synthetic 

importance take place on the elimination of nitrogen from 

azidea and related compounds, thus,-

+ H20-......;~!!ltooaR-lm2 

Ourtius Rearr. ~ R-N-CO~+ R
1

NH
2 

• R-NH-CO-N H-R
1 

-N2 heat + R
1

0H ., R-NH-COO-R1 

R·CO-CHN 
2 

(Ardnt-Eistert Rearr.) 

C6H5-CO-C(N2)-C6H6 

(.A.zibenzil) 

------------~ R-CH2-COOH 

R-CH2•COOR1 
R-OH2.-co-NH2 

heat 60° -N~ 

heat in amyl 

( c 
6

H 
6 

> 
2
c=o=o 

(diphenyl ketene) 

(26) 

(26) 

(27) 

(28) 

(29) 

The elimination of water from tertiary aliphatio 

carbinols byHibbert's Iodine method (30) may p:rooeedwith or 

without rearrangement. Thus pinaool when refluxed with a traoe 

of iodine yields 82% 2,3 dimethyl bu tadiene 1,3. 

CH3 /CH3 
traoe I2 

CH~ /~H3 
'c - c, c - c~i 

CH/ J I CH3 H20 
> CH~ ~CH 

3 OH 
2 2 OH 
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and similarly 

(31) 

Rearrangement has been fQlnd to ocour in other cases. although 

not completely: 

fH3 yHa 
CH3-? - 9•CH2CH3 

CH3 OH 

9H3 9H3 
20% CH2ec - 9-clla CH8 

CH3 

The elimination of other simple molecules may also 

oause a skeletal rearrangement, thus,-

aoo 
Na.Br + CH3-NOO 

rapid > 

C6H6 

heat ... 'c • N-C6H6 + 012 , 
CR3 

3. Rearrangements and Addition Reactions 

The wandering of an atom or radioal from one atom 

(32) 

(33) 

(34) 

to the adjacent atom is occasionally met with during addition 

reactions. 

A rearrangement resulting from addition to the olefinic 

linkage was shown to occur during the addition of hydrogen 

halide to isopropyl ethylene. 
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(0Rz)!OH-OH:CH2 HOl. {OH3 ) 2 OH-OH01-0H3+(CH3 )2 00l-OH2Cll3 
H 

(equimoleculsr quantities) 

Similarly, during the action of sodium on 1,1,3 triphenyl 

indene 
OsRs 
I 

and also during ozonizatioa, 

(CH3 )30-y:C(OHz) 2 through ozonide 
0 (CH3)3 Oz 

yRs 
(CH3 )3C-y-OOCH3 (~) 

0 COH3)3 

or oxidation by potassium p~anganate in acetic acid solution, 

[o] 

~eaotions in which an addition to a carbonyl group 

1iakee place may also proceed with rearra~e~nt,-

(4l) 



-l3-

CH2C00Et CH2GOOEt CR2COOEt 

I OH NaOEt l ........ oH 
I 
CO 

c/ ho in ) I (42) c,+~ONa 
1"'--croEt Et 20 1 c-oet CO 

I 
CH

2
C00Et CH2COQEt CH2C00Et 

The latter two cases are respectively the historic 

benzil-benzilic acid rearrangement and its reversal. 

4. Rearrangements During Removal Reactions. 

The historical rearrangement of pinacol to pinaco-

lone represents a vicinal rearrangement occurring on the re-

moval of the elements of water. All pinacols on treatment 

with acids undergo the pinacol-pinacolone rearrangement. A 

considerable volume of Tr:ork has al):peared dealing with this 

change and the related rearrangements of~,~, amino-alcohols, 

d.,~ halohydrins and ct.,J?. glycols in general. 

Essentially similar in. character, the rearrangements 

in these types of compounds have been classified into three 

main grou:vs~ (43), where Y may be OH, r.m2 , Halogen:-

(I) the pinacolinic change :proper:­

RR1 C {Y) -CR2R3 (O
H)--+ RRl R2C-CO-R3 

(II) the semihydrobenzoinic change in which the tertiary 

group is lost:-

{li:II) the semipinocolinic change in which the secondary 

group is lost:-



that isJ 1,2 glycols and related~~~ compounds on appropriate 

treatment, in the case Y~H by dehydrating agents, in the case 

~2 by deaminating agents, and in the case Y;halogen by al­

kalies, undergo rearrangement to give either aldehydes or ke-

tones depending on the conditions and the groups involved. 

Similarly in the case of <X.@- di bromides 

This reaction is used for the preparation of methyl isopropyl 

keton-e from tertiary amyl alcohol. 

(CH3 }2C(OH) .cH2 .CH3 Br2 ~ (CH3 )2CBr.CHBr.CH3 

~H20 
{CH3) 2cH.CO .CH3 + 2HBr 

The pinacol-pinacolone types of rearrangements are 

in a sense reversible, since on reduction of the carbonyl group 

to the corresponding alcohols and dehydration of these, the 

original carbon skelton may be reformed {by a retropinacolone 

rearrangement). 

(46) 
(47) 
(48) 

A similar type of rearrangement takes place by the 

action of potassium amide in liquid ammonia on the ll diaryl-2 

chloro-ethenes and the 1,1, diaryl 2,2 dichloro ethanes. 
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(06H5 ) 2C;;OH01 -KNHr 00H5-C~-06H5 {49) 
-- . 

(06Hs) 20H-CH012 --KNH~ 06H5-c=c-06H5 (49) 

Triphenyl hydroxylamine and its related derivatives 

have been found to undergo rearrangement to give the same 

product, the phenyl imide of benzophenone, 

The Hofmann (A) and Lossen (B) rearrangement& are 

also examples of rearrangements occurring during the removal 

type reaction, 

A. RtJONH2 -Br2-+ ROONHBr -KOH--+ RNCO 

B. RCONHOCOR a.J kali , RNOO 
-RCOOH 

(51) 

(52) 

The most characteristic and striking reaction of 

the ~-methoxy amino propiophenones is the rearrangement 

which they undergo on treatment with strong bases to yield 

et-amino ketone a. 

- ~ . 
c6H5-~H-CH2-COC6H5 -.CB.30Na ~ C6H5CH=C-COC 6H5 

NHOCH3 k.a2 (53) 

T.S. Stevens has discovered a similar rearrangement in the 

quaternary ammonium salts,-
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~. Rearrangements During Substitution Reactions:-

The develfu~ment of structural chemistry led chemists 

to regard the atoms that compose any given organic molecule 

as being arranged according to a definite architectural plan. 

Each at·om in the molecule vvas a.ssumed to. occupy a def'ini te 

:position and when any other atoms or group was substituted, 

the entering group was su:p:posed, al.ways,. to enter into the 

very position that had been occupied by the group displaced. 

That the atom or radical entering the molecule by double de­

-composition occasionally might fail ~to· occu:py the position of 

the out-going etom or radical vras soon realised. Li:ri.nemann 

had come to this conclusion in 1872 (55) and pointed out that 

the structural fo-rmula of a substituted deri.vati ve, as a re-

sul t, could not be assumed fron1 the structural formula of the 

original substance. 

Linnemarill had found that the replacement of the iodine 

atom of isobutyl iodide by other groups might lead to the forma­

tion of the corresponding tertiary butyl derivatives:-

CH 3'. 
AgOtlOCH

3 
, C-CH

3 
--~~----~~--~~cH3 I 

ICl CH OCOCH3 
t...-.----+~ 3'C-CH /. 3 

CH3Cl 

Six years previously, Butlerov had detected tertiary butyl 

alcohol· as an impurity in commercial isobutyl alcohol after 
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conversion into the ehloride but had stated, nrt is diffi-

cult to believe, that, in this case, trimethyl carbinol 

could be formed from its ~rimary isomer (Isobutyl alcohol)tt. 

(56) 

The preparation of halides from- certain aliphatic 

straight and branched chain alcohols has been known for some-

time to fail to yield the corresponding halide: a rearrange-

ment occurring instead. 

(57) 

(58) 

Similarly, '.Vhi tmore has observed the occurrence of a rearrange-

ment during the preparation of n-amyl chloride from n-amyl 

~lcohol by hydrochloric acid-zinc chloride reagent (61). A 5?% 

yield of n-amyl chloride was produced in this manner accompanied 

by a 10% mixture of 2 and 3 chloropentanes. More extensive 

rearrangement was shown to oqcur during the preparation of the 

chloride of 2-Ethyl-butanol-l (62) with this reagent. Thus, 

Whitmore reported the production of at least six different 

chlorohexanes; namely, 3-methyl 3-chloro-pentane, 3-methyl-2 

chloro-pentane, 2-methyl-e-chloro-pentane, 4-methyl 2-chloro­

pentane, 3-chlorohexane, 2-chloro hexane in addition to the 
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direct substitution product Z-ethyl-1-chloro-butane. 

Whitmore has also shown that the rearrangement 

occurs during, rather than after the replacement of the hy­

droxyl by the chlorine. 

Similarly, Henry has found (63) in the decomposition 

of many ~rimary ali~hatic amines by nitrous acid, that the 

hydroxyl group fails to take the position previously occupied 

by the amino group, tte tendency being to produce secondary 

and tertiary alcohols. 

CH 
-~--___... 3"-cH-CH OH 

CH/ 2 
3 

(42%) 

(58%) 

(25%) 

( ?5'%) 

{lOO%) 

Levene and Marker have also reported (64) the par-

tial occurrence of rearrangement by the action of nitrous 

acid and nitrosyl chloride on methyl phenyl ethyl amine 



C H 6 5'-CH-CH NH 
CH3 / 2 2 
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HNO 2 

{33%) 

A recent attem~t to prepare 1,1, diphenyl 2,2, 

dichloro-ethane, desired as an intermediate, by the action 

of phosphorus pentachloride on di~henyl acetaldehyde led 

not to the production of the expected 1,1, diphenyl 2,2, di­

chloroethane but to stilbene dichlorides, {65): 

(C 6H5 ) 2 CHCHO __ P_Cl.....:~5~--=:.~ 
in benzene 

The above rearrangements exemplify the various kinds 

df vicinal rearrangements ~hich have been observed. Whether 

they occur through simple isomerisation or as a substitution 

react ion, it is to be noted t~1a t they are always associated 

with quite definite groups of atoms. Thus, a rearrangement of 

this type may occur, in general, regardless of the particular 

compound as long as it possesses these certain well defined 

groupings of atoms, in either open chain aliphatic or aromatic 

compounds as well as in those of cyclic structures. 
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In many cases, vicinal molecular rear?angements 

have proven to be of great synthetic value, as well as of 

value in the proof of the structure of a compound, in spite 

of the occurrence of the rearrangement. The commercial 

synthesis of camphor involves the molecular rearrangement 

of the OJ.. and ~-pinenes contained in the raw material, oj_l 

of turpentine. The classical and commonly accepted general 

process (66) is based on the transformations formulated in 

Scheme 1.* 

The Curtius, Hofmann and Lessen rearrangements, 

wherein the isocyanate formed m~ loose carbon monoxide by 

hydrolysis to produce an amine are methods for the descent 

or a homologous series. The Curtius reaction is especially 

valuable in going down a series with compounds which might 

be sensitive to more violent de~~adative reactions. On the 

other hand, the Ardnt-Eistert rearrangement of Diazoketones 

represents a method for the ascent of a homologous series. 

The Hofmann transformation has become a standard 

m·ethod for the preparation of primary amines and is applied, 

through the action of sodium hypochlorite and alkali on 

phthalimide to the ~nthesis of anthranilic acid, the start­

ing point in the synthesis of indigo using naphthalene as 

the ultimate raw material. 

* See Page 21 
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Seheme 1 

CH3 

I 
~c"-- .,. 

C.tlr; CR.::, 
~ L ~· 

CH3-c~H3 
0 I1z I __..GHz 

---eH ~ 

ot.·pinene / 
HCl Rearr. by Add'n. 

r3 
----c~ 

cH2 1 cHn 

CHG-C-CH3 -HCl ~ 

I Rearr. 
CIJ2 ~CH2 -----eH 

Ji-:pinene 

HAc ....... Rearr.., 
by Add'n 

CH3 

I 
----c"--

CH2 I CHOAC 

CH3-C-CH3 

c:g2 I __..cH2 ·--eH.........-

Camphene Hydrolysis ale. 
NaOH 

CH3 

I 
----c~ 

cH2 1 eo 

CH3-c-CH3 Oxidation 

I ~ n1tr1c 
CH2 . CH and 
"CH~ Sulphuric 

acids 

Camphor 

c~ 

I 
----c~ 

CH2 1 CHOH 

CH3-C-CH3 

cH2 I -CH2 --c~-

Isoborneol 

Cohen, Cook, and Hewett, applied the retropinacolone 

rearrangement to the location of the quaternary methyl groups 

of the hormones, oestrin, equilen, and equilenin, (6?}, in 



the following manner.­

oeatron.e 

CftO 

and etherification ! 
reduction 

Zn 012 

followed by 
Se degrada­
tion 

7-MethOXJ, 31-Metbwl 
1: 2-cyclopenteno-phenanthrene 

These authors consider the metbfl group which appears in the 

final product as the quaternary met:twl group of the original 

oestrone molecule, and regard these transformations as supply­

ing indisputable proof of position lZ for the metbyl group. 

The Beckmann rearrangement of ketoximes has often been used as 

a method of degrading ketoximes to simpler products for identi­

fication purposes.(68) 

Theories of Intramolecular Rearrangements 

The various theoretical interpretations of the 

processes involved in intramolecular rearrangements have 

assumed as intermediates, cyclopropane rings, et~lene oxide 

rings, olefine, univalent nitrogen, bivalent carbon, partial 

valencies, free valencies, ionic fragments, chelate compounds, 

and •open sextet" atoms. 
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These mechanisms may be classified into the following 

groups,-

A • Mechanisms which assmne the formation in one form 

or another of intermediate products, capable of independent 

existence and isolatable under appropriate conditions. 

E. Mechanisms which asSQffie the prior formation of 

"activated intermediates" or "unsaturated radicals" which 

possess for example free or latent valencies and are not 

capable of an independent existence, but of necessity re­

organize themselves to form stable chemical compounds. 

C. ].~echani sms which explain all rearrangement a on a 

common basis of an electronic mechanism and considers the 

processes involved as oc~rring simultaneously and thus in­

volving no real formation of intermediate compounds. 

A. Formation of Isolatable Intermediates:-

The basic idea underlying the proposal of hypothe-

ses of this kind is the attempt to avoid the assumption of sudden 

and direct interchanges of atoms or groups within the molecule 

taking place in a continuous manner as distinct from a step 

by step process. 

Erlenmeyer (68) introduced the concept of the 

formation of an intermediate cyclopropane derivative and 
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formulated the pinaool-pinaoolone rearrangement as ,-

Under the conditions of the experiment, the cyclopropane 

ring was considered incapable of existence, so that at the 

moment of ita formation, it was ruptured in a different 

position from whwre it was formed by the migration of the 

hydroxyl hydrogen to form the ketone. 

Montagne disproved thia mechanism for aromatic 

pinaoole (69) 01 a consideration of the rearrangement of s~ 

tetra-parachloro benzopinaool to the corresponding pinaaolone. 

On the basis of the ay elopropane .ring theory, the product to 

be expected would have one of the chlorine atoms in the meta 

position (equation A), thus ,-

actually produces cyclopropane ring theory 



Men.tagne· found that the resulting ~inaco~one had all four 

chlorine atoms in the para positions, and thus the. point of 

attachment of groups during the rearrangement was not altered. 

Ruzicka applied Erlenmeyer's scheme to the explana­

tion· of ·the Wagner rearrangement of isoborneol to caini>hene, 

(?0). Thus, he :postulated the intermediate formation of a tri­

cyclene, with fision bf the cyelopropane ring in a different 

direction to that of the closure:-

fH3 rH3 nH~ 
----c~ /H. __.--c~ __..,.-c 

CH2 
1 

C-OH CH-~ CH CH:? r CH .. 

CH3-c-c~ ----l~~ c~-c~cH3 -~)> CHs-C-CH3 1 
CH2 I . _........CH2 C&. I _...CH2 CJ!E I _...CH2 "-....CH ~CH_....- -...__CH..--

The int'ermediate tricyclene { 71) was prepared by LfPl? and 

later by Meerwein and Von Emster, and found to be far -too 

stable to react under the_mild ·conditions which are used dur-

ing the isoborneol-cam:phene conversion. For example, the later 

authors re:ported that the tricyclene was :practically unaltered 
0 

by treatment with 33% sulphuric acid at 100 , co~ditions under 

which isoborneol is almost completely converted to cam~hene. 

At the same time, Meerwein and Von Emster recalled the work of 

Lafont, wherein o~tically active camphene was Eonverted to 

optically aetive isoborneol, and concluded that the trieyclene 

could not be the intermediate in the isoborneol-camphene, since 

the tricyclene is structurally 
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--symmetrical and could th1!ls ~assess no OJ>tical activity. 

Breuer and Zincke formulated the intermediate 

t"ormation or an ethylene oxide during the_.:pinaool-.:pinacolone 

rearrangement, (?2). The subsequent ru.:ptur~ of the ethylene 

oxide 

ring causing the migration of the grou:p. Meerburg, (73) has 

shown that the- rate of reaction is slower in the_ case- of the 

~ethylene. oxide- reaction than in the actual ~earrangement. 

Si~larly, Tiffeneau and eo-wormers~ (74)- found that- these 

oxide derivatives did not undergo the rearrangement under 

eondi tions similar_ to the aetual.,~conversien. In many cases, 

they could find no- evidence for their existence,. their forma­

tion eequiring more vigorous conditions than those of the 

:pinacol-:pinacolone change proper. It was thus conc~uaea that 

these c-haracteristic ring intermediate products were not formed. 

The intermediat'e formation of olefins was assumed 

for the conversion of iso- into tert- buty}. bromide*. 

tltekoff (?5) and Favors~y (?6) considered the isomerisation 

as :proceeding through the dissoM.ation of the alkyl hallde 

into hydrogen bromide and isobutylene followed by recombina­

tion to form either the original or the isomeric bromide. 

*See page.§. 
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Michae~ and Leopold (10) fou~d that the rearrangement occurred 

readily at relatively low temperatures and could find no evi­

dence of the ~reduction of hydrogen bromide under such condi­

tions. In addition, these authors established that the rearra-

ngement proceeded faster in the liquid phase than in the gaseous 

phase where the dissociation would be the greater. Thus, 

Michael and Leopold considered the reaction as proceeding through 

a direct interchange between hydrogen and bromine within a 

single molecule rather than by a dissociation mechanism. 

In certain rearrangements of O(~~glycols to ketones, 

there is no change in the actual carbon skeleton of th~ mole-

cule; that is, there is no alteration in the relative· positions 

of the carbon radicals. Thus, McKenzie and Dennler~ (??) con­

sidered the conversion of 1- o{ na:p"bthyl 2:2- di:phenyl ethylene 

glycol to di:phenyl aceto-naphthone as best depicted through 

the intermediate formation of an olefin by vinyl dehydration, 

involving no transposition of radicals. 

«-GlOH? /C6H5 
-H o · 'c=c 2 .,.. Ho"' I 'c H t 6 5 

*c10n7-CO-CH(C 6H5) 2 

However, Roger and McKay later (?8) were able to show that the 

product of the same type of rearrangement of dextro o-tolyl 

hydrobenzoin was a highly dextrorotatory o-tolyl deoxybenzoin. 
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·since the proposed ole~in intermediate could possess no 

optical activity, the formation of optically active o-tolyl 

deoxybenzoin from optically active o-tolyl hydrobenzoin by 

this mechanism was considered inadmissable. 

{B) Formation of nActivated Intermediates" 
or Unsaturated Radicals. 

The investigation of the ethylene oxide derivatives as in-

termediates have shown that they are somewhat less reactive 

than the rtintermediatet' formed during the :pinacol-:pinacolone 

rearrangement. Tiffeneau, (79) then formulated a mechanism 

based on the formation of active molecules with free valencies, 

an actual linkage between the oxygen atom and the carbon atom 

not being formed, so that the intermediate would be more re-

active than the oxide. 

He then extended this mechanism to propose that all rearrange-

ments wherein an elimination of simple molecules such as 

water, nmtrogen etc., is involved, proceed through an inter­

mediate which :possesses ttfree valencies", the migration being 

determined by the instability caused by the unsaturated atoms. 

The rearrangement of isoborneol into camphene was accordingly 
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t or mulated as follows : 

To obtain exy,erim.ental proof of ~his assumption , Meerwein 

studied the decomposition of camphor hydrazone (80), a re ­

action considered to proceed by fo~ation of the above -hypo-

thetical intermediate . The :9roduct , however, was tricyclene. 

CH 
I 3 

/ c""' 
CH2 · C=N- NH2 

CH3-C -CH~ 
Ho b 

0 

CH2 CH2 
~CH/ 

EeerrVein concluded that the intermediate formation of the 

compound 1ith a bivalent carbon atom durinc the isoborneol-

camphene rearrangement could no longer be assumed . 

Previous to this tine, Nef had considered the re ­

arrangement of isonitriles-nitriles at 230° as best explained 

on the basis that the bivalent ca r bon possesses sufficient 

energy to pull off an alkyl or aryl from the nitrogen and 
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thus, give rise to the forma~ion of the nitrile {81) Schroeter 

ap:plied Nef's bivalent carbon hypothesis to explain the forma­

tion of benzilic acid from benzil (82) 

KOH C0H
5 

-C=O 
I ---~ 

C5H5 -C=O 

In order to test this view, he prepared azibenzil and found, 

as he had predicted, that on heating in benzene solution it 

lost nitrogen to form diphenyl kete-ne, whilst in met ~-:yl al­

cohol, benzilic acid is formed. 

C U 01\T 
6.l-"5j-"·~ ----.:;;-- c 6H5r: 

C0H5CO C5H5CO 

Nicolet. and Pele (83) observed that hydrogen peroxide, either 

free or in the pre$ence of alkali had no action on diphenyl 

ketene, and conclused the above mechanis~ untenable. 

Similarly, Stieglitz proposed a mechanism of the 

Curtius, Hofmann and Lessen rearrangements (84) wherein the 

intermediate formation of molecules ~."Jith univalent nitrogen 

atoms vuis assumed. -Furthermore, the free valencies of the 

univalent nitrogen were assumed to be powerful enough to de­

tach the eadical R from carbon and/bring about a rearrangement 

to a stable molecule. Stieglitz :proposed that the mechanism 



~e formu~ated as fol~ows:-

- 0 X 
RC9--N/ 

'y 

-XY 
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... 0 .. '/ , . 
R-C -N ... ::+- R-N= CO 

(XY•N2 , HBr, RCOOH res~ectively) 

Later, Stieglitz and Leech observed that a univalent nitro­

gen derivative wqs not a necessary intermediate (85); the 

formation of such an intermediate being im~ossible fun the re­

arrangement of tri::phenyl methyl hydroxylamine. 

This forced new speculations regarding the mechanism of these 

transformations and u~timately led to the electronic con-

ception of molecular rearrangement processes. 

Intramolecular rearrangements according to Ramart-Lucas 

{86) are ex:.plained by usir:g the conce~t of Perrin of semi \li lence 

or single electron bonds. A stable molecule under the in-

r~uence of a catalyst or heat is converted to a labile form which 

in turn may rearrange either_to give the original product or a 

rearrangement product. The isomerisation of ethylene oxides was 

formulated through the unstab~e form, which by a simple migration 

or valence electrons between adjacent atoms gave the ~tone:-
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similarly, the Beckmann Rearrangement, 

R~C=NOH 
R 

,Rl , .. , ' , ' 
-~-.-... R- C-N-

' ' , ' ·' 0 
H 

R(OH)C=NR1 or 
RCo-N B>Rl 

and the isobutyl-tertiary butyl bromide isomerisation, 

(C) The Modern Electronic Concept of Intramolecular 
Rearrangements 

The modern electronic conce~t of intramolecular 

·rearrangeme~ts has .been formulated during the develo~ment 

of .the modern electronic theories of valency. uThi tmore has 

~re~ented a general application of these concepts in his 

~a~er (8?) entitled, •The Common Basis of Intramolecular Re-
. ' 

arrangements", wherein he states, ftThe purpose of this paper 

is to show that rearrangements and the pecularities of organic 

'methathetical' reactions have a common mechanism based on the 

very nature of the 'bonds' in organic moLecules. All the 

essentials of the mechanism proposed in this paper are old 
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and are implicit in conceptions of atoms and molecules 

introduced durin£2' the last twenty years by G. N. Lewis, Arthur 

Ivlichael, Julius Stiegli tz, Lauder W. Jones, W •. A. Noyes, Hans 

Meerwein, H. J. Lucas and Charles Prevost •••••••••••• In recent 

years, Meerwein and his eo-workers have added materially to 

our knowledge of rearrangements and have shown that conditions 

which favor ionization also favor rearrangement in many cases 

The present study is an extension of this work, but is not 

limited to cases in which ordinary ionization is possible. The 

• • • 

English school of organic chemists, i1mluding Robinson, Ingold, 

Shoppee and their students has long emphasized the dependence 

of various types of rearrangements on electron transfer within 

the molecule. The present study involves, then, a fuslon and 

a simplification as well as a more general ap-plication of much 

that has ~one before." 

Vlliitmore then formulated all vicinal rearrangements 

electronically by expressing that portion of the molecule 

involved in these processes in the general form,-

•• • • •• 
System (1) 

•• 
B • X-. • • • • • • 

where X us ~sually oxygen or halogen or other strongly 

electronegative atom and A and B are atoms like carbon and 

nitrogen which are neither_ strongly electronegative nor 

strongly electropositive, and where each atom has a completed 

octet of electrons, the linkages being due to a sharing of 
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these electrons. "When a molecule containing system (l} 

ts brought into a reaction which results in the removal of 

X from its attachment to atom R, then. regardless of the 

mechanism, of the process. X keeps a complete octet of 

electrons and leaves B with only a sextet of electrons, an 

~open sextet~. Thus, at some instant system (1) becomes 

.. 
:A : B ·+ :x: 

Three different changes may take place: 

~ The positice organic fragment, depending on the chemi-

cal nature and envi:r!oment of A and B, may have a life long 

enoug.n to allow it to combine with a negative.ion Y in the 

reaction mixture. 

:A B . . -~----~-·· ·A·· ·a··· y'' · . . ~ .. 
In such a case, the reaction is "normal", no rearrangement 

takes place, and the process resembles the simple metathetical 

reactions o~ inorganic chemistry. It is not usual for an or-

ganic reaction to follow this course entirely. 

2. If the atom A has a hydrogen attached to it, the frag-

ment can be stabilized by loss of a proton. 

H 

'A 
" . 
B ---.. H 

+ 
+ A . . B 

The product is an olefin or other unsaturated molecule. This 

process is very common in organic reactions and has led many to 
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believe that the olefin is an intermediate ~roduct in 

such reaction instead of merely a by-~roduct. 

3. The nature and environment of A and B may be such 

that B has the greater attraction for electrons or that A 

can more readily dis:pense with a pair of its electrons. In 

either case, a change in the fragment will leave A with an 

OJ?en sextet. 

. .. 
: A B A B : 

, . 
!he shift of the electron ~air includes the atom or group 

which it holds'! 

ftThe new fragment can then recombine with the ion X. 

or with a new negative ion Y from the reaction mixt~re. The 

result is an "abnormal" or rearranged product, the series of 

change• being 

R R 

: A: B . X: --+: A . B -? :A : ... . . 

R 

B ·~. y . . . A : 

R 

B: 
If atom B in the r·earranged positive fragment has a hydrogen 

attached to it, the system may lose a proton. De:pending on 

the other groups attached to A and B, the resulting unsaturated 

compound may or may not be identical Tiith that obtained by 

the loss of a proton from the original fragment. It is im-

portant to note that the shift of electrons within the positiv~ 

fragment, and the stabilization by loss of a :proton are 

monomolecular processes which may effectively compete with the 

bimolecular union of the original or the rearranged fragment 
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with an ion from the reaction mixtQre." 

Whitmore stressed that this hypothesis does not 
asswme that a group leaves one part of a molecule and later 
attaches itself to a different part, the important process 
being the intramolecular transfer of an electron. pair with 
the at~ached group from an adjacent atom. T.he XBJ to mole­
cular rearrangements on this basis is the formation of an 
atom with an "open sextet", a deficiency of an electron pair, 
to act as a centre of instability. 

The hypothesis in the above form has since be~ 
modified by the consideration that the processes in7olved 
may take place simultaneously, so that an atom with a .true 
'open sextet' may probably not ac~ally be formed as an 
intermediate. That is to say, a simult.aneous addition and 
dissociation of reactants, a simultaneous formation and 
breaking of linkages is considered as takin~ place. 

Various authors have applied the electronic concept 
to the explanation of the different vicinal rearrangements, 
in the following manner (the asterisk* indicating the atom 

with the •open sextet" ) ; 

A. Rearran~ements and Isomerisation 

The Beckman Rearrangement -

The spontaneous Beckmann rearrangement which the 

picryl and related ethers of ketoximes undergo was regarded 
by Chapman and Howis (88) as proceeding by an intramolecular 
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exchange of positions of the'hydroEarbon radical and the 

~icrate grou~, through perha~s a preliminary dissociation 

taki~g ~lace within the molecule; this dissociation· never 

reaching the stage of true ionisation 

~:6H5J ::.0 

C6H
5
-NH 

heat 

B. Rearrangements and Elimination 

The Curtius Rearrangement - The elimination of the nitrogen 

leaves an ~open sextetn. 

Q •• 
R:C-N* 

P. •. 
C-N:R __ __.. • ..., R-N=C=O 

The Wagner Meerwein Rearrangement-

Ingold (89) considered that ttthere may be s:pecial 

structures in which the natural distribl:ltion of affinity 

(apart from any tendency to elimination) is such as to loosen 

one of the attached groupss and give rise, under suitable 

conditions, to isomeric change dependent on the formation of 

an ion.tt An ionic mechanism was put t·orward in eX}?lanation 

of the Wagner rearrangement by Meerwein (90}. The evidence 

in su:pport of this mechanism is :provided by the observation 
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that the ease of the transformation increased with in-

creasing anionic stability or X and with increasing 

dielectric constant of the medium. Bartlett and Pockel 

(91} formulated the arrangement in the following manner 

-(Cl--) 

C. Rearrangements and Addition Reactions-

The "positive fragmenttt which undergoes rearrange-

ment may not only be formed by the removal of an atom or 

grou:p THith a complete octet of electrons but may also be 

formed by the addition of a ::proton to ~ne carbon of an 

ethylenic linkage ·leaving the other carbon atom wl th only 

six electrons.*(92) 

H+ 
(CH

3
) 

2
cH-CH:CR2 :. (CH

3
) 2cH-eH-C~ Cl ~ (CH3 } 2CH-CHC~-CH3 

H:+rearr. 

(CH3 ) 2c*-CH2CH3 Cl» (CH3 ) 2C(Cl}-C 2H5 

The Benzil-Benzilic ~cid Rearrangement-

The benzil-benzilic acid change has been formulated 
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by Ingold ( 92) and Sho~p.ee ( 93) : 

~6H5 C6H5 C6H5 

- -"'"~ ... I 
0 c- c=o OH o - c - c=o H 0 = 1- .C- OH I .... 

r 1 .. 
~' C6H5 HO C6H5 HO C6H5 

Robinson had considered that the driving force of the re-
# arrangement lies in the strong tendency of the ion c--· OH 

ttto stabilize itself by becoming a true ion of a carb~xy-

lie acid" (by the loss of an electron Eair.) (94). accor­

ding to Ingold and Sho~~ee this excess of'electrons sta-

bilizes itself by a ~~inacolic electron dis~lacement" to-

wards the other carbonyl grou~ which acts as an ~electron 

sink". These.authors considered that both an electron 

source and an electron-sink must be present in a molecule 

for pinacolic electron dis~lacement to occur. 

D. Rearrangements and Removal Reactions-

Whitmore and Church (95) have reported the formation 

of four different octylenes o~ the dehydration of 2,2-

dimethyl hexanol-1, by heating with concentrated sulphuric 
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a"'Cid, and have formulated tneir formation as follows:-

CH3 CH
3 I I 

C4R9 -c - CH20H -OH C4Hg - c - CH * 
I 

,. 
I 2 

CH3 

::3! Shift of CH3-

c~ 

*' 
I 3 

c - CH2C4H9 c4H9-*c - CH2CH
3 I 

CH 3 

Proton loss Proton loss 

fron1 amyl from 

CH
3 Ctfs CH3 I J I 

C=CHC4H9 
CH2C4H9 C rfi? CH:C -C 2H5. C H C=CHCH 

I 
4 g . 3 

CH3 

The Pinacol-pinacolone Rearrangement-

~The-Stieglitz mechanism of the pinacolone rearrange-

ment assumes that an intermediate oxonium salt (I) loses water 

to leave a nucleus (II) in which one of the carbon atoms ~as­

sesses only thr~e pairs of electrons. This "fault" in the mole-

cule is then repaired by the migration of a negative methyl 

group, with its full com~lement of electrons, from the adjacent 

carbon atom to the electron deficient carbon atom.,,. ( 96) 
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CH3 - C - OH HX 
--------------~ 

C~ - C - CH3 
I 
OH 

CH3 I 
CH3 - c - CH -HX 

I 3 

CH3 c - 0 -

Hofmann and Lossen Rearrangements-

CH 
3 

CH3 

CH3 

CH3 

CH3 H + 

.. .. : c: Q: H 
x.-

: c : CH3 
: 0 : 

H 

H20 

+ 
c~ .. 
c* 

c C:CH3) X-

: 0: 

H 

Bright and Hauser have re~resented {97} the general 
...., 

course for the Hof.mann and Lessen rearrangements of co~ounds 
I" 

of the ty:pe R-CO-Nli-X {where X is halogen, benzoate, etc.,) in 

the :presence of alkali~ as follows, 
- + 

R-CO-NHX: + KOH (R-CO-NX.)f K :~OH 

RNCO -4----- {R-CON*)+KX 

"First, an acid-base reaction occurs forming the salt 

(I): many salts of this type can be isolated. Second, the animn 
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of the salt releases X ·with a complete octet of electrons 

(i.e. as an anion) leaving the nitrogen atom with only a 

sextet of electrons. Third, the molecule is stabilized by 

rearrangement to an isocyanate. The stabilization by rearrange­
ment is considered -to involve a shift of an electron pair with 
:bhe group R attached from C t·o N". 

E. Rearrangements and Substitution React ions 

The extensive rearrangement which 'dhi tmore has 

reported (98) in the preparation of the chloride of 2 ethyl­

butanol-1 by the action of hydrochloric acid-zinc chloride 

reagent, wherein six different chlorohexanes, namely 3-methyl-
3-chlor opentane (B), 3-methyl-2-chloropentane (0) ~12-methyl-

2-chloro pentane (F), 4-methyl-2 chloro pentane (C), 2-methyl-2-
chloro pentane (F), 4-methyl - 2-chloro pentane (G), 3-chloro­
hexane D, 2-chlorohexane E, in addition to the direct substi­
tution product 2-ethyl 1-chloro butane (A) are produced, has 

been formulated .as in scheme 2.* 

The Mi~ratin~ Radical 

1.7e.llis arid Iv!oyer have studied the Hofmann rearrPn9:e­

ment of dextro 3, 5-dini tro 6, eft -nR~0hthyl benzamide. (99) 

In this molecule optical activity is conditioned by the res­

triction of free rotation about the diphenyl linkage. On 

rearranger:~ent, an optically.active amine, 3,5-dinitro,6} 

~-naphthylamine was obtaired with no chan!3'e of sign in the 

* See P<J.O"e 43 
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[ ] er 
C-c~.-0-C-C-C ~ CH-CHCl-CH -CH - CH2- CH 3 2 2 3 

t H shift - ( 5~lO%) 
- er 

[ C-C -C *-C-C -C ] ----=--CH- CH-CHCl- CH-CH-CH 3 2 2 -z 3 

CH CH t shift (l-S%) 
3 2 

D 

E 

A 

B 

l CH3CH, Cl 
-cl~ _-_-..._CH-CH 

CH CH~ 3 
3 2 

c 

(1-5%) 

F 

G 

Scheme 2. 
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rotatory power and no appreciable racemisation 

These results were interpreted as showing that 

at no time is the blocking effect of the -CON group re­

moved, that is, in rearrangements of this sort the 

radieal R is never free even momentarily. This change is 

therefore truly intramolecular, the migrating granp being 

never completely free, either as a negative, positive or 

neutral fragment. wThe process therefore seems clear enough. 

After the hydrogen bromide has been removed from the 

nitrogen atom the appropriate picture of the system must 

be much like that indicated in the following diagram: 

;c .. :: .. c,. 0 
...... w 

with dotted lines indicating partial valencies which are 

beginning to form ••••••••• With subsequent motion of the 

nitrogen atom the bond between the two carbon atans will 

grow continuously weaker, and this will be accompanied by a 
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strengthening of the dotted bonds and the appearance of an 

additional bond between the nitrogen and carbon atoms ..... 

One could predict that no free radical, ~ositive or ne~tive, 
would appear. Therefore, an asymmetric configuration is main­
tained.tt 

A similar observation has been made by Bell, {lOO) 

o~tically active 6-nitro - 2 methyl diphenyl - 2 carboxylic 

acid when suhmitted to the Hofmann or Curtius reactions pro-

ducing an amine of the same sigB of rotation 

CH COOH < > ......... 3 __,< > 
N0 2 

The aspect of the problem of molecular rearrangements 

which considers the relative ease with which groups migrate 

is not as yet fully understoodt the study of the relative mi­
grating aptitudes of groups having led to many anomalous re-

sults. Thus, Orekov and Roger, (101), ohserved in 1-:phenyl 

2-amino - 1 anisyl ~thanol, that the anisyl group migrated, 

there being no evidence that the phenyl had migrated at all:-

CH
30...;C 6H4 

'c - CH2NH2 
/1 

c6H5 OH 

whereas, r;1i th 2-amino-1: 2-di:phenyl, 1-anisyl ethanol-1 ,McKenzie 
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and Mills found that. the ~henyl grou~ migrated, (102): 

- CH-C H 
I 6 5 
NH 2 

Molecular Rearrangements and Substi tuti.on Processes 

A new chapter in the stidy of Intramolecular Re-

arrangements was begun with the discovery by McKenzie·, Roger 

and '?fills in 1926, of the transformation vri thout loss of o~­

tical activity 9f an optically active amino alcohol to an op­

tically active ketone, wherein a hydrocarbon radical had mi-

grated from the ad.iacent carbon ato·m to the asymmetric carbon 

a tom, (103) • In spite of the intramolecular rearrangement in-

activity was preserved. 
C6H5 
I 

CH Hl'JO dC 6H C ------ C* -H 
3 2 > 511 ' 

0 CH 
3 

a reaction of substitution at the optically active 

centre is involved during the trans:p osi t ion of the phenyl group, 

the :phenyl group replacing the eliminated amino group. 

S~ple Substitution Processes:-

The surprising discovery that a new substitutent need 

not always enter the exact spatial position occupied by the atom 

or radical being replaced, but may enter another valence position 

on the same carbon atom was reported by Walden in 1895. (104). 
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Walden had established the following transformations: 

l-COOH~CH2-CH(}UI2)-COOH l NOCl 

l-COOH-CH2-CHCl.COOH 

Scheme 3 

l-COOH-CH2CHOH-COOH 

!PCl.i 

d-COOH-CH2-CHC1-COOH 

That is, Walden had found it possible to obtain from an opti-

ce.lly active substance containing a single asymmetric carbon 

atom, the substitution nroduct in either of its optically ac-

ti ve forms. In one of these transformations, Walden realized 

a change of configuration or an optical inversion must have 

occurred. That is to say, the relative spatial positions 

of the atoms or radicals in union with the as~netric carbon 

atom had been altered. 

Optical inversion had not been anticipated as a 

corollary to the Van't Hoff-LeBel theory of the stereochemistry 

of carbon compounds and thus was considered the result of an 

abnormal substitution. It was however, soon ebserved to occur 

so frequently and so regularly that Fischer was led to regard 

the process as normal rather than abnormal and as representing 

a ve·ry general phenomenon (105) which he designated tt The ~Valden 

Inversion." 

The question at once arose as to whether a thec~etical 

explanation of ttThe Walden Inversion" could be formulated. 
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- W • Ostwa.ld in his review of '.'lalden' s :pa:per comments, some­

what sarcastically, ttOne may indeed be highly expectant of 

efforts which vrill be made to explain this contradiction," 

(106). 

Modern Theories of Walden Inversion:-

The modern theory of the typical substitution re­

action of organic ehemistry was suggested by London's quantum 

mechanical inter:pretation of the :process and was developed and 

applied by Meer and Polanyi, by Olson, and by Hughes and Ingold. 

London has shown (107) from quantum mechanical con­

siderations that the energy of activation for reactions of the 

tYJ?e:Y+XZ--.YX+- Z, is smallest if the atom approaches (the 

molecule) along the line joining the nucleii of the molecule. 

It also follows from his theory that the activation energy 

(under this .condition) would be, in general, as little as 

one-seventh of the dissocation energy of the dissociating mole-

cule (XZ). 

Eyring and Polanyi {108} applied London's theory 

to the simplest substitution reaction, the atomic exchange con­

version of para hydrogen to ortho hydrogen by hydrogen atoms. 

The designated ideal simplicity of this transformation involv-

ing a single :process and only one reactant permits of a theoretical 
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rreatment as well as an experimental study. Ap~lication 

of London's theory showed that the energy of activation of 

reactions of this type is a minimum if the hydrogen atom 

approaches the hydrogen molecule along the molecular axis, 

.(Fig.l) and is so large that under ordinary circumstances the 

transformation would not occur if the attacking atom were to 

approach the molecule symmetrically, (Fig.2); that is, per­

pendicularly to the molecular axis. 

H 
H---~ I 

H 

Fig. 1. Fig. 2. 

Theoretical calculations, (109), show that the activation ener­

gy of the process as in Fig.2 is about lOOKg. cal., whereas for 

the :process as shown in Fig.l, is only about 13-15 kg. cal. 

Experimentally, the activation energy was found by Farkas (110) 

to be 4,300· -1~,000 calories and by Geib and Harteck (111) to 

be ?250 ± 250 calories. Pelzer and Wigner (112) have extended 

the calculations for a molecular axis approach to obtain a 

value for the reaction velocity which is in excellent agreement 

with exuerimental results. The general agreement between theory .r: 

and experiement in this c~se as well as in other similar cases, 

that have been reported, in~icates that the processes involved 

in the reactions of the type; Y + xz~ YX + Z, may be considered 
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to take place as follows: 

(1) The attacking atom Y approaches the molecule XZ 

along the molecular axis. Since the activation energy re­

quired in these reactions is only a fraction of the energy 

required to break either bond outright, the appr~ach of the 

attacking atom Y, must weaken the bond XZ. 

(2) The energy of activation of the reaction allows Y 

to form with XZ an activated state,-the state where X is at­

tracted equally to both Y and z. This activated state repre­

sented by a linear configuration of the three atoms then 

breaks dow-.a to either Y + XZ or YX + Z. 

Indirect Substitutions:-

In 1932, Meer and Polanyi formulated a stereo-chemi-

cal corollary to the interpretation; namely, that all bimole-

cular substitution reactions of the type,-

took place with inversion and classified them as nNegstive 

Mechanism" reactions, (113). These authors pointed out that 

when a substitutent of the negative type is exchanged for a 

negative ion (anion), the driving force of the reaction must 

lie in th~ interection of the negative ion with the cerbon 

atom to which it becomes attached, (the effect of the positive 

ion being restricted to a ~salt effect"), and that the negative 
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ion will necessarily approach the carbon atom from the 

side opposite to the group to be substituted, since the 
dipole. 

electroststic forces of theAattacked by the ion will cause 

this to be the :position of minimum energy. Thus, the new 

substitutent x: will always react with the carbon atom at 

the face of the tetrahedron which is opposite to the posi­

tion of the or~ginal substitutent, Y. A Walden ~ inversion 

will accordingly always occur. 

Olsen extended this theory to postulate inversion 

in every substitution, (114). Substitution reactions, 

Y + XZ ~ YX + Z, taking place by mechanism in which either 

dissociation of XZ is the primary step or the formation of 

the complex YXZ is the priLary step, were considered as 

limiting cases of an inclusive group in which dissociation 

and association may be simultaneous :phenomena. Olson referred 

to the quantum mechanical considerations of Pauling and Slater 

(115} which have indicated that the carbon eigenfunction which 

is involved in the carbon chlorine bond extends beyond the 

carbon atom on the· side away from the chlorine. That is, 

the carbon atom has a tendency to fonn a bond at each f~oe 

of the tetrahedron. Furthermore, the weaker the bond is to 

the apex, the stronger the bond is to the op~osite face. 

Therefore, "The group which is to be displaced determines a 

unique path for the entering group, such that the system re­

quires less energy than it would for any other :path*. Olson 

considered it immaterial whether there is first addition to 

the face-centered bond or whether there is a dis~ociation 
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~hich strengthening t~is bona attracts the entering 

group t causing a similtaneous addition . This then leads 

to complete inversion of configuration for the reaction 

whi ch takes place in one step. e 

H. 1enke {116} had given experimental sup:port to 

the existence of this face-centered bond , since his inter-

pretation of the X- rey diffraction pat t ern of liquid carbon 

tetrachloride required the assmnption that the chlorine from 

one molecule of carbon tetrachloride in the liquid state was 

face - centered on the adjoini ng carbon tetrachloride tetrahedion . 

The relative energies of the two possible transition . 

states (I,II) whic:J. could be involved in this transformation 

were as sessed by Hughes and Ingold (117) by a-plication of the 

exclusion princi~le ; that is, by consideration of the conditions 

, ___ ich would r iniro.ize the re lusi ve exchange energy integrals. 

They conclud that state I will correspond to a smaller state 

of activation then state II . 

R2 
J _.x 
C-- ~ -

1 - - - -Y 

~ 

I II 

Hughes and I ngold considered the effect arising from the ex­

clusion :principle to be more important, and in all ordinary 
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eases determinative, than th-e effect of· the dipole field 

in the. line C-Y, previously considered by Meer and Polanyi 

to be the force which preferentially directs the anionic 

reagent to the position leading to inversion. Such a view 

is confirmed by Read and Walker's observation (118) of in-
·-~-

version_ occurring in the replacement by OH- of N --Me3 in 

1-piperityl trimenthyl ammonium hydroxide to give a piperitol. 
+ 

In this case, the bond to be ruptured is C - N R3 and the 

electrostatic forces alone would direct the attacki~g anion 

to the position giving a retained configuration, whereas, 

the exclusion principle still favors transition state I. 

The experimental results indicate that inversion of configu-

ration occurs and thus the exclusion ~rinci:ple ii determina-

tive. That is to say, the most favorable method of attack 

still remains along the line of the linking involved in sub-

stitution. 

Confirmation of the theor~tical views was given By Ogg 

and Polanyi who were able to arrive at a theoretical acti-

vat ion energy for i;ihe "l~ega t i ve Mechanismn- reaction, by an 

extension of the :previous quantum mechanical considerations. 

(11~). The calculation of the activation energy was based on 

the approach of the negative ion toward the positive end of 

the carbon halogen dipole along the line joining'the carbon 

and halogen nucleui. The theoretically established values 
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1iere !ne-g-eneral agreement with the 'experimentally observed_ 

act iva t 1on energies, 

Various other experimental observations were cited 

by these authors in support of their theoretical considerations. 

The investigations of Phillips- and Keny_on (120) on the react ions 

of the toluene sulfonates,. in which the conclusion was reached 

that substltution by a negative ion resulted in a Walden 

inversion, Sllpport these considerations. The kinetic studt:Bs 

<Jf the racemisation of· optically activehalides by the corres­

ponding halogen ion wherein the velocity ~onstants of the 

racemisation have been found similar to the v:elocity of· substi­

tution by halogen ions, has brought additional evidence (120a). 

The thermodynamical indices, for example-, the activation 

energies and collision numbers, have also been :t"ouna. similar 

Whether substitution or racemisation was considered. and· re­

gardless of ion or strQcture of th~ comp~d.(l20b) 

For a particular case of the reaction of an organic 

halide with halide ion, th'e validity of the theory ha.s been 

conclusively demonstrated by the work with radioactive iodine 

isotopes (121). The rate of exchange, that is, substitution 

between dl seo. octyl iodide and sodium iodide containing the 

radioactive isotope of the halogen o1;tained by exposure to 

the aotion of neutrons, was determined by measurement of the 

radioactivity of the products. In another series of·~~eri­

ments, the rate of racimisation of dextro sec. ootyl 1adide 



-55-

by sodium iodide in acetone was determined polarimetrically. 
·\Vhen reduced to the same units, the two processes were 

found to have velocity constants a.o~reeing to within 10%. 

This reaotion clearly involves exchange between the iodine 

atom of the sec octyl iodide and the iodine ions of the 
solution. 

11he''Negati ve Mechanism" group of substitution 

reactions includes the following transformations,-

(A) The conversions of optically active halides with 

salts of inorganic or organic acids, for example, lithium 

chloride, silver acetate, sodiwn benzoate belong to this 

class of substitution and are accordingly accompanied by 

Walden Inversion. 

Levorotatory bromides and iodides all lead on the 

action of lithium chloride to dextrotatory chlorides (122). 

levo CH -CHI-C H9 3 6 
Q. '> CH 

3 
-OHCl- C 4H9 

'Ii1:CI 

The action of potassium 8cetate on levo ethyl 

bromo propionate in absolute ethyl alcohol under reflux 

for 6 hours yields dextro ethyl oe.-acet oxy propionate (123) 

1-CH -CHBr-COOEt 
5 

d-OH5-CH-COOEt 
JOOCH3 

Levo rotatory phenyl methyl chlormethane produces 

by gentle warming with silver acetate the dextro rotatory 
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acetate of phenyl methyl carbinol 

~- Q 

CH COOAg 
3 

CH3COONa 

d-
CH~ 6 5 CH-0-CO-CH (120b) 
CH/ 3 

3 

The reaction with silver acetate is accompanied by conside~ 

able partial racemisation. The acetate obtained in this 

manner has a smaller rotation than the one obtained through 

direct acetylation of the oarbinolaJ and also than the one 

obtained by analogous means using the sodium acetate.· 

Bergmann considered this to be an indication that the silver 

acetate tends to react by a "positive mechanism" and pointed 

out that the favoured formation of the silver chloride must 

play an important role. 

l:Iarker, Whitmore and Kamm (124) have established the 

follovdng transfor~ations in sterol chemistry 

cholestyl chloride 

CH ~OOK 
3 

and hydrolysis 
~-PCl 

5 

epi-cholestanol 

Potassium acetate was considered to have produced inversion 
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(:B) The reaction of an optically active halide with 

sodium malonic ester, that is with malonic ester ion, 

leads to an alkyl malonic ester with opposite configura­

tion. (120b) 

d-
C H 

6 5'CH-Cl 
CH/ 

3 

Similarly d-2-bromo butane by the malonic ester ~nthesis 

yields 1-~-methyl valeric acid. 

(C) The reactions of the snlfonic esters of optically 

active hydroxy compounds with the alkali salts of inorganic 

and organic acids (125), such as potassium acetate, 

potassium benzoate, lithium chloride, sodium bromide, 

potassium iodide etc.' hav~,hown t 0 produce products with 

a change of configQration. 

Ammonia and primary and secondary amines have 

also been found to react with such esters to produce optically 

active animes. The stereochemical nature of the reaction is 
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not definite but there are indications that these derivatives 
have the same configuration as the original sulphonate {126). 

(D) Replacement by means of halides of Pho~horua and 
SUlphur are assumed to proceed through the prior format ion 
of an ester-halide. These ester halides are considered to 
ionise to form a halide ion (127), especially in the presence 
of pyridine or other tertiary base owing to the production 
of pyridinium halides;-

0 6H5 ""'- O /OH 

Etooc/ ~H 

\ PC15 

+ Cl 
0

6
H

5 __.., 0-P-Cl 
'c~ c1 

EtOOC"' "H 

The decomposition o·f the alkyl chloroformates in the presence 
of a tertiary base may be regarded similarly. (128) 

(E) Replacement by means of hydrogen halides under 
conditions favoringianisation are considered to proceed by 

a mechanism quite similar t:J the mechanisms in the case of 



-59-

the halides of phosphorus and sulfur (129), an oxonium ion 

b~ing formed as on intermediate. 

+ H 0 
2 

Ivieer and Polanyi distinguished between these re-

placements by an anion, the "negative mechanism" substitu­

tion, and those in which the attack is by a cation, a 

positive mechanism" substitution. There are very few cases 

of true "positive mechanismn substitutions, wherein a 

positive ion may be considered to attack the negative end of 

the polar bond, thus taking the negative substituent t.o form 

a neutral molecule, leaving as the remainder, a positive 

carbon radical.; 

·This latter is stabilized in a secondary reaction, whereby 

the optical result of the substitution depends on the 

stability of the configuration in the positively charged 

radicle~ substitution through the •positive mechanism• 

then need not be accompanied by Walden Inversion nor by 

racem1zat1on. 
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Displaoements of the halogens of organic halides with 

silver oxide or silver salts involve a heterogeneous attack by 

silver ions on the organic halide absorbed on the surfaoe of the 

insoluble silver salt. Hughes and Ingold, et al (130), assume 

that the absorption of the halide stretches the carbon-halogen 

bond, and an absorbed silver ion takes advantage of the disturb­

ance in order to extract the halogen as an ion. The final step 

-involves the heterogeneous reaction of the carbon cation with an 

absorbed nucleophilic reagent or solvent molecule. T.he substit­

ution process then depends on an assisted positive mechaDism. 

Olson extended his face-centred bond theory to explain 

substitutions in which an apparent direct substitution without 

Walden inversion occurs. •Thus, if the face of the asymmetric 

carbon atom opposite to the ohlorine were absorbed on some 

surface, the carbon-chlorine bond would be weakened causing tha 

dissociation of chloride ion and inversion to form a wall complex. 

Hydroxide ion would now add, again causing inversion and releas­

ing the molecule from the surface' The net result would be the 

production of the product with same configuration. The action of 

ailioa. on the hydrolysis of optically active phenyl bromoacetic 

acid to produce the mandelic acid with the same configuration 

was explained with this mechanism. The function of silver salts 

was interpreted similarly. The action of the silica, silver oxide 

and silver salts might thus be regarded as a • face-centre 

shieldipg " effect blocking the "negative mechanism• as well 



-61-

~s a catalytic effect wherein the bond of the. grou-p to. be 

displaced is weakened, facilitating the occurrence. of the 

"Face-centre shielding" effects have also been 

po.stulatea. Wl. thin the molecule.. The presence of a charged 

group o:r,·the appropriate sign {negative for the or~anic 

cation·and positive for the anion) was considered-by Hughes 

and Ingold (129) as tending to stabilise and to preserve 
,c~ 

the ion. Since u'he ion is a betaine -o 'o this structure 

is likely to remain until a ne.w. group enters the position 

v·a.aa:t·ed by the one expelled: the result being a consider-

able retention of conf'ign+a.t ion,... It· the reagent 1nteryenes 

before the intramolecular s1iaOlis1ng s"Gructure l.s t·orme<l, 

onLy partial retention of form will be observed. 

Winst~in and Lucias (131) al-so postu.lated a. "tace-

oent:r.-~ shi.elding" in a mech&nism devel.Qped. 1iO acooun t. :Lo;r 

~~ ~e:t;ention o:f configuration in the c·onversion by hydrogen 

bromide of dl..;..tbreo 3-bromo blltanol~ to dl..-2,3-dibromobutane 

HB~ 
dl- OH

3
-CHOH-CHBr-CH3. -~--• dl- CH3 -0HBr-OHBr-CH

3 threo- No W.I. 

The unusnal oenavipr of the bromobutanols was 

ascribed to the presence of the brQmine atom in the follow-

ing mechanism, 
,, + '/ :+ 
y - OH +Ji ) ... ~r· ... OH2 

Br-C Br-/.\ ,, -
-H 0 

2 

,· 
Br 

'A 
·-+Br 

'0- Br 
I 

B:r-}\ 
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wherein the bromine atom is considered as be1hng attracted 

to the back face of the carbon atom holding the hydroxium 

group in the same way th~t an independent bromine ion may_ 

Substitution by negative ions is accompanied by a 

steric h~ndrance effect when large substituents are attaoh­

edttm the carbon atom at which substitution takes place. The 

effects of complete steric hindrance were studied by 

Ba;rtlett and Knox. (l32) "A derivative of bicyc.Lo ~,~,.l 

~eptane with a su.bsti tuent on the bridge head is incapable 

.Of r•aot1ng by -the currently favoured mechanism of negative 

substitution with Walden Inversion. In the first place, 

no negaulve 1on or o~ner nucleophilic reagent can approach 

Qarbon atom 1 from the side opposite to the substituen~ 

and get within bond-forming distance, because carbon atoms 

3,4,6 and 7 or 8 form a cage around it. In the second 

place, the three carbon atoms directly bound to _the bridge~ 

head (carbons 2,6 and 7) are not free to alter thei~ 

positions as required:~an inversion of configuration, 

Both these restrictions apply whe~her ·there is opt ica1 

activity present in the sysi;em or not. Henc~ we may wo:uk 

with an .optically inactive series of compounQ.s and still 

be 8\lre that the mechanism of reaction which, in optically 

ac;a,tive a_ompounds, underlies the Walden inversion is e~cludeQ.." 
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(X ,1m2:- 1 apocamphylamine 

-OH :- apocamphanol-1 

1-Apocarrrphyla.mine was found to reHct with nitrous 

acid to form apocam:phanol-1 (~=OH), with nitrosyl chloride 

to form 1-chloro apocamphe.nol (X=Cl). The hydroxyl group of 

a~ocamphanol-1 could not be replaced by thg action of 

thionyl chloride, phosphor~s pentachloride or gaseous hydrogen 

bromide. The chlorine group of 1-chloro apocamphane could 

not be replaced by the action of 30% alcoholic potassium 

hydroxide. "We can now say quite definitely that ne inversion, 

or series of inversions, need be involved, in the reaction 

of an amine with nitrous acid or nitrosyl chloride. These 

reactions proceed as Sliloothll7 and rapidly when the ':'lalden 

Inversion is prohibited as when it is possible''. 

Recently Bartlett with Cohen has continued his 

studies of·- structures which prohibit the Walden Inversion. 

The addition product of maleic anhydride to 9-bromoanthra­

cene, a derivative o£ dibenzobicyclo-octadiene, is structurally 

incapable of a Walden Inversion in the replacement of the 
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-

bromine, and as these authors have found, shows no replace-. 

inent of this bromine on boiling for 18 hours with 30% KOH in 

50% aqueous ethyl alcohol (133). The bromine however can 

be r~laced by hydrogen with reduction using sodium and 

alcohol. It is to be noted, that, although the bridge head 

carbon is direct]y bound to two phenyl Q'roups which in the 

acyclic analo~es means an enhanced activit.y of the group X, 

a-gain no replacement occurs thrOUf!ll a negative me:chanism. 

"Face-centre shielding" has been shown t .o facili-

tate direct substitution. Replacement reactions involving 

intermediate compound format ion. in which the entering· atom 

and the atom which it replaces are held on the same side of 

the asymmetric carb.on atom have been shown to be equally 

effective in facilitating direct substitution. Transforma­

tions by means of thionyl chloride, carbonyl chloride, and 

by hydrogen halides may take place in this manner, under 
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conditions inhibitory to ionisation. 

' 
0 

(A) 70-0H SOCl2 c/ "so--..~c-cl + so2 (134) 
~ er 

-~ 

(B) 
..... ,/\ ' -C-OR 0001 .. ...,c /co--.:;c-c1 + C02 (135) /· 

CI 
OH 

(C) ~0-0H HOl • 0/ 'H --..~C-Ol + H20 (136) er"" ;!' 

Under suitable conditions, low temperatures in the case c, 

and in the absence of substances causing ionisation, the 

intermediates may decompose to. yield the respective products 

with no change in configuratio.ru. Catalysts for reaction (B) 

are magnesium and mercuric chlorides. (135) A possible 

catalyst for reaction (.A) is zinc oxide. (137) 

Di§§QQia:Ji1Qu_M~gbani~wa 

Reactions of the two previous classes are complicated. 

in some oases by primary dissociation into ions of the sub-

stance under consideration. For example, Ward has observed 

that ph:enyl ethyl ·oarhinyl chloride when dissolved in an 

alcohol water mixture, liberates nydrochloric acid at a rate 

wh_ich is independent of the hydroxyl ion concentration. (138) 

That is to say, the halide does not react directly with the 

hydroxyl ion but undergoes a primary dissociation into ions. 
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Bimolecular sUbstitutions in which the bond is 

exchanged in one act, ( sn2 ), are distinguished by Hughes 

and lngold (139) from substitutions in \Ihich the bond is 

broken and then reconstructed in senarate acts (Sn ) . . ~ 1 

Which of these mechanisms will operate in a given example 

depends, inter alia, on structure, i.e. on the groups 

attached to the seat of substitution. Groups which with-

draw electrons thereby ~acilitate approach of the nucleo~hilic 

reagent, the })r esence o-f which is necessar~~ for reaction by 

Groups which supply electrons favor the 

dissociation which is the rate determining step of mechanism 

Hughes and Ingold's views on the effect of groups 

may be summarised as follows,- Replacements in methyl halides 

are exclusively bimolecular. 

(1) Alkyl groups release ·electrons more strongly than 

hydrogen, and hence the progressive replacement of the hydrogen 

at.an in a methyl chloride by alk}ll groups will tend to replace 

·mechanism sn
2 

by mechanism Sn1 • 

(2) Aryl snbstituents at the seat of substitution 

facilitate mechanism sn1 much more strong~y than do alkyl 

groups. 

(3) Groups of the form, COOR, being electron attractors 

will serve toe stablish mechanism Sn2 to the exclusion of 



-66-a 

(4) The carboxylate ion group, - coo-, repels 

electrons and thus a transition from mechanism Sn to s 2 nl 
is expected. 

Liechanism Sn1 may involve inversion, racemisat ion, 

or retention of form depending on the circumstances which 

have to be considered in detail. The presence of an unsaturat&d 

group, such as phe~l, at the seat of substitution introduces 

mesomerism, a factor which tends to stabilise and at the same 

time to flatten the ion. The result will be enhanced 

racemisati on. 

A number of investigators have emphasised that 

the solvent must play an e~ecially important part in the 

ionia fission, since in all spontaneous ionisations it is 

solvation which reduces the activation energy to accessible 

values. The hydrolysis and solvolysis of optically-active 

alkyl halides have been found to occur with Vlalden inversion. 

(140). Ogg and Folanyi (141) conside:c the process to take 

place as follows, - ttThe transition to the ionic state can 

only take place if both ions are formed as hydrates, other­

wise the a.ctivat ion heat would be unacoessibly high. At 

the moment of its formation the oarbonium ion can add a water 

molecule only on its side opposite to the halogen link. It 

is to this side, therefore, that the hydroxyl group formed on 

decomposition of the carbonium hydrate, will become linked to". 
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The picture of the process is:-

0
6
H

5 
CH3 C6H5 CH3 "I H o~f H20 ••••• C-Ol .•••• H 0---+ ... Cl H20 

' 2 
2• 

E H 

! 
C H5 CH

3 
H+ +6'\1 + Cl- H 0 

/\ 2 
HO H 

Stiegman and Hammett (140) also suggest that another 

solvent molecule removes the proton. Olson and Voge con­

sider the first step to be hydrogen b·ond formation with the 

bromide ion in the case of hydroxylic solvents (142) 

Bartlett has recently observed that the composition 

of the product obtained from a solvolytic reaction exhibits 

a dependence on the solvent composition, (143) and concluded 

that the rate determining step in this case was ionization, 

the solvent serving to solvate the anion and that the solvent 

components than compete for the cation in rough proportion 

to their mole fractions. 
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Roger and McKenzie (144) formulated the following 
experimental scheme in 1929· , 

l-C 6H5-~HN.H2-COOH 
HN02 

d- C H - ,u-oH (~ f\r. Tr 

6 5 ~~c~:' V-' 

1-C H5-CHC1-COOH . 6 
I 

NP Ll.OH 

1 ~ 

d-C 6H5-crrni~ -COOH l mr~2 
1-C H -CHOH-COOH 

6 5 

i CH CH 
• / 2 6 5 

d-o6H -a -o 5

/ ~~OH CH 
NH OH 2 6 5 2 

H 

dil H SO 
2 4 

I / c;H~ c., H, 
C H CH I,lq-Br d 0 H · "* - C - Clr C H 6 5 2 - ; 6 5-, j --2 6 5 

OH OH 

The nr ocesses of intramolecular ref.c.Cl"fn1c··ement and ·.'Talden ~ 

inversion were thus definitely linked one to the other. 

IJater Bartlett and Pockel studied the pin~.col 

rearranp:-ement of cis and trans 1,2 clirnethyl cyclohexandiol-

1, 2, (145) The t rans gl~Tco 1 was found to ~} ield on 
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reL-~- B..ngement 7R c}~ -'Ilethvl 
I ~ -Rce~">l cyclo:pentane. The cis 

·glycol however -() oduc ed 9, 2-d · methyl cp.clohexanone in 74% 

y ·el u i.ng the sert1e -oroced- e. 

K~. 
~V 

c 'eH 
3 

3 

r.rhe se authors conside- ed their observations as follows,­

n the cfs :r:>inacol, the ring ea bon atom and the methyl 

P'rou:p rhich miQ'rates are about enually reroote (on a time 

avera~e) from the OF er o 1p which is eliminated in the 

reaction. In the ~rans pinacol, the rin~ carbon atom which 

mi~rates is much more remote f om the replaced hydroxyl 

~rrnLp than the methyl . In othe words, a group mi_rates 

by prefe ence ~hich is located in space near the 9~~22!~~ 

side of carbon atom o.l, to that occupied by the hydrox~1l 

roup 11hich is re-olaced. This is inco nsistent Tith the · dea 

th t the hydroxy qroup is actually removed before the 

mirrrat ion ace s, for then the radical most accessible to 
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the open spot on carbon No. 1 would sure~y be the one to 

·migrate. The fact that different produ·cts result from 

the two stereoisomers also excludes the formation of a 

racemisable •open sextet" as do the pinacolic and semi­

pinacolic deaminations of McKenzie which yield optically 

active products~ There remains only the possibility that 

the micration of carbon and the expulsion of the hydroxyl 

are simultaneous processes. The preferred migration of 

the radical situated near the back side of the carbon No. 1 

brings out a very strong resemblance between the pinacol 

rearrangement and those replacement reactions in which it 

has been so elegantly shown that Walden Inversion attends 

every act of replacement". Whether or not a Vfalden Inversion 

mechanism is the only one by which a pinaco 1 rearrangement 

occurs, Bartlett and Pockel have established a case in which 

the inversion mechanisn is the preferred one. 

Bartle-tt and Bavey (146) pointed out that the above 

studies had left something to be desired in exactness of 

interpretation due to the non-planar structure of the cyclo­

hexane rinp:, which property allows of many different orienta­

tions of adjacent substi tu.ent s with respect to each other. 

Thus, they extended the investigation to the pinacol rearrange­

ment of cis and trans 1,2-dimethyl cyclopentane diol-1,2 

where in the ulanar nature of the five membered ring makes 
~ 

the relative positions of the groups in ~ace much more 
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certain. Refluxing the cis glycol with 30% aqueous sulphuric 

acid produced in 87% yield 2,-2 dimethyl cyclopentanone-1. 

"Thus the methyl group has migrated in that pinacol in which 

it is in a position to displace the adjacent hydroxyl group 

by attacking the opposite side of the carbon amm holding it, 

as in the Walden Inversion". !dent ical treatment of the 

trans pinacol produced only a tar. nThese results with the 

five and six membered rings support the generalization that 

a grcnp cannot migrate in the pimcol rearrangement unless 

by a simple movement it can reach the adjacent carbon atom 

on the face opposite the hydroxyl group which it is replacing. 

Thus in these pinacols the methyl group can migrate only in 

the cis modifications''. 

However Criegee and Plate have observ~d, contrary 

to expectations that both the cis and the trans isomers of 

dipheny1acenaphthendiol_produce the same product on rearrange­

ment, diphenylacenaphthenone, and that the difference in 

the rates of isomerisation of the two isomers was not particular-

ly great (cis / trans = 7/23). (141) The relatively large 

differences in the rearrangement products which were expected 

due to the difference in spatial structures of the pinacols 

was not observed. Similarly Hans Meerwein (148) by modifying 

Bartlett and Bayley' s experimental conditions observed that 

the trans glycol of 1,2 dimethyl cyclopentane 1,2 diol produced, 
0 

on treatment with concentrated sulphuric acid at -10 , 22% 
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2,2 dimethyl cyclopentanone and concluded that the difference 
in behavior of the two isomers is thus one of degree and 
not of kind. Bernstein and Vlhi tmore have recently investi-
gated the rearrangement by semipinacolic deamination of levo 
1,1-diphenyl 2-amino propanol -1 to dextro methyl phenyl 
aoetophenone in order-to ascertain whether the shifting phenyl 
group actuallY takes the place of the removed amino group or 
takes pa:~rt in a Walden Inversion by approaching the back of 
the adjacent carbon atom, the front being considered as the 
corner holding the amino group. 

99% yield 

They were able to establish that the levo amino alcohol and 
the dextro ketone were of opposite configuration and thus 
concluded that the transformation involved a Walden Inversion. 
This gives additional evidence for the 'rearward' attack on 
a carbon atom during the replacement of a grouptt. 

Bartlet.t and Pocllel also con si dared the relatiCB1L­
ship of the Walden Inversion to the mechanism of the Wagner­
Meerween rearrangement of camphene· hydrochloride to isobornyl 
chloride and concluded that here too a complete 'flalden 
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Inversion i s involved at the starred carbon atom (15) 

H 

ca~phene hydrochloride isobornyl chloride 

Similarly the conversion of isobornyl chloride -into camphene 

must involve a Walden Inversion, isobornyl chloride elimi­

nating hydrochloric acid quite readily with the formation 

of camphene on simply boiling with water. On the other 

hand. the conversion of the stereoisomeric chloride, bornyl 

chloride to camphene, a step upon which the synthesis of 

camphor depends, cannot involve a Walden Inversion. This 

latter transformation however, requires the action of bases 

for the elimination of the h~!drochloric acid. That is, there 

is a considerable difference in the facili ~J vJith which 

these reactions proceed, the loss of the hydrochloric acid 

occurring with mv~h greater facility from isobamyl chloride, 

the transformation which involves a Walden Inversion. ~ 

siMilar behavior was observed by Huckel and Nerdel (151) 

for the isobor.pjl :rutd bornyl amines (01:11!!
2

). Isobornyl 

amine reactin~ with nitrous acid produced only pure camphene 

and camphene hydra.te.f' :Boi'nyl amine produced the s8.me two 
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bicyclic products, camphene and camphene hydrate and in addi­

tion considerable amounts of o<-ter:pineol, a monocyclic 

end-product, wherein the gem-dimethyl bridge has not been 

reformed. That is to say, int.ramolecular rearrangements 

need not always involve a 1.7alden Inversion, these cases, 

however, seemingly proceeding less readily. 

It was thus highly desirable to investigate a case 

wherein ateric factors could have no possible dominating 

influence, in order to establish the natural stereochemical 

course of the migrating group and if possible the extent 

of the rale played by the two mechanisms, namely that proceed­

ing with and that proceeding without Walden Inversion. We 

therefore turned to a study of sirrrple alephatic compounds 

whose stereochemical relationships could be ascertained. 
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The Present Investi'gation 

A survey of our present knowledge of substitution 

processes and intramolecular rearrangements has indicated 

an apparently natural tendency for one group to replace 

another by a Walden Inversion mechanism. The question 

arises as to whether a Walden Inversion mechanism is the 

only one by which an intramolecular rearrangement occurs, 

in the absence of ster ic or other possible direct :ing in­

fluences. A few cases have been established wherein the 

inversion mechanism is seemingly the one preferred. On 

the other hand, there are certain special cases wherein a 

Walden inversion could not have been involved in the trans­

formation. However these latter rearrangements are all of 

the type in which a rearrangement occurs as a consequence 

of a removal react.ion. No simple aliphatic case of a 

rearrangement occurring during the replacement of one group 

in a molecule by another has heretofore·\eeen investigated 

from this point of view. 

The basis ·of 8ltJy such study is the defmite 

correlation of the configuration of the original compound 
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and the rearranp:e1:.:lent product. In only a few cases have the 

relative configurations of the two compounds concerned been 

established. 

P •. G. Stevens and coworkers (152) have shown that 

dextro n-propyl tert.-butyl carbinol on treatment with 

saturated aqueous hydrochloric acid yields a levorotatory 

chloride, containing 94.2% tertia~ chlorine. That is a re-

arrangement from a secondary carbinol to a tertiary chloride 

had occurred accompanied by a change in the sign of rotation. 

It has long been recognized that a change of sign of rotation 

does not represent a change of configuration, for there are 

numerous cases where such a change of sign occurs in which 

no change of configuration could be involved. That is, the 

relat-ive configu.rati ons must be known in order to be able to 

draw conclusions regarding the me:chanian. 

This rearrangement could be considered an example 

of a retroninacolone rearrangement, the tertiary chloride 
.J: 

beirus assigned the. structure _of 2-chloro,2,3-dimethyl hexane. 

/CH3 
d-C H7-CHOH-C-CH3 3 'eH 

3 

c:-r CH3 I 3 1 
HCl l-C3H7-CH-C-CH 

----~~--~~ I 3 
Cl 

Equation 1. 
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This tertiary halide may be configu.rationally related 

to the original carbine.l thl"Oll.gh the following series 

o£ relationships,-

A. 

B. 

c. 

D. 

H CH:-z; 

I ' '"' n-C3H7-C*-C-CH - 3 
I I 

fH CH3 

H CH3 I I 
CH -0*-C-CH 

3 I I 3 
OH CH

3 

H 
I 

CH3-?*- (CH2 )3CH3 

OH 

H 
I 

CH3-C*-COOH r 
OH 

H 

I* n-C3H71 -COOH 

CH 

I 

H 

G 

F 

Herein, lies a possible method for the elucidation of the 

relationships between Substitution Processes and Intramolecular 



-79-

Rearrangements. Should the two confi~urationally related 

carbln0ls, n-propyl tert. butyl carbinol (A) and 2, 3 dimethyl 

hexsnol-2 (H) produce under identical co·ndi ti ons the same 

chloride w.ith the same sign of rotation, the transformation 

of A to I accordin~ to EqQation L. must have proceeded without 

Balden Inversion. On the other hand~ should the carbinol A 

produce a chloride, identical in structure but differing in 

the sign of rotation from the chloride obtained from carbinol 

H, the transformation must have proceeded with Walden Inversion. 

Furthermore, should it be ]Jossi ble to ascertain the maximum 

rotations of the carbinol A and the chloride I, the extent 

to which this rearrangement involves a Walden Inversion 

me chaniEm may be found. 

The occurre·nce of a retropinacolone type of re-

arran()_'ement during the preparation of the chlorides of 

secondary carbinals containing the grouping R3 C-CHOH- has 

long be en known. ( 153) Thus ninacolvl alcohol ryives a ..: _, 

tertiary chloride in at; least 90;·; yield, the tertiary bromide 

being produced similarly in 92. 5';~ Yield. 

HC1,.._9o-;6 (CH
3

) 
2

0 (Cl )-CH ( CH
3

) 2 (CH )~C-CHOH-CH3 _-~ 3 tJ HBr_..92 .5jo (CH3 )20 (Br )-CH(CH3 ) 2 

(154) 

(155) 

This transformation has hot been studied from the point of 

view of establishing the stereochemical mechanism involved. 
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On the othe~ hand, the preparation of the tertiary 

chloride (I) from the corresponding tertiary alcohol, 2,3 

dimethyl hexonal-2 (H) represents a type of transformation 

wh1cn has as :yet not been investigated throughly. Whi tmore 

(156) has assumed however the production of the correspond­

ing chloride from tertiary alcohols of the general type 

R2CH-C(OH)-R2 wherein tvro adjacent carbon atoms hold tertiary 

hydro:xyl and tertiary hydrogen., respectively. There h·ave 

been several cases re~orted where no rearrangement occurs 

during the replacement of a tertiary h~idro:xyl group. 

For example, benzpinacol dissolved in a cold 

oenzene solution is readily corwerted by hydrogen chloride 

into the corres~9onding dichloride in 75 .a% yields. (15 7) 

Similarly Hucke1. (158) has reported the preparation of the 

menthyl chlorides in nearly pure form from 1-menthol. 

By the use of thionyl chloride, hydrobenzoin has been con­

verted to the corresponding stilbene dichloride (159a) and 

diphenyl tertisry butyl carbinol to the corresponding 

chloride. ( 159b) The chloride of oc.-naphthyl nopinol has been 

prepared using phosphorus pentachloride in liryroin (160) 

6onant and Blatt produced yhanyl tertiary butyl carbinyl 

bromide from phenyl tert. butyl carbinol by pass in~· dry hydroP'en 

bromide into the cold carbinol. (161) NeYertheless, the 

possibility of a rearranp-ement should not be overlooked. 
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Perhaps the most satisfactory method of detecting the 

occurrence of a rearrangement during the preparation of 

substituted derivatives of carbinols of this type, R2CH-O{OH)-Rt, 

would be to prepare this type of compound optically active with 

the carbon atom alpha to that with the hydroxyl group the optic­

ally active centre, for reactions whieh involve this oentre 

would certainly effect the optical.activity in a characteristic 

manner. 

The starting material for suoh a study as outlined 

above thus beoomes ~-methyl valeric acid (F). ~methyl valeric 

acid (F) can be oonfigurational~y related to n-propyl tertiary 

butyl carbinol (A) as well as to the tertiary alcohol, 2,3-di­

methyl hexanol-2 (H). A correlation of the configurations of 

«-methyl valeric acid (H), alternatively referred to as 

n-propyl methyl acetic aoid, and ~-hydroxy valeric acid (E) 

may be made by the application of Marker's Rule (162), an empir­

ical rule proposed by Marker in 1936 for predicting the relative 

configurations of optically active compounds. -From a correlation 

of the molecular rotations of a. series of configurati.ona.l).J 

related compounds, an empirical table of ordinal numbers was 

developed for twenty-nine of the common groups which occur in 

many optically compounds. By means of these ordinal numbers, 

some three hundred known configurations were successfully 

checked. Marker's Rule may be stated :- If the arrangement 

of the ordinal numbers of the substituents of the two 

molecules at the corners of the face of the carbon tetrahedron 

diammetrically opposite to the hydrogen 
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atcm are both clockwise or both counterclockwise, when considered 

in the same sense, the two compounds have the same configuration 

for the same sign of rotation. 

The ordinal numbers assi.:~ned to the groups with 

which we are concerned are,- n-C3H7:14; cn
3

:23;0H:24;COOH:25. 

Applying the rule we have 

25 
COOH 

------!·~ 24 

E. F. 

The above corresponding faces of the tetrahedrons using 

the ordinal numbers for the groups are shown. All these 

numbers increase counterclockwise. Therefore the compounds 

Band F have the same confi~uration for the same sign of 

rotation. Levene .and Harris (163) have also considered 

these acids to be configurati~nally related by the appli­

cation of the post~Thates of Boys to their results. 

Marker's rule may also be applied to the- corre­

lation of the configurations of at-hydroxy valeric acid (E), 

lactic acid (D) and methyl n-butyl carbinol (C), the ordinal 
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25 25 11 
COOH COOH C4H9 

03H7 OH c~~ 
H\ CH3/ \OH OH 

24 24 14 23 24 

g. D. c. 

The ordinal numbers are seen here to be in a counterclock­

wise sequence also, so that these substances all have the 

same configuration for the same sign of rotation. However, 

these three substances have been definitely configuration­

ally related by Levene, Haller and l\Iarker(l64) employing a 

chemical method of correlation of configuration, which is 

based on the axiom of stereochemistry that no change of 

configuration of the carbon atom under consideration will 

occur if the valencies of said carbon atom are not involved 

in the reactions employed. 

Uo direct chemical method has been found for 

correlating the configuration of methyl tert butyl carbinol 

(B). P. G. Stevens (165) has applied Freudenberg's Displace­

ment Rule or Optical Displacement ~rinciple (Verschiebungsgesatz~ 

This principle (166) postulates that in similar configurationally 

related substances, an identical substitution on identical 

groups produces a shift of the rotation in the same direction. 
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1~e correlation of methyl tert. butyl carbinol was accomplished 

by comparing the rotation of its acetate, benzoate and 

phthalate and those of the closely related carbinol, methyl 

n-butyl carbinol, and dextro shift from the acetates through 

the benzoates to the phthalates being observed. ·1ccording to 

the Displacement Rule thus, methyl. tert. butyl carbinol (B) 

and methyl n-butyl carbinol (C) are configurationally related 

when they have the same si~n of rotation. 

Stevens and coworkers (167) similarly applied 

Freu.denbE)rg' s Rule to the determination of the configurations 
of propyl t-butyl carbinol (A) and concluded that levo propyl 

t-butyl carbinol has the same confi211ration as dextro· methyl 

t-butyl carbinol (B). 

Thus according to the ~bove series of correlative 

studj_es of confiQUrations levo n-propyl tert-butyl carbinol 

(A) possesses the same configuration as dextro n-propyl 

methyl acetic acid (F), that is, ~methyl valeric acid. 

In the present investipation,O(-methyl valeric 

acid (F) was configurationally related by direct chemical 

means to 2,3-dimethyl hexanol-2 (I). The "<-methyl valeric 

acid was prepared through the malonic ester spnthesis, in a 
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manner si~ilar to that employed by Levene and Bass (168) 

CH3CH2CH2B» +NaCH(COOEt) 2~cH3CH2CH2CH(COOEt) 2 
NaOEt 

CH3 

' CH3CH2CH2-CH-OOOH ..., Heat 
170-900 

(CH3 )2S04 

/H3 
CH3CH2CH2C(COOEt)2 

• hydrolysis 

the product of each step being purified by fractional 

di sti 11 at ion. The resulting acid was characterised by 

the preparation of the anilide, M.P. 950, tbat reported 

being :M.P. 96.20. (169) A partial resolution was finally 

carried out usinp the alkaloid cinchonidine, th~ough the 

salt of which was obtained a dextro-methyl valeric acid 
25 

with a molecular rotation ~·\ = 8.270. The ~-methyl 

valeric acid also possessed the following characteristic, 
25 

B.P. 
25 

84.soo;; 9mm., 97.50 0@16tmm; n = 1.4121; 
D 

d • 0.920; M.R. 2: Found -
4 . n 

31.38; Calc - 31.25. Levene 

and Marker had previously 
25 

rotation M = 21.4, B.P.; 
D 

assigned to this acid the maximum 
25 25 

96o0@ 15 mm, n : 1.4117,d = 0.920. 
D 4 
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Ey treatment of this acid with diazomethane in 

ethereal solution, the methyl ester of ~methyl valeric acid 

(G) was obtained, B.P. 77°0@ 9&tmm., n~5= 1.4004, di6= 0.876, 

M.R. - Found;-36.03, Calc.- 36.19,(.:M]~5.+11.86. Thus, dextro 

~-methyl valeric acid and its dextro ester have been configura­

tionally related through a sure reaction for the preparation of 

an eater in a very pure state, the only by-product being a gas. 

The methyl«-methyl valerate was next converted by 

the Grignard reaction using 3 moles of methyl magnesium iodide 

to 2,3-d~ethyl hexanol-2 (H). 

CH3 I 
CH3CH2CH2-CH-OOOCH3 

(G) 

The following physical constants were observed; [K]B5: -15.35° 

B.P. 75°0 0 29 mm., ni6= 1.4288, d~5: 0.8314. fhe asymmetric 

carbon atom was not involved in this transformation, so that 

dextro methyl Q(-methyl valerate and levo 2,3-dim.ethyl hexanol-2 

possess the same configuration. That is to say, levo 2,3-di­

methyl hexanol-2 has been directly correlated to dextro~methyl 

valeric acid which had been related configurationally to n­

propyl tert. butyl carbinol. In this manner, the oarbinols A 

and H have been shown to be configurationally related when 

both haTe the same sign of rotation. 

H o:e:3 .. l I 
CH3CH2CH2-1--y-OH3 ~ 

OH OH3 

(A) 

y fH3 

OH3CH2CH2-r-r-OH3 

OH3 OH 

(H) 



It m a be note he e t at the inter eh an ~·e of the hv ro-vv 
" 

· gro 111 (~ Jme met ~1 _rot:p ( 'R"~) 
. n the two n t:'iau.-c 

t... 

8tional -· related carbinol ~ ( h.. ., ) ;J not - BnU .. , 1 • .' 0 e S Ch P ll r· e t h A 

si Q.TI of rot a t i o • 

nac ti v e 2, 3 - di·11ethyl exanol-~ was Rls s~1nthesised 

b the fol 0'7in g procedu e:-

cu c rv CH 
3 2 2 

C -
3

1'"0' I·¥-· --=~·· · u F CH 0 3 2 2 R 

1 cold 

The v a io s steps in this sry..n es is vere caEried o t verv ., 

carefully to avo · d the occ11:- ren e of n1olecula- rearran~ements, 

the possibility of · which, not encountered in the p evious 

synthesis, ruvst be considered in this procedure. rhe result-

in 2, 3 dimethyl h exe·101-2 was purified by fractional 

distillation throu~h a total condensation variable take-off 

column with an efficienc'" of 15 theoretical plates; B . J? . 75° C 

" 2 - mm n? 5 = 1 • 42 90 
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Having established the co nfi9:urat ional rela.t ionshi-os •.. "' 

of levo n-propyl t-butyl carbinol to levo 2,3 dimethyl 

hexanol-2, the remainin:2: steps rrhich comprise this method 

for the elucidation of the spatial processes of intramolecular 

rearrangements are the transformation of the two aarbinols 

to the chlorides, levo n-propyl t-butyl carbinol to the 

isomeric chloride,* and levo 2,3•dimethyl hexanol-2 to its 

corres~oondin<'T chloride, :1hich products would possess as 

formulated the same structure but may or may not be different 

in sign 

A. I. H. 

A substitution reaction which s ir,.cly replaces the tertiary 

hydro:eyl grou._p of the carbinol H by a chlorine would not 

involve the asymmetric centre, so that the corresponding 

ehloride w~d be configurationally related to the original 

carbinol H. and thus to the carbinol A. However when the 

carbinol H, -2,3_:dimethyl hexanol-2 ~{5 

.-15.35, watJ treated 

with saturated aqueous hydrochloric acid, the reagent employed 

by Stevens, the ~o:coduct was an optically inactive chloride, B.P. 
25 

:43.5-44 n - 1.4330. Hydrolysis of the chloride yielded an 
25 D 

optically inactive carbinol, B.P. 71.5-73°0, n • 1.4294. 
D 

The chloride 1:7as completely hydrolysed by "rat er, as no test 

* See Page 78 
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for chlorides was obtained on the hydrolysis product with 

either a'lueous or alcoho lie silver nitrates, thus sho 1.~r ing 

the chloride to be tertiary. 

~hould the conversion of the tertiary carbinol, 

2,3-dimethyl hexanol-2 to the tertiary chloride have been 

a simple substitution reaction, the tertiary hydroxyl ~roup 

bein~ directly re~laced by chlorine, and thus not involving 

the valencies of the optically active carbon, the optical 

activity would have been maint8.ined. ~urthermore, by 

analogous consideration, the carbinol recovered by hydrolysis 

would have been identical with the initial carbinol, it was 

not, as shm;vn in the following table. 
25 

[M JD B .l' • @ 29 mm 

:tECOV~RED .. 
-15.35 

0 

*Prepared from inative carbinol 

25 
n 

D 
Phenyl iirethane 

1 , 42 8 8 H • r • 7 40 * 
1,4294 !d' D 

l,l • ..L • 

The optically active carbon atQm must therefore have been 

involved in these transformations. That is to say, an intra-

molecular rearrangement has taken ~lace. 

2,3-dimethyl hexanol-2 may be considered as possess-

ino: a structure analogous to isobutyl alcohol, 2-ethyl 

1-butanol, methyl isopropyl carbinol, diisopropyl carbinol, etc., 
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all containing the common grouping R
2CH-C(OH), with the dis­

tinction that the hydroxyl grOQp is either primary or 
secondary in these latter carbinols. Alcohols of this general 
structare as well as those containing the group ing R3C-C-OH, 
are knoww t~ be e~able of undergoing rearrangement, showing 
this tendency in some cases to a very high degree, thus,-

ID3r 5.1% {17 ) 
at B . P . 

ZnC1 2-HCl. 35-40% (C2H5 )29-CH3 
Cl 

(98) 

HCl 
a t 20° 

HCl 
at 20° 

-----~ 
100% 

(OH ) 0-CH- CH 3 2 , 2 3 
.Cl 

(172) 

(CH3 )29-CH2CH(CH3 )2 
Cl (172) 

By analogy then,. the rearrangement whi eh we have shown to 
occur in the transformation of 2,3 dimethyl hexanol-2 to 
the tertiary chloride may be formulated; 
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Considerinr:; the easy replacement of the tertiary hydroxyl, 

a mixture of the corresponding chloride and the isomeric re-

arranged chloride might be expected. 

The question now arises as to how the tertiary 

carbinol, corresponding to the chloride obtained by re­

arrangement, namely 2,3 dimethyl hexanol-3, behaved when treat-

ed under similar conditions to the isomeric 2,3•dimethyl 

hexanol-2. Vfuitmore has previously treated the former 

carbinol with hydrogen chloride gas to produce a chloride 
20 20 

B. P. 41-43 5 12 mm, n = 1.4350 d = 0.8869 and has assumed 
D 4 

that this product was the corresponding chloride (156). 

The carbinol was prepared by the same procedure ~s used by 

Whitmore, namely, from methyl isopropyl ketone and the 

Grignard reagent prepared from n-propyl bromide; 

The 2,3 dimethyl hexanol-3 ~nthesised in this investigation 

was fractionally· distilled through the 15-plate total 

condensation variable take-off column; the fractions employed 
25 

in this work having a B. P. 72.5°0 @ 29 mm, n = 1,4301. 
D 

The two isomeric carbinols, 2,3-dimethyl hexanol-2 

and 2,3-dimethyl hexanol-3 were both converted to the 
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chlorides by shaking with a large excess of concentrated 

-hydrochloric acid for 12 hrs. a -procedure essentially similar 

to that recommended in Organic Syntheses (173) for· the 

preparation of tertiary but~l chloride from tertiary bu~l 

a1cohol. The following table shows the c~atants of the 

various chlorides obtained in these transformations 

Carbinol Reagent B.l?. Rei0act. Indices 
25 

@ 12mm. n n 
D D 

2,3-dimethyl hexanol-2 sat.aq. HCl 43.5-4400 1.4352 1.4330 

" " eo nc. HOl 1,435l 1..4330 

2,3-dimethyl hexanol-3 cone. HCl 1.4353 1.4333 

HCl gas 41~4300 1.4350 
G 12 mm 

~hese observations may be reconciled satisfactorily on the 

assumption that both possible chlorides, 2 chloro, 2,3-dimethyl 

hexane and 3 chloro, 2,3-dimethyl hexane are -produced, the 

same equilibrium mixture of the two always being formed from 

either of the two carb inols, under the exp erit1ental conditions 

employed in these transformations. 

The comparatively small difference in the refractive 

indices of the tertiary carbinols (2,3-dimethyl hexanol-2. 
25 25 

n = 1.4288 and 2,3-dimetbyl hexanol-3, n = 1.4301) may be 
D D 

used in order ·to arrive at a rough estimate of the composition 

o.f the carbinol produced by the hydrolysis of the optically 

(156) 
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inactive chloride previously described. The Ji.Iixture RUle of 

the physical properties of binary mixtures of or~anic liquids 

which postulates the change of refractive index of a binary 

mixture as being a linear function of the composition may be 

applied. These carbinols are members of a closely related 

aliphatic series so would be expected to show very small 

deviations from this rule, these deviations being considered 

due to a certain de~ree of co-ordination between the molecules 

of the two substances concerned, a number of possibilities 

for co-ordination complexes arising on mixing of two alcohols, 

and secondly, to alterations in the de~ree of association of 

each pure constitment by addition of molecules of the ether 

( 174). Application of the Hixture Rule in this case indicates 

a 50-50 mixture of the two tertiary carbinols in the hydrolysis 

product (1.4294 being the ·:mean of 1.4288 and 1.4301). 

The refractive index of a mixture made up of equal amounts of 

the two~ pure carbinols was found to be 1,4295 which checks 

with 1.4294, the refractive index of the hydrolysis product, 

as well as with the calculated mean. 

The success of the use of the refractive index 

determination depends upon the absence of small amounts of 

unsusnected substances which could easily lead to erroneous 
~ 

conclusions. Another method of analysis was found in the 

fact that the carbinols as well as the mixtnre of carbinols 

may be converted into the phenyl urethanes and that the 
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composition of a mixture of urethanes may be determined using 

the method of thermal analyses of Rheinboldt and his coworkers 

(175), Shriner and Fuson have stated (176) that urethanes 

can be obtained from tertiary alcohols only v1i th Ftreat diffi­

culty, the difficulties in obtaining derivations of tertiary 

alcoho ls being due not only to the slowness \~ri th which they 

react, but also to the ease with whi:;h replacement of the 

hydroxyl or elimination of water takes place. In this invest i-

gation, it was found that phenyl urethanes of the tertiary 

carbinols could be obtained quite easily, albeit quite slowly, 

in spite of the fact that tertiary alcohols of the type 

R2CH~C(OH)R2 underryo dehydration very re~dily. The carbinol 

and the phenyl isocyanate were si:'DTlY mixed at 0° C in a dry 

test-tube, allowed to warm up to room temperature, and stand 

(1 week or more) until the mixture had turned solid. A 

mixture consistin.=-- of equal amounts of the two urethanes, 

that from 2,3-dimethyl hexan~l-2 melting at 74°, and that 

from 2,3-dimethyl hexanol-3,l-.i.P.90.5°. was found to melt at 

56-63°. The phenyl urethare of the carbinol, obtained by 

hydrolysis of the chloride prepared from optically active 

2,3•dimethyl hexanol-2, melted at 52-62.5°. Furthermore a 

mixture of the se two samples melted i-r~ the .same range, 

53°-52°0. That is no significant difference in melting 

points was observed. As a result of the application of 
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this method of analysis, nearly equivalent amounts of the 

two aarbinols are found to be ~resent in the carbinol from 

the hydrolysis, a result which is in a:~reement with the 

results obtained from a study of the refractive ind~ces. 

In this manner, the hydrolysis of the inactive chloride to 

the inactive chloride and thus in all probability the 

formation of the inactive chloride from the optically 

active carbinol has been shown to yield a mixture consisting 

of approximately equal amounts of the two isomeric tertiary 

compounds. That is to s~, 50% of the product obtained 

from a reaction involving the replacement of the hydroxyl 

group in 2,3-dimethyl hexaru&l-2 and apparently also in 

2, 3-dimethyl hexanol-3 is the rearrangement product. 

A molecular rearrangement which involves the 

QptiaaJ.ly active centre has therefore been shown to occur 

during the replacement of the hydroxyl group in the opt icall.y 

active carbinol, levo 2,3-dimethyl hexanol-2 CH? by a chlorine 

atom. That is, one of the necessary steps for the establish­

ment of the configurational relationship of n-propyl t -butyl 

oa.rbinol (A) and the product of rearrangement, formulated as 

2-chloro-2,3-dimethyl hexanol-2 involves in i "5self a molecular 

r~arrangement. It can thus be stated that regardless of the 

mechanism by which the rearrangements takes place, the method 

just described for discovering the relationship of substitution 

processes and molecular rearrangements is invalid under the 
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the conditions used in these experiments. Furthermore 

any future application of this method must first establish 

~he conditions necessar:.v for the non-occurrence of this 

type of-rearrangement. 

~retical Discussion 

The processes involved in the particular t~ansfor­

mation under discussion may be considered in_ the light 

of the msohani sms proposed for the Wagne:r;-Meerwei.:n re­

arrangement, _to whi_ch the rearrangement j11st de.scri be4 is 

es~ent ially as closely allied as to. the pinac ol transfo;r!­

mation. It will be recalled that Meerwein explain~d the 

Wagner· rear.rangement by an ionic hypothasis, afte~ he had 

found that dissociation, or ionisation, occurred in 

oamphene hydrochloride and ~sobor.nyl chloride, ana~ogous1y. 

to tripllenyl methyl-chloride, the rearrangement .of aamp]lene 

hydrochloride being preceded by its ionisation and therefore 

really consisting not in the mi~a~ion of a· chlorine atom, 

but in the regro1.1ping of the oat ion• • ( 17 7 J Meerwein and 

his O'-Ollaborators also established that the conversion o:f 

campbene hydrochloride and oth~r. c·amphe:Qe hydrate esters 

into the c~rresponding isobornyl aster is a reversible 

proaess, the equilibriUll! strongly favoring the isobornyl 

eater. ( 17"8) 

Meerwein and Wortmann (179) extended the ionic 

hJpothesis to all cases of Wagner rearrangement, the function 

•see Page 38 
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of the acid used in bringing about the chame, being first 

to esterify the hydroxyl group, the ester then ionising to 

produce an ion in which the real migration occurs. The 

m~dern electronic theory adinits,of the possibility of an 

incipient ionisation, a prior dissociation into ions, as 

one possible manner in which an "open ·sexte~'may be formed, 

but considers in addition. that any removal of a group with 

its complete octet of electrons from another atom, thus 

necessarily leaving an "o:pen sextet" on this atom, as the 

cause of the occurrence of a rearrangement. Thus, the 

applicatio"n of the ionic hypothesis by :Meerwein and Wortman 

to. the isoborntal-camphene and a.nalo~ous rear'rangements is 

not valid unless independent evidence of a tendency to 

ionise is forthcomin~. That is to say, the ionic mechanism 

of rearrangements is an-nlicable only to such cases where there -- -'=' 

is evidence of the abi1lty to ionise of the molecules con-

cerned. 

The transformations which 2,3-dimethyl hexanol-2 

have just been shown to undergo during the reaot.ion with 

hydrochloric acid may first be- r1onsidere~-·Jn the above basis:-

(1) Some evidence was cited at the be~·innin~ of this 

disc:ussion* ~.~Jhich indicated that tertiary hydroxyl groups, the 

most readily replaced of their type, mi O'h t be directly re:placed 

without rearran~ement occurrin~. Some of the 2-chloro,2,3~dimethyl 

* See Paee 80 
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-hexane may be produced in this manner. 

(2) The 1 remova of the hydroxyl group from the carbinol 

leaves an "open sextet• on the fragment (I) which rearranges 

to fragment (II)9 which in turn forms the corresponding 

chloride on entry into the molecule of the chloride ion. 

eH3 CH 
I / 3 

n-03H7-C - C-CH3 ,. I 

H OH 

I 

I !igration 

CH3 
r /CH4 

n-C3H7_C*- y-OH3 
II H 

The isomeric tertiary chloride 3-chloro, 2,3-dimethyl hexane, ±s; 

thus formed. 

(3) The characteristic property of tertiary halides 

however, with the except ion of the special structures 

studied by Bartlett and coworkers* is ·their tendency to 

dissociate into ions, it being manifested by the extraor­

dinary mobility of their halide groups. The halide group 

may be rapidly and quantitatively eliminated by shaking 

with water or alcohol even in the cold, the ease of this 

hydrolysis decreasing with increased molecular weight 

probably because of decreasing solubility (180). Hughes 

has shown that their hydrolysis is unimolecular, the 

*See Fages 63 and 64 
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the measured rate being that of ionisation of the h$lide. 

That is to say, tertiary chlorides possess the special 

structural conditions necessary for ionisation. The 2 and 

3-chloro 2, 3-dimethyl hex·&'les then may be regarded as tending 

to ionise to form the cations I and II respectively~ 

AnalOf"OUsly to the ~.ieerwein postulation that 

cam~hene hydrochloride and isobor~71 chloride form cations 

which are in equilibrium with each other, the caDions I 

and II may be considered to form an ec~uilibrium system. 

CH3 c:a:3 ' ' / 
~--------=n-C3H7-C - C-CH3 + I 

H 

TI 

A secondary rearrangement of the isomeric chlorides formed 

by processes (1) and (2) may thus occur. The interconversion 

of the free ions might be expected to be relatively rapid, 

since it involves only a movement of electrons, together 

with the attached hydrogen atom. In fact, it has been 

suggested that the intermediate ion in the camphene hydro­

chloride-isobornyl chloride conversion may be mesomeric be­

tween the two corresponding cations. (181) 
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The mesomeric structure in the case of the cat ions 

I and II may be formulated (III);-

III 

In the former case, the preferred structure of the mesomeric 

form must approach the structure of the isobornyl cation,sinoe 

the equilibrium favors the formation of isobornyl chlorides. 

In the latter example, the formation of a:pproximalie.ty equal 

amounts of the two possible chlorides and carbinol a appears 

to indicate the symmetrical nature of the mesomeric structure. 

The intramolecular tautomeric system as formulated 

for the cations I and I!, in which the two cations differ 

only in the :position of an electron pair with its accompany­

ing hydrogen atom, recalls the controversy originated by 

Kharasch and Darki s (182) con earning the possibility of the 

existence of e~ectromerio forms of ethylene compounds, the 

limits of the unsymmetrical displacement of the pair of 

electrons in this case being the two ionized forms;-

'c / 'c 
)( / 'c c< . c ,, . c, • / 
. / x•'-

/.'~-" (4J )( 
(+) (-> (-i 

When the radicals attached to the carbon at ems of the double 

boni are about the same in electronegativity, the addition of 
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the halogen acids to yield nearly equivalent amounts of the 

two possible addition products (183) indicates that the 

tendency for the formation of the two ionized forms is nearly 

equal. The relative electro-negativities (184) of the 

n-:pro'Pyl and the methyl groups on the tv1o carbon atoms of 

structure III involved in the mesomeric formulation differ 

but slightly, so that theoreticall~7 the tendency toward the 

formation:· of the cations I and II and thus their derivative& 

also is approximatel~7 eaual, in ag-reement with our results. 

The ionic mechanism as applied to the Wagner­

Meerwein rearrang-ement of camphene hydrochloride into isobornyl 

chloride has been modified in recent years. l{evell, de Salas, 

and Wilson·(l85) deduced that this rearrangement proceeds in 

two steps from a study of exchange experiments with radioactive 

chlorine, the first step involving the rapid establishment of an 

ionic equilibrium by the separation of chlorine, and the second 

a relatively slow bimolecular reaction between the organic 

cation so produced and a.molecule of hydrogen chloride. The 

exchange experiments with radioactive chlorine showed that 

at 200 even under conditions during which no appreciable 

rearrangement occurred, halogen exchange was rapid and complete, 

indicating that ionisation cannot be the rate determining 

step in the rearrangement. Interconversion of free ions 

might be expected· to be ~elativelY rapid, since it involves 

only a movement of electrons, together with perhaps a slight 
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readjustment of molecular strain. That the rearrangement 

might proceed by elimination of hydrogen chloride and re­

addition rather than by ionisation is not supported by the 

formauion of camphene hydrate and not camphene from camphene 

hydrochlor1de.(l86) The rearrangement proceeded at about 

one-fifteenth of the speed ot chlorine exchange and thus of 

ionisation .. at 0° in chloroform solution, and was found 

dependent u~on the presence of hydrogen chloride. The way 

in which this dependence was accounted for was to assume 

that the slow sta~e of the rearrangement is a bimolecular 

reaction betwe~n the organic cation and a molecule of 

hydroR"en chloride to give isobornyl chloride. On thi.s basis 

the mechanism of this transformation involves a react ion 

of the organic ion with hydrogen chloride. 

Bartlett and :Pockel (145) had drawn this con-

elusion earlier from stereochemical considerations, for they 

pointed out that -the proces·s could not involve the cation of 

isobornyl chloride since th~s ion is of a type believed to 

be configurationally unstable ( 187) and would thus be expected 

to :.vield a mixture of bornyl and isobornyl chlorides. The 

product is however almost pure_isobornyl chloride. Furthermore, 

of the two stereo isomeric chlorides, isobornyl chloride is 

the thermodynamically unstable form, being slowly converted 

to bornyl chloride under the srume condl~ions as those causing 

rearrangement. This faot too might be thought to disprove 
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the intervention of the isobornyl ion. ~hat is to say, while~ 

the cation from camphene hydrochloride might be a real inter­

mediate, the isobornyl cation seems never to attain kinetic 

freedom during the rearrangement. In this manner the main­

tainenoe of the stereoOhemioal identity of the isobornyl 

structure in this transformation is explained • 

. In the light of these recent studies on the 

mechanism of the camphene hydroahloride-isoborDYl chloride 

conversion, the simple formulation just given on the basis, 

of the electronic theory as stated by Whitmore and of the 

ionic hypothesis as proposed by Meerwein, for the transfor­

mations of 2,3 dimethyl hexanol-2 established in this 

investigation must accordingly be somewhat extended. 

Stereochemical considerations must also be applied. The 

phase of the study of Intramolecular Rearrangemeu:ts whioh 

considers these processes on the basis of the present 

knowledge of substitution Process and Walden Inversion. 

has been somewhat neglected. 

~he reactions of optioalli active 2,3 dime~l 

hexanol-2 and its derivatives may now be pictured as 

follows, (Scheme ~p. 107) 

(1) The first step in the reaction of this oarbinol 

with hydrochloric acid involves the formation of an 

oxonium salt, IV, (of. pp. 40,59,65) which will be ionised 

in the aqueous medium used in these experiments. 



-104-

(2) This intermediate oxonium salt tends to lose 

water to form the fragment. V, thus leaving carbon atom 

#2 with ollly six electrons. As this dissociation proceeds. 
be 

the face cantered bond must necesserilyjprogressively in-

creased in strength. That is to say, the carbon atom 

#a becomes increasingly more reactive so that the fragment 

becomes mo~e and more unstable and must undergo a change 

which will eliminate the •open sextet" being thus formed. 

!he fragment V may be formulated as a cation. 

(3) The elimination of the 'open sextet may be 

effected by a union with a chlorine ion to form 2-chloro, 

2,3-dimethyl hexene VII. This normal substitution product 

will be formed by a bimolecular mechanism, the entering 

chloride ion being attracted by the face-cantered bond to 

the side of the carbon atom opposite to the hydroxyl group 

3ust eliminated. This Chloride must be obtained optically 

active since the optically active oarbon #3 is not involved 

in this normal substitution. 

(4) The 2-Chloro, 2,3-dimethyl hexane, a tertiar,y 

halide, being capable of at least a minimal ionisation, 

will no doubt rapidly establish an ionic equilibrium, by 

the separation of the chlorine, with the cation V, similar 

to the equilibrium shown by Nevell, de Salas and Wilson, 

(see p. 101) in the case of camphene hidrochloride, another 

tertiary chloride. 
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Processes 1,2,3,4, do not involve the optically 

active centre, carbon atom #3, so that the optical activit.y 

will not be effected. 

(5f; ~he steadily increasing strength of the face­

eentered bond in process (2), may attract an electron pair 

from the next carbon, carbon atom #3, the hydrogen atom 

held by the shifting electron pair migrating with it to 

for.m the fragment, (II), in which this other tertiary 

carbon atom has the" open sextet" • the migrating hydrogen 

atom in this case also being attracted by the faoe-centered 

bond to the aide of the carbon atom opposite to that of the 

removed hydro~l group. Similarly fragment VI, ~ be 

formulated as a cation. The optioal1y active carbon, #3, 

is thus deprived momentarily of an electron pair. 

( 6) The new fragment VI, can then combine with a 

chloride ion to form the 3-chloro,2,3 dimethyl hexane VIII. 

This rearranged chloride thus formed might be expected to 

be optically active but considerably racemised by analogy 

with the format ion of the somewhat racemised dextro tertiary 

chloride, 2-chloro-1-phenyl-2-methyl butane from levo 2-metbil-

2-phenylbutanol-1 as Shown by Wallis and Eowman using thionyl 

chloride (188). The removal of the bydrogen atom by 

migration and the entcy of the chloride ion would be expected 

to take place on opposite sides of the carbon atom. The 

transformation mq thus have taken place by a Walden Inversion 

mechanism. 
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(7) The above tertiary chloride, isomeric with 

2-chloro 2,3-dimethyl hexane, possesses the same funda­

mental tertiary structure, so that the two chlorides may 

be considered to behave almost identically, showing the 

same tendency to ionisation, to the same extent and in 

the same nnnner. ~us an ionic equilibrium between this 

chloride, 3 chloro-2,3-dimethyl hexane and the fragment 

VX will also no doub-t be rapidly established. In any 

case, this optically active tertiary chloride would be 

readily racemised, the raaemizing effect of halogen ions 

on optically active compounds, of the same halogen being 

well known, especially in compounds wherein the halogen 

undergoes ready replacement. (190) 

(8) Finally the two cationic fragments V & VI may 

also be considered in ionic equilibrium as previously 

formulated, both carbon atoms #2 & #3, attracting the 

electron pair and its attacked hydrogen atom equally 

since the groups attached to these carbon atoms are praoti­

oalJ.7 equal in electron*gat ivity. Should these two 

9arbon at~s Share the electron pair and the accompanying 

hydrogen atom (by a hydrogen bond), the resulting structure 

wanld be the mesomeric structure (III), which has been 

considered previously. 
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RCl 

IV 

/ 

R OR- OH3 

migration 

OH3 OH3 

' / 

OH3 OH3 
' / 

OH30H20H20H - C - OH3 
I 

CH30H20H20 - OH - OH3 
I 

Cl Cl 

VII Scheme 3 VIII 

A similar scheme may be formulated for the isomeric tertiary 

carbinol, 2,3-dimethyl hexanol-3. 

The resultant of the ionic equilibrium in processes 

4,7 and 8, is the formation, theoretically as well as experi­

mente.llJ equal amounts of the two tertiary chlorides, this 

mixture being opticallY inactive when optically active 2,3-
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dimethyl hexanol-2 is used in the experiments. If these ionic 

e~ilibria were not effective, the mixture of the chlorides 

obtained by the combined processes 3,5,6, that is the normal 

substitution and the substitution through rearrangement only, 

woUld be expected to be optically active due to the optical 

aot1vit.J of the normal subati~tion product. It has been 

found that the product obtained is optically inactive. This 

definitely indicates that the chlorides first formed must 

be undergoing a secondary rearrangement. Furthermore, the 

loss of the optical activit.y Shows that this secondary re-

arrangement has likely occurred in a reversible system, to 

such an extent and ease, that all optical activity was lost. 

IUOh a reversible system is that represented by the ionic 

equilibria in processes 4.7 and a. 

\Vhether the transformation of one chloride to the 

other involves a bimolecular mechanism similar to that 

established for the camphene hydrochloride-isobornyl chloride 

transformation or proceeds through an ionic mechanism 

analogous to-that proposed by Meerwein or through the mesomeric 

structure III cannot be definitely stated from the evidence 

available. From the point of view that the mesomeric structure 

represents a resonating system, the products derived there­

from would be considerably if not totally racemized (cf.p.66A.) 

On the other hand, this mesomeric intermediate ion resembles 

closely the intermediate postulated by Winstein and Luaas 

(p. 61) to explain the retention of configuration in the 
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conversion by hydrogen bromide of dl-threo-3-bromo·butanol 

to dl-2,3-dibromobutane. If the "face shielding effect" 

operates here the transformation might be proceeding at 

least in part by a mechanism wherein the hydrogea atom, 

attracted to the back of the carbon atom, which holds the 

hydroxyl or chlorine, shields this carbon atom from a 

Walden Inversion meaha.nia. This process would facilitate 

direct substitution on carbon #2 and also rearrangement 

through a Walden Inversion mechanism, the chloride ion 

approaching the side of carbon #3 opposite to that holding 

the hydrogen atom. However, it is not possible at present 

to say by which of the intimate mechanisms these transfor­

mations proceed. 

The reversible rearrangement of a chloro 2,3 

dimethyl hexane to 3 chloro, 2.3 dimethyl hexane differs 

from the camphene-hydrochloride-isobornyl chloride con­

versioa in that the stereochemical identity of the compounds 

here was not maintained. This raoemization may have occurred 

by either of two likely paths; 

(1) By the racemization of the opticallY active 3 

ehloro-2,3-dimetbyl bexane, or 

(2) by raoemization through the reversible ionic 

equilibria as formulated. 

The evidence at hand does not allow of a more definite 

statement of mechanism, but quite definitely indicates 

that an •ionic mechanism" is applicable to this rearrangemes 
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{botn Chlorides possessing an equal tendenQY to ionise). 

That is to say, whereas a true ionic mechanism might not be 

applicable to the camphene hJdrochloride-isobornyl chloride 

transformations, it woUld seem that such a mechanism is 

actuallJ in effect in this case. 

The original formulation of the transformation 

observed by Stevens of dextro n-propyl tert butyl carbinol 

to levo 2 ohloro, 2,3-dimethyl hexane must n~ be recon­

sidered. It is now apparent that the observed optical 

aotivit.y cannot be attributed to the tertiary chloride 

as this umergoea further rearrangement with loss of 

optical act1vit.y under the experimental conditions anployed. 

~e observed optical activi"Y must there.fore be attributed 

to the formation of the corresponding secondary chloride 

by a Walden Inversion. The change of sign and also the 

low value of the optical rotation observed ~: -0.72) 
D 

are tbns e~lained, the secondary chloride having been shown 

present only to the extent of 5~. 

The present investigation has established then 

the occurrence of a molecular rearrangement in substances 

of the simple aliphatic type structure, R2CH-CCX)R2, the 

tertiari hydrogen atom migrating in reactions involving 

the removal or the replacement of the tertiary group, X. 

Substances of the analogous type, RzO-O{X)R2, wherein no 

tertiary hydrogen atom is present, but a ~drocarbon 

radical being in its place, have not as yet beenreported 
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as undergoing rearrangement. In fact, Bartlett {132) has 

assumed the production of the corresponding chloride of 

diethyl tertiary but,yl carbinol. The interconversiona of the 

hydrobromides of the camphoiJtic acids reported by No.yes (189) 

exemplify the latter system in the cyclic series, the trans­

formation occurring in the presence of hydrobromic aoid. 

CH3 j)H3 CH3,0 /CH3 ;a 
fcm3 c 

Br CH3 I "Br 

CH2 
I F2 

HOOO-OH OH2 HOOO-CH CH2 

A methyl group has migrated in this case, under similar 

conditions to the migration of the hydrogen atom in the 

~stea R20H-C(X)R2 just studied. That is to say, re­

arrangements may still occur in the general systems 

RaOH-C{OH) and R30-0{0H) during the course of a substitution 

~eactio.n, even when the ease of normal substitution is great. 

This work has also Shown that the method as out­

lined in this thesis for discovering the relationship of 

substitution processes and molecular rearrangements is 1n­

val.td under the conditions used in these experiments; not 

only for the reason, as mentioned previously, tmt one of 

the necessary steps for the establiShment of the configuration­

al relationship of the original compound and the rearrangement 
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product involves in itself a molecular rearrangement,but 

also for the reason, that the product resulting from the 

alteration of the carbon skeleton under stereochemical study, 

itself undergoes a further rearrangement. ~us any future 

application of this method must first determine the conditions 

necessary for the non-occurrence of this type of rearrangement. 

This thesis however has been concerned chiefly with the 

occurrence of rearrangements and the mechanisms by which 

these transformations take place. Although there are many 

cases where molecular rearrangement& have proven useful 

there are also many cases in synthetic organic chemistry, 

where the necessary inter.med~ates prove impossible to prepare 

due to these rearrangement processes. Having ftrst found the 

mechanisms bJ which intramolecular rearrangement& occur, the 

next important phase of their study is that which considers 

the retardation of these undesirable reactions. 
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~ERIMENTAL PART 

I The Preparation of«MetbWl Valerie Acid. 

The preparation of~-met~l valeric acid 

Cn-propyl metbyl acetic acid) was carried out through the 

malonic ester spnthesis, the method employed by Levene 

and Bass.{l90) ·All the materials used in this synthe­

sis were fractionally distilled and were dried very 

carefully. 

{a) Preparation of n-propyl malonic ester. 

The procedure used for the preparation of 

u-propyl malonic ester was an adaption of the method 

described by Adsms and Kamm for the preparation of 

n-butyl malonic ester. (191) T.he diethyl malonate used 

was obtained by fractional distillation of the commercial 

diethyl malonate through total condensation variable 

take-off column, the packed section being &t ins. long, 

1/2 in. in diameter, the packing consisting of single 

~rned glass helices (3/16 in outside diameter) packed 

singly; B. P. 92°@ 17 mm. similarly, the n-propyl bromdde 

used boiled at 71-2° 0 @ 764.2 mm. The anhydrous ethyl 

alcohol was prepare.d us).~g magnesium eteylate rather than 



-114-

use spditinl, as resoDDended by Adams and Kamm. The resulting 

n-propyl malonic ester was fractionated through the above 

column, B. P. ll.0-10 0@ 1'1 mm. 

(b) Preparation of methyl n-propyl malonic ester. 

!he preparation of meteyl n-propyl malonic ester from the 

purified product obtained in the preceding step was carried 

out by an analogous procedure using 25~ excess dimethyl 

sulpha~e as the alkylating agent. Methyl ethyl ether was 

observed to be a by-product of this reaction. The methyl 

n-propyl malonic ester was not isolated since the purifi­

cation of the esters by fractional distillation was re­

ported by Levene and Bass to present some difficulties 

due to the proximi"ti of the boiling-points of the alkyl 

malonic esters and their respective methyl derivatives. 

(c) Preparation of methyl n-propyl malonic acid. 

At the completion of the malonic ester ~nthesis in 

the preceding step, as much of the alcohol as possible 

is distilled aff using a slight vacuum. ~he residue was 

then treated with a ~ solution of 3 moles potassium 

hydroxide per mole of methyl a-prop~l malonic ester in 

ao% alcohol and refluxed for 12 hrs. The reaction mixture 

was then evaporated nearly to dryness and was then taken 

up in water. After -acidification with 25% sulphuric 

acid, the free acid was extracted with ether, the ether 

extract washed with water and the ether subsequent!~ 

evaporated off to yield the crude acid. The crude acid 
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thus obtained waa not purified but was used in theorude-form 

in the next step. 

(d) Preparation of ~-Methyl Valeric Acid. 

Decarboxylation of the crude methyl n-propyl malonic acid 

waa effected by heating the acid to l'IO-l90o. Upon cessation 

of evolution of carbon dioxide, the resulting cru.de ot..meteyl 

Yal.er1a acid was fractionally distilled through the 6t in. 

total condensation variable take-off column to yield a pure 

cl-methyl valeric acid B. P. 99-1000 @ 18-19 mm. An &.Dili4e 

of this acid was prepared in the usual manner, K. P. 950, 

this derivative having been previously reported as M.P. 96.20. 

(192) 
II The Resolution of ~-Methyl Valeric Acid. 

The resolution of~-methyl valeric acid also referred to as 

methyl ~propyl acetic acid and 2-n-propyl propionic acid 

was attempted with three different alkaloids, ~inine, brucine 

and cinchonidene. Levene and Mikeska resolved this acid 

by repeated reoryatallisations of the quinine salt from 5~ 

acetone the more insoluble salt being that of the levo acid. 

With the materials and facilities at hand the resolution by 

quinine was found unsatisfactory. There was a strong tendency 

for this salt to separate out eveJl witll coilstant-:stirriDg iJl 

a soap..like form regardless of variations in temperature as a 

result of which the filtrations were diffioult. necessitating 

that it be done in the cold (outdoors), the yields per 

recrystallisation very low, and the extent of resolution per 

rearystallisation also very low. T.he melting point of the 
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quinine used was 16·9-700 0 in a sealed tube. 

Bergmann carried out a paztial resolution of the 

raaamic acid by means of the brucine salt. Reorystalli­

sation of the brucine salt prepared from the racemic acid 

8.114 Eastman Brucine alkaloid (M. P. 176-1780) from 38}& 

acetone (193), the filtration necessarily being done at oo 
due to the solubility of the salt at room temperature, was 

little better than quinine. 

Satisfaoto~ resolution was finally accomplished 

using cinchonidine, the cinchonidine salt crystallising 

from 66~ acetone at room temperatures. 

(a) Procedure for Cinchonidine Resolution. 

To 215 gms. oC.-met:twl valeric acid dissolved in 66% 

acetone (using 2 cc. 66% acetone per gm. of cinchonidine) 

was added after warming the acid solution 543 gms cinchonidine 

(the equivalent quantity), and 66~ acetone added until, on 

cooling the solution to room temperature on a reciprocating 

shaker, the cinchonidine salt crystallised out to a slushy 

consistency. The salt was immediatalJ filtered, sucked dr.V, 

and receystallised using the same procedure. 

After many recrystallisations. the salt (206 gms.) 

was decomposed with a 1~ excess over the equivalent amount 

of lo% hydrochloric acid, the free ~methyl valeric acid 

extracted with ether, the ether extract washed twice with 1~ 
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hJdrochloric acid and finally washed with la% s-o'ij.um· sulphate 

solution the sodium sulphate facilitated separation of the 

ether-solution fran the water used for wasbing until no 

test for chloride ion was obtained with a~eous silver 

nitrate solution. The ether solution was dried using an­

hydrous sodium shlphate overnight, and the ether removed 

by distillation through the fractionating column. 

The reS1llting acid was then fractiomted through 

this column at 9 mm. The fractions boiling at 84.5° 
25 

possessed a constant refractive index, n = 1.4121, a 
26 D 25 

density - d = 0.920, and a molecular rotatioD -fM] :•8.27 
4 ~s D 

(homogeneous) the rotation being observedo<. = +13.ll in a 
D 

Jacketed 2 am,. polariscope tube at 25° 0. In this mamer 

60 gms. of ~methyl valeric a.eid were prepared 

M. R. i :- Found:- 31.38; Calculated:- 31.25 
n 

III The Preparation of the Methyl Ester of a(.-Methyl 
Valeric Aeid. 

~-Methyl va.l eric acid was converted to the methyl 

ester employillg diazometha.ne. An e-thereal solution of 

diazomethane was prepared according to the directions given 

by F. Ardnt Organic Syntheses (194). 47 gms. of~methyl 

valerie acid dissolved in 100 c.c. ether were treated with 

the diazomethane ethereal solution b~ slow addition of 

the reagent till the yellow colour persisted, the solution 

then being allowed to stand 1 day at 0° 0 • 30 giiS • anhydrous 

sodium au.lphste were then added to the ethereal solution 
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and the solution allowed to stand overnight. The solution 

was filtered to remove the sodium sulphate and the excess 

diazometha.m removed through the partial removal of ether in 

vacuo. The remainder of the ether was distilled from the 

ester and the ester then fractionated through the small 

column. The ester distilled at 98.6 mm at ?70 C, the two 

fractions taken possessing the same refractive index 
25 

n = 1.4004. The density and molecular rotation were 
D 26 25 

respectively d : 0.8750 and[M 1 : +ll.SS, the rotation 
4 D ( ~ = ~15.96 being observed in a 2 decimeter jacketed 

polariscope tube and maintained at 25° 0 

M. R. ~ :- F~d: 36.03 
:a 

Oaluulated 36.19. 

IV Preparation of Levo-2,3-Dimethyl Hexqnal-2. 

The preparation of the tertiary alcohol, levo-2,3 

dimethyl hexe.no.l-2, was accom-plished by the applicat iarm 

of the G•i~4 Reaction, tertiary alcohols being usually 

synthesised by allowing a suitable Grignard reagent to react 

with either an ester or a ~etone. Sevo-2,3 dimethyl bexanol-2 

can thus be conveniently prepared from the mthyl ester of 

ac..methyl valeric said and methyl magnesium iodide. 

In a 1-J three necked, round bottom flask fitted 

with a mechanical stirer through a mercur,y seal, a separatory 

funnel and an efficient reflux condenser to which a sodium 

hydroxide (pellete1 drying tower is attached, were placed 

24 gms. of magnesium turnings and 200 c4, of dry ether. 
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A small portion (5-10 cc of the methyl iodide, 137 gms. to 

be used to prepare the methyl magnesium iodide, was added 

through the separatory funnel. After the reaction had start­

ed. 200 oc more of d~ ether were added, and the remainder 

of the methyl iodide was added dropwise with cooling. At 

the end of the addition, the contents were allowed to warm 

up with continuous stirring and then refluxed for an additio~ 

al. thirty minutes. The Grigna.rd reagent, methyl magnesium 

iodide was thus prepared. 

The flask was then cooled in an ice-bath, and 

a solution of 42 gms. of dextro methyl ot.. methyl valeric 

acid in 100 cc of dr,J ether was added dropwiae to the 

Grigraard reagellt solution with constant stirring. After 

the solution was added, the whole was allowed to warm up 

slowly with stirring over night. (Final temperature of 

contents = 24.50). The contents of the flask were then 

pOQred into 200 eo of a saturated ammonium chloride solu­

tioa containing ice, the mixture being well stirred to ensure 

complete hydrolysis of the Grignard addition compound. 

The final temperature at the end of the decomposition was -

-1°0. 
The ether layer was separated, the aqueous layer 

extraeted five times with 100 cc portions of ether. The 

combined ether extracts were washed twice with lOO eo of 

water and twice with lOO cc portions of lQ% potassium 

carbonate solution and then dried over anhydrous potassium 

carbonate for one day. The ether was removed by distillation 
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thr~gh a Widmer Column with a &t inch spiral section. The 
alcohol was then fra.ctiomted through the 61- inch column 

previous~ described. 

26 
The fractions B. P. 75° @ 29 mm n = 1.4288 and 25 

d • 0.831 were employed in fUrther work. 
4 

D 

was determined in a 

The rotatiou 
25 

2 dm. tube jacketed at 25° 0, ~ : -29.46o. 

From this the molecular rotation was calculated:-
D 

130 )(. -2 9.46 

lOO X 2 X 0.8314 
-- -16.36 

V Preparation of dl-2.3 dimethyl hexanol-2 was 

prepared for comparative purposes and for the preparation 

of the phenyl urethanes, according to the soheme as out­

lined on p. 8'1. 

(a) Preparation of Pentensl-2. 

The methyl magnesium iodide was prepared accord­

ing to the procedu~e as previously outlined from 76 gms. 

of magnesium turnings, 440 gms. of methyl iodide and 700 eo. 

~ ether in a 2 litre three inch round bottom flask fitted 

with a mechanical stirrer through a mercury seal, a separa­

tory funnel, and an efficient reflux cOJadeuer to which a 

sodium hydroxide dr,ying tower was attached. 216 gma. of 

n-butyr&ldehyde was added dissolved in 260 cc dry ether, 

dropwise with constant stirring and with aooling. The 

reaction mixture was stlDred oveEnigh.,and decomposed the 
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the next day by pouring into a saturated solution of 

ammonium chloride and ice. The ether layer was separated 

from the 'queous layer and the aqueous layer extracted 

with ether. The combined ether extracts weee washed with 

water and with lo% potassium carbonate solution, and finally 

dried over anhydrous potassium carbonate. The ether was 

removed by 41st111ation, and the residue distilled through 

a Claisea distilli~ flask at atmospheric pressure. 178 gms 

of pentanol-2 were obtained, distilling at 118-119.80 a. 
20 26 

n = 1.4067, n • 1.4048. 
D D 

(b) The Preparation of 2-Bromo Pentane. 

The preparation of the seoondary bromides of 

D-pentane from the corresponding carbinols has received 

much attention in the past, a mix~re of the 2 and 3-bromo 

compounds being obtained under all ordinary conditions. 

Sherrill and eo-workers have Shown,however, that the use 

of phosphorus tribromide at low temperature produces 

little or no rearrangement.(l95)Isobutyl bromide containing 

but 0.6~ of ita tertiary isomer was obtained by Whitmore 

and Lux (196) from the action of phosphorus tribromide at 

low temperatures (-10) on isobutyl alcohol. An adaptation 

of the procedure established by these latter workers was 

employed in this work for the preparation of 2-bromo pentane. 

In a 500 cc. flask provided with an efficient 

stirrer, a thermometer and a dropping funnel, was placed 

130 gms. of the pentanol-2. After ooolimg to -5°0,145 gma. 
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phosphorus tribromide was added slowly during 8 hours with 

vigorous stirring, maintaining the contents of the flask 

below - 1° 0 at all times. The whole was allowed to warm 

up slowly to room temperature stirring constantll and then 

allowed to stand for 16 hrs. The mixtare separated into 

two l8iers on standing. ~e lower layer was separated. 

!he upper layer was then distilled through a Claisen distilling 

flask, B. P. 52o @ 80 mm. The distilate was washed with 10% 

potassium carbonate and then dried over anhydrous potassium 

carbonate for 1 day. The filtered bromide was then distilled 

through a Olaisen distilling flaSk. The 2-bromo pentane 

distilled at 50.5-510 0 @ 77 mm. 171.5 gma. a yield of 77% 

was thus obtained. The refractive index of the produat:-
20 

n = 1.4414 - the previously assigned refractive index being 
1), 20 

DD • 1.44125.(197) 

The procedure of \f.hitmore and Lux (198) was also 

carried out, the two layers not being separated. The re­

fractive index of the product obtained, n~0 • 1.44i8, 

indicated considerable rearrangement. 

(c) The preparation of 2,3 dimethyl hexanol-2. 

In a 2-J three-necked flask, fitted with a 

mechanical stirrer (mercury-sealed), condenser, to which 

is attached a sodium hydroxide drying tower and a separatory 

funnel is placed 30 grns. of magnesium tu.rnings • 
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The flask was then heated gently but thoroughly 

with a luminous flame and allowed to cool to room temperature. 

The turnings were then covered with lOO cc. of anhydrous 

ether. 6-10 cc. of a solution of 2-bromo-pentane in 175 cc. 

anhydrous ether was added to start the reaction. 225 cc. of 

anhydrous ether were added and then the solution of a- bromo 

pentane was added dropwiae to the well-stirred reaction 

mixture. The whole was stirred at room temperature over night. 

'10 ~a. of anhydrous c. P. acetone (dried over 

anhydrous potassium carbonate) in lOO cc. of ~drous ether 

were slowly added, 1 drop every 3 seconds, with cooling of 

the flask. ·Nhen the 2-bromo pentane solution has all been 

added, the reaction mixture is stirred for eight hours 

before decomposition by pouring into an iced saturated 

solution of ammonium chloride. Ether extraction followed, 

five 100 oo. positions of eth fir being used. The eol\bi11.84 

ether extracts were waShed twice with lOO cc. of 10~ water, 

twice With 100 cc. of 10~ potassium carbonate solution, 

and finally dried over anhydrous potassium carbonate. 

The ether was removed and the resulting residue 

distilled through a total condensation variable take-off 

column with an efficiency of 16 theoretical plates. The 

fractions distilling at 75° C @ 29 mm. ~5• 1.4290 were used 

in subsequent work. 
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VI. Preparatioa of 2,3 Dimethyl hexanol-3. 

This tertiary carbinol was prepared using the 

reagents used by Vihi tmore and Evers. ·tl98) methyl isopropyl 

ketone and the Grignard reagent of n-propyl bromide. The 

procedure used was similar tG that used above in the pre­

paration of the isomeric 2.5 dimethyl hexanol-2. 15 gms. of 

magnesium turnings 68 gms. n-propyl bromide, and 43 gms. 

of met~l isopropyl ketone were employed. In this case, 

the ether extracts were washed wi'th 6~ sodium hy:iroxide 

solution and then w1 th water. 

~he resulting crude carbinol was first distilled 

in a Olaisen flask, and then fractionally distilled through 

the 15-plate column. The fractionB distilling at 72.6o 0 @ 

29 mm, D~6 : 1.4301 were used in subseqaent work. 

VII Preparation of Phenyl Urethanea. 

1 oc. of pheuyl isocyanate and 1 eo. of the tertiary 

carbinol, 2,3 dimethyl hexanol-2 and 2,3 dimethyl hexanol-8, 

were mixed at oo 0 in a dey test-tube and allowed to warm up 

slowly and to stand at room temperature for eight days. 

The aontents of the test-tube (sealed with collodion) were 

then ao~id. The solid contents were washed three times with 

cold Skelly Solve A, and then repeatedly crystallised from 

Skelly Solve A (filtering before crystallisation each time) 

until the product melted constantly. The pheDYl urethane 

of 2,3 dimethyl hexanol-3 melted at 90.5° o_and that 0~,2,3 

dtmethJl hexanol-2 at 7~0 0. 
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VIII Preparation of the Tertiary Chlorides. 

{a) From levo 2.3-dimethyl haxanol-2 (199). 

180 cc. of concentrated hydrochloric acid (ap.gr.l.l9) 

were placed in a pyrex tube prepared for sealing. This was 

cooled and maint•ined at -lOO in an ice-salt bath. Hydrogen 

chloride gas, produced from the action of concentrated sul­

phuric acid on concentrated hydrochloric acid in a generator 

as described by Fieser (200), was bubbled into the acid 

in the 1ipe until it was saturated. 24 cc. of levo 2,3 dimethyl 

he.xanol-2 was pipetted on top of the acid. The tube was 

sealed and shaken on a reciprocating shaker for one day, being 

allowed to war.m up to room temperature while shaking. The 

tube was then allowed to stand for separation, and cooled 

again to -looc. After thorough cooling, the tube was 

opened, the chloride layer drawn off from the top of the 

saturated ~droohloric acid, and washed successively with 

five 25 cc. portions of concentrated hydrochloric acid, 

once With a 10 cc. portion of iced water, and finally once 

with an iaed 3~ sodium bicarbonate solution until no further 

carbon dioxide was evolved. 

The separated chloride was dried first with 

anhydrous sodium ~lphate and then over anh3drous potassium 

carbonate at 100 o. The drying agent was filtered off and 

the optical rotation of the chloride determined. The chloride 
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possessed no optical activity, n~O= 1.4362, 

43.5-44° 0 @ 12 liiD.. 

Analysis (201):-

Wt. of substance. 

1.0131 gms. 

Wt. of Ag Cl 

0.9681 gms. 

26 DD·= 1.4330, B. P. 

% Chlorine 

23.64~ 

Oslculsted for CaH17 01 Cm.w. 148.6): Cl • 23.86~ 

(b) From the inactive tertiary octanols.-

2,3 dimethyl hexanol-2 and 2.3 dimethyl hexanol-3. 

The isomeric tertiary ootanols were both conTerted 

to the chlorides by shaking with a large excess of concentrated 

hyclrochlorio acid for 12 hrs. a procedure essentially similar 

to that recommended i:n Ol'~uio Syntheses (202), for the pre­

paration of tert. bu~l chloride from tert. butyl alcohol. 

5 cos. of the two carbino1s, each, were shaken 

for 12 hrs. on a reciprocating shaker with 56 cos. of con­

centrated hydrochloric acid (sp. gr. 1.1~) in 125 oo. ground­

glass-stoppered Erlenmeyer flasks at room temperature 

(28°0). The resulting ahlorides were separated, shaken 5 times 

with 10 cc. portions of concentrated hydrochloric acid, once 

with iced saturated sodium ~phate solution(to reduce the 

aolubilitJ of the chloride in the water~,once with iced 3~ 

sodium bicarbonate solution until no carbon deoxide was 

evolved, once agatnwith saturated iaed sodium sulphate 

solution, and finally dried over anhydrous sodium sulphate. 

The resulting chlorides reacted very rapidly with aqueous 
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sUver nitrate solution to produoe a precipitate of silver 

chloride. 

The refractive indices of the clear liquid chlorides 

were determined:-

2-chloro, 2,3-dimethyl hexane:- ~O = 1,4351; n~5 = 1.4330. 

3-chloro, 2,3-dimethyl hexane:- n:o • 1,4353; ~5 • 1.4333. 

XI Hydrolysis of Chloride. 

10 gms. of t~e chloride obtained from levo 2,3-

dimethyl hexanol-2 were placed in a five litre separatory 

funnel containing 3 litres of distilled water. This was 

shaken on a reciprocating shaker for 6 hrs. The mixture 

was extracted ten times with lOO cc. of purified Skelly 

Solve A. (by shaking with concentrated sulphuric acid, 

potassium permanganate solution and distilling from phos­

phorus pentoxide~. The combined extracts were washed once 

with~ sodium bicarbonate solution,twice with water and 

dried over anhydrou. potassium carbonate. The Skelly Solve 

A. was reooved by distillation through a Widmer column. 
0 25 The residue distilled at 71.5-73 0 at 29 mm, nD = 1.4294. 

The resulting carbinol was free of olefins as shown by ita 

failure to absorb bromfu in carbon tetrachloride, and 

also free of chlorides as shown by the negative teat for 

chloride ion in either aqueous or alcoholic silve~ nitrate. 
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At this stage the refractometer was restandardized, 

using fi. plate whose standard value is 1.5164. The measured 

refractive indices were 1.5164; 1.5164, indicating the 

correctness of the refractive indices measured previaaaly to 

this standardization. 

A phenyl urethane was prepared from the above 

carbinol by the same procedure as used for the pure octanola. 

The melting point after two recrystallisaticns was 52-62.60, 

which was not changei. by a fuether recrystallisation. 

XII,Oomposition of Carbinol from the Rpdrolysis 

(a) Refractive Index Method. 

~he refractive index of the carbinol from the 

hydrolysis was determined, n~6= 1.4294. Applieatian of the 

lfixture Rule indicates a mixture consisting of equal amounts 

of the two tertiary oarbinola, n~6 : 1.4294 being the mean of 

~5 • 1.4288 and 1.4301, the refra•tive indices of the 2,3 

dimetlJll hax:anol-2 and 2.3 dimet.byl hen.nol-3 respectively. 

The refractive index of a known mixture was determined; the 

mixture composed of 0.8857 gms. of each of the two carbinols 

gave nfi5 = 1.4295 which checks well with the mean as calcu­

lated. This also gives an indication of a linear relation 

between composition and refractive index. 

(b) Thermal Analysis. 

The phenyl urethane of the carbinol obtained 

from the hydrolysis melted at 62-62.5° • A mix"tllre consisting 

of equal amounts of the two uretba.nes, that from the 
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2,3 dimethyl hexanol-2 melting at 74° and that from the 

2,8 dimethyi hexanol-3 melting at 90.6° was found to melt 

at 66-63°. A mixed melting point of the urethane from 

hydrolysis and the mixture o£ urethanes was determined:­

M. P. 53-63°, a value showing no significant difference 

in melting point. The melting points were determined from 

the temperature of the fiJ:_st visible signs of softening 

to the temperature of complete melting. 
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!h!,ql_U!,e_!h.!n!. E_f _ 2..1. 3=. d.!_m_!t]:Y.!_ .!!&P..!O!-!. 
Nitrogen Analysis (Dumas) ;-

Wt. Of Sample. 

3.235 mg. 

Vol. of Nitrogen. 

0.1'16 eo. 
(corr.26 765mm.) 

Carbon-Hydrogen Analysis ;-

Wj • of Sample. 

0.02456 gm. 

Wt. of -

002 :0.06518 gm. 

H20 :0.021'13 gm. 

Calculated for C1sH23NO ;-

% Nitrogea 

6.27~ 

%a,ges. 

~ c = 72.3% 

% H : 9.8% 

N= 5.62% ; 0 : 72.~ ; H : 9.23~. 

--------
l,h.!.nzl_UI_e,lhan.! Slf_2.L.3.=.dim.!t!!J]: J!e.!S:!o!-!· 

Bitrogen Ana1Js1s (Dumas) ;-

Wt. of Sample. Vol. of Nitrogen. 

4.995 mg. 0.254 eo. 
( corr.25 766mm.) 

Calculated for 016H23NO ;- N = 5.62%. 

-------~ 

% Bitrogen. 

5.86 ~ 
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1. A survey of the present knowledge of SUbstitution 

Processes and Intramolecular Rearra@gaments indicated an 

apparent~ natural tendency f9r one group to replace another 

by a Walden Inversion mechanism. The present investigation 

was undertaken in order to establish in a general aliphatic 

oase whether or not a Walden Inversion mechanism is the only 

one by Which intramolecular rearrangementa oc~. 

Accordingly one method for the elucidation 

of the relationShips between SUbstitution Processes and 

Intramolecular Rearrangements has been described and in­

vestigated. The basis of this method is the definite cor­

relation of the configuration of the original compound 

and the rearrangement product, in this case n-propyl tart. 

butyl carbinol and 2 chloro-2,3-dimethyl hexane. 

2. Levo n-propyl tert. butyl carbinol has been 

confi~ationally related to levo 2,3 dimethyl hexanol-2, 

by the correlation of the configurations by direot chemical 

means of levo 2,3 dimet}Wl he:xanol-2 to dextro o(..metbyl 

valeric acid. 



3. An attempt to correlate the configurations of 

levo 2,3 dimethyl hexanol-2 to 2-chloro-2,3-dimethyl hexane 

by a normal substitution reaction not involving the optically 

active carbon atoms led to the discovery of the occurrence 

of an intramolecular rearrangement. The method described 

for the elucidation of the stereochemical mechanism of 

intramolecular rearrangaments has thus been shown invalid 

under the conditions of the experiment. 

4. Intramolecular rearrangaments may ~ite readily 

occur even in cases where the ease of nor.mal substitution 

is great. 

5. The rearrangement has been formulated on the basis 

of the "ionic mechanism" of intramolecular rearrangement pro­

cesses. an ionic equilibrium having been postulated between 

the cations corresponding to 2 chloro- and 3 chloro- 2,3 

dimethyl hexanes. 

6. ~he formulation of the formation of a tertiary 

chloride from n-propyl tert. butyl carbinol as a simple 

case of a retropinaaolone rearrangement has been shown to 

be incorreot, due to the establishment of this ionic 

equilibrium. 
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