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CHAPTER I

GENERAL INTRODUCTION

1,0 General Aspects of Carbon-Nitrogen Double Bonds

1.1 Introduction

The nitrogen atom plays an important role in nature. It occurs in
a wide variety chemical compounds, ranging from molecular nitrogen and
nitrogen oxides in air to inorganic nitrates in soil to organic com-
pounds with varying complexity in the plant and animal kingdom. Among
these, the compounds having a C=N group play an important part in
chemistry.

The C=N group is in many respects intermediate between the C=C
and C=0 functions, All three groups have two electrons in 41 orbitals
and these account for most of their characteristic properties, Whereas
both atoms of the C=C and C=N groups can be located at internal posi-
tions in chains and rings, the oxygen atoms of C=0 groups are by
necessity in terminal positions. The nitrogen and oxygen atoms in the
C=N and C=0 groups possess lone pairs of electrons which account for

other characteristic properties of these groups.

1.2 Internuclear Distances, Bond Energies, and Dipole Moments

Although important organic compounds having C=N bonds have been



frequently studied by various methods such as quantum mechanics and
ultraviolet and infrared spectroscopy, the C=N unit itself has
received less attention. Quantities such as dipole moments, bond ener-
gies, and interatomic distances for C=C and C=0 groups are plentiful
in the literature. But this is not the case for C=N mainly due to the
unstable character of the simplest C=N containing compounds.

According to Layton, Kross, and Fa.ssel,1 typical carbon-nitrogen
intermolecular distances are 1.47 A for the C-N bond and 1.29-1.31 &
for isolated and 1.35-1.36 A for azaaromatic C=N bonds. In Table 12
are recorded some typical lengths of CC, CN, NN, and CO bonds for com-

parison purposes.,

TABLE 1

Some Typical Bond Lengths (&)

C-C 1.537 C-N 1.47 N-N 1.47 Cc-0 1.40
Cc=C 1.397 C=N 1.36 C= 1.29
(Benzene) ring strongly
conj. conj,
Cc=C 1,338 C=N 1.30 N=N 1.24 Cc=0 1.21
(Ethylene)
C=C 1.205  C=N 1.16 N=N 1.09
(Acetylene)
2,3

The C=N bond dipole moment is estimated to be close to 1 D, ’

Table 2 contains some typical dipole moments.



TABLE 2

Some Typical Dipole Moments2

C=C 0.0D C=0 2.3 N=0 2.0D

CN 0.97D c=8 2.6 CGN  3.5D

The bond energy EC=N is one of the less well-known bond energies.
It was calculated by Cottre114 to be 147,0 kcal/mole. Palmer5 gives a

calculated value of 142 kcal/mole, The E values vary by about 10

C=N
kcal/mole from molecule to molecule, Table 3 summarizes some of

Cottrell's and Palmer's findings.

TABLE 3

Some Typical Bond Energies

Bond Bond Energy (kcal/mole) as Calculated by
Cottrell Palmer
Cc-C 82.8 83
C= 145.8 146
=C 199.6 200
C-N 72.8 69
C=N 147.0 142
C=N 212.4 214

1.3 Infrared Spectroscopy




4

The C=N stretching frequency is in most cases a strong and fairly
sharp band., It is located at lower frequencies then the bands of C=0
and close to C=C stretching frequencies in similar environments. In a
purely aliphatic environment, in the absence of strain, steric hinder-
ance or other complicating factors, the values for stretching frequen-
cy (vin cm_l) and molar absorptivity (¢ in L/mole-cm) for C=0 and C=N
are 1715, 1670.and 400-1000, 100-300, respectively, in dilute solu-
tions. These correspond to respective force constant of 11.9 and 10.6
dynes/cm for C=0 and C=N, respectively, calculated using a harmonic
oscillator approximation.

There is very little difference between infrared and Raman fre-
quencies of imines and also between the spectra of pure liquids and
solids and their solutions in not very associative solvents., The fac-
tors affecting the C=N stretching frequency include the physical state
of the compound, the nature of the subsituents, the conjugation with

either carbon or nitrogen or both, and hydrogen bonding.

=

For the compounds 1 where X, Y, Z, may be hydrogen, alkyl, or

aryl groups, the C=N stretching frequencies occur in the region of

1603-1680 cm_l. This a considerably narrower region than the 1471-



1689 en region described for all the C=N containing compounds.

The stretching frequency for saturated aliphatic aldimine type
C=N bonds occurs in the region 1665-1680 en”t. For compounds with
alkyl groups both on nitrogen and carbon, the chain length or chain
branching does not affect the frequency of absorption. The lack of an
alkyl group on the carbon atom of a C=N group shifts the frequency to
lower values. A small reduction in frequency is also seen when a
single ethylenic double bond is in conjugation with the C=N bond. An
unconjugated phenyl group on the aliphatic chain reduces the frequency
only very little. Whereas conjugation with an aromatic ring lowers the

range to 1638-1650 en~!

for the compounds where X=Ar, Y=H, Z=R, A sec-
ond aromatic ring on nitrogen, X, Z=Ar and Y=H, reduces the stretching
frequency even further to 1626-1637 —

Ketimines show C=N stretching frequencies in the region 1614-

1650 cm_l. The substitution and conjugation effects observed for keti-

mines are similar to those for aldimines.

1.4 Blectronic Spectra2

Very little is known about the electronic spectrum of the C=N
group in a purely aliphatic environment. The few compounds for which
the far ultraviolet absorption spectrum are reported have spectra
which consist of troad bands. Therefore interpretation is difficult
and only estimated figures are given. The T —a T and n—— 7
transitions are estimated to occur around 170 nm and 210 nm, respec-

tively. In Table 4 are recorded the positions of the n —s T band for



various unconjugated lone pair-containing groups for comparison.

TABLE 4
The Position of the n — 7" Band for Uncon jugated

Lone Pair-Containing Groups

Group n— 7* (nm)

>C=N- 190-200
-NO,, 270

>c=0 280
N=N- 370

>C=3 550
-N=0 680

Much more data is available for compounds in which the C=N group
7

has aromatic ring substituents. Jaffe, Yeh, and Gardner’' have compared
the spectrum of benzalaniline, 06H5CH=N06H5, with the spectra of stil-
bene and azobenzene., Stilbene has no lone pair electrons and the

n— ¥ transition was naturally missing from its spectrum. The analy-
sis of the spectrum of benzalaniline sugéested the presence of a weak
band near 360 nm with €nax about 100, which was been assigned to a
n——»Tﬁ'transition. In azobenzene, an extremely broad band around 420
nm was observed due to superposition of two nearly degenerate n—Ti

transitions. The n level in benzalaniline occurs at almost the same

energy as in azobenzene, but the T level lies considerably higher.
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This results in a blue-shift for the n —e7" transition between azoben-
zene and benzalaniline, The W ——-7%" transitions are complicated by the
presence of two conjugated benzene groups and therefore the interpre-
tations of these transitions will not be attempted here. For further

7

information the Reader is referred to the original work.

1.5 Analysis of Imines6

There have been relatively few qualitative chemical methods de-
veloped which are specifically designed for compounds having C=N
groups. In most cases, the method is based on hydrolysis of the C=N
group to the corresponding amine and carbonyl compound and subsequent
identification of these products,

The quantitative methods which have been developed for measuring
the C=N group are based either on the basic properties of the group or
on the determination of the hydrolysis products of the imine.

The titration technique employs the basic character of imines for
the quantitative analysis. Perchloric acid is used generally as the
titrant and glacial acetic acid, chloroform, or acetonitrile is com-
monly used as solvent. Potentiometric titration of an imine in aceto-
nitrile with perchloric acid in dioxane solution is recommended as the
acidimetric method of greatest utility.

The ease with which imines hydrolyse, especially under acidic
conditions, is used for the quantitative analysis of this group. The
C=N bearing compound is first hydrolysed in either dilute HC1l or di-

lute H2804 and the resulting carbonyl compound is quantitatively
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determined using 2,4-dinitrophenylhydrazine, bisulfite, or hydroxyl-

amine reagents.

2.0 Methods of Formation of Carbon-Nitrogen Double Bonds

2.1 Introduction

There are numerous methods for the synthesis of carbon-nitrogen
double bonds. An attempt will be made to only cover some of the impor-
tant methods here. For a more detailed coverage the Reader is referred

to the review by 3. Dayagi and Y. Degani.8

2.2. Condensations of Aldehydes and Ketones with Amines

One of the most important synthetic routes to form C=N is the
condensation reaction of amines with carbonyl compounds. This reaction
has many applications. It has been used for preparation of imines; for
identification, detection, and determination of aldehydes and ketones;
for purification of carbonyl and amino compounds; and for the protec-

tion of amino or carbonyl groups.

Eq-1 R1R20=0 + RBNHZ _ RlRZC=NR3 + HZO

The condensation of primary amines with carbonyl compounds was

9

first reported by Schiff” and products are often referred as "Schiff

bases". The reaction is acid-catalysed and it is recommended that



9

water be removed as it is formed to drive the reaction to completion.
The variety of compounds containing amino groups which undergo this
reaction include: hydroxylamine and its derivatives, hydrazine and its
derivatives, carbamates, sulphenamides, nitramine, chloramine, and
triazine derivatives.8 Aldehydes and ketones are not the only com-
pounds to react with amines to give imines, Thiocamides, enols, enol
ethers, phenols, gem-dihydroxy compounds, and gem-dihalides also react
with amines.8

A new C=N bond can be formed from an existing C=N bond by the ac-

tion of either amines or carbonyl compounds.

Eq-2 R.C=NR' + R"NH, ——= R

2 2 C=NR" + R'NH2

2

Bg-~3 : MeZC=NR + RéC=O-v———— MeZC=O + R2C=NR

2.3 Additions to Carbon-Carbon Double or Triple Bonds

Compounds containing a C=C group activated by a strong electron-
attracting group react with amines to give imines by cleavage of the

carbon-carbon double bond.

— ' — =] !+
Eq-4 RCH—CX2 + R NH2 RCH=NR CH2X2
Azides add to double bonds activated by aromatic systems to form
imines (Equation 5). x-Azidoethylenes undergo internal cycloaddition

with subsequent elimination of nitrogen on heating or by irradiation
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to form azirenes (Equation 6).

Ar
\
N
Ol
Eq-5 ‘ + AT, R N
N-Ar
o
_L.’
"
A
Eq-6 | PhoQsCH, —= Ph—C~—CH,
N/
N3 N

Simple acetylenes reluctantly add amines, but those which are
activated with strong electron-attracting groups react much more read-
ily. The enamine formed might undergo a tautemeric shift to form imine

(Equation 7).

0 0 0
I i 1l
Eq-7 Ph-C=C-C-Ph + CHBONH2 — Ph-C=CH-C-Ph ——» Ph—C—CHz-C—Ph
l
NHOCH N-OCH
3 3

2.4 Formation of C=N Bonds Through Ylids

Ylids which are extensively employed to form carbon-carbon double
bonds also find use in forming carbon-nitrogen double bonds, The mech-

anism of the reaction involves the formation of a betaine intermediate
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(Equation 8).
@

RBP—N—R'

Eg-8 R3P=NR' + R"R C=0 —— _ R3PO + R'N=CR"R

&0-CR"K”

Sulfur ylides, phophoramide anions, and phosphazines also react

in similar fashion.

2.5 Tautemerization of Amides and Thiocamides

Amides usually are alkylated by alkyl halides under basic condi-
tions to give N-alkyl amides, However, if more reactive alkylating
reagents such as dimethyl sulfate or methyl fluorosulfonate are used

O-alkylation is observed (Equation 9 and 10).

10 Z:j_iEX\\ —_— Z:ji:Bk\
Eq-9 X0 * (CHf0),80, g7 Ole

j
H

Eq_ioil + FS0.,CH

N N OMe

¥

Suitable amides cyclize to give various kinds of products,
N-QB*Arylethyl)-amides.form dihydreisoquinelines under the influence

of acidic catalysts. This reaction is called Bischer-Napieralsky reac~

'bion.12
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Eq-11 ™ N—H _N

The first step in the Sonn and Miller aldehyde synthesis is the

formation of an imidoyl chloride from anilide and PC1 13

5

PC1
Eqg-12 R—ﬁ—NH-Ph ———— RC1C=NPh
0

Anilides also react with Grignard reagents to give imines.

Eq-13 RMgBr + R'-ﬁ-NHPh —— RR'C=N-Ph

2.6 Addition Reactions of Nitriles

The controlled addition of hydrogen in the catalytic hydrogena-
tion of nitriles to form imines is very difficult to control due to
secondary reactions. However, the reduction using LiAlH4 is much more
controllable and, in some cases, imines can be obtained in good

yields.
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Alcohols, thiols, and amines add to nitriles to form imines.

HO

N HC1 -HN 0]

Eq-1415 HC1

~ SO

One of the most attiractive methods for preparing imines is by

addition of a Grignard reagent to a nitrile.

Eq-151° ' C=N + PhMgBr [N>\Ph

c1

2.7 Oxidation of and Elimination from Nitrogen Compounds
Oxidation or dehydration processes are only seldomly used to pre-
pare imines, since it is difficult to control the reactions and usual-

17 and secondary18

ly secondary products are obtained. Both primary
amines may be oxidized by hypochlorites to imines., The reaction pro-

ceeds through a N-chloramine intermediate.

t-BuOC1 -HC1

Eq-16 RZCHNH2 RZCHNHC1 -—————’RZCH=NH

19

a-Amino acids™” also undergo a similar oxidation with hypohalites
in which 002 and C1~ are eliminated from the intermediate to give the

corresponding imine.
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Na0Cl
Eq-17 RR'GCOOH ———» RR'G-COONa ———~RR'C=NR" + CO, + NaCl
NHR" R"NC1

Other oxidizing agents such as, mercuric acetate, chromic acid,
ferric chloride, silver oxide, SZOS-/Ag+, and lead tetracetate are
reported to oxidize amines to imines or immonium salts.8

Although primary amines give mixtures of products upon catalytic
dehydrogenation, secondary amines give imines with Ni, Pt, or Cr cata-
lysts.,8

Amines which are substituted on the nitrogen by an anionic leav-
ing group X eliminate HX easily to give an imine, N-Haloamines may be

eliminated by the action of alkalis or by heating.

Na.OCH3
Eq—1820 Z S » ( /S

T MeOH N

Cl

21-23 25-27

Other leaving groups include nitroso, nitro,24 tosyl,

benzoyloxy,28 and arylsulfonyloxy.29

2.8 Rearrangements

Various kinds of compounds containing C=N groups have been syn-
thesized using rearrangement reactions. The simplest type of rear-
rangement to give C=N is a prototopic shift which is spontaneous in

most cases., These include the azo-hydrazo shift (Eq-19), enamine-imine
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transformation (Eq-20), C-nitroso-oxime shift (Eq-21), and transforma-

tion between two isomeric imines (Eq-22).

Eq-19 SCH-N=N- == >C=N-NH-
Eq~-20 >C=CH-NH- == >CH-CH=N-
Eq-21 “CH-N—>0 === >C=N-0H
Eq-22 SCH-N=C{ == >C=N-CH

There are many rearrangement reactions involving nitrene interme-
diates leading to molecules having C=N groups. Many of these reactions
are name reactlions such as the Beckmann, Hoffmann, Lossen, Curtius,
and Stieglitz rearrangements. These have reviewed recently by

30

Abramovitch and Davies,

31-33

3.0 Elimination Reactions

3.1 Introduction

The formation of a double bond >C=X, where X is G, N, or S by the
|
loss of HY from H-?-X-Y is very common in organic chemistry. The reac-
tion is promoted by solvent or a base and is named as the "1,2 elimi-

nation reaction" or "A-elimination reaction". There are three main

types of mechanism operating in these reactions (Figwre 1); a) E1
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(Equation 23), b) E2 (Equation 24), and c) EicB (Equation 25).

l | @ +B~
Eq-23 H-C-X-Y ¥=—= H-C-X + ¥° — >0=X
I I -HB
I
Eq-2l H-cI:-X-Y s B0 —— | PO gk y®

—— >C=X +BH + ¥

I
Bq-25 H-C-X-Y + B© — &C-X-Y + BH —— Se=x + YO

Figure 1 The Mechanisms of 3-Elimination Reactions

The formation of carbon-carbon double bonds by 1,2 elimination
has been examined extensively, but carbon-nitrogen and carbon-sulfur
double bond-forming A-elimination reactions have not been investigated
with the same thoroughness. Since carbon-carbon double bond-forming
eliminations have been investigated in more detail, the following dis-

cussions for the different mechanisms will be given for alkene-forming

elimingations.

3.2 The E1 Mechanism

Elimination reactions can occur in the absence of an added base
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under some conditions. The mechanism by which these eliminations occur
is called El, which stands for elimination-unimolecular. It is a two
step process in which the rate-determining step is the ionization of
the substrate by the loss of the leaving group to give a carbonium ion
intermediate which then in the second step rapidly loses a g proton to

give the product,

| | slow |
Step 1: H_C_Cl_x H-G-r + x©

| fast
Step 2: H—C‘l -C\I@

Se=c{ + P

For a pure El reaction, in which the carbonium ion intermediate
is free to adopt its most stable conformation, the elimination should
occur in a completely nonstereospecific fashion. That is, the proba-
bility of the loss of a B hydrogen from either the same (syn) or the
opposite (anti) side of the molecule as the original leaving group,
will be equal. The following facts are observed for El mechanism:

a) The reaction exhibits kinetics which are first order in sub-
strate and zero order in base. Possible involvement of the solvent as
a base in the rate-determining step can be checked by adding a small
amount of the conjugate base of the solvent. If the rate shows no in-
crease in the presence of this more powerful base, it is highly un-
likely that solvent is involved as the base in the rate-determining

step.
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b) For the reactions performed on two moiecules differing only in
the leaving group under identical conditions, the ratio of elimination
to substitution should be the same, since both will give the same car-
bonium ion intermediate,

c) The steric environment of the £ hydrogen is not important and
the thermodynamically more stable olefin is predominantly formed.

d) The reaction is accompanied by rearrangements since the car-
bonium ion intermediate is susceptible to rearrangement.

For compounds having two different kinds of A protons, two dif-
ferent olefinic products may be obtained., The elimination to give the
more highly substituted product of the two is called "Saytzeff orien-
tation" and the one to give the less substituted product is called
"Hofmann orientation”. Since the transition state for the product-
determining step has double bond character, the lowest-energy transi-
tion state will be the one leading to the most stable double bond. It
is a well known fact that alkyl groups lower the energy of double dou-
ble bonds through hyperconjugation. Therefore El reactions give pre-

dominantly the Saytzeff product.

Eq- -CH- _ "
q-26 RCH, CIJH CH3 RCH=CHCH3 + RCH,CH=CH,,
X Saytzeff Hofmann
product product

So far this discussion has involved symmetrically solvated car-
bonium ions. It is known that for El reactions in solvents of low ion-

izing power, the generalizations described above do not hold. In sol-
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vents of low ionizing power intimate ion pairs are formed. The fol-
lowing observations are made for these kind of systems:

a) The ratio of elimination to substitution products depends on
the nature of the leaving group.

b) A syn elimination takes place since the leaving group rather
than the solvent acts as the base to remove the § hydrogen.

c) Hofmann products predominate as the leaving group becomes more
basic, This can be explained by the Hammond postulate. The more basic
the ion which removes the hydrogen, the more the transition state for
the product determining step will resemble a carbonium ion and conse-
quently have less double bond character. Therefore the orientation of
the double bond will depend more on the acidity of the A hydrogens and
less on the relative stabilities of the two possible double bonds.
Since alkyl group substitutions will make the hydrogens on the same

carbon atom less acidic, the Hofmann product dominates.

3.3 ElcB Mechanism

Combination of a poor leaving group and a highly acidic g proton
may lead to the elimination mechanism called ElcB, which stands for
"elimination, unimolecular, from the conjugate base". This mechanism
is frequently discussed as an alternative to the E2 mechanism. In many
cases, it is very difficult to distinquish between these to mecha-

nisms.

| & |
Eq-27 ®© + H-(ll}-(l}-x ?1’ BH + ©C-C-X
-1



20

Eq-28 e(ll-clz-x —i—>c=c< + ¥

Depending on the relative magnitudes for the rate constants, kl’
k—l’ and kz, four distinct kinetic possibilities can be observed. As-
suming a steady-state concentration for the intermediate carbanion

the overall rate equation for this mechanism can be derived.

iy [StK] [Be]

Eg-29 rate =
k—l [BH] + kz

3.3.1 (Ech)R

A limiting case for the ElcB mechanism occurs when k_; is compa-
rable to ky, but k, is quite small (ky~k_4 ) kz). In this case, the
intermediate anion forms from the starting material in a rapid equi-
librium and the leaving group departs in a subsequent slow step. The
mechanism is called (ElcB)p ("R" for reversible). The rate equation

reduces to:

kk, [SHx] [E9], when kek_,» k,

k_, (BH]

Eq-30 rate =

The rate is first~order in substrate and first-order in base. The
inverse dependence on’ the conjugate acid of the base concentration
makes it easy to distinguish this mechanism from an E2 process. This

reaction should be independent of the base concentration if the buffer
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ratio, hfﬂ/’ﬁ%ﬂ, is kept constant. This means it should show specific

base catalysis. If the solvent contains deuterium then the reactant,
SHX, should become isotopically labeled. On the other hand deuterium
labeled reactant, SDX, should rapidly lose its label according to this

mechanism.

3.3.2 (EicB)iP

This mechanism is closely related to (Ech)R. The difference be-
tween these two mechanisms is that in (EicB)ip ("ip for ion-pair) the
anion formed does not exist as a free anion, but as an ion pair which
collapses to give the products or the reactants ﬁithout equilibration
with the solvent. Therefore, no deuterium exchange is observed with
the solvent. Since, k,«k_; the influence of deuterium at Cg on k,
(secondary isotope effect) and on ki/k-i (equilibrium isotope effect)
is negligible., Since there is no free anion formed the observed rate
is not dependent on [BH]-l. This mechanism is more likely to be seen
in solvents of low ionizing and solvating power and occurs generally

with amine bases.

3.3.3 (Ech)irr

When the leaving group becomes so good that the carbonion formed
goes on to give product much more rapidly than it returns to sub-
strate, kz))k_l[BH], then the abstraction of the proton becomes rate-

determining, and the rate equation reduces to:

Bq-31 rate = k; [3] [SHX] when kypk_; [BH]
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The reaction is general base catalysed and kinetically indistin-

guishable from the E2 reaction.

3.3.4 (B1) spnsion

If the acidities of the substrate and conjugate acid of the base
are similar and the leaving group is poor, then in the presence of
excess base, the substrate will be almost completely converted into
its conjugate base, which then will lose the leaving group in a rate-

determining step. This leads to a rate expression:

BEq-32 rate(El), ;.. =k, [SHX] ;when K Nk, [EH]) K,

For this mechanism, the following kinetic predictions can be
made: i) there will be a significant leaving group isotope effect or
element effect; i1i) electron-donating groups on Cy should increase the
rate of elimination; iii) electron-withdrawing groups on Cg should
retard the elimination, by causing delocalization of the electron pair
at Cﬁ and making it less effective in aiding cleavage of the Cg-X
bond; iv) if a B-deuterium labeled substrate is used and if

k then complete or extensive exchange with

exchange » Felimination’
protic solvent is expected. Reactions which follow this mechanism are
rare due to the high acidity requirement for the A-hydrogen.

A summary of the various ElcB reaction mechanisms is given in
Table 5.32

Numerous more or less succesful methods have been developed in an
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effort to distinquish ElcB mechanisms from the E2 mechanism. The clas-
sical method is the isotope exchange. A deuterium exchange between the
labeled solvent and unlabeled substrate, or Cg labeled substrate and
the unlabeled solvent is indicative of an ElcB mechanism. But the re-
verse is not true, (Ech)iP and (Ech)irr mechanisms will show no iso-
tope exchange. The rate of reaction by the (ElcB)p mechanism depends
on the buffer ratio [Eﬁﬂ/’ﬁ%ﬂ. Increasing the base concentration with-
out changing the buffer ratio should not affect the rate of the
(EicB)R, but the rate of an E2 or the other ElcB mechanisms should
increase linearly. The dependence on the base concentration may change
when the buffer concentration is changed. One can expect ké)k_l[ﬁH]
at low buffer concentrations, but at higher buffer concentrations one
may find k_4 [BH])k2 and the reaction will become independent of the
buffer concentration, that is Equation-29 will reduce to Equation-30.

The leaving group effect may be used to distinquish between the
E2 and (Ech)irr mechanisms. In the (Ech)irr process, the only influ-
ence of the leaving group on the rate should be through an inductive
or field effect. In the E2 mechanism the weaking of the Cx-X bond
should lower the energy of the transition-state below that for a
(EicB)irr stepwise process. This should cause a faster reaction rate
than expected from a simple electrostatic effect.

Carbon-halogen bond strengths increase markedly in the series
I<Br<Cl(F, therefore a concerted reaction should show steeply de-

creasing relative rates in the order RI?RBr>RCL>EF. On the other hand,

differences in the inductive effect should be rather small, so that
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the effect on the relative rates of an (Ech)irr process should be
minor.

When the leaving group is a substituted benzensulfonate group,
its effect on rate will be indicative of the mechanism. Hammet rho
values for a concerted reaction should be moderately large, but for a
ElcB mechanism (the substituent being sufficiently remote from the
site of proton removal) should be very small. The difficulty in this
method lies in the fact that it is very hard to say when the Hammet
rho value is small enough to indicate no weakening of the carbon-leav-
ing group bond.

The acidity function, H.., has been suggested for distinguishing
between (ElcB)p and (ElcB);,.. or E2 mechanisms. Anbar, et. QL.BU have
derived relationships between H- and rate to be expected for the two
cases. For a fast, reversible equilibrium followed by a slow rate
determining step, log k_, - follows H_ and for (EicB)irr or E2 log k ,
follows H_ + logthQL The actual cases are more complex than this sim-

ple relationship indicates.

3.4 E2 Reaction Mechanism

Unlike the other two mechanisms, E1 and ElcB, the E2 mechanism is
a one step reaction. That is the C-H and C-X bond-btreaking and C=C
bond forming all occur at the same time. It has been found that the
rates for these reactions are a) second-order, first-order in sub-
strate and first-order in base; b) decreased for Cp deuterium substi-

tuted substrates; and c) strongly dependent on the character of the
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leaving group. The substituent and isotope effects suggest that there

must be a spectrum of transition states with varying extents of C-H

and C-X bond breaking.

3.4.1 The Variable Transition State Theory

The E2 transition state involves a concerted breaking of a car-
bon-hydrogen bond and carbon-leaving group bond and formation of a
carbon-carbon double bond., To explain the experimental data, the var-
lable transition state theory suggests that the balance and timing of
the bond-making and bond-breaking processes involved may vary de-
pending upon the reactant structure and reaction conditions while the
mechanism remains a single-step E2 process without any detectable in-
termediates. That is one or more of the process of C-H and C-X bond
breaking and C=C bond formation may be farther advanced than the oth-
ers at the transition state and the less advanced ones catch up during
the subsequent downhill path to the products. The possible variations
in the transition state structure will be discussed in the following

three sections.

The ElcB-El1 Elimination Spectrum

One can imagine a spectrum of E2 transition states. At one ex-
treme there is the ElcB-like transition state, 2, in which only the
C-H bond is extremely stretched through synchronous or central tran-
sition states, 3, in which both C-H and C-X bonds are equally

stretched with considerable C=C formation, to the El-like transition
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state, Q, in which only the C-X bond is extremely stretched, on the

other extreme.

§— d-
B™=--- H B-T---- H H
.« d- . ~ +
<g—¢g” "t C—CZ
VAR A AR 4 \
\\‘ - . -
X Xg
2 3 4

The transition state 2 possesses carbanion character. Therefore
it should be stabilized by electron-withdrawing and destabilized by
electron-donating substituents on Cg. The central transition state 3
has double-bond character and should be stabilized by the factors
which stabilize the final product. On the other hand, the transition
state &4 possesses carbonium-ion character on C« and therefore should

be stabilized by the factors which stabilize carbonium ions.

Reactant-like to Product-like Transition States

Even though the amount of bond-treaking for C-H and C-X can be
equal, the extent of such rupture may vary. This will result in
varying degrees of double bond formation. Thus, if each bond, C-H and
C-X, is only 25% ruptured the double bond formed will be only 25%,
resembling the reactants. On the other hand, a 75% bond rupture of the
C-H and C-X bonds will give a 75% double bond formation and the tran-

sition state will resemble the products. Therefore, a spectrum of
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transition state of the central type is possible. Figure 2 summarizes

these transition state types as well as those from the previous sec-

tion,

de
I B H e _ Bé@'"H\ s
8 —/-C C\‘_i —/C—__C\ Ny ‘S.e
5 | E1cB-like _ X
?i Product-like
=3
™~
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i 3%y
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Central E2
1<) e
B P s
- "Xde ' \\\lee
Reactant-1ike El-like

C-X bond rupture ——»

Figure 2 E2 Transition States

E2H and E2C Transition States

It is generally assumed that strong bases are more effective

than weak bases in promoting elimination reactions. But it was found
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35 that not only strong proton bases (hard bas-

by Winstein and Parker
es) but also weak bases (weak toward hydrogen but strong toward car-
bon, soft bases) are effective in promoting certain elimination reac-
tions. To explain this behaviour Winstein and Parker devised a spec-

trum of transition states for EZ2 reactions.

B--H 3 3
. ' ] .
; — /_ . ———-’/ 1 :/
~C—Cg >C===50C —>c—co
X ! :
X X
2 ¢ z

They proposed that hard bases attack on hydrogen to give the EZH
transition state, 5, on one extreme. On the other extreme, soft bases
attack on Cx to give E2C transition states, 7. The actual transition
state in most elimination reactions falls between these extremes and
is represented by a structure such as 6. When hard bases are used for
the elimination reaction, the rate depends on the proton basicity of
the reagent (Equation 33). On the other hand, when soft bases are
used, the rate depends on the nucleophilicity of the reagents which
can be expressed by their ability to perform SNZ reactions (Equation

34) .

Eq-33 log K& = log pK, + constant

S
Eq-34 log kE = X log k + constant
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Parker and Winstein have surveyed substituent effects in E2H and
E2C reaction mechanisms. From product distributions and overall rates
the partial rates for elimination and substitution processes were de-
termined. They have found methyl groups at both Ca and Cp accelerate
the E20 reactions, but hinder or have little effect on the E2H reac-
tions. A phenyl group at Cg has the same effect as methyl on an E2C
reaction, but strongly accelerates an E2H reaction. On the other hand,
a phenyl substituent at C« accelerates an E2C reaction, but has little
effect on an EZ2H reaction. The substituent effects and the effect of
changing solvents on rates suggest that the E2C transition state must
be rather loose (both base and leaving group must be highly solvated)
and the transition state must have highly developed double bond char-
acter. The latter point was also demonstrated by the orientation data,
in which the proportion of the more stable alkene approaches the equi-
librium mixture of product alkenes., It was also suggested that the low
kinetic deuterium isotope effect on Ca in E2C mechanism was due to the
nonlinear configuration of the C -++--H--""" Base bond in the transition

33

state.

3.4.2 The Stereochemistry of E2 Reactions

In general, atoms in a transition state prefer to occupy certain
definite positions with respect to each other. The reaction site of an
E2 process involves four atoms from the substrate and one atom from
the base,

There are two extreme cases for the arrangement of the leaving
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group X and the A-hydrogen with respect to each other on the same side

of the molecule, 8, or on the opposite sides of the molecule,9. The
dihedral angle between C-X and C-H bonds is approximately 0° for 8 and
this arrangement is called syn-periplanar. Whereas in the other ex-
treme, the dihedral angle is 180° for 9 and the arrangement is desig-
nated anti-periplanar. There are two more intermediate conformations:
syn-clinal, 10, and anti-clinal, 11, with dihedral angles of 60° and

1200, respectively,

H H H H
X
. Ve ~
/
£
X
8 9 10 11

Syn-periplanar Anti-periplanar Syn-clinal Anti-clinal
(syn) (anti)

The dihedral angles given for each structure generally include
all the angles T 300 from the stated one, It is usually impossible,
except for structurally rigid compounds, to distinquish experimentally
between syn-periplanar and syn-clinal on the one hand and anti-peri-
planar and anti-clinal on the other.

When possible, E2 elimination reactions generally prefer the anti
configuration. Hiickel37 proposed that electrostatic repulsion in the

syn configuration between the base and the leaving group would make
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this configuration less favorable than anti. However, the results of
his calculations could not account the large difference between anti
and syn eliminations.

Another explanation involves quantum chemical reasoning. During
the course of the reaction, the «- and g-carbon atoms rehytridize from
sP3 to spz, and the C-H and C-X o-bonds become p-orbitals to form the
f-bond. The best overlap could be obtained either for syn-periplanar
or anti-periplanar arrangements. Eliel, et. g;.38 made the analogy that
the anti-periplanar conformation is like a linear conjugated system.
such as butadiene. On the other hand, the syn-periplanar conformation
resembles cyclobutadiene., Since the former is of lower energy, the
anti-periplanar conformation should be preferred.

The most common electronic argument for the prefence of anti
elimination is that the electrons of the C-H bond are performing a
displacement of the leaving group like in an SNZ reaction. By analogy,
since a backside attack is preferred in a SNZ reaction, the anti-peri-

planar conformation in an E2 reaction should be preferred, 12.

B° B°
\_.>}{\\<f;t}L-Céé:: k\_’I{\\j;;C-——-C’/<j¥
/7 2 V\
Sx
1z 13

One can arrive at the same conclusion when the argument is done

in terms of electron repulsion effects. The electrons in the C-H and
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C-X bonds will prefer to stay as far apart as possible during the

progress along the reaction coordinate, This is best accomplished by
an anti arrangement. An exception is when the C-H bond is so ionic
that there is greater electron density on the opposite side of the C-H
bond. This would lead to the syn configuration, 13. The preferred
backside attck will be done by the back lobe of the C-H o-bond as
shown in 13. This also predicts a syn configuration.

It is found that syn elimination is possible for E2H reactions
when: a) the structure permits a syn-periplanar but not an anti-peri-
planar conformation; b) a syn hydrogen is more reactive than the anti
one; c¢) elimination is preferred due to steric reasons (the anionic
base used remains coordinated with its cation which alse coordinates

to the leaving group). The transition state for the last case is shown

in 14,
N
& N
H X
B . .nb:/[
14

3.4.3 Orientation in E2 Reactions

Whenever the possibility exists for obtaining two or more differ-
ent olefins from a single substrate, the problem of orientation
arises., When the substrate has two different types of g-hydrogens, the

two possible products will have the carbon-carbon double bond in dif-

-
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ferent positions. This kind of orientation is called positional orien-
tation. An example for this kind orientation is the reaction of
2-butyl bromide with a base which can give either 2-butenes or

1-butene (Equation 35).

e
- ~CH-CH,, - + = =
Eg-35 CH3 ?H CH2 CH3 B0 —————*-CHBCH CHCH3 + GHBCHZCH CH2
Er Saytzeff Hofmann
Product Product

Another category of orientation is geometrical orientation. The
2-butene, for example, in Equation 35 will be a mixture of trans- and
cis-2-butenes.

The factors which control orientation are very important from a
synthetic chemist's point of view, since proper choice of reaction
conditions will enable him to obtain the maximum yield of the desired
isomer of the product. It is also important from a theoretical point
of view since it gives valuable information on relative reactivities,
A1l the reaction paths of a given substrate have the same ground
state. Therefore, for the product proportions reflect the relative
free energies of the different transition states. This enables one to
discuss the various available paths ofa substrate under given specific
reaction conditions. On the other hand, it is difficult to compare
results obtained for a different substrate or for the same substrate

under different reaction conditions.
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Saytzeff and Hofmann Orientations

When positional isomerism is possible and if the preferred olefin
is the one bearing the greater number of alkyl groups on the double
bond, then the reaction is said to give "Saytzeff orientation". It is
known that these olefins are almost always thermodynamically more
stable than the others. One can conclude that the transition states
of the E2 elimination reactions which give Saytzeff orientation pos-
sess sufficient double-bond character so that they are stabilized by
the same factors that stabilize the product alkenes.

It has been found that in elimination reactions when the sub-
straté is a tetraalkylammonium hydx‘O}citie39’L"0 or trialkylsulfonium
hydroxide41 the less substituted alkene is formed instead of the more
highly subsituted alkene. These reactions are said to give "Hofmann
orientation",

It has been found that in elimination reactions of a number of
quaternary ammonium hydroxides, the first alkyl substitution of the
B-carbon atom causes a dramatic decrease in relative rate of elimina-
tion.L,'2 The second alkyl substitution or the lenghthening the alkyl
chain has rather minor effect. Also w-alkyl substitution does not have
the same effect as p-alkyl substitution. In (CHBCHZ)Riﬁ'MeZ‘OH, where
R1 is either isopropyl or tert-butyl, Ry is lost more readily than the
ethyl group.

Several explanations were suggested to explain these observa-
tions. It was argued that these positively-charged leaving groups

increase the acidity of the pg-hydrogens by an inductive effect and
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f-alkyl substituents will counteract this and therefore decrease the
ra.te.43 Similarly, it was suggested that since trialkylammonio and
dialkylsulfonio groups are relatively poor leaving groups, there is a
considerable negative charge build-up on the Ca in the transition
state.ub The transition state will have considerable carbanion and
limited double-bound character. Therefore, electron-repelling alkyl
groups on the B-carbon atom will destabilize this transition state and
reduce the rate, A different kind of explanation was given by

Brown.45’46

He suggested that the steric interactions between the
leaving group and the f-alkyl substituents in the transition state for
an anti elimination are important particularly for a large leaving
group like trialkylammonio. Therefore, the more substitution on C3,
the more interaction, and the slower is the reaction rate. A word of
caution about this latter explanation is in order. Although there is
no doubt that steric effects contribute to some extent to Hofmann
orientation, its mode of action cannot be as simple as described above

because it is known that the eliminations from quaternary ammonium

salts often occur with mixed anti and syn stereochemistry.
3.4.4 The Effect of Structure and Reaction Conditions on Orientation

The Leaving Group Effect
The two alternative explanations for Hofmann orientation were
given in the previous section. The attempt will be made to distinguish

between these two theories.
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The products from the reactions of pentyl halides with ethoxide

ion in ethanol are given in Table 6.47

TABLE 6

Products from Reactions of 2-Pentyl Halides with Et0~/EtOH

Halide %1-Pentene trans/cis-2-Pentene
F 82 2.6
Cl 35 3.5
Br 25 3.8
I 20 L.1

The expected order for the steric requirements for the leaving group
is FKC1<Br<I. On the other hand, the difficulty of heterolytic bond
breaking of C-X should be F)>CLyBr>I. Some question has arisen concern-
ing the steric requirements of the various halogens. In monohalo-
cyclohexanes, the prefence for an equatorial halogen atom is found to
be F(I(Br(Cl;48 whereas for 3,3-dimethyl-halocyclohexanes this order

i
was calculated to be F(C1l<{Br«<I. 9

In either case, fluorine is the
smallest hydrogen. Therefore the difference in percent of l-pentene
between the fluoride and the other halides is inconsistent with the
steric theory.

It is evident that the variable transition theory can be used to

rationalize the observed results,

Bartsch and Bunnett5o_52 have determined rates and products of



elimination from 2-hexyl derivatives with wide variety of leaving
groups. They have found that the olefin product ratios obtained from
the 2-hexyl halides were in excellent accord with the variable E2
transition state theory, provided that the 2-hexyl iodide transition
states were central or toward the ElcB-like side. As the leaving group
becomes poorer, I —= F, the transition state shifts toward ElcB-like
extreme, with consequent decrease in both 2-hexenes/l-hexene and
trans/cis ratios. They have demonstrated that a relationship between
orientation and reactivity (the logarithm of 2—hexene/1—hexene or
jggg§—/g;§72-hexene versus the logarithm of rate of formation of 1~
hexene) exists, but is perturbed by other factors which may be partly
steric.,

Experiments in which steric effects were held constant and the
electronic effects of the leaving group varied are inconclusive. The
results of Colter and Johnson53 obtained for 2-pentyl m- and p-substi-
tuted benzenesulfonates showed the expected selectivity as predicted
by the variable transition state theory. However, the changes were
barely beyond experimental error. The overall change in orientation
was larger for the 2-methyl-3-pentyl arenesulfonates, but the trend was
irregular.54 The conclusions drawn from these experiments was that the
inductive effect of the uncharged leaving group on the acidity of the
p-hydrogen cannot be an important factor.

It has been found that the more reactive leaving groups give
higher trans/cis ratios. Since better leaving groups give transition

states with more double bond character, they will be more susceptible
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to eclipsing effects, and more trans- than cis-isomer will be formed.
There are instances where this explanation does not hold. Sometimes
trans/cis ratios change without concominant change in positional
orientation. This means the factors controlling geometrical and posi-
tional orientation are not necessarily the same. Most of these irregu-
larities in the trans/cis ratios are attributed to the effects of

base/solvent-or to the variations in mechanism.

Substituent Effects

In previous sections, the effects of A-substituents in Hofmann
and Saytzeff orientations were explained using electronic and steric
effects. The electronic effects of alkyl substituents can be exerted
as an inductive effect on the developing charge in the transition
state or they can stabilize a developing double bond in the transition
state, The steric effects can be observed in «- and Z3-alkyl group
interactions (eclipsing effects), or «- or p-alkyl group and leaving
group or attacking base interactions. Since the electronic effects
have been discussed earlier, this section will be devoted to the
steric effects.

Even for a simple system such as 2-butyl bromide steric effects
may operate. The most stable conformation of 2-butyl btromide is 15
but for an anti elimination the molecule should take either conforma-
tion 16 or 17, On the other hand, a methyl hydrogen can become anti

to bromine without disturbing the stable conformation 15. This should

results in 1-butene as product. Since 2-butene is the preferred
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product, the conformational stabilizing effect for elimination from
15 must not be very important in this case. trans-2-Butene and cis-2-
butene will arise from conformations 16 and 17 respectively. Since the
steric interactions in conformation 16 are less than those in 17, more
trans- than cis-2-butene should be obtained. These arguments are based
on a reactant-like transition state. In product-like transition
states, the a- and pA-carbon atoms will be nearly spz-hybridized and
the geometry of transition state for anti elimination may be represen-

ted by either 18 or 19.

——---u
H
————t
R

[ =

Even though the interactions between the leaving group and alkyl
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groups are minimized, the interactions between the alkyl groups
increases in going from the ground state to the transition state.
Therefore, both of these arguments predict the trans/cis ratio will be
greater than one. A trans/cis ratio close to or below unity suggests
the operation of some other factor than alkyl group eclipsing effects.

The eclipsing effect can be important if the only way to relieve
a strong alkyl-alkyl interaction is to change the orientation. It has
been found that in elimination reactions of RCHZC(CHB)ZBr when R is
changed from methyl to ethyl to isopropyl to i-butyl, the amount of
1-ene formed increa.ses.55 This trend can be explained by noticing that
the larger the R group the more important is the destabilizing effect
by eclipsing. Therefore the 1-ene formation is enhanced since eclips-
ing effects are not important in its transition states.

When the leaving group is not symmetrical, its preferred confor-
mation may have significant effects on other groups in the transition
state, For example, the arenesulfonate leaving group prefers a confor-
mation where the sulfur group is anti to the a-alkyl group, as in 20

and 21. This will result in steric interactions between the leaving

SO ,Ar SO.Ar
0/ 2 O/ 2
H R R H
R H R H
H H
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group and the B-alkyl group in transition state 20. It is evident that
this kind of interaction is avoided in 21. Therefore the trans/cis
rétio should be decreased. In eliminations from 2-halo or 2-tosyloxy
substituted hexanes with t-BuOK-t-BuOH, lower trans/cis were observed
for the tosylate leaving group-.51 2-Pentyl tosylate gives lower §£§g§/
cis ratios than 3-pentyl tosylate in RO -ROH (R=n-Bu; 5-Bu; and t-Bu)

56

base-solvent systems. These observations are consistent with the
presented argument.

A change in the stereochemistry of elimination should result in
different steric effects than the ones presented for coplanar anti
eliminations, The bonds involved in elimination may not be coplanar.

In syn eliminations, the a- and B-alkyl groups are eclipsed even in

a reactant-like transition state as shown in 22 and 23. The steric

X X
H H
H H R H R R

interactions will be greater in 23. Therefore there should be a strong

Preference for the formation of trans over cis elefin in syn élimina-

tions. The trans/cis ratio should be even greater than the one
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predicted from the relative thermedynamic stabilities of the trans
and cis olefin.

So far alkyl substituents and their effects in trans/cis ratios
and orientation have been discussed. In general, any group situated
on the p-carbon atom which can stabilize either a developing negative
charge or a developing double-bond will cause elimination predomi-
nantly towards the B-carbon atom bearing this particular group. When-
ever there is much carbanion character in the transition state and
the steric interactions become important this rule partially hreaks
down and elimination products into the other alkyl chains becomes more

important.

Effects of Base and Solvent

The reactivity of a base in an elimination reaction, or in other
proton transfer reactions, depends strongly on the solvent. Most elim-
ination reactions are conducted in protic solvents. An added base will

form the conjugate base of the solvent (Bquation 36). The rate of
e — = pa®
Eq-36 ROH + B° 3=——=RO + BH

elimination may depend on [B?], or I?Oe}, or both. Only when B° is
very much weaker than RO® it is safe to assume the involvement of RO®
is insignificant in the elimination process. In order to avoid this
complication, it is customary to use the conjugate base of the solvent

as the added base. Then, a chahge in base must be accompanied by a
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change in solvent. But this leads to the problem of deciding whether
the changes are caused by the change of base or the change of solvent
or both.

The effect of tranched alkoxide in alcohol base-solvent systems
on the elimination products from alkyl tromides are shown in

Table 7.27

TABLE 7
The Olefin Compositions from the Reaction of Alkyl

Bromides with RO~ in ROH

% 1-Ene in the Product when RO~ Is

RBr Et0” +-Bu0~ Me BCO™ Et4C0~
2-BuBr 19 53 - -
2-PenBr 29 66 - -
2-Prie,CBr 21 73 81 92
t-PenBr 30 72 77 88
neo-Pen(Me) oCBr 86 98 - 97

Branching of the alkyl group of the alkoxide causes more terminal
olefin to be formed. This has a great synthetic utility. Terminal
olefins can be prepared from alkyl lromides without having to prepare

the corresponding ammonium or sulfonium salts.
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Various groups have attempted to explain the observed positional
orientation trends. Brown58 proposed that the branched alkoxides will
have greater steric requirements and this will make the attack on A-
hydrogens at interior positions more difficult and hence will reduce
the formation of Z2-ene. Then l-ene predominates. Froemsdorf59 and
Bunnett60 attributed these changes in orientation to the changes in
charge distribution in the transition state. They argued that as the
base strength increases, C-H bond breaking in the transition state
increases and the transition state will have more carbanion character.
Since the hydrogens on the terminal carbon atom are more acidic they
should be more reactive and hence more l-ene is produced. Thornton
argued that the increase in the yield of l-ene was due to the
reactant-like transition state arising from the attack of strong
bases. Such transition states will have less double bond character and
will be less susceptible to Saytzeff orientation and the product ratio
of the olefins should approach a statistical value with complete loss
of preference.

Ba.'rtsch62 has clarified this controversy by demonstrating the
effects of base association upon positional and geometrical orienta-
tion, For potassium and sodium alkoxides, significant base-counterion
pairing exist at synthetically useful base concentrations (Equation
37). It has been found that for eliminations from 2-tromobutane in-

duced by t-BuOK/t-BuOH, positional and geometrical orientation are

Eq-37 R0® + 1® ——= (R0%®) ——= (r0%)_
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dependent upon base concentration. It was proposed that both dissoci-
ated and associated base species are important in this base/solvent
system. The greater l-butene yield and lower trans/cis 2-butene ratios
observed at higher base concentration are postulated to arise from a
greater portion of elimination being promoted by associated t-BulK.
Addition of a complexing agent, dicyclohexano-18-crown-6, which should
shift the equilibrium in Eq-37 to the left (dissociated base), results
in the reverse trend. That is, a lower l-butene yield and higher
trans/cis-2-butene ratio are observed. The effects of base association
are attributed to the steric destabilization introduced by large
aggregates of alkali metal-alkoxide ion pairs in the transition states
24-26, The steric interactions should increase in the order 2u<25¢26.

As the steric requirements of base aggregates increase the transition
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state 24 will be favored and the percentage of l-butene will increase.
In gé the bulky base can be tilted away from alkyl groups which should
lessen the steric destabilization due to alkyl group-bulky base inter-
actions. The transition state 26 cannot do this and, therefore, the
formation of c¢cis-2-butene should be favored. According to this theory,
the change from a dissoclated base to a bulky associated base should
increase the percentage of l-alkene and decrease the trans/cis-2-
alkene ratio. The experimental observations verifty this prediction.

Bartsch62 has also shown that a linear relationship exists
between free energy differences for formation of l-butene and trans-2-
butene (or cis-2-butene) and pKy of conjugate acids of variety of
anionic oxygen, nitrogen, and carbon bases in MeZSO (a solvent which
should suppress complicating base association). It was concluded that
the fundamental control of positional orientation is by base strength,
not size, for dissociated bases. Therefore, steric effects of the base
are only important for associated bases and highly ramified for disso-
clated bases.

Using the same approach, Bartsch62 has rationalized low trans/cis
ratios obtained in eliminations of 2-alkyl tosylates induced by

Roe/ROH (R=n-Bu, s-Bu; 3—Bu).51’56’62

It was suggested that the tran-
sition state 27 will be lower in energy than 28 for an associated base
and cis isomer will predominate. When dicyclohexano-18-crown-6 was

added, the trans/cis ratio increased as it should for a dissociated

base,
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3.5 Carbon-Nitrogen Double Bond Forming Eliminations

There are relatively few examples in the literature for carbon-
nitrogen double-bond forming el:'.mina.’c.ions.‘?'0_29’63—69 Kinetic inves-
tigations of base-promoted imine formation are even scarcer.7o_75
Recently, Bartsch and Cho measured positional isomerization in elimi-
nations from N-chlorobenzyl-n-butylamine induced by several base-
solvent systems (RO~-ROH, where R= Me, Et, and i-Bu, and t-BuOK-
hexane).74 A regiospecific elimination to give the conjugated imine
was observed, This was attributed to considerable carbon-nitrogen
double-bond development in the transition states. Dehydrochlorination
of N-chloro-benzylmethylamines induced by MeONa-MeOH and 4-BuOK/
t-BuOH base solvent systems also give exclusively the conjugated
imine,”” In this system, Bartsch and Cho found Hammet ¢ values +1.52

and 1,68, primary deuterium isotope effect values of 6.0 and 5.9, and
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leaving group element effects, kBr/kCl’ of 11.9 and 10.8 for reactions
with MeONa-MeOH and EfBuOK/EfBuOH, respectively. From these results,
these authors concluded that the transition states for base-promoted
eliminations from N-chlorobenzylmethylamine have appreciable C-H and
N-C1l bond breaking, significant carbon-nitrogen double bond character,
and limited carbanionic character. Thus the transition states lies
somewhat to the ElcB side of central in the spectrum of E2 transition
states. A 1000-fold rate enhancement was observed over closely-related
olefin-forming eliminations. This rate difference was attributed to
enthalpic (energy of bond-making and bond-treaking) factors, since the
entiopies for the closely related imine- and olefin-forming elimina-
tions were found quite similar. When the base was changed from disas-
sociated (MeONa-MeOH) to associated (t-BuOK-t-BuOH), the Hammet p val-
ue increased slightly and the primary deuterium isotope effect value
remained the same. A similar change in base-solvent for eliminations
from l-phenyl-2-propyl tromide resulted in a large decrease in the
Hammet p values. Also this change in base-solvent system for elimina-
tions from 1-phenyl-2-propyl chloride produced a large increase in kH/
kD. It was concluded that the imine-forming transition states were

relatively insensitive to change in base-solvent system.

4,0 Pyrrolidines and 1-Pyrrolines

4.1 Natural Occurrence

The pyrrolidine ring occurs in nature in various oxidation states.
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Pyrrolidine, 29, and l-pyrroline, 30, and their derivatives will be
76

covered in this discussion. Honneger' =~ has found the parent amine, 29

is one constituents of the unbound volatile amines in brains of pig
and cat. 1-Pyrroline, 30, has been detected among the volatile con-

77

stituents of the white btread crust.'' One of volatile nitrogeneous

bases emanating from desert Locust (Schistocerca Gregaria) has been
found to be l-pyrroline/C Hasse and Maisack’? have suggested that 1-

pyrroline is formed from putrescine (1,4-diaminobutane) by an enzymat-

ic oxidation (diamine oxidase).

R R
NN

N N/// ? COH N COH
! i
23 20 i 2z

a) R=H a) R=H

b) R=OH b) R=OH

c) R=Me

Proline, 3la, is one of the non-essential amino acids (those
which can be formed within the human body). Proline 3la, and
3-hydroxyproline, 31b, are important constituents of collagen which
found in insoluble proteins.80 1-Pyrroline derivatives, l-pyrroline-

5-carboxylate 32a and 1-pyrroline-3-hydroxy-5-carboxylate 32b, have

been proposed as intermediates in the formation of proline and
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3-hydroxyproline from and metabolization to glutamate (Figure 3).80_88

FAD-protein FADH ~protein,
¢t \_/ 2 o & R ;
¥ Nooo® H N o

P 0(0]0)
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Il{ NADP/\ ®

2 NADPH + 2 H Al-pyrroline— 5

L-proline cytosol proline dehydrogenase carboxylate

i
NAﬁ@v +
Z&—pyrroline
2 H0

5-carboxylate
dehydrogenase

L-glutamate

Figure 381 Proline, Formation from or Conversion to Glutamate

Proline, 3-hydroxyproline, and 3-methylproline have also been isolated
from pla.nts.a9
A large number of structurally diverse alkaloid skeletons incor-

L as . 90-94
porate various perturbations of the pyrrolidine ring system.
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The presence of pyrrolidine, N-methylpyrrolidine, N-methylpyrroline in
tobacco has been established.913—Methylpyrrolidine,‘22, found in black
pepper (Piper nigrum)is classified as terpenoid a.lka.loid.93 Other pyr-
rolidine alkaloids include hygrine, 34, hygroline, 35, and
cuscohygrine, 36. The alkaloids obtained from tobacco contain a number

of pyridine alkaloids which have a pyrrolidine ring. These include

CH,
T I 0 N OH
H cH, CE,
33 H
M
¢ ° ¢
i3 A3
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N

myosmine apoferrrorosamine smipine

Figure I Some of the Alkaloids Containing a Pyrrolidine

or Pyrroline Ring
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nicotine, 37, nornicotine, 38, myosmine, 39, and apoferrorosamine,
40. Recently, Djerassi95 has isolated a novel piperdyl alkaloid,
smipine, 41, which has a completely reduced pyridine ring from Lupinus
formosus.

1-Pyrroline, 30, and the N-methyl-l-pyrrolinium cation, 42 have
been proposed as intermediates in the alkaloid biosynthesis.go'93

Figure 5 shows the proposed paths for the biosynthesis of nicotine.
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Figure 5 Pathways to Nicotine
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Pyrroline, 30, and its derivatives have been used for synthesis

of alkaloids.9o’96-99 The synthesis of erythriane in Figure 6 is given

as an example,

3

Synthesis oI Erythriane

erythriane

y
foie
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O~

Pyrrolidine is a chemical attraction agent for the olive fly

: 101 : :
(Dacus oleae Gmel)loo and also in its cationic form has fungistatic

activity against germination of Penicillium digitatum spores. Pyrrol-

2
idines show analgesic characteristics. Bowman has prepared a potent

analgesic, Profadol, 43.
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4.2 Synthesis of 2-Substituted Pyrrolines

4,2.1 Introduction

One can formulate five different structures for a 2-substituted
pyrroline (44-48) depending upon the position of the double bond. Only
one structure is possible for 2-substituted pyrrolidine (49). The com-
pounds 44 and 45 are called l-pyrrolines or A}—pyn'olines, 46 and 47
are 2-pyrrolines or Az—pyrrolines, and 48 is 3-pyrroline. The current

interest lies in 1-pyrrolines (44 and 45). There has been a

controversy concerning the structures of 1- and 2-pyrrolines. Early

2 .
workers in the field arbitrarily assigned a X structure to their com-

pounds. Using spectroscopy Witkoplo3 concluded that the structure of
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these compound should be A} rather than Z@ and suggested there are no
authentic 2-pyrrolines. Maginnity and Cloke,104 using the Zerevitinov
method of determining active hydrogen, have shown that these compounds
should have a Ai structure, However an anemaly still eiists. Eyansio5
has noted that even carefully-~dried 2-methyl-t-pyrroline has a. weak
band at 3'02P in its infrared spectrum where N-H and O-H absorption
lies, but Maginnity and Clokeiou found no active hydrogen for this
compound. In spite of this discrepancy, the universally accepted
structures for these compounds are now A;.

Several 2-substituted-l-pyrrolines, 44, can be found in the 1it-
erature. The only example for the structure 45 is £G—pyrroline-5-
carboxylic acid, 32a. This compound has been synthesized from
¥, §-dicarbethoxy-{f-acetamidobutyraldehyde, but no proof for its struc-
ture has been given except its reaction with o-amino-benzaldehyde and

84,88 A Ag-pyrroline—z—carboxylic

and catalytic reduction to proline.
acid should give the same reactions. Therefore it is safe to say that
to our knowledge no authentic 1-pyrroline corresponding to the struc-
ture 45 has been synthesized. The various kinds of synthetic methods
used to obtain 2-substituted-l-pyrrolines will be discussed in the

following sections,

4,2.2 Organometallic Reagents

One of the most common methods is the reaction of a Grignard rea-

gent, RMgX, with 4-chlorobutanenitrile to yield a 2-substituted-1-

15,104,106-117

pyrroline (Equation 38). Both 2-alkyl and 2-aryl-1-
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pyrrolines have been prepared by this reaction. Alkyl or aryl Grignard
reagents also react with 2—methoxy-1—pyrrolide117"122 (Equation 39)
and z-pmolidone116’123'125 (Equation 40) to yield 2-substituted-1-
pyrrolines. Organolithium reagents also react with N-vinyl-2-pyrrol-

idone to form 2-substituted—1—pyrrolines126'12? (Equation 41).

Eq-38 < =N RMgBr ——— Q\R
c1

N OMe N R

Eq-40 & + RMgBr [}\
§ 0 N R
H

Eq-41 L) + RLi —— Q\
0 v R
B

+

4,2.3 Cyclization Reactions
Various of compounds have been cyclized to obtain 1-pyrrolines.
The most common method involves the reductive cyclization of

115,128-133

¥-nitroketones, (Equation 42) It is important to stop the

reaction at the imine stage since further reduction can take place to
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Reduction of cyanoketones also provides 1-pyrro-
116,134-136

give pyrrolidines.131

lines (Equation 43).

- H
Bq-k2 OZN_/—\_O ) ‘(//\R

N
R
H
- 2
Eq-43 : ‘[/__\‘N Q\R
0
Eq-44 R‘(_\_NHZ _— N/ R
‘ 0

Eq-45 CH, ‘\(—\’735) 3 7 CH,
0

f-Aminoketones and their precursers have been used for synthesis

of l-pyrrolines (Equation 44). 5-Bromo-2-pentanone

and 5-hydroxy—2-pentanonelu4 (Equation 45) were convrted into
144

14
2-methyl-1-pyrroline in the presence of ammonia with or without 3

any catalyst.

4.2.4 Reduction of Pyrrols

The partial reduction of pyrrols to l-pyrrolines is difficult to

. 145-
control and usually complete reduction to pyrrolides is observed. 5
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149 However, succesful reductions of pyrrols to l-pyrrolines have

been achieved in seme cases. o2?190-152

4,2.5 Rearrangement of Cyclopropylimines and N-Acyllactams

The rearrangement of cyclopropylimines could give either A}— or
Az—pyrrolines. Maginnity and Cloke have observed the pyrrolines pre-
pared by this method are identical with the ones prepared by the ac-
tion of Grignard reagents on y¥-chlorobutanenitrile which have a L}

structure.104 Both alkyl and aryl pyrrolidines may be prepared by this

104,106,112,153-1
method (Bquation 46).” '~ ' 53-155
When heated in the presence of calcium oxide, N-acyllactams rear-

156,1
range to 2-substituted A}—pyrrolines (Equation 47). 20,157

R
M v R

N—-H
Do
Eq-47 N _ w7 R
=0

4.2.6 Miscellaneous

Various other less common methods are used to obtain 2-substitut-
ed-1-pyrrolines. Elimination of N-chloropyrrolidine with sodium
methoxide in methanol gave 1-pyrroline.20 2-Methyl-1-pyrroline was

. . . 158
obtained by oxidation of 2-methylpyrrolidine with mercuric acetate 5
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and decomposition of_5hexeny1azide.159

4.3 Synthesis of 2-Substituted Pyrrolidines

As stated in section 4,2.3, 2-substituted pyrrolidines can be ob-

tained from reduction of 2-substituted pyrrols.144-149 Also the reduc-

tion of 1-pyrrolines is a general method for synthesis of pyrrol-

idines.110’115’118’123’124’135’140’151’154 Lesser known methods in-

160,161
clude the reduction of 5-alkyl-2-pyrrolidones with LiAlHu or

162,163

Na/alcohol to give 2-alkylpyrrolidines. y-Haloamines cyclizes

in the presence of base to yield pyrrolidines.164-166 Also 4-amino-

hexanol cyclizes in concentrated HBr to produce 2-ethylpyrrolidine in

131 Octyl—167 and heptylazides have been photolyzed to prod-

L7 yield.

uce 2-n-butyl- and 2-n-propylpyrrolidines. Mono-N-chloramines were
+

cyclized in the presence of Fe2 salts to give 2-alkylpyrrol-

idines.169’170

5.0 Purpose and Formulation of Research Plan

As was dicussed earlier, the available information concerning
elimination reactions which form carbon-nitrogen double bonds is quite
limited. In known examples, whenever positional isomerism was possible
the Saytzeff product has been obtained.§7’69’74’?5 The only exception
is the amine-induced elimination of N-alkyl-N-(p-nitrobenzenesulfonyl-
OXY)-benzylamines, which yields both positiomal isomers.73 The reasons

for obtaining only the Saytzeff product could be the use of only dis-
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sociated bases, or the lack of complete analysis of reaction products,
or the use of a substituent which forces the reaction to give only the

Saytzeff product.

It was mentioned in Section 4.2, 1-pyrrolines are biologically
important molecules. These compounds can also serve as intermedia.tes97
in the synthesis of biologically important-molecules due to the abili-
ty of the carbon-nitrogen double bond to undergo a number of reac-
tions.171

Therefore an examination of base-promoted, imine-forming elimina-
tions from 50 was undertaken. Variation of the leaving group, L, the
base-solvent system, and the alkyl group, R, was to be conducted to
provide insight in carbon-nitrogen double bond forming eliminations

and hopefully lead to new synthetic methods for heretofore unknown

5-substituted 1-pyrrolines, 44 (Equation 48).

Eq-48 N R Solvent

|
L

20

45 iy

The transition states for base-promoted imine formation are to be
probed further by kinetic examination of eliminations from N-chloro-
2-arylpyrrolidines, Hammet pvalues, deuterium isotope effect values,

leaving group isotope effect values are to be determined.



CHAPTER II

BASE INDUCED DEHYDROCHLORINATION OF N-CHLORO-2-ALKYLPYRROLIDINES

1.0 Experimental

1.1 Materials and Instrumentation

The reagents used in the experiments discussed in this chapter
are listed below with the companies from which they were purchased
given in paranthesis: ‘

Methylene chloride (Ashland), magic methyl (FSOBCHB, Aldrich),
2-pyrrolidone (GAF), sodium hydroxide (Fisher), anhydrous diethyl
ether (MCB), sodium sulfate (Fisher), magnesium turnings (American
Drug and Chemical), benzene (MCB), ethyl bromide (Mallinckrodt),
hydrochloric acid (Fisher), ammonium chloride (MCB), n-propyl tromide
(Aldrich), isopropyl bromide (Aldrich), t-butyl lithium (Aldrich),
potassium hydroxide (MCB), 5-methyl-2-pyrrolidone (Pflatz and Bauer),
lithium aluminum hydride (Alfa), sodium borohydride (Alfa), methanol
(Fischer), t-butyl alcohol (Fischer), standardized HC1l (Fischer),
o-xylene (Aldrich), anisole (Aldrich), Carbowax 400 (Applied Science
Lab.), Chromosorb W (John Mansville), Chromosorb WAW-DMCS (Supelco).
Methanol was dried by distilling from magnesium.172 t-Butyl alcohol
was dried by distilling twice from potassium. Benzene was purified by

a literature method172 and dried by distilling from sodium-wire. The

other solvents were used as received,

62
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The 2-alkyl-l-pyrrolines and 2-alkylpyrrolidines were identified
by comparing their bp's with literature values and their ir, proton
nmr, and mass spectra with the anticipated spectral values. The boil-
ing points are given in degrees Centrigade and are uncorrected. Infra-
red spectra were taken with a Perkin-Elmer 457 instrument and. were re-
corded in cm-l. The proton nmr spectra were taken either with a Varian
X100, Varian A60, or Varian EM360 spectrophotometer and were recorded
in ppm with respect to the internal standard tetramethylsilane (s=
singlet, d=doublet, t=triplet, m=multiplet). The gc-mass spectra were
recorded with Varian Mat 311 mass spectrometer coupled with Varian
Aerograph 2700 gas chromatograph and are given m/e (P+ stands for the
parent peak). The relative peak intensities could not be obtalned due
to a computer treak-down. For preparative gas chromatography either a
Varian Aerograph 1520 or Antek 400 (with thermal conductivity
detectors) instruments were employed. For analyses of elimination
products an Antek 400 flame ionization detector gas chromatograph was
used. The reaction mixtures were centrifuged with a Fisher Safety

Centrifuge.

1.2 Synthesis of 2-Substituted 1—Pyrrolines

1.2.1 2-Methoxy-1-pyrroline

A solution of 36.00 g (0.424 mole) of freshly distilled 2-pyrrol-
idone in 500 ml of methylene chloride was placed into a three-necked,
roumnd-bottomed flask fitted with a reflux condenser and a pressure-

equilizing dropping funnel. Magic methyl (FSO3CH3’ 33.0 mi, 0.396 mole)
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was introduced dropwise. After the addition was complete, the solution
was stirred at room temperature for two hours. The adduct was decom-
posed by the addition of a solution of 18.0 g of sodium hydroxide in
56.0 ml of water (8.0 N) and stirring at room temperature for 15 min-
utes. The organic layer was separated and the aqueous layer was ex-
tracted once with methylene chloride (100 ml) and with ether (3x100
ml). The organic layers were combined and dried over Nazsou. The sol-
vents were removed by a careful distillation using a Vigreux colum.
The residue was distilled to yield 25.83 g (66%) of 2-methoxy-1-pyr-
roline, bp 114-116°C (literatureizo bp 118-120°C); ir (neat): 3030,
2980, 2960, 2890, 1665 (C=N), 1460, 1450, 1350, 1310, 1000, 990, 730;
nmr (CD013)= 3.83 ppm (s, 3.0 H), 3.96-3.56 ppm (m, 1.9 H), 2.67-1.73
ppm (m, 4.0 H).

1.2.2 General Procedure for Synthesis of Some 2-Alkyl-1-pyrrolines
2-Ethyl-, n-propyl-, and isopropyl-l-pyrrolines were synthesized
according to the literature procedure118 by the action of alkyl
Grignard reagents on 2-methoxy-1-pyrroline. A three-necked, round-bot-
tomed flask was fitted with an efficient reflux condenser, a magnetic
stirrer, a gas inlet adaptor, and a pressure-equilizing dropping fun-
nel. All of the glassware was dried in an oven (130°), assembled while
hot, and allowed to cool under a purging nitrogen atmosphere. Magne-
sium turnings were washed with anhydrous diethyl ether and placed into

the round-bottomed flask. A crystal of iodine and 25-50 ml of anhy-

drous diethyl ether were added. A solution of the alkyl twomide in
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anhydrous diethyl ether was placed into the dropping funnel. A few ml
of alkyl bromide solution was run into the flask. The initiation of
the reaction could be judged by the disapperance of the iodine color
and the refluxing of ether. After the reaction started, the addition
rate of the alkyl tromide solution was adjusted to maintain a gentle
reflux, After the addition was complete, the solution was refluxed for
30 minutes. The solvent was then exchanged with anhydrous benzene
(dried with sodium) via simultaneous distillation of diethyl ether and
addition of benzene, When the solvent exchange was complete, the
Grignard reagent precipitated as a brown solid. An anhydrous benzene
solution of 2-methoxy-1-pyrroline was added dropwise to the refluxing
Grignard reagent under nitrogen atmosphere, The mixture was then re-
fluxed for 17-23 hours and allowed to cool. The adduct was decomposed
by the addition of an aqueous solution of either NaOH or NH4C1. The
benzene layer was decanted and the aqueous layer (an emulsion) was
extracted with ether. The organic layers was combined and dried over
Na2504. The solvent was removed and the crude products were purified

by distillation.

2-Ethyl-1-pyrroline

The Grignard reagent was prepared from 7.29%% g (0.30 mole) of
magnesium and 32.67 g (0.30 mole) ethyl bromide in 200 ml of anhydrous
diethyl ether. After the solvent was exchanged by benzene, a solution
of 9.9 g (0.10 mole) of 2-methoxy-1-pyrroline in 200 ml of anhydrous

benzene was added dropwise and the mixture was refluxed for 17 hours.
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The adduct was decomposed by the addition of 75 ml of 6.0 N sodium

hydroxide solution. 2-Ethyl-l-pyrroline, 4.0 g, was isolated directly
from the reactlon mixture by extraction with diethyl ether. The emul-
sion in the aqueous layer was treated with water and steam distilled.
The distillate was made acidic with concentrated HCl and concentrated
in vacuo. The residue was treated with concentrated NaOH solution and
extracted with ether. After the removal of solvent and distillation,
1.0 g (10.3%) 2-ethyl-l-pyrroline was obtained. The combined yield was
5.0 g (51.5%), bp 118-122°C (Literature!!d vp 127-129); ir (neat):
2980, 2950, 2880, 1655 (C=N), 1465, 1440, 1375, 1345, 1300, 9603 nmr
(0014): 3.86-3.58 ppm (%, 1.9 H), 2.55-1.52 ppm (m, 6.0 H), 1.23-0.97
ppn (t, 3.1 H); mass spec: 97 (P"), 96, 82, 70, 69, 68, 56, 55, 42,
41, 39.

2-n~Propyl-1-pyrroline

The n-propyl magnesium bromide was prepared from 24.6 g (0.20
mole) of n-propyl bromide and 4.86 g (0.20 mole) of magnesium turnings
in 200 ml of anhydrous diethyl ether. After the solvent was exchanged
with benzene, a solution of 9.9 g (0.1 mole) of 2-methoxy-1-pyrroline
in 100 ml of dry benzene was added dropwise and the reaction mixture
was refluxed for 18 hours. The adduct was decomposed by the addition
of 50 ml of 25% NHucl solution. The product was isolated from the re-
action mixture by extraction in the usual manner, 4,54 g (43%) , bp
140-142° (Litera.ture118 146-150)3 ir (neat): 2970, 2880, 1655 (c=N),

1470, 1440, 1390, 1305, 1010, 970; nmr (CClh)z 3,72-3.50 ppm
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(t, 2.0 H), 2.48-1.25 ppm (m, 8.0 H), 1.00-0.80 (t, 2.9 H): mass

spec: 111 (P+)y 1109 969 839 82! 705 69, 68; 559 5“’, Ll’3; 42) }""1; 39'

2-Isopropyl-1-pyrroline

The Grignard reagent was prepared from 4.86 g (0.20 mole) of mag-
nesium turnings and 24.6 g (0.20 mole) of isopropyl bromide in 200 ml
of anhydrous diethyl ether. The solvent was exchanged with benzene and
a solution of 6.46 g (0.065 mole) of 2-methoxy-l-pyrroline in 100 ml
of dry benzene was added dropwise. The mixture was refluxed for 23
hours, allowed to cool, and treated with 50 ml of 25% NHQCl solution,
2-Isopropyl-i-pyrroline, 2.4 g (33%), was isolated from the reaction
mixture in the usual mamner, bp 134-138°C (Literature 2! bp 142-143°C/
760 mm, 138°C/740 mm); ir (neat): 2980, 2890, 1650 (C=N), 1475, 1300,
960; nmr (0014)= 3.83-3.50 ppm (t, 2.0 H), 2.65-2.20 ppm (m, 3.1 H),
2.03-1.6 (m, 2.2 H), 1.16 and 1.06 ppm (4, 6.0 H); mass spec: 111 (PT),

110’ 96’ 83’ 70’ 69! 68, 56! 55! 54’ 43’ 42' 41’ 39'

1.2.3 Synthesis of 2-t-Butyl-1-pyrroline

A three-necked 100 ml round-bottomed flask was fitted with a sep-
tum, (for an argon inlet), a reflux condenser, a pressure-equilizing
addition funnel, and a magnetic stirrer. The glassware was dried in an
oven (130°C), assembled while hot and allowed to cool under a purging
argon atmosphere, Then 33 ml of a 1,5 M solution of t-butyllithium

(0.0495 mole) in pentane was introduced into the flask and cooled to

o
-78"C with a dry ice-acetone bath. 2-Methoxy-1-pyrroline, 4.95 g
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(0.05 mole), was added dropwise. A yellow solid was formed. The reac-
tion mixture was stirred overnight. The temperature slowly rose to
room temperature as the dry ice evaporated. Next 75 ml of diethyl ether
was added and the adduct was decomposed by the addition of 18 ml of
water. The organic layer was separated and the agueous layer was ex-
tracted with diethyl ether (3x50 ml). The organic layers were combined
dried over KOH, and the solvent was removed. The residue was vacuum
distilled to give 2.7 g (33%) of crude product, 70-78°/55 mm, which
was purified by preparative gas chromatography (20'x1/4" colum of
Carbowax 400 on Chromosorb WAW-DMGS) (LiteraturelS? bp 110°/15 mm) 3

ir (neat): 2980, 2880, 1645 (C=N), 1485, 1470, 1370, 1220, 1100, 970
nmr (neat): 3.92-3.57 ppm (m, 2.0 H), 2.72-2.35 (m, 2.1 H), 2.3-1.65
ppm (m, 1.9 H), 1.10 ppm (s, 9.0 H)3 mass spec: 125 (P*), 110, 82, 70,

69, 68, 57, 55, 42, 41, 39,

1.2.4 2-Methyl-1-pyrroline

N-Chloro-2-methylpyrrolidine was prepared from 1.0 g (11.8 mmole)
of 2-methylpyrrolidine and 3.14 g (23.5 mmole) of N-chlorosuccinimide
in 50 ml of n-hexane by stirring at room temperature for 3 hours., The
mixture was filtered and the solid was washed with n-hexane (2x25 ml).
The hexane layers were combined and 2.04Ag (18 mmole) of 1-BuOK was
added, After the mixture had been stirred at room temperature for 18
hours, it was centrifuged., 2-Methyl-1-pyrroline was isolated from the
hexane solution by preparative gas chromotography on 20'x1/4" column

o
of Carbowax 400 on Chromosorb W column {column temperature 90 C)
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18 ) 106)3 ir (ce1,): 2970, 2930, 2880, 1665 (C=), 1388,

(Literature
13207 nmr (CC1y): 3.80-3.43 ppm (m, 2.0 H), 2.53-2.20 ppm (m, 2.0 H),

2.03-1.37 ppm (m, 2.1 HO, 1.93 ppm (s, 3.0 H)3 mass spec: 83 (?V), 55,
sh, 42, 41, 40, 39.

1.3 Synthesis of 2-Alkylpyrrolidines

1.3.1 2-Methylpyrrolidine

The method developed by Karrer and Erhardtléo was followed, A
three-necked 500 ml round-bottomed flask was fitted with an efficient
reflux condenser, a magnetic stirrer, a gas inlet adaptor, and a pres-
sure-equilizing dropping funnel. All of the glassware was dried in
oven (130°C), assembled while hot, and allowed to cool under a purging
nitrogen atmosphere. Then 5.35 g (0.140 mole) of LiAlH, and 100 ml
anhydrous diethyl ether were placed into the flask and a solution of
11.0 g ( .111 mole) of 5-methyl-2-pyrrolidone in 100 ml of anhydrous
diethyl ether was added dropwise. After the addition was complete, the
mixture was refluxed for 20 hours. The reaction mixture was allowed to
cool, was treated with 15 ml of HZO’ and was stirred overnight. The
white precipitate was filtered and washed with diethyl ether. The
ether layers were combined and dried over NaZSOu. The solvent was re-
moved by a careful distillation using a Vigreux column. The residue
was distilled to give 5.45 g (58%) of 2-methylpyrrolidine, bp 90-92°¢
(Literaturel®® bp 93-96°C/730 mm); ir (meat): 3200, 2970, 2880, 1465,
1380, 1145, 1110, 770; nmr (neat): 3.19-2.5 ppm (m, 3.0 H), 2.65 ppm

(s, 1.0 H), 1.98-1.28 ppm (m, 4.0 H), 1.10-1.03 (4, 3.0 H).
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1.3.2 General Procedure for Reduction of Some 2-Alkyl~1-pyrrolines

2-Alkylpyrrolidines (alkyl=ethyl, n-propyl, isopropyl, t-butyl)
were obtained by the reduction of corresponding 2-alkyl-1-pyrrolines
with sodium borohydride. The method of Billman and Diesing173 was mod-
ified. A three-necked 250 ml round-bottomed flask was fitted with a
reflux condenser, a magnetic stirrer, a gas inlet adaptor, and a pres-
sure-equilizing dropping funnel. The glassware was dried in oven, as-
sembled while hot, and allowed to cool under a purging nitrogen atmo-
sphere. An anhydrous methanolic solution of 2-alkyl-l-pyrroline (2.5-
4,0% by weight) was placed into the reaction vessel and a solution of
sodium borohydride in absolute methanol (3.1% by weight, 3.9-4.5 molar
excess) was added dropwise. After the addition was complete, the solu-
tion was refluxed for 30 minutes. The reaction mixture was allowed to
cool and was treated with an aqueous solution (5.86 M) of sodium hy-
droxide which was double the molar amount of sodium borohydride used.
After the addition of 200 ml of water, the reaction mixture was dis-
tilled (steam distillation in situ). The distillate was made acidic
with concentrated HC1l and concentrated in vacuo. The residue was made
basic with a concentrated solution of NaOH and extracted with diethyl
ether (3x100 ml). The ether layers were combined and dried over MgSO)
(Na2804 was used in the preparation of 2-t-butylpyrrolidine). The sol-
vent was removed by a careful distillation using a Vigreux column and

the residue was distilled to yield 2-alkylpyrrolidines,

2~Ethyl-pyrrolidine
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A solution of 2.00 g (20.6 mmole) of 2-ethyl-l-pyrroline in 50 ml
of absolute methanol was reduced with a solution of 3.07 g (81.2
mmole) of sodium borohydride in 100 ml of absolute methanol. The ad-
duct was decomposed with 28 ml of an aqueous solution of 5.86 M NaOH.
The product was obtained from the reaction mixture in the usual

118 119-123)5 ir (neat):

manner, 0.75 g (37%), bp 118°C (Literature
3300, 2980, 1460, 13605 nmr (CC1,): 3.03-2.51 ppm (m, 2.7 H), 2.09-

0.74 ppm (m, 10.0 H).

2-n-Propylpyrrolidine

2-n-Propyl-1-pyrroline (2.00 g, 18.0 mmole) in 50 ml of absolute
methanol was reduced with a solution of 3.07 g (81.2 mmole) sodium
borohydride in 100 ml of absolute methanol in the usual manner. The
decomposition of the adduct was accomplished by the addition of 28 ml
of 5.86 M sodium hydroxide solution. The product (1.5 g, 75%) was ob-

118 1)y

tained after distillation, bp 142-145°C (Literature
ir (neat): 3300, 2970, 2880, 1470, 1420, 1340, 12903 nmr (0014): 3.83-

3.53 ppn (m, 2.0 H), 2.53-1.3 ppn (m, 9.8 H), 1.05-0.83 ppm (t, 3.0 H).

2-Isopropylpyrrolidine

2-Isopropylpyrrolidine was obtained from the reduction of a solu-
tion of 2.00 g (18,0 mmole) of 2-isopropyl-l-pyrroline in 50 ml of ab-
solute methanol with a solution of 3.07 g (81.2 mmole) of sodium
borohydride in 100 ml of absolute methanol in the usual manner (28 ml

of 5.86 M NaOH was used to free the amine), bp 136-138°C, 1.10 g



72
. 14
(54%) (Literature 7 48-51°/20 mm); ir (meat): 3300, 2980, 2880, 1470,

1390, 1265, 1080; nmr (CClu)z 2.73-2.% ppm (m, 3.0 H), 1.9-1.1 ppm (m,
6.2 H), 0.96-0.91 (4, 3.0), 0.86-0.80 (4, 3.0).

2-t-Butylpyrrolidine

Hy M

2 <
N C(CH§)3
R

The reduction of 1.25 g (10.0 mmole) of 2-t-butyl-l-pyrroline in
50 ml of absolute methanol with a solution of 1.51 g (40.0 mmole) of
NaBH, was accomplished in the usual manner (14 ml of 5.85 M NaOH was
used), to yield 0.645 g (51%) of 2-t-butylpyrrolidine, bp 148-150°C.
ir (neat): 3300 (N-H), 2950, 2870, 1470, 1395, 1365, 1090; nmr (neat):
2.93-2,60 ppm (m, 3.0 H*), 1.73-1.10 ppm (m, 5.1 Hb), 0.88 ppm (s, 8.8
H°); mass spec: 127 (P+), 70, 69, 68, .43, 42, 41, 39.

1.4 Elimination Studies

1.4.1 Preparation of Base-Solvent Systems
Sodium Methoxide in Methanol

A three-necked round-bottom flask was fitted with a reflux con-
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denser, a gas inlet adaptor, and a magnetic stirrer. The glassware was
dried in an oven, assembled while hot, and cooled under a purging ni-
trogen atmosphere. An appropriate amount of absolute methanol was
placed into the flask. Freshly cut sodium was weighed in xylene, -cut
into small pieces, washed first with pentane, then in two successive
abselute methanol baths, and dropped -intoc the flask. After all the
sodium had dissolved, the base-solvent was transférred into a round-
bottomed flask equipped with an adaptor for dispensing solvents under
inert atmosphere and stored under-positive nitrogen atmosphere. The
molarity was determined by titration with standardized HCl using
phenolphtalein as an indicator..There was no discoloration of the so-

lution upon prolonged storage.

Potassium t-Butoxide in 1-Butyl Alcohol

Potassium t-butoxide in i-butyl alcohol was prepared by the,same
method given for sodium methoxide in methanol (refer to previous sec-
tion). Heating with stirring was generally necessary in order to react
all of the potassium. The base-solvent yellowed upon standing and was

prepared fresh if coloration was evident.

Potassium t-Butoxide in Hexane
Commercially available potassium t-butoxide was used as received.
The white powdery base was weighed under nitrogen atmosphere and rap-

idly transferred to the solution of N-chloroamine in hexane.

1.4.2 Preparation of N-Chloro-2-alkylpyrrolidines
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N-Chloro-2-alkylpyrrolidines were prepared from 2-alkylpyrrol-
idines (0.51-2.75 mmole) by stirring the amine with a 1.57-3.74 molar
excess of N-chlorosuccinimide in either 10 ml of pentane (for MeONa-
MeOH and t-BuOK-t-BuOH induced eliminations) or 10 ml of hexane (for
1-BuOK-hexane induced eliminations) at room temperature for 1-3 hours.
The reaction mixture was filtered and the hexane solutions were used
directly. To the pentane solutions 1 ml of the appropriate solvent,
absolute methanol or t-butyl alcohol, was added and the volume of the
liquid was reduced to 0.5 ml in vacuo without applying any heat to

give alcoholic solutions of the N-chloro-2-alkylpyrrolidines.

1.4.3 Preparation of Authentic Samples of Elimination Products

The authentic 2-alkyl-l-pyrrolines, except for 2-methyl-l-pyrrol-
ine, were obtained by the action of organometallic reagents (RMgBr,
where R=Et, n-Pr, Isopr and -Buli) on 2-methoxy-1-pyrroline. The
Reader is referred to Sections 1.2.2 and 1.2.3.

The 5-alkyl-1-pyrrolines and 2-methyl-l-pyrroline were obtained
from large scale reactions of N-chloro-2-alkylpyrrolidines with t-
BuOK-hexane. The hexane solutions of the resulting imines were sub-
jected to preparative gas chromatography (20'x1/4" columm of 10%
Carbowax 400 on Chromosorb W, 20'x1/4" colum of 10% Carbowax 400 on
Chromosorb WAW-DMCS, or 30'x1/4" column of 10% Carbowax 400 on
Chromosorb WAW-DMCS at column temperatures 90—10000). The imines were
identified by comparing their infrared, proton nmr, and mass spectra

with the anticipitated spectral values. The mass spectra of both the
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5-alkyl- and 2-alkyl-l-pyrrolines were recorded by gc-mass spectra

analysis. Spectral evidence for the 5-alkyl-l-pyrrolines is summarized

as follows.

5-Methyl-1-pyrroline

ir (0014)= 3040, 2980, 1635 (C=N), 1460, 1435, nmr (0014)= 7.34 ppm
(unresolved, 1.0 H), 4.0-3.93 ppm (m, 1.0 H), 2.59-2.40 ppm (m, 2.0 H)
2.14-1.80 ppm (m, 2.0 H), 1.26-1.18 ppn (d, 3.0 H). mass spec: 83 (P )

68, 56, 55, 41, 39.

5-Ethyl-1-pyrroline

ir (c014)= 3020, 2980, 2880, 1630 (C=N), 1465, 1440. nmr (c014)= 7.43
ppn (unresolved, 0.9 H), 4.30-3.45 ppm (m, 1.1 H), 2.8-0.8 ppm (m,
6.0 H), 1.15-0.93 ppm (%, 3.0 H). mass spec: 97 (2¥), 82, 70, 69, 68,

56, 55, 54, 42, 41, 39.

5-n-Propyl-1-pyrroline

ir (neat): 3020, 2970, 2880, 1630 (C=N), 1465, 1440, 1325, 1230, 920.
nmr (0014): 7.30 ppn (unresolved, 0.7 H), %.10-3.60 ppm (m, 0.9 H),
2.65-0.8 ppm (m, 11.0 H). mass spec: 111 (P7), 110, 96, 83, 69, 68,

56, 55, 54, 43, 42, 41, 39.

5-Isopropyl-l-pyrroline
ir (CC1,,): 3020, 2970, 2880, 1635 (C=N), 1475, 1390, 1370. nor (ce1y)

7.44 ppm (unresolved, 0.9 H), 3.82-3.54 ppm (m, 1.0 H), 2.58-2.36 ppu
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(t, 1.9 H), 2.02-1.36 ppn (m, 3.2 H), 1.04-0.98 ppm (d, 3.0 H), 0.94-

0.87 ppm (d, 3.0 H). mass spec: 111 ("), 96, 83, 82, 70, 69, 68, 56,
55, 43, 42, 41, 39,

5-t-Butyl-1-pyrroline

ir (cc14)= 3020, 2980, 2920, 2880, 1640 (C=N), 1480, 1470, 1380. nmr

(0014)= 7.67 -7.50 ppm (unresolved, 1.0 H), 3.88-3.48 ppm (m, 1.0 H),
2.32-2.72 ppm (m, 2.0 H), 2.18-1.43 ppm (m, 2.1 H), 0.89 (s, 8.7 H).

mass spec: 125 (P¥), 110, 82, 70, 69, 68, 57, 55, 42, 41, 39.

1.4,4 Molar Response Ratios

Pentane or hexane solutions of authentic imines with a respective
internal standard (o-xylene or anisole) were analysed by gas chroma-
tography (20'x1/8" column of 10% Carbowax 400 on Chromosorb W (or WAW-
IDMCS at 80-9000). From the known weights of the compounds used and the
relative peak areas, the molar responses were calculated (Equation 49).
The relative ratios from at least three chromatograms were averaged

(Table 8).

Moles of Internal Standard x Peak Area of Imine

Eq-49 Molar:Response= -
Moles of Imine x Peak Area of Internal Standard

1.4.5 Elimination Reaction Procedures
The MeONa-MeOH and t-BuOK-t-BuOH solutions were added to the ap-

propriate alcoholic solutions of the N-chloro-2-alkylpyrrolidines., A
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Table 8

Molar Response Ratios of Some Imines

Imines Internal Standard Molar Response
5-Methyl-1-pyrroline o-Xylene 0.521 £ 0,003
2-Methyl-1-pyrroline o-Xylene 0.537 ¥ 0.005
5-Ethyl-1-pyrroline Anisole 0.87 to.02
2-Ethyl-1-pyrroline Anisole 0.86 % 0.02
2-n-Propyl-1-pyrroline o-Xylene 0.65 % o0.02
2-Isopropyl-1-pyrroline o-Xylene 0.75 T o0.01
2-t-Butyl-1-pyrroline o-Xylene 0.924 £ 0,002

weighed amount of commercial t-BuOK was added directly to the hexane
solutions of N-chloro-2-alkylpyrrolidines, The reaction mixtures were
stirred at room temperature for 1-24 hours, centrifuged, and the clear
supernatant solutions were decanted. A measured amount of imine solu-
tion was mixed with a measured amount of a solution of the desired
internal standard in the appropriate solvent and the mixture was
analysed by gas chromatography. The gc colums used were: 20'x1/8" col-
um of 10% Carbowax 400 on Chromosorb W, 20'x1/8" colum of 10%
Carbowax 400 on Chromosorb WAW-IMCS, and 30'x1/8" column of 10%
Carbowax 400 on Chromosorb WAW-DMCS. The column temperatures employed

were 80, 90, and 100°, the injector temperatures were set at 130-
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185°C, and the detector temperature was 220°C. The product and inter-
nal standard peak areas were measured by an electronic integrator and
corrected for the molar responses to calculate the relative ratios of
products and the yields. Whenever the peak areas could not be deter-
mined by the electronic integrator, they were estimated by cutting and
weighing using aluminum foil., The relative ratios of peak areas from

at least three chromatograms were averaged.

2.0 Results

2.1 2-Alkyl-1-pyrrolines

The majority of 2-alkyl-l-pyrrolines (2-ethyl-, 2-n-propyl-, 2-
isopropyl-1-pyrroline) were prepared by the method of Etienne and
Correria.118 The alkyl magnesium bromides were reacted with 2-methox-
yl-1-pyrroline to give the 2-alkyl-l-pyrrolines. This method failed
for preparations of 2-methyl- and 2-t-butyl-l-pyrrolines. It is proba-
ble that 2-methyl-1-pyrroline was lost during the isolation step from
the reaction mixture. Therefore, the authentic 2-methyl-1l-pyrroline
was isolated by preparative gas chromatography from the dehydrochlo-
rination products in a reaction of N-chloro-2-methylpyrrolidine with
t-BuOK-hexane as the base-solvent system. For the attempted synthesis
of 2-t-butyl-l-pyrroline using a Grignard reagent, the failure might
be due to difficulty in forming the elusive Grignard reagent with a
t-butyl group. It was necessary to use a different organometallic rea-

gent, t-butyllithium, for the synthesis of 2-t~+butyl-1-pyrrolidine. The
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results of the 2-alkyl-l-pyrroline syntheses are presented in Table 9,

Table 9

2-Alkyl-1-pyrrolines from 2-Methoxy-1-pyrroline

Alkyl Group of

2-Alkyl-1-pyrroline Organometallic Reagent — % Yield of imine

Ethyl CH.,CH g Br 51.5
n-Propyl CHBCHZCHZMgBr 43
Isopropyl (GHB)ZGHMgBr 33
i-Butyl (CHB) €L 33

2.2 2-Alkylpyrrolidines

A1l the 2-alkylpyrrolidines, except 2-methylpyrrolidine, were
prepared by the reduction of corresponding 2-alkyl-l-pyrrolines with
sodium borohydride. 2-Methylpyrrolidine was obtained by the reduction
of 5-methyl-2-pyrrolidone with lithium aluminum hydride. The results

are tabulated in Table 10.

2.3 5-Alkyl-1-pyrrolines

2.3.1 Introduction

The 5-alkyl-l-pyrrolines were isolated as dehydrochlorination
products which resulted from reactions of N-chloro-2-alkylpyrrolidines
with t-BuOK-hexane. The compounds wWere separated from the accompanying

2-alkyl-1-pyrrolines by preparative gas chromatography. It was found
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Table 10

2-Alkylpyrrolidines

Alkyl Group of Reducing % Yield of
2-Alkylpyrrolidine Precursor Agent 2-Alkvlpyrrolidine
Methyl 2-pyrrolidone LJ'.AlHI+ 58
Ethyl 1-pyrroline NaBH, 37
n~-Propyl 1-pyrroline NaBHu 75
Isopropyl 1-pyrroline NaBHu 54
1-Butyl l-pyrroline NaBHu 51

that, 5-alkyl-l-pyrrolines were stable when exposed to the various
base-solvent systems and did not isomerize (the Reader is referred to
Section 2.4). However, the 5-alkyl-l-pyrrolines decomposed rapidly
once they were isolated in pure form, It was possible to keep these
imines at -7800 for a period of 24 hours and their CClu solutions at
—500 for a similar period of time. Due to this instability, the ele-
mental analyses of the 5-alkyl-1-pyrrolines was not attempted. The
structures of 5-alkyl-l-pyrrolines were verified by their infrared,
proton magnetic resonance and mass spectra. Specific spectral assign-
ments for each compound are attempted with the aid of information in

References 174-182,

2.3.2 5-Methyl-l-pyrroline
The olefinic C-H?® stretching frequency in the infrared spectrum
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was observed as a weak absorbtion at 3040 cm'l. The 1635 cm_1 band was
assigned to the C=N stretching frequency. The absorptions. observed in
the proton nmr spectrum are identified as follows: 7.34 ppm (unre-
solved, 1.0 HY), 4.,05-3.93 ppn (m, 1.0 HP), 2.59-2.40 ppm (m, 2.0 HS),
2,14-1.80 ppm (m, 2.0 Hd'), and 1.26-1.18 ppm (d, 3.0 HS). The mass
spectrum of 5-methyl-l-pyrroline was interpreted as shown in Figure 7.
Only the intense peaks are mentioned. The spectral evidence strongly

supports the structure proposed for this imine.

2.3.3 5-Ethyl-l1-pyrroline

The infrared spectrum of compound 52 showed unsaturated C-H

Stretch and C=N double bond stretching absorbtions at 3020 and 1630
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Figure 7 Interpretation of Mass Spectrum for 5-Methyl-1l-pyrroline

cm , respectively. The following assignments can be made for the pro-
ton nmr absorbtions: 7.43 ppm (upresolvéd, 0.9 %), 4.30-3.45 ppm (m,
1.1 Hé), 2.8-0.8 ppm (m, 6.0 HC), 1.15-.093 (t, 3.0 Hd). The interpre-
tation of fragmentation pattern for the mass spectrum of the compound

52 is given in Figure 8. The spectral evidence argues strongly for the
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proposed structure for 52.
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® 2
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Figure 8 Interpretation of Mass Spectrum of 5-Ethyl-1-pyrroline



2.3.4 5-n-Propyl-1l-pyrroline

The infrared spectrum of 53 has the wnsaturated (N=C-H) carbon-
hydrogen stretching absorption at 3020 cm-l and the C=N stretching

1. The protons H® and H4 have absorptions

band is observed at 1630 cm
7.30 ppm (unresolved, 0.7 H*) and 4.10-3.60 ppm (m, 0.9 Hb) in the nmr
spectrum of 53, respectively. The. rest of the protons show a complex

miltiplet at 2.65-0.80 ppm (11.0 H®). The fragmentation pattern of the

mass spectrum of 53 is shown in Figure 9. All the spectroscopic evi-

dence support the proposed structure of 53.

2.3.5 5-Isopropyl-l-pyrroline

The unsaturated (N=C-H) carbon-hydrogen stretching band and
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Figure 9 Interpretation of Mass Spectrum of 5-n-Propyl-l-pyrroline
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carbon-nitrogen double bond (C=X) stretching absorption were observed
at 3020 and 1635 cm'l, respectively. The proton nmr spectrum was in-
terpreted as follows: 7.44 ppm (unresolved, 0.9 HY), 3.82-3.54 ppm
(m, 1.0 H), 2.58-2.36 ppm (¢, 1.9 K), 2.02-1.36 ppm (m, 3.2 KY),
1,04-0.98 ppm (d, 3.0 H°), and 0.94-0.87 ppm (d, 3.0 H°). The inter-
pretation of the mass spectrum of 54 is given in Figure 10. The spec-

tral data for this compound, 54, verifies the proposed structure.

2.3.6 5-t-Butyl-l-pyrroline

c d
Hy H, .
a(cH
( 3)3
H> \\\N b
H

The following spectral evidence was obtained for the compound 535.
The infrared spectrum showed the presence of an unsaturated carbon-
hydrogen stretching absorption (N=C-H) at 3020 cmn1 and a carbon-
nitrogen double bond stretching band at 1640 cm-i. The proton nmr
showed an unresolved peak at 7.67- 7.50 ppm (1.0 H*), a multiplet at
3.88-3.48 ppm (1.0 Hb), a multiplet at 2.32-2.72 ppm (2.0 H®), another
multiplet at 2,18-1.43 ppm (2.1 Hd), and a singlet at 0.89 ppm (8.7
He). The mass spectrum of 55 is given in Figure 11. All the spectral

evidence strongly support the structural assignment of 53.
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Figure 10 Interpretation of Mass Spectrum of 5-Isopropyl-l-pyrroline



88

_%/ m/e 125

eC(CH3)3
n/e 57 - ~C),H -CH
N CH-C(CH3)2 9 3
mn/e 125

_-CH3 @\C
1\ > ' .(CHB)Z

®C(CH.,) - U o 4
¥z v m/e 68 m/e 110
n/e 42 v
GH- ~HCN
®CH-C(CH,) 5 -G H,,
n/e 70
;; c=§ CH=C(CH,,)
® HOSN-EREEEES
-H n/e 41 n/e 82

CH I H -HON
)
QA< 3
CH
| 3 7 QCH=C(CH3) 2
m/e 69 @

n/e 39 m/e 55

/
7

Figure 11 Interpretation of Mass Spectrum of 5-t-Butyl-1-pyrroline
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2.4 Results of Elimination Reactions

The 2-alkylpyrrolidines were N-chlorinated with N-chlorosuc-
cinimide in pentane. Due to instability and potential hazard (explo-
siveness),183 the resulting N-chloroamines were used in elimination
reactions without prior isolation and characterization. The incomplete
conversion of 2-alkylpyrrolidine into N-chloro-2-alkylpyrroline should
produce an amine peak along with the elimination products in the gas
chromotographic analysis of the elimination reaction mixtures. No
amine peak was observed. The conversion of various amines into N-

74,75,184

chloroamines by N-chlorosuccinimide is reported to proceed in
very high yield (usually quantitative). For these reasons, it was
assumed that the conversion of 2-alkylpyrrolidines into N-chloro-2-
alkylpyrrolidines was quantitative., Therefore, the yields of the im-
ines resulting from dehydrochlorination reactions of the N-chloro-2-
alkylpyrrolidines were based on the parent amines, 2-alkylpyrrol=
idines. The results of base induced dehydrochlorination reactions of
N-chloro-2-alkylpyrrolidines are given in Tables 11-15 (the relative
percentages of imines and total imines yields and the standard devia-
tions were calculated from at least three gc analyses of a given reac-
tion mixture). The lower than quantitative yields which were obtained
in some cases (Tables 11-15) are attributed to losses in the in situ
preparation of N-chloro-2-alkylpyrrolidines (these losses most proba-
bly occurred in the filtration and solvent exchange steps) or to evap-
oration of the surprisingly volatile 2- and 5-alkyl-1-pyrrolines prior

to product analysis. It appears that the conversion of 2-alkylpyrro-
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lines via dehydrochlorination of N-chloro-2-alkylpyrrolidines with
base was quantitative. Within experimental error, drastically
lengthening the reaction time did not affect the product distribution
(Table 14 No 2; Table 15 No 2). This demonstrates that there is no
isomerization of the product imines in the basic solutions and that

—

they are stable under these conditions.

3.0 Discussion

3.1 Identification of Elimination Products

The base-promoted dehydrochlorination reactions of N-chloro-2-
alkylpyrrolidines, 50 (1=C1) may give two isomeric 1-pyrrolines
because there are two different kinds of Csg-H bonds. Depending upon
which Cg-H breaks either 5-alkyl-1-pyrroline, 45, or 2-alkyl-1-pyrro-

line, 44, will be formed (Equation 48).

Eq-48 (I\)\R + Base-Solvent——s Q\R + <N/-/\ ~R

|

L 4s -

50

Gas chromatographic analysis of the product mixtures which re-
sulted from base-promoted dehydrochlorination of N-chloro-2-
alkylpyrrolidines showed that only two compounds were present. These
compounds were isolated by preparative gas chromatography. One of the

compounds was identified as the 2-alkyl-l-pyrroline by comparison of
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its ir, nmr, and mass spectra with those of the authentic compounds
prepared by different method (except 2-methyl-1-pyrroline). The second
components were shown to be 5-alkyl-l-pyrrolines by their ir, nmr, and
mass spectra.

The 5-alkyl-l-pyrrolines have not previously been reported in the
literature., The only 5-monosubstituted-l-pyrroline mentioned is 5-
carboxy-1-pyrroline, However no spectral evidence was given for this
compound and the structural assignment was made intuitively.

Fuhlhage and VanderWerf68 have synthesized 1l-pyrroline employing
various methods and have found (based on the infrared evidence) that
1-pyrroline exists to a large extent as a trimer 56 along with a
slight amount of dissociated monomer or dimer. The C=N obsorbtion of

158

the monomer was observed at 1620 cm'l. Bonnett and his coworkers

% 1A 3 2

have reported C=N stretching frequencies for R-C=N- and H-C=N- at 1650
and 1620 cm_i, respectively. The 5,5-dimethyl-1-pyrroline, 57, and
4,5, 5-trimethyl-1-pyrroline, 58, have C=N stretching bands at 1621 and

1617 Cm_l, respectively. Whereas, the C=N absorbtion for 2,4,L4-tri-
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methyl-1-pyrroline, 59, was at 1644 cm-i, Thus, the stretching

absorbtions for a R-C=N- group is expected to be 20-30 et lower than

that for an analogous H-C=N- linkage.

Table 16
The C=N Stretching Frequencies (cm™l) for Prepared

5-Alkyl- and 2-Alkyl-1-pyrrolines

Alkyl 2-Alkyl-l-pyrroline 5-Alkyl-1-pyrroline

Me 1665 1635
Et 1655 1630
n-Pr 1655 1635
Isopr 1650 1630
t-Bu 1645 1640

A number of 2-alkyl substituted 5—membared,68’185-187 6-membered,

66’-6?’ 186, 188, 189 and 7—mem.bered127 cyclic imines have been exam-
ined by infrared spectroscopy. The C=N stretching absorbtions for
these compounds.were observed at 1667-1650 cu™r. The C=N stretching
bands observed for the prepared 2-alkyl-1-pyrrolines lie well within
this range (Table 16). Compared with the 2-alkyl-l-pyrrolines, a re-
duction of 20-30 em~! in the C=N stretching frequencies for 5-alky-1-
Pyrrolines was generally observed (Table 16). This is entirely con-

: 68 158
sistent with the findings of Fuhlhage and VanderWerf ~ and Bonnett. 5
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For the discrepancy observed in the 5-t-butyl- and 2-t-butyl-1-pyrro-

line systems there is no explanation at present. Even though the re-
duction in the frequency is small (5 cm'i), it is in the right direc-
tion.

The proton nmr spectra of 5-alkyl-1-pyrrolines showed an absorb-

tion at 7.30-7.59 ppm which was assigned to C,-H (Table 17). Stevens

Table 17
The N=C-H Absorption in Proton

NMR for 5-Alkyl-1-pyrrolines

-Alkyl N=C-H (ppm)

Me 7.34
Et 7.43
n-Pr 7.30
Isopr 7.44
t-Bu 7.59

and his coworker5~155 have investigated the thermal rearrangement of
cyclopropyl imines. The imines 60 and 61 had N=C-H absorbtions in the
proton nmr at 7.57 and 7.80 ppm, respectively. The 2-pyrroline, 62,
had a N=C-H absorbtion at 6.47 ppm, Ruenitz and Smissman189 have pre-
pared the imine 63 which exhibited a one-proton multiplet centered at
7.86 ppm for N=C-H, Considering these data, the assignment of the

7.30-7.50 absorption peaks in the proton nmr spectra to the Cz-H
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proton of a 5-alkyl-l-pyrroline structure seems reasonable.

Combining the ir, nmr, and mass spectral evidence for the second
components isolated from the base-promoted dehydrochlorination reac-
tions of N-chloro-2-alkylpyrrolidines, the assigned 5-alkyl-1-pyrrol-

ine structures are well-supported.

3.2 N-Chloro-2-alkylpyrrolidines

Amines can be N-chlorinated by various chemicals under a variaty
of conditions.183 For the preparation of N-chloro-2-alkylpyrrolidines,
pentane solution of 2-alkylpyrrolidines were treated with N-chloro-
succinimide at room temperature. This system was chosen because a) the
reaction was quantitative, b) the excess N-chlorosuccinimide and re-
sulting succimimide were insoluble in pentane and could be easily re~
moved via filtration, ¢) pentane had a loW boiling peint and could be
easily removed EE.ZQEEQ’ thereby making a solvent exchange easy.

N-Chloroamines decompose rapidly in:the pure form and their foxic
and explosive characteristics in this state must be taken into ac-

183,190 191 4

count, Although the purification of N-chloropyrrolidine
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N—chloro-2-a.lkylpiperidines67 by distillation have been reported, the
yields were low (probably due to decomposition during the distilla-

. 192,193
tion

). For these reasons, no attempt was made to isolate and
purify the N-chloro-2-alkylpyrrolidines,

Gassman and his cox'rorkelr:sl%'_197 have found that N-chloro deriva-
tives of various cyclic secondary amines solvolytically ionize in
protic solvents to give a number of products. Among these products the
HC1l salts of parent amines were identified. The formation of amines
was rationalized by assuming that a heterolytic cleavage of the N-C1
bond. of the N~chloroamines produced a singlet nitrenium ion, which was
then converted into a triplet nitrenium ion by spin inversion. The re-
sulting nitrogen cation radical then abstracts hydrogen from the sol-
vent to give the parent amines.

Under the reaction conditions employed in this study, the parent
amine or any other nitrogen containing compound would be in the free
base form and would be easily recognizable during the gas chromatog-
raphic analysis. No compounds other than 5-alkyl- and 2-alkyl-1-pyr-
rolines were found in the reaction mixture of base-promoted dehydro-
chlorinations of N-chloro-2-alkylpyrrolidines. This fact combined with
quantitative yields of the imines produced demonstrates that the sol-
volytic decomposition under the reaction conditions employed is negli-
gible,

Lambert, Oliver, and Packard191 have studied pyramidal inversion
in saturated, cyclic amines containing from four to seven members and

their N-chloro derivatives. The nmr spectra of the parent amines in
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tetrahydrofuran remained unchanged down to -150° because of rapid
intermolecular exchange of the hydrogen on nitrogen. The activation
parameters for N-chloroamines are given in Table 18, For the four-,

five-, and seven-membered rings, nitrogen inversion was the rate-

TABLE 18
Activation Parameters for Nitrogen Inversion or

Ring Reversal in Cyclic N-Chloramines

E, aHf ast

Compound Solvent (kecal/mole) (25°, kcal/mole) (25°, eu)
Azetidine CHCle 16.0 - -
Pyrrolidine CFCl3 13.8 13.2 14,5
Piperidine CH,C1,, 17,0 16,4 10.6
Homopiperidine CHZCI2 11.2 15.0 ‘ 8.2

determining process. Whereas for the six-membered ring, ring reversal
is the rate-determining process. The low activation parameters for N-
chloropyrrolidine indicate that nitrogen inversion in for N-chloro-2-
alkylpyrrolidines would be rapid which would make an anti-periplanar

arrangement of Cp-H and N;—Cl easily accessible, thus making an anti

elimination possible. It has been found that in N-chloro-2-alkylpi-

peridines, a conformation with a 2-alkyl group equatorial and the

chlorine axial, was preferred over one with both the 2-alkyl and chlo-

Tine substituents equatorial.198
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3.3 Dehydrochlorinations of N-Chloro-2-alkylpyrrolidines

3.3.1 Introduction
N-Chloroamines have been used for converting amines to their car-
bonyl derivatives and imines are postulated intermediates in these re-

64,199

actions. Only a few examples are known where the reaction
stopped at the imine stage.67’199 Because of the difficulty of han-
dling imines, it is customary to hydrolyse the imines to their carbon-
¥yl and amine components and analyse these more stable compounds
(Chapter I Section 1.5). The hydrolysis is usually accomplished in
acidic medium,

The possibility of double bond isomerization prior to the hydrol-
ysls and the analysis of secondary reaction products made such a pro-
cedure unattractive for the present work. Therefore, the reaction mix-
tures were directly analysed using gas chromotography. Isolation of
5-alkyl-1l-pyrrolines in the monomer form by prepérative gas chromatog-
raphy and the 1:1 correspondance of their molar response ratios with
those for 2-alkyl-1-pyrrolines strongly suggests that there is either
no or negligible polymerization or decomposition durind the analysis.

The base-promoted dehydrochlorination reactions of N-chloro-2-
alkylpyrrolidines proceeded smoothly at room temperature and were com-
plete within a time period of 10-20 minutes for homogeneous reactions
(MeONa-MeOH and t-BuOK-t-BuOH induced eliminations) and 1-2 hours for
heterogeneous reactions (t-BuOK-hexane). For comparison, it was found
that the dehydrochlorination of 2-chlorohexane by t-BuOK-t-BuOH re-

quired elevated temperatures (99°C) and long reaction period .
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51 <qs
(20 hours).” The facility of the dehydrochlorination reaction of the
N-chloro-2-alkylpyrrolidines can be attributed to: a) lower stability
of the heterocatom-leaving group bond (EC_CI in CCL,= 78.2 kecal/mole

. b4 .
and By o) in NC1;= 46 kcal/mole) ', b) increased acidity of A-hydrogen
due to neighboring more negative nitrogen atom, and c) the larger en-
ergy difference between carbon-nitrogen single and double bonds com-
pared to carbon-carbon single and double bonds (Table 3, By Boy™

74.2 kecal/mole and By o Bo g™ 63.1 kcal/mole).
The 2-alkyl substituent and base-solvent effects on the regiose-
lectivity of the base-promomed dehydrochlorinations of N-chloro-2-

alkylpyrrolidines are summarized in Table 19.

3.3.2 2-Alkyl Substituent Effect

The effects of PA-substituents in Hofmann and Saytzeff orienta-
tions have earlier been explained using electronic and sterie effects,
The Reader is referred to Chapter I Sections 3.4.3 and 3.4.4, Brown,
gi.g;f5’46 have examined dehydrobromination reactions of tertiary
bromides, RCHZCBr(CHB) p» With R=Me, Et, Isopr, and t-Bu in various
base-solvent systems. Some of their results are tabulated in Table 20.

The preferential formation of the 2-alkene when R=Me was
explained by the hyperconjugative interactions of the hydrogen atoms
of the methyl groups with the incipient double bond. The reduction of
these interactions by successive replacement of the hydrogen atoms in

one of the methyl groups by one, two, and three methyl groups would

reduce the preference of the formation of 2-alkene, But, it was
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TABLE 20

Base-Promoted Dehydrotrominations of Alkyldimethylcarbinyl Bromides

Alkyl EtOK-E+tOH £~BuOK~t-BuOH
" %l-ene-/%2-ene %1 -ene-%2-ene
Me 30/70 72.5/27.5
Et 50/50 —
Isopr sk /U6 —
4-Bu 86/14 98/2

thought that this decreased propensity for hyperconjugative stabiliza-
tion of the transition state leading to the 2-olefin could not account
for the large increases in the 1-/2-alkene ratios., It was proposed,
that as the steric requirements of R were increased, there would be
increasing steric interactions between the groups R and Br in the
transition state leading to the 2-olefin, whereas the transition state
leading to the 1-olefin will not be effected and this would increase
1-/2-0lefin ratio. |

Bartsch, gi.gl?oo have examined the influence of f-alkyl groups
upon orientation. The pertinent data is given in Table 21,

It was found that positional orientations depended on the base

strength in dimethyl sulfoxide solvent. With the highly ramified bases

(Table 21 # L4-6) the correlation between positional orientation and
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TAELE 21

Base-Promoted Dehydroiodinations of Alkyl Iodides

in Dimethyl Sulfoxide

%1-Alkene from %1-Alkene from

No Base 2-Butyl Iodide 4—Methyl—2-penﬁyl,lodide
1 MeONa 17.0 -

2 EtONa 17.1 21.9

3 +-BuOK 19.7 38.7

L 2,6—(§fBu)2C6H30K 19.2 5.4

5 (C6H11)3COK 27.2 58.3

6 (2<Norbornyl)300K 29.4 66.1

7 £-BuOK(in %-BuOH) 29.9 82.3

a Solvent=MeZSO unless stated otherwise.

base strength troke down because of base steric effects. By changing
the substrate from 2-butyl iodide to 4-methyl-2-pentyl iodide the
threshold for base steric interactiéns occurred with bases of lesser
complexity (Table 21 # 3). Although positional orientation in elimina-
tions from 4-metyl-2-pentyl iodide was more sensitive to steric ef-
fects of dissociated bases than from 2-butyl iodide, associated bases
such as t-BuOK-t-BuOH gave more terminal alkene than any dissociated
base,

In contrast to Brown's findings for the dehydrobrominations of

alkyldimethylecarbinyl tromides induced by the dissociated base, EtOK-
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EtOH, (Table 20), no significant increase in the percentage of the
Hofmann elimination products was found for the dehydrochlorination
reactions of N-chloro-Z2-alkylpyrrolidines promoted by a dissociated
base, MeONa-MeOH, as the steric requirements of the alkyl group were
increased from Me, Et, n-Pr,Isopr, to t-Bu (Table 19). The percentages
of Hofmann orientation products, 5-alkyl-1-pyrrolines, obtained from
dehydrochlorination reactions of N-chloro-2-alkylpyrrolidines with
MeONa-MeOH system were very small (2-6%) compared to Brown's results
for alkyl bromides (30-86%) and Bartsch's findings with alkyl iodides
(17-30%) . Therefore, it can be concluded that the steric factors for
the elimination reactions of N-chloro-2-alkylpyrrolidines with a dis-
sociated base, MeONa-MeOH, are not important. The relative stabilities
of the incipient carbon-nitrogen double bond dictates the orientation.
This suggests considerable double bond formation in the imine-forming
transition states.

When the base was changed from a dissociated base, MeONa-MeOH, to
an associated base, t-BuOK-t-BuOH or i-BuOK-Hexane, steric interac-
tions of 2-alkyl substituents with base were observed (Table 19). When
the alkyl group is methyl the steric interactions between methyl and
base is quite small, as depicted in 64 and Saytzeff orientation is
dominant, 91% (t-BuOK-t-BuOH) and 85% (t-BuOK-Hexane). When one of the
hydrogens on the 2-methyl group was replaced with a methyl group, the
steric interaction is increased and the percentage of Hofmann orienta-

tion becomes enhanced, 26% (t-BuOK-t-BuOH) and 41% (t-BuOK-Hexane).
Although the replacement of the 2-ethyl group with an 2-n-propyl
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group showed no significant change in the amount of 5-alkyl-1-pyrro-
line in the t-BuOK-t-BuOH system (26% 5-ethyl- and 28% 5-n-propyl-1-
pyrroline), for the more sterically demanding heterogeneous base-sol-
vent system, t-BuOK-Hexane, more 5-n-propyl-l-pyrroline (55%) than 5-
ethyl-1-pyrroline (41%) was obtained. When two of the hydrogens of the
2-methyl group of é& were replaced with methyl groups, thergby making
the 2-substituent considerably hore sterically demanding, Hofmann ori-
entation dominated (5-isopropyl-l-pyrroline 78% and 82% for it-BuOK-t-
BuOH and t-BuOK-Hexane, respectively). It was anticipated that contin-
uing the trend by replacing all of the hydrogens of the 2-methyl group
in 64 by methyl groups should have resulted in even more dramatic
steric interactions between the 2-t-butyl group and the associated

bases. However, a drop in the percentage of the Hofmann orientation
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product (53% 5-t-butyl-1-pyrroline) for the 1-BuOK-t-BuOH base-solvent
system and no change for the t-BuOK-Hexane system (83% 5-t-butyl-1-
pyrroline) were observed as the 2-alkyl group was changed from 2-
isopropyl to 2-t-butyl. At present the reasons for this anomalous re-
sult are uncertain. Possible explanations include a change of the pre-
ferred elimination stereochemistry.

The data in Table 19 clearly establish that base-g-alkyl group
steric interactions are operative in the dehydrochlorination reactions
- of N-chloro-2-alkylpyrrolidines promoted by associated bases. There-
fore, positional orientation may be controlled by such interactions in
carbon-nitrogen double bond-forming eliminations in.much the same man-
ner to that previously demonstrated for carbon-carbon double bond-for-

ming eliminations.

3.3.3 Base-Solvent Effects

The effect of base-solvent combinations on the positional orien-
tation of carbon-carbon double bond-forming eliminations has already
been discussed in Chapter I (Section 3.4.4). It was concluded that,
except for oversized bases, the base strength for the dissociated
bases and the base size for the associated bases were the important
factors in determining orientation for olefin-forming elimination re-
actions. In this study one dissociated base, MeONa-MeOH and two asso-
ciated base systems, t-BuOK-i-BuOH and t-BuOK-hexane, were used.
Trends consistent with those observed in base-promoted olefin-forming

elimination reactions were found for imine-forming dehydrohalogena-
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tions. As the base-solvent system was changed from a dissociated base
to an associated base, the amount of 5-alkyl-1-pyrroline (Hofmann ori-
entation) formed from the dehydrochlorination reactions of all the N-

chloro-2-alkylpyrrolidines increased accordingly.

4,0 Conclusion

The regioselectivity of base-promoted imine formation was probed
using N-chloro-2-alkylpyrrolidines as substrates. Dehydrochlorination
of N-chloro-2-alkylpyrrolidines produced two isomeric imines, 5-alkyl-
and 2-alkyl-l-pyrrolines. Although 2-alkyl-1-pyrrolines may be pre-
pared by several methods (Chapter I Section 4.2), 5-alkyl-l-pyrrolines
were previously unknown. The use of specific base-solvent systems al-
lowed viable syntheses 5-alkyl-l-pyrrolines, Of the base-solvent sys-
tems studied, the heterogeneous base-solvent combination, t-BuOK-hex-
ane, gave the best yields of 5-alkyl-l-pyrrolines. The synthetic util-
ity of the base-promoted dehydrochlorination reactions have been dra-
matically demonstrated for the N-chloro-2-isopropyl- and 2-t-butylpyr-
rolidine systems (Table 18). By choosing either a dissociated base,
MeONa-MeOH, or an associated base, t-BuOK-Hexane, either 5-alkyl-1-
pyrroline or 2-alkyl-i-pyrroline may be obtained in high yield.

Preliminary results of base-promoted dehydrochlorination reac-
tions involving N-chloro-2-methyl- and 2-ethylpiperidines are not en-
couraging, Only 2-alkyl-1l-piperidienes were obtained. Whether this is
attributable to the six-membered ring or the analytical techniques

remains to be demonstrated. The investigation by Lambert and his
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coworkers of cyclic N-chloramine inversion showed that among the
four-, five-, six-, and seven-membered cyclic amines, the six-membered
ring is unique. The N-chloroamine derivatives of these amines, except
for the six-membered N-chloropiperidine, showed a prefrence for nitro-
gen inversion over ring reversal. It was found that ring reversal was
preferred by the N-chloropiperidine. Whether this uniqueness of the
six-membered rings extends to elimination reactions may be explored by

examining base-promoted eliminations of N-chloro derivatives of four-

and seven-membered cyclic amines,



CHAFTER ITI

BASE-FROMOTED ELIMINATIONS FROM N-AROYLOXY-2-ALKYLPYRROLIDINES

1.0 Experimental

1.1 Materials and Instrumentation

The following chemicals were used in this part of the research
and the companies from which they were purchased are given in paren-
theses: benzoyl peroxide (Fisher); potassium carbonate (Fisher);
sodium hydride (Alfa); anhydrous diethyl ether (Mallinckrodt); benzene
(MCB); silica gel (Sargent-Welch); silica gel tlc plates (Analtech);
sodium peroxide (Allied Chemical); p-nitrobenzoyl chloride (Eastman);
toluene (Phillips 66); p-anisic acid (Aldrich); thionyl chloride
(Eastman); 2-methylpiperidine (Reilly Tar and Chemicals); sodium
hydroxide (Fisher); proton sponge (Aldrich), pentane (Phillips 66);
n-butyl lithium (Aldrich); anisole (Aldrich); o-xylene (Aldrich).
i-Butyl alcohol was dried by distilling twice from potassium. Benzene
was purified by distillation using an efficient fractionating column.
The other solvents were used as recelved.

The N-aroyloxy-2-alkylpyrrolidines were identified by comparing
their ir and proton nmr with the anticipated spectral values. Infrared

spectra were taken either with a Perkin-Elmer 457 or Beckman 33 instru-

112
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ment and were recorded in cm~l, The Proton nmr spectra were taken
either with Varian XL100, Varian A60, or Varian EM360 spectrophotome-
ter and were recorded in ppm with respect to the internal standard
tetramethylsilane (s=singlet, d=doublet, t=triplet, m=multiplet). For
analyses of elimination products an Antek 400 flame ionization detec-

tor gas chromatograph was used,

1.2 Synthesis of Substituted Benzoyl Peroxides

1.2.1 p-Nitrobenzoyl Peroxide

The method by Price and Krebszo1

was used to synthesize p-nitro-
benzoyl peroxide. A 500 ml three-necked round-bottomed flask containing
100 m1 of water was fitted with a mechanical stirrer, a thermometer,
and a pressure-equilizing dropping funnel and immersed in an. ice-water
bath. When the temperature of the water had dropped to 3°C, 10.0 g
(0.13 mole) of sodium peroxide was added. This was followed, with vig-
orous stirring, by a dropwise addition of a solution of 37.0 g (0.20
mole) of p-nitrobenzoyl chloride in 150 ml of toluene over a period of
30 minutes. After the addition of p-nitrobenzoyl chloride was complete,
the reaction mixture was stirred for an additional 1.5 hours. The pre-
cipitate formed was filtered and washed with 250 ml of ice-water. The
pale yellow crystals were dried under high vacuum over CaCly to yield

31.0 g (93.4%) of the peroxide. The p-nitrobenzoyl peroxide was used

without any further purification.

1.2.2 p-Anisoyl Peroxide
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DP-Anisoyl chloride was prepared from 30.4 g of p-anisic acid and
25.5 ml of thionyl chloride following the procedure given in Vogel202
to yileld 30.9 g (90.6%) of the desired acid chloride. p-Anisoyl perox-
ide was prepared by the method of Price and Krebs?©l as outlined in
Section 1.2.1 from 5.0 g (0.064 mole) of sodium peroxide in 50 ml of
water and a solution of 17.05 g (0.10 mole) of P-anisoyl chloride in
55 ml of toluene. The yield of p-anisoyl peroxide was 14.6 g (96.6%)
after vacuum drying. The p-anisoyl peroxide was used without further

purification.

1.3 Synthesis of Substrates

1.3.1 N-Benzoyloxy-2-methylpyrrolidine

A 250 ml three-necked round-bottomed flask was fitted with a re-
flux condenser, a pressure-equilizing dropping funnel, and a mechani-
cal stirrer. Anhydrous diethyl ether (100 ml) was placed into the
flask and cooled to 0°C with an ice-bath. Benzoyl peroxide 2.42 g
(10.0 mmole) and 8.29 g (60.0 mmole) of potassium carbonate was added.
A solution of 850 mg (10.0 mmole) of 2-methylpyrrolidine was intro-
duced dropwise over one hour at 0°C. The reaction mixture was stirred
at 0°C for 3.5 hours and filtered. The ether layer was washed with 60
ml of saturated aqueous sodium bicarbonate solution and dried over
Mgsou in the refrigerator overnight. The solvent was removed to yield
1.85 g of crude material. Tlc (silica gel, benzene:ether=9:1) showed
the presence of three compounds. The crude produect was purified by col-

umn chromatography using silica gel as adsorbant and benzene-ether
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(9:1) as aluant to yield 882 mg (43%) of N-benzoyloxy-2-methylpyrrol-
idine as an oil; ir (neat): 3100, 3080, 2980, 2930, 2870, 1735 (C=0),
1600, 1585, 1480, 1450, 1255, 1090, 1065, 1025, 710, 680; nmr (CDClB):
8.06-7.96 ppm (m, 2.0 H), 7.66-7.32 ppmn (m, 3.1 H), 3.72-2.90 ppm (m,

3.0 H), 2.16~1.46 (m, 4.1 H), 1.30-1.23 (4, 3.0 H).

1.3.2. N-(p-Nitrobenzoyloxy)-2-methylpyrrolidine
N-(prNitrobenzoyloxy)-2-methylpyrrolidine was prepared by a meth-
od analogous to that given in Section 1.3.1. To a suspension of 3.32 g
(10.0 mmole) of p-nitrobenzoyl peroxide and 8.29 g (60.0 mmole) of
potassium carbonate in 100 ml of anhydrous diethyl ether at 0°C, a
solution of 0.85 g (10.0 mmole) of 2-methylpyrrolidine in 80 ml of
anhydrous diethyl ether was added dropwise. The reaction mixture was
stirred at 0°C for one hour and at room temperature for 24 hours. It
was filtered and the ether layer was washed with 100 ml of saturated
sodium bicarbonate solution. After drying over MgSOLL and removal of the
solvent, 1.73 g of crude product was obtained which was purified using
chromatography (silica gel; benzene:ether=9:1). The yield of product
(an o0il) was 0.994 g (48.3%); ir (neat): 3120,3090, 2990, 2880, 1750
(c=0), 1610, 1530, 1348, 1260, 1080, 845, 710; nmr (CDC13): 8.35-8.12
ppm (m, 3.9 H), 3.74-2.96 ppm (m, 3.0 H), 2.28-1.48 ppm (m, 4.2 H),

1.31 and 1.25 ppm (d, 3.0 H).

1.3.3 N-(pfAnisoyloxy)-2-methylpyrrolidine

A method similar to that given in Section 1.3.1 was followed. To
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a suspension of 3.02 g (10.0 mmole) p-anisoyl peroxide and 8.29 g
(60,0 mmole) of potassium carbonate in 100 ml of anhydrous diethyl
ether at 0°C, a solution of 0.850 g (10.0 mmole) of 2-methylpyrrol-
idine in 90 ml of anhydrous diethyl ether was added dropwise. The
reaction mixture was stirred at 0°C for one hour and then at room
temperature for 20 hours. It was filtered and the ether layer was
washed with 60 ml of saturated sodium bicarbonate solution. The prod-
uct was recovered from the reaction mixture in the usual manner and
after column chromatography (silica gel; benzene:ether=9:1) 1.03 g
(46%) of N-(p-anisoyloxy)-2-methylpyrrolidine as an oil was obtained;
ir (neat): 3030, 2980, 2950, 2860, 1735 (C=0), 1610, 1585, 1515, 1250,
1165, 1070, 840, 760; nmr (CD013)= 8.02-7.92 ppm (d, 2.0 H), 6.97-6.87
ppn (d, 2.0 H), 3.84 ppm (s, 3.0 H), 3.74-2.93 ppm (m, 3.0 H), 2.22-

1.48 ppm (m, 4.1 H), 1.28 and 1.22 ppm (d, 3.2 H).

1.3.4 N-(p-Anisoyloxy)-2-ethylpyrrolidine

A three-necked round-bottomed flask was fitted with a reflux con-
denser, a gas inlet adaptor, a magnetic stirrer and a septum. Sodium
hydride (480 mg, 50% oil dispersion, 10.0 mmole) was introduced into
the flask and washed with pentane (3X20 ml). Anhydrous diethyl ether
(30 m1) was added. Then a solution of 996 mg (10.0 mmole) of 2-ethyl-
Dyrrolidine in 120 ml of anhydrous diethyl ether was introduced into
the flask and stirred for 5 minutes. p-Anisoyl peroxide (3.02 g, 10.0
mmole) was added and the mixture was refluxed for 24 hours. The reac-

tion mixture was allowed to cool, was filtered, and the solid was
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washed with ether. After removal of solvent, the crude product (2.44
g) was purified by column chromatography (silica gel; benzene:ether=
9:1) to yield 1.11 g (45%) of N-(p-anisoyloxy)~-2-ethylpyrrolidine; ir
(neat): 3080, 2970, 2940, 2880, 2850, 1740 (C=0), 1610, 1515, 1465,
1315, 1255, 1165, 1020, 840, 755% nnr (CDC13): 8.07-7.93 ppm (4, 2.0
H), 7.00-6.85 ppm (d, 2.0 H), 3.89 ppm (s, 3.0 H), 3.70-2.80 ppm (m,

3.0 H), 2.27-1.22 ppm (m, 6.0 H), 1.10-0.83 (t, 3.2 H).

1.3.5 N-(p-Anisoyloxy)-2-n-propylpyrrolidine

The general method outlined in Section 1.3.4 was used. A 0.48 g
sample of a 50% oil dispersion of sodium hydride (10.0 mmole) was
washed with pentane and 50 ml of ether was added. The sodium hydride
suspension was allowed to react with a solution of 1.13 g (10.0 mmole)
of 2-n-propylpyrrolidine in 100 ml of diethyl ether for 5 minutes and
then 3.02 g (10.0 mmole) of p-anisoyl peroxide was added. The mixture
was stirred at room temperature for 2.5 hours and then refluxed for 23
hours. The reaction mixture was allowed to cool, was filtered, and the
solvent was removed. The crude product was purified by column chroma-
tography (silica gel; benzene:ether=9:1) to yield 1.56 g (59%) of
N-(p-anisoyloxy)-2-n-propylpyrrolidine; ir (neat): 3080, 2960, 2940,
2870, 1738 (C=0), 1610, 1585, 1510, 1460, 1315, 1245, 1110, 1065, 1020,
840, 755; nmr (CDClB): 8.04-7.90 ppm (d, 2.0 H), 6.98-6.83 ppm (4, 1.9
H), 3.87 ppm (s, 2.9 H), 3.67-2.80 ppm (m, 3.0 H), 2.23-0.77 ppm (m,

11.1 H).
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1.3.6 N-(p-Anisoyloxy)~-2-isopropylpyrrolidine

The general method given in Section 1.3.4 was used. Sodium
hydride (0.480 g of a 50% o0il dispersion, 10.0 mmole) was washed with
pentane and reacted with a solution of 1.13g (10.0 mmole) of 2-iso-
propylpyrrolidine in 150 ml of diethyl ether for 5 minutes. Then, 3.02
g (10.0 mmole) of p-anisoyl peroxide was added. The mixture was
stirred at room temperature for 15 hours and refluxed for 24 hours.
After the reaction mixture had been allowed to cool, it was filtered
and the solvent was removed in vacuo to give 3.0 g crude product,
After purification by column chromatography (silica gel; benzene:
ether=9:1) 1.56g (59%) N-(p-anisoyloxy)-2-isopropylpyrrolidine was
obtained; ir (neat): 3090, 2990, 2900, 2860, 1745 (C=0), 1615, 1590,
1520, 1470, 1320, 1255, 1075, 1025, 845, 7603 nmr (CDCly): 8.05-7.90
ppm (d, 2.0 H), 7.00-6.85 ppm (d, 2.1 H), 3.87 ppm (s, 3.0 H), 3.80-
2.80 ppm (m, 3.0 H), 2.20-1.50 ppm (m, 5.0 H), 1.07-.90 ppm (4 of d,

6.0 H).

1.3.7 N-(p-Anisoyloxy)-2-t-butylpyrrolidine

The general method given in Section 1,3.4 was used. Sodium
hydride (0.283 g of 50% oil dispersion, 5.9 mmole) was washed with
pentane and reacted with a solution of 0.737 & (5.8 mmole) of
2-t-butylpyrrolidine in 100 ml of diethyl ether for 5 minutes. After
the addition of 1.78 g (5.9 mmole) of p-anisoyl peroxide, the reaction
nixture was stirred at room temperature for 4 hours and then refluxed

for 24 hours. The product was recovered from the reaction mixture in the
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usual manner. After column chromatography (silica gel,benzene:ether=
9:1) 0.331 g (21%) of N-(p-anisoyloxy)-2-t-butylpyrrolidine was
obtained; ir (neat): 3080, 2960, 2880, 1740 (C=0), 1610, 1590, 1515,
1250, 1165, 1070, 1020, 840, 760; nmr (CD013)= 7.97-7.83 ppm (4, 1.8
H), 6.91-6.77 ppm (d, 2.0 H), 3.78 ppm (s, 3.0 H), 3.57-2.73 oo (m,
2.8 H), 2.05-1.50 ppm (m, 4.0 H), 0.9% ppm (s, 8.8 H).

1.4 Synthesis of N-Benzoyloxy-2-methylpiperidine

e
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In order to develop a good synthetic method for the preparation
of N-aroyloxy-2-alkylpyrrolidines, the synthesis of N-benzoyloxy-2-
methylpiperidine was attempted under various reaction conditions. The
crude reaction products were purified using column chromatography.
Silica gel was used as the adsorbant and the compounds were eluted
with a benzene-diethyl ether (9:1) mixture. Interpretation of the ir
and nmr spectra are given below: ir (neat) 3080 and 3040 (Ar-H stretch),
2980, 2950, 2870, and 2850 (saturated C-H stretch), 1750 (C=0), 1610

and 1595 (aromatic C=C), 1250 (C-0), 760 and 700 (mono-substitution on
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benzene); nmr (CDC1,): 8.10-7.99 ppm (m, 2.1 H*), 7.64-7.30 ppm (m,
3.1 H°), 3.66-3.48 ppn (m, 1.0 #%), 3.10-2.56 ppn (unresolved, 2.1 KY),

2,10-1.40 ppm (unresolved, 5.9 He), 1.22-1.15 ppm (d, 3.0 Hf).

1.4.1 Sodium Hydroxide-Diethyl Ether (-5°-0°C)

A 250 m1 three-necked round-bottomed flask containing 100 ml of
anhydrous diethyl ether and 4.84 g (20.0 mmole) of benzoyl peroxide
was fitted with a reflux condenser, a magnetic stirrer, and a pressure-
equilizing dropping funnel and placed into an ice-salt bath. When the
temperature had dropped to -3°C, 5.0 g (125 mmole) of powdered sodium
hydroxide was added. A solution of 1.98 g (20.0 mmole) of 2-methylpi-
peridine in 100 ml of anhydrous diethyl ether was added dropwise over
a period of 30 minutes. After the addition had been completed, the
reaction mixture was stirred at 0° to —5°C for 3.5 hours, was filtered
and the ether layer was washed with 100 ml of saturated sodium bicar-
bonate solution. The organic layer was dried over Mgsou and the sol-
vent was removed to give 4.6 g of crude product which was purified in

the usual manner to give 1.19 g (27.5%) of the desired product.

1.4.2 Sodium Hydroxide-Diethyl Ether (Reflux)

A mixture of 1.98 g (20.0 mmole) of 2-methylpiperidine, L.gh g
(20.0 mmole) of benzoyl peroxide, 5.0 g (125.0 mmole) of powdered
sodium hydroxide, and 150 ml of anhydrous diethyl ether was refluxed
for 20 hours. The reaction mixture was allowed to cool and was fil-

tered. The organic layer was washed with 100 ml of saturated sodium
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bicarbonate solution, dried over MgSOu, and the solvent was removed
in vacuo. The residue was purified in the usual manner to yield 2.16 g

(49.2%) of N-benzoyloxy-2-methylpiperidine.

1.4.3 Triethylamine-Diethyl Ether (Reflux)

To a solution of 0.99 g (10.0 mmole) 2-methylpiperidine and 1.01
g (10.0 mmole) of triethylamine in 100 ml of anhydrous diethyl ether,
2.42 g (10.0 mmole) of benzoyl peroxide was added. The reaction mix-
ture was stirred at room temperature for 24 hours. The color of the
solution became darker as time progressed. Since tlc showed the pres-~
ence of benzoyl peroxide, the reaction mixture was refluxed for 24
hours. A brown oil appeared at this point. The reaction mixture was
allowed to cool and the ether layer was decanted. After washing the
ether layer with saturated sodium bicarbonate solution and drying
over MgSO“, the solvent was removed in vacuo to give 0.557 g of crude
product. A very small amount of N-benzoyloxy-2-methylpiperidine was

obtained from the crude product in the usual manner.

1.4.4 - 1,8-Bis-(dimethylamino)-naphthalene-Diethyl Ether (Reflux)

To a solution of 0.99 g (10.0 mmole) of 2-methylpiperidine and
2.143 g (10.0 mmole) of 1,8-bis-(dimethylamino)-naphthalene (proton
sponge) in 100 ml of anhydrous diethyl ether, 2.42 g (10.0 mmole) of
benzoyl peroxide was added and the reaction mixture was stirred at
room temperature for 24 hours. The color of the solution became darker

as the time passed. Since the presence of benzoyl peroxide was
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observed by tlc, the reactlon mixture was refluxed for 24 hours. An
oil separated. The ether layer was separated, washed with saturated
solution of sodium bicarbonate (2X50 ml), and dried over MgS0,, . After
the solvent had been removed in vacuo, the crude product (356.2 mg)

gave only a small amount of N-benzoyloxy-2-methylpiperidine.

1.4.5 Sodium Hydroxide-Benzene (Reflux)

2-Methylpiperidine (1.98 g, 20.0 mmole) and 4.84 g (20.0 mmole)
of benzoyl peroxide were dissolved in 100 ml of benzene and Stirred at
room temperature for 10 minutes. Then, 5.0 g (125.0 mmole) of powdered
sodium hydroxide was added. The suspension was stirred at room temper-
ature for 1 hour. Additional benzene (60 ml) was added and the mixture
was refluxed for 20 hours. The reaction mixture was allowed to cool,
filtered, and the solvent removed. According to tlc (silica gel, ben-
zene:ether=9:1) the residue contained a single compound. The ir and
nmr spectra of the crude product showed the compound to be N-hydroxy-
2-methylpiperidine. The crude product was purified by distillaticn, bp
47-48°C/0.5 mm Hg. The crude yield was quantitative. However due to
loss in the distillation step only 1.47 g (64%) of purified N-hydroxy-

2-methylpiperidine was obtained.

1.4.6 Sodium Hydride-Diethyl Ether-Benzene (Reflux)
A three-necked round-bottomed flask was fitted with a reflux con-
denser, a gas inlet adaptor, a magnetic stirrer, and a rubber septum.

Sodium hydride (0.96 g of a 50% oil dispersion, 20.0 mmole) was placed
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into the flask and was washed with pentane (3X30 ml) under nitrogen
atmosphere. After the residual pentane had been removed via purging
with a nitrogen atmosphere, 30 ml of anhydrous diethyl ether was add-
ed. The septum was replaced by a pressure-equilizing addition funnel.
A solution of 1,98 g (20,0 mmole) of 2-methylpiperidine in 50 ml of
anhydrous diethyl ether was added dropwise. After the addition had
been completed, the reaction mixture was refluxed for 5 minutes, and
was allowed to cool to room temperature. An attempt was made to dis- -
solve 4.84 g (20.0 mmole) of benzoyl peroxide in 100 ml of anhydrous
diethyl ether. Most of it did not dissolve. The clear ether layer was
decanted and the remaining peroxide was dissolved in 30 ml of bengzene.
The ether layer and benzene solution were added dropwise to the amine
solution consecutively. The reaction mixture was stirred at room tem-
perature for 17 hours. Since the presence of benzoyl peroxide was
detected by tle, the mixture was refluxed for 24 hours. N-Benzoyloxy-
2-methylpiperidine was obtained from the reaction mixture in the usual
manner, 3.15 g (72%) yield.

The reaction was repeated on 4 scale and the reaction time at
room temperature was decreased to 1 hour and the reflux time to 20
hours. The N-benzoyloxy-2-methylpiperidine was then obtained in 56%

yield.

1.4.7 Potassium Carbonate-Benzene (Reflux)
To a solution of 0.99 g (10.0 mmole) of 2-methylpiperidine in

150 ml of benzene, 6.91 g (50.0 mmole) of potassium carbonate and



124

2.42 g (10,0 mmole) of benzoyl peroxide were added and the mixture
was refluxed for 22 hours. The crude product (1.64 g) was recovered
from the reaction mixture but was not purified any further (purified

yield might have been around 50%).

1.4.8. n-Butyl Lithium-Hexane-Benzene (Room Temperature)

A three-necked flask ﬁas fitted with a reflux condenser, a mag-
netic stirrer, a gas inlet adaptor, and a septum, placed into a dry-
ice-acetone bath, and charged with a 7.7 ml of a solution of n-butyl
lithium (10.0 mmole) in n-hexane (1.34 M) under argon atmosphere. The
rubber septum was replaced by a pressure-equilizing dropping funnel., A
solution of 0.99 g (10.0 mmole) of 2-methylpiperidine in 10 ml of
n-hexane was added dropwise. The solution was allowed to warm to room
temperature and a solution of 2.42 g (10.0 mmole) of benzoyl peroxide
was added dropwise. After the addition had been completed, the reac-
tion mixture was stirred at room temperature for 24 hours. No N-ben-

zoyloxy-2-methylpiperidine could be detectected by tlec.

1.4.9 Potassium Hydride-Diethyl Ether (Reflux)

A three-necked round-bottomed flask was fitted with a reflux con-
denser, a magnetic stirrer, a gas inlet adaptor, and a rubber septum
and was charged with 1.688 g (9.26 mmole) of a 22% o0il dispersion of
potassium hydride. The hydride was washed with pentane (3X20 ml) under
nitrogen atmosphere. The septum was replaced with a pressure-equi-

lizing dropping funnel and a solution of 0.917 g (9.26 mmole) of
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2-methylpiperidine in 100 ml of anhydrous diethyl ether was added
dropwise. The reaction mixture was stirred at room temperature for 10
minutes and 2.24 g (9.26 mmole) of benzoyl peroxide was added in small
portions. After stirring at room temperature for 1 day, the reaction
mixture was refluxed for 45 hours. N-Benzoyloxy-2-methylpiperidine

(1.58 g, 78%) was obtained in the usual manner.

1.4,10 Sodium Hydride-Diethyl Ether (Reflux)

Sodium hydride (0.48 g of 50% o0il dispersion, 10.0 mmole) was
washed with pentane (3X20 ml) in the usual manner. Anhydrous diethyl
ether (30 ml) was added. After the dropwise addition of a solution of
0.99 g (10.0 mmole) of 2-methylpiperidine in 120 ml of anhydrous
diethyl ether had been completed, 2.42 g (10.0 mmole) of benzoyl per-
oxide was added in one portion. The mixture was refluxed for 20 hours.
N-Benzoyloxy-2-methylpiperidine was isolated from the reaction mixture

in the usual manner (1.48 g, 68% yield).

1.5 Elimination Procedures

The t-BuOK-t-BuOH base solvent system was prepared according to
the procedure given in Chapter II Section 1.4,1. A measured amount of
(4-5 ml) of t-BuOK-t-BuOH was added directly to the N-aroyloxy-2-alkyl-
pyrrolidines. The mixtures were stirred at room temperature for 1 hour,
centrifuged, and the clear supernatant solutions were analysed.

The t-BuOK-diethyl ether induced eliminations were done by adding

a weighed amount (under nitrogen atmosphere) of commercial t-BuOK to an
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anhydrous diethyl ether solution of the N-aroyloxy-2-alkylpyrrolidines.
The mixtures were stirred at room temperature for 4 hours, centrifuged,
and the clear supernatant solutions were analysed.

A measured amount of internal standard solutions (anisole for 2-
and 5-ethyl-i-pyrrolines and o-xylene for the rest of the 2- and 5-
alkyl-1-pyrrolines) was mixed with a measured amount of the reaction
solutions and the resulting solutions were analysed by gas chromatog-
raphy. A 30'x1/8" column of 10% Carbowax 400 on Chromosorb WAW-DMCS
was used for the analysis of the imines. The column temperatures
employed were 90°C for methyl-, ethyl-, and n-propyl-1-pyrrolines and
100°C for isopropyl-and i-butyl-1-pyrrolines. The injector temperature
was 170°C for methyl~l-pyrrolines and 165°C for the remainder of the
alkyl-1-pyrrolines. The detector temperature was set at 220°¢.

The relative ratios of the peak areas from at least three chro-
matograms were averaged and were corrected for molar responses
(Chapter II Section 1.4.4). The relative percentage of the imines
formed and actual imine yields were calculated from the corrected

ratios of peak areas.

2.0 Results

2.1 N-Benzoyloxy-2-methylpiperidine

Secondary aliphatic amines react with benzoyl peroxide to give

. . . 203
N,N-dialkyl-O-benzoylhydroxylamines and benzoic acid (Equation 51).

The mechanism involves nucleophilic attack by the amine on the perox-
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0
Eq-51 RNH + (c61{5c02)2 —_— RzN-o-E':-céﬁ + CgH COH

5 572

ide to give a pair of ions which undergo proton transfer to form the
products. Since the overall reaction uses two moles of amine per one

mole of peroxide28’203

s the -liberated benzoic acid must react with a
second mole of the amine to form an unreactive ammonium benzoate salt.
Although the yields from secondary aliphatic amine reactions with
benzoyl peroxide are good when calculations are based on two moles of
amine per one mole of peroxide, it was desirable to search for an
improved synthesis which would require only one mole of a secondary
amine (ultimately 2-alkylpyrrolidines for this dissertation research).
As a model compound 2-methylpiperidine was employed because it is com-
mercially available. Thus, the synthesis of N-benzoyloxy-2-methylpi-
peridine was examined under various reaction conditions (Table 22). A
second base was added in an attempt to improve the conversion of the
amine to its N-benzoyloxy derivative. Both soluble bases, triethyl-
amine, 1,8-bis-(dimethylamino)-naphthalene (proton sponge), and
n-butyl lithium (Table 22, # 3,4,9), and insoluble, heterogenous bases,
sodium hydroxide, sodium hydride, potassium carbonate, and potassium
hydride (Table 22, # 1,2,5-8,10,11) were used.

It was found that the soluble bases produced very little or no
N-benzoyloxy-2-methylpiperidine. Among the insoluble bases sodium
hydride and potassium hydride were the most effective (68-78% yield

based on 1:1 reaction ratio of amine to benzoyl peroxide). Diethyl
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Preparation of N-Benzoyloxy—Z-methylpiperidine1
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No Base Solvent Time (hr)  Temp ZYield
1 NaOH Et,0 3.5 -3¢ 22
2 NaOH Et20 20 reflux 49

2
3 Et3N Etzo 24 reflux -
L Proton Sponge3 Et,0 2l reflux 2
5 NaOH Benzene 20 reflux 0
6 NaH EiZO—Benzene 24 reflux 72
7 NaH EtZO—Benzene 20 reflux 55

N
8 K2003 Benzene 22 reflux -
9 n-Buli Hexane-Benzene 24 25°¢ 0
10 XH EtZO 45 reflux 78
11 NaH EtZO 20 reflux 68
1

2 Less than 10%, not isolated.

> 1,8-Bis-(dimethylamino)-naphthalene.

"
Less than 50%, not isolated.

A1l yields given are based on isolated purified product.
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ether or a combination of diethyl ether and benzene proved to be
appropriate solvents for these reactions. When reactions were run at
room temperature or below the yields were low and the isolation of the
product was complicated by the presence of the unreacted benzoyl per-
oxide. Refluxing the reaction mixture both increased the yield and

destroyed the unreacted benzoyl peroxide.

2.2 N-Aroyloxy-2-alkylpyrrolidines

The N-aroyloxy-2-alkylpyrrolidines were prepared from 2-alkylpyr-
rolidines and aroyl peroxides, (B‘XC6H4002>2 where X= H, NO,, or OMe,
by refluxing in diethyl ether in the presence of K2C03 or NaH. The
results are tabulated in Table 23, The percentage yields of the iso-

lated products were based on 2-alkylpyrrolidines.

TABLE 23

N-Aroyloxy-2-alkylpyrrolidines (RCL,'H,ZNOZCC6H4-B-X)

R X Added Base ZYield
Methyl H K,C0, 43
Methyl NO, K200 3 48
Methyl OMe K,C0 3 46
Ethyl OMe NaH 45
n-Propyl OMe NaH 59
Isopropyl OMe NaH 59

t-Butyl ONe NaH 21
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The isolated N-aroyloxy-2-alkylpyrrolidines were relatively sta-
ble when kept cold in a refrigerator, but decomposed in a few hours at
room temperature. Due to this instability, elemental analyses of the
compounds were not attempted, The structures were verified by ir and
nmr spectra. Mass spectra of these compounds could not be obtained
because the Varian Mat 311 mass spectrometer was inoperative and sam-
ples which were sent to the University of Texas (Austin) decomposed
before mass spectrometric analysis was performed. The interpretations

of the spectral data are given in the following sect:‘.ons.w'?’180"182

2.2.1 N-Benzoyloxy-2-methylpyrrolidine

d d
Hy Hy
e
H; s
N 5C
| g P
0 C
o Ha Hb

Ir (en™1): 3100 and 3080 (Ar-H), 2980, 2930, and 2870 (saturated
C-H), 1735 (C=0), 1600, 1585 (aromatic C=C), 1255 (C-0), 710 and 680
(Ar-H, monosubstituted benzene)

Nmr (ppm): 8.06-7.96 (m, 2.0 H2), 7.66-7.32 (m, 3.1 H>), 3.72-

2.90 (m, 3.0 H), 2.16-1.46 (m, 4.1 HY), 1.30-1.23 (&, 3.0 K).

2,2,2 N-(pritrobenzoyloxy)-2—methylpyrrolidine
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Ir (cm_i): 3120 and 3090 (Ar-H), 2990 and 2880 (saturated C-H),
1750 (C=0), 1610 (aromatic C=C), 1530 and 1348 (Ar—NOZ), 1260 (c-0),
845 (Ar-H, 1,4-disubstitution).

N (ppm): 8.35-8.12 (m, 3.9 H*, an AA'BB' pattern), 3.74-2.96

(m, 3.0 H°), 2.28-1.48 (m, 4.2 &%), 1.31 and 1.25 (4, 3.0 HY).

2.2.3 N-(p-Anisoyloxy)-2-methylpyrrolidine

2 2
£
d H
O< :
d a
| H H P
C
T
0 ol

Ir (cm_l): 3030 (Ar-H), 2980, 2950, and 2860 (saturated C-H),
1735 (C=0), 1610 (aromatic C=C), 1250 (C-0), 1070 (Ar-OCH;), 840 (Ar-H,

1,4-disubstitution).
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Nmr (ppm): 8.02-7.92 (4, 2.0 H%), 6.97-6.87 (d, 2.0 KY), 3.84
(s, 3.0 H%), 3.74-293 (m, 3.0 &%), 2.22-148 (m, 4.1 H®), 1.28-1.22

f
(4, 3.2 H'). The absorbtions of aromatic protons resembled an AB pat-

tern of two distorted doublets. However, closer inspection showed ad-

ditional splitting.

2.2.4 N-(p-Anisoyloxy)-2-ethylpyrrolidine

2 2
f..e
CHBCH2 Hd
2
d N
L
\ Ha Hb
c
s
0 Ha Hb

Ir (cm‘1)= 3080 (Ar-H stretch), 2970, 2940, 2880, 2850 (saturated
C-H), 1740 (C=0), 1610 (aromatic C=C), 1255 (C-0), 1070 (Ar-OCHB), 840
(Ar-H, 1,4-disubstitution).

Nnr (ppm): 8.07-7.93 (d, 2.0 HY), 7.00-6.85 (d, 2.0 H°), 3.89 (s,
3.0 B%), 3.70-2.80 (m, 3.0 ), 2.27-1.22 (m, 6.0 H®), 1.10-0.83 (4,
3.2 Hf). The absorbtions of aromatic protons resembled an AB pattern
of two distorted doublets. However, closer inspection showed addition-

al splitting,

2.2.5 N-(p-Anisoyloxy)-2-n-propylpyrrolidine
Ir (cn™l): 3080 (Ar-H stretch), 2960, 2940, 2870 (saturated C-H),

1738 (c=0), 1610, 1585 (aromatic C=C), 1245 (C-0), 1065 (Ar-OCH;), 840
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(Ar-H, 1,4 disubstitution).
Nmr (ppm): 8.07-7.90 (4, 2.0 H), 6.98-6.83 (d, 1.9 Hb), 3.87 (s,
2.9 %), 3.67-2.80 (m, 3.0 Hd), 2.23-0.77 (m, 11.1 H®). The aromatic

protons showed two sets of doublets with additional fine splitting (AB

pattern).
e e
Hy iy
f e
(CHB)ZCH 4
N 2
¢ l
0 ¥ g°
\ e
c 0 CH3
0] Ha Hb

2.2.6 N-(p-Anisoyloxy)-2-isopropylpyrrolidine

Ir (em~l): 3090 (Az-H stretch), 2990, 2900, 2860 (saturated C-H),
1745 (0=0), 1615, 1590 (aromatic C=C), 1255 (C-0), 1075 (Ar-OCHB), 845
(Ar-H, 1,4-disubstitution).

Nmr (ppm): 8.05-7.90 (d, 2.0 H*), 7.00-6.85 (4, 2.1 #°), 3.87 (s,
3.0 %), 3.80-2.80 (m, 3.0 HY), 2.20-150 (m, 5.0 H®), 1.07-0.90 (4, of
d's, 6.0 HY). The absorbtion pattern of benzene protons resembled an

AB pattern of two distorted doublets with additional fine splitting.
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2.2.7 N-(p-Anisoyloxy)-2-t-butylpyrrolidine

e e
iy iy
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3’3 Hy
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O\\\\\\ Ha Hb
c cuS
u O o
0 i H

Ir (em™): 3080 (Ar-H); 2960, 2880 (saturated C-H); 1740 (C=0);
1610, 1590 (aromatic C=C); 1250 (c-0); 1070 (Ar-OCHB) 840 (A-H 1,4-
disubstitution).

Nmr (ppm): 7.97-7.83 (d, 1.8 %), 6.91-6.77 (d, 2.0 HP), 3.78 (s,
3.0 K%, 3.57-2.73 (m, 2.8 H%), 2.05-1.50 (m, 4.0 H®), 0.94 (s, 8.8
). The absorbtion of the aromatic protons resembled an AB pattern

of two distorted doublets with additional fine splitting.

2,3 Elimination Reactions of N-Aroyloxy-2-alkylpyrrolidines

In order to probe the electronic effect of the leaving group on
the positional isomerism and product yield base-promoted eliminations
from N-benzoyloxy-, N-(p-nitrobenzoyloxy)-, and N-(p-anisoyloxy)-2-
methylpyrrolidine were conducted. The effect of the A~alkyl substitu-
ent was examined by varying the alkyl group to include methyl, ethyl,
n-propyl, isopropyl, and t-butyl in base promoted elimination reac-

tions of N-anisoyloxy-2-alkylpyrrolidines. The.results are tabulated
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in Tables 24-26. The yields given are the combined yields of both of

the imines.

3.0 Discussion

3.1 Introduction

The effect of leaving group on positional orientation was
explained with the help of variable E2Z transition state in Chapter I
(Section 3.4.4). Bartsch and Bunnett~® have examined the leaving group
effect in the elimination reactions of 2-substituted hexanes promoted
by MeONa-MeOH and t-BuOK-t-BuOH. Some of their data is represented in

Table 27.

TABLE 27
Percent of 1-Hexene in Base-Promoted Eliminations

from 2—Substituted Hexanes

Leaving Group, % of l-Hexene Temp,
X gMeQNa—MeOHz OC

Ci 33.3 100.0

oTs™ 3.5 4,3

OBSb 41,7 100.0

OTMB" 63.2 164 .4

2 p-Toluenesulfonoxy group.
B p-Bromobenzenesulfonoxy group.

¢ 2,4,6-Trimethylbenzoyloxy group.
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The percentage of l-hexene increased as the neutral leaving group
was varied C1~0Ts <OBs<OTMB. By analogy, one might expect the regio-
selectivity for formation of 5-alkyl-l-pyrrolines in the elimination
from N-X-2-alkylpyrrolidines (X=neutral leaving group) to increase
with a similar leaving group variation.

O0-Sulfonate esters of most N,N-dialkylhydroxyamines have been
found to be too unstable for convenient handling.203 On the other
hand, N-aroyloxy derivatives of N,N-dialkylamines can be easily pre-

pared and handeled.28’203’204

This anticipated ease of synthesis and
manipulation and the expected higher regioselectivity for the Hoffmann
orientation product made the aroyloxy leaving group an attractive pos-

sibility for improving the yields 5-alkyl-l-pyrrolines in eliminations

from N-X-2-alkylpyrrolidines.

3.2 Preparation of N-Aroyloxy-2-alkylpyrrolidines

Gassman and Ha.rtma.nzo3 have prepared N-aroyloxypiperidines by
reacting the corresponding hydroxylamines with aroyl chlorides in the
presence of sodium hydroxide at -500. The hydroxylamines were prepared
by a general sequence of reactions: Addition of a éecondary amine to
ethyl acrylate in a Michael-type reaction produced a tertiary amine,
which was oxidized with m-chloroperbenzoic acid to give an N-oxide.
The N-oxide was heated with 1M sodium hydroxide to give the hydroxyl-
amine,

The N-aroyloxy derivatives of secondary amines can also be pre-

. 28,203
pared by the reaction of secondary amines with aroyl peroxides. ’
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TABLE 28

Base-Promoted Eliminations from N-Aroyloxy-2-methylpyrrolidine

I
0
I Base-Solvent
c=—0 > +
Room Temperature
x Y
2
N CH.,
%5-Methyl-1-pyrroline/%2-Methyl-1-pyrroline®
Base-Solvent X=H X=E¢N02 X=QTOCH3
MeONa-MeOH b - -
+-BuOK-t~BudH 25/75 (59) 28/72 (32) 23/77 (78)
+-BuOK-Hexane 23/77 (61) - 27/73 (62)
£-BuOK-Et,0 35/65 (66) 42/58 (50) 36/64 (79)

@ The numbers in the parantheses are the percent yields of total imine
production.

b No imines could be detected even though reaction was evident.
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. . 20
Blomgquist and Buselli 5 have prepared a large number of substituted

benzoyl peroxides. Because of availability of aroyl peroxides and the
simplicity and higher yields of the latter method, it was chosen over
the method of Grassman and Hartman,

Since the secondary amines used in this study were time-consuming
and expensive to prepare, an attempt was made to improve the yields in
reactions of secondary amines with aroyl peroxides. As a model system,
a commercially—avail;ble secondary amine, 2-methylpiperidine, was re-
acted with benzoyl peroxide under various different reaction condi-
tions (Table 22). At this time, the reasons for the much lower yields
observed in the presence of the soluble bases (triethylamine, Proton
Sponge, n-Buli) are not known. The best yields were obtained when the
bases were potassium and sodium hydride (78% and 72% respectively).

The application of this method to 2-alkylpyrrolidines gave lower

yields (21-59%) of the N-aroyloxy-2-alkylpyrrolidines (Table 23).

3.3 Studies of Eliminations from N-Aroyloxy-2-alkylpyrrolidines
3.3.1 Eliminations from N-Aroyloxy-2-methylpyrrolidine

In order to study the effects of aryl ring substituents on the
regioselectivity of imine-forming reactions and the overall ylelds of
the imines produced, base-promoted eliminations from N-benzoyloxy-,
N-(pfnitrobenzoyloxy)—, and N-(p-anisoyloxy)-2-pyrrolidine were stud-
ied (Table 28).

In the reactions of N-aroyloxy-2-methylpyrrolidines with bases,

there are three places where the base can attack. Reaction at the 2-H
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or 5-H on the pyrrolidine ring with the aroyloxy group leaving would
produce the l-pyrrolines. Alternatively, it can attack the carbonyl
carbon of the aroyloxy group to produce hydroxylamine., The elimination
reaction of N-benzoyloxy-2-methylpyrrolidine with MeONa-MeOH did not
produce any elimination product., Apparently attaék with a small base
like MeONa occurs exclusively at the carbonyl carbon. This is not
without precedent, Denney and Denney204 have reported that N-benzoyl-
oxydibenzylamine gave dibenzylhydroxylamine when treated with EtONa.
The reactions of N-benzoyloxy-2-methylpyrrolidine with associated
base-solvent combinations gave the expected imines. The large steric
requirement for these bases most probébly hinders attack on the car-
bonyl carbon. The p-substituents on the aryl ring will effect the
charge on the carbonyl carbon and relative rate of base attack at that
position. An electron-withdrawing group at the para position should
make the carbonyl carbon more susceptile to a base attack and thereby
reduce the yield of elimination products. An electron-donating group
should have the opposite effect and the attack on g-H should increase.
This prediction is fulfilled by the observed imine yields (Table 28).
The p-nitrobenzoyloxy leaving group gave the lowest yields of imines
and the p-anisoyloxy leaving group produced the highest yields of
elimination products (Table 28).

In the eliminations from the N-aroyloxy-2-methylpyrrolidines, the
steric effect of the leaving group was held constant and the elec-
tronic effects were changed. There was little influence of p-substitu-

ents upon positional orientation (Table 28). This suggests that the
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leaving group ability is not affected very much by the p-substituent.
Gassman and Ha.'rtma.nzo3 have found that the rate of heterolysis of N-
aroyloxypiperidines to give a nitrenium ion increased silightly,
(five-fold), when the p-substituent was changed from a methoxy to a
nitroc group. This was for an SN; reaction which requires almost com-
plete N-O bond rupture in the transition state. For an E2 reaction in
which N-0 bond should have undergone much less rupture, the leaving
group effect would be expected to be even less. This is consistent
with the negligible effect of para substituents upon the regioselect-

ivity of eliminations from N-aroyloxy-2-alkylpyrrolidines.

3.3.2 Comparison of Imine- and Alkene-Forming Eliminations Involving

Aroyloxy Leaving Group

Base-promoted eliminations from N-aroyloxy-2-alkylpyrrolidines
took place at room temperature and were complete in a short period of
time (1-4 hours). By comparison, olefin-forming eliminations from 2-
(2,4,6-trimethylbenzoyloxy)-hexane with t-BuOK-t-BuOH required a
temperature of 99.0°C and a reaction time of 60 hours. The facility
of the base-promoted elimination reactions of the N-aroyloxy-2-alkyl-
pyrrolidines can be attributed to: a) lower stability of the hetero-
atom-leaving group bond (E_o=85.5 keal/mole and Ey_, in HNOH=48 kcal/
mOle)n, b) increased acidity of the A-hydrogen due to a more electro-
negative s-atom (nitrogen vs. carbon), and c) the larger energy dif-
ference bhetween carbon-nitrogen single and double bonds compared with

carbon-carbon single and double bonds (Table 3).
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The lower ylelds observed for the alkene-formingveliminations
(0.2-4% total alkene yield>)) than with the aroyloxy leaving group .
can be attributed to the slower rate of elimination for the former
which enhances the proportion of the reaction that proceeds by base

attack at the carbonyl carbon.

2.3.3 Eliminations from N-(p-Anisoyloxy)-2-alkylpyrrolidines
Since the influence of the p-substituents on the aroyloxy leaving

group was found to affect regioselectivity negligibly, and since the
reactions with the p-anisoyloxy leaving group gave the highest total
imine yields in eliminations from N-aroyloxy-2-methylpyrrolidine, the
p-anisoyloxy leaving group was chosen for the studies of 2-alkyl sub-
stituent and base-solvent effects upon the base-promoted eliminations
of the N-aroyloxy-2-alkylpyrrolidines. The heterogeneous base-solvent

system t-BuOK-Et,0 was chosen over i-BuOK-Hexane because of the better

2
solubility of the N-aroyloxy-2-alkylpyrrolidines in EtZO. The results
are tabulated in Table 29.

As it was in the eliminations from N-chloro-2-alkylpyrrolidines,
steric interactions of the base and 2-alkyl substituent play an impor-
tant role in controlling the regioselectivity of associated base-pro-
moted eliminations from N-(p-anisoyloxy)-alkylpyrrolidines. As the
steric requirements of the 2-alkyl group were increased in the order
methyl, ethyl, isopropyl, the percentage of Hofmann orientation was
enhanced in both base—solvent_systems. The steric requirements of

ethyl and n-propyl groups seem to be very similar for t-BuOK-t-BuOH
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TABLE 29

Base-Promoted Eliminations from N-(p-Anisoyloxy)-2-alkylpyrrolidines

Base-Solvent
\Pyrrolizes t~BuOK-t-BuOH £-BuK-Et,0
%5-Ne/%2-¥e 23/77 36/ 64
%5-Et/%2-Et 61/39 ; 60/40
%5-n-Pr/%2-n-Pr 61/39 67/33
%5-1sopr/%2-Isopr 91/9 84/16
%5~-t-Bu/%2-1-Bu 64/36 67/33

base-solvent system. The sterically more demanding heterogeneous base-
solvent systemn, E-BuDK-EtZO showed a slight enhancement in the per-
centage of Hofmann elimination product (60% for 2-ethyl and 67% for
2-n-propyl). It was anticipated that a 2-t-butyl substituent should
have resulted in the largest percentage of Hofmann orientation. How-
ever, a drop in the percentage was observed in going from 2-isopropyl
to 2-t-butyl (91% to 64% and 84% to 67% in t-BuOK-t-BuOH and t-BuOK-

Et,0, respectively). A similar phenomenon was also observed in the

2
eliminations from N-chloro-2-alkylpyrrolidines. At present the reasons
for this anomalous result are uncertain. Possible explanations include
a change of the preferred elimination stereochemistry.

A change of base-solvent system from 1-BuOK-t-BuOH to j_-BuOK-EtZO
in the elimination reactions of N-(p-anisoyloxy)-2-alkylpyrrolidines

did not have as much influence as the base was changed from t-BuOK-
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t-BuOH to t-BuOK-Hexane in eliminations from N-chloro-2-alkylpyrrol-
idines (Table 20). A possible explanation is the better solvating
ability of diethyl ether.

In order to allow for ready comparison of the regioselectivities
of base-promoted eliminations from N-chloro- and N-(p-anisoyloxy)-2-
alkylpyrrolidines, the percentages of 5-alkyl-1-pyrroline which result

from reactions with t-BuOK-t-BuOH are given in Table 30.

TABLE 30
The Relative Percentage Yields of 5-Alkyl-l-pyrrolines in Elimination
Reactions of N-Chloro- and N-(p-Anisoyloxy)-2-alkylpyrrolidines

with t-BuOK-t-BuOH

Alkyl Group _Leaving Group

Chloro- p-Anisoyloxy

Methyl 9 23
Ethyl 26 61
n-Propyl 28 61
Isopropyl 78 91
+-Butyl 53 64

The 2-alkyl substituent effects in both of the elimination reac-
tions are very similar. The Hofmann orientation product percentage

increases in both systems in the'order MedEt=p-Pr<Isopr. The t-butyl
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group has the same anamolous result in both systems. For all 2-alkyl

groups, the yield of 5-alkyl-l-pyrrolines is greater with the p-

anisoyloxy leaving group than with the chloro leaving group.

4,0 Conclusion

The results obtained in this part of the dissertation research
show the synthetic utility of base-promoted elimination reactions from
N-aroyloxy-2-alkylpyrrolidines to form 5-alkyl-1-pyrrolines. The
substrates for the elimination reaction can be easily prepared by the
reaction of aroyl peroxides with pyrrolidines, Table 30 shows that the
aroyloxy leaving group is superior to chloro in producing the Hofmann
orientation product.

Even though the relative bond strengths of N-Cl and N-O are very

' L
similar (EN_Cl in NC1,=46 and E;_, in H NOH=48 ) the N-aroyloxy leav-

3
ing group produced more Hofmann orientation product than N-Cl. There-
fore some other factor than the relative ease of nitrogen-leaving

group bond rupture for determining the regioselectivity is involved.

Thus, a closer look into other leaving groups is in order.



CHAPTER IV

BASE-PROMOTED DEHYDROCHLORINATION OF N-CHLORO-2-ARYLPYRROLIDINES

1.0 Experimental

1.1 Materials and Instrumentation

The reagents used in the experiments discussed in this chapter
are listed below with the companies from which they were purchased
given in parentheses:

Bromobenzene (Eastman), aryl bromides other than tromobenzene
(Aldrich), magnesium turnings (American Drug and Chemical), sodium
borohydride (Alfa), sodium borodeuteride (SIC), sodium sulfate
(Fisher), magnesium sulfate (MCB), potassium t-butoxide (Aldrich),
absolute diethyl ether (Mallinckrodt), t-butyl alcohol (Fisher), meth-
anol (Fisher), benzene (MCB), pentane (Phillips 66), N-chlorosuccin-
imide (Parish). Methanol was dried by distilling from ma.gnesium.173
1-Butyl alcohol was dried by distilling twice from potassium. Benzene
Was purified by the literature method ' and dried by distilling from
sodium-wire. Absolute ether and pentane were used as received,

The 2-aryl-1-pyrrolines and 2-arylpyrrolidines were identified by
comparing their bp's and mp's with literature values and their ir,

proton nmr, and mass spectra with the anticipated spectral values. The

boiling points are given in degrees Centigrade/torr (°/mm) . The

150
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melting points were taken with a Fischer-Johns Melting Point Apparatus
and are uncorrected. Infrared spectra were taken with Perkin-Elmer
57 instrument and recorded in cm'l. The proton nmr spectra were taken
either with Varian A60 or Varian EM360 spectrophotometer and were re-
corded in ppm with respect to the internal standard tetramethylsilane
(s=singlet, d=doublet, t=triplet, m=multiplet). The UV spectra (pre-
sented in nm) and kinetic runs were recorded using a Beckman Acta V

spectrophotometer,

1.2 General Procedure for Preparation of 2-Aryl-1-pyrrolines

2-Aryl-l-pyrrolines were synthesized according to the literature

118 by the action of aryl Grignard reagents on 2-methoxy-1-

procedure
pyrroline. A three-necked, round-bottomed flask was fitted with an ef-
ficient reflux condenser, a magnetic stirrer, a gas inlet adaptor, and
a pressure-equilizing dropping funnel. All of the glassware was dried
in an oven (13000), assembled while hot, and allowed to cool under a
purging nitrogen atmosphere. Magnesium turnings were washed with anhy-
drous diethyl ether and placed into the round-bottomed flask. A crys-
tal of iodine and 25-50 ml of anhydrous diethyl ether were added. A
solution of the aryl btromide in anhydrous diethyl ether was placed into
the dropping funnel. A few ml of the aryl tromide solution was run into
the flask. The initiation of the reaction could be judgedvby the dis-
apperance of the iodine color and refluxing of the ether. After the
reaction had started, the addition rate of the aryl lromide solution

was adjusted to maintain a gentle reflux. After the addition was com-



152
plete, the solution was refluxed for one hour. In some cases not all
of the magnesium had reacted after this time interval. In those cases,
reflux of the Grignard mixture was continued until almost all of the
magnesium had reacted. After the preparation of the aryl Grignard rea-
gent was complete, the solvent was exchanged by anhydrous benzene via
simultaneous distillation of diethyl ether and addition of benzene,
When the solvent exchange was complete, the Grignard reagent precipi-
tated as a brown solid. An anhydrous benzene solution of 2-methoxy-1-
pyrroline was added dropwise to the refluxing Grignard reagent under a
nitrogen atmosphere. The mixture was then refluxed for 15-24 hours and
allowed to cool. The adduct was decomposed by the addition of a 25%
agueous solution of NH401. The benzene layer was decanted and the
aqueous layer (a paste) was extracted with ether. The organic layers
were combined and dried over Nazsou. The solvent was removed and the

crude products were purified by vacuum distillation.

1.2.1 2-Phenyl-1-pyrroline
The Grignard reagent was prepared from 2.43 g (0.10 mole) of mag-

nesium turnings and 15.7 g (0.10 mole) of tromobenzene in 125 ml of
anhydrous diethyl ether. It was refluxed for one hour and the solvent
was exchanged by addition of 100 ml of anhydrous benzene with simul-
taneously distillation of ether., A solution of 4,5 g (0.0455 mole) of
2-methoxy-1-pyrroline in 200 ml of dry benzene was added and the mix-
ture was refluxed for 17 hours. After work-up, the crude product was

distilled to give 5.19 g (79%) of pure 2-phenyl-l-pyrroline, bp 66-
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1 -
16 mp 44-45); ir (neat, cm 1): 3080 and

70°6/0.3-0.4 mn (Literature
3050 (Ar-H), 2980 and 2880 (C-H), 1630 (C=N), 1600 and 1585 (aromatic
C=C), 750 and 690 (Ar-H, monosubstitution); nmr (CCl, ppm): 1.73-2.1
ppn (m, 2.1 H), 2.6-3.0 ppm (t of m, 2.0 H), 3.73-4.05 ppm (t of m,

2.0 H), 7.0-7.45 ppm (m, 3.2 H), 7.5-7.8 ppm (m, 2.0 H).

1.2.2 2-(p-Methylphenyl)-1-pyrroline

The Grignard reagent was prepared from 1.82 g (0.075 moles) of
magnesium turnings and 13.1 g (0.075 moles) of p-hromotoluene in 125
ml of anhydrous diethyl ether, It was refluxed for one hour and the
solvent was exchanged with anhydrous benzene (100 ml). A solution of
4,96 g (0.05 moles) of 2-methoxy-1-pyrroline was added and the mixture
was refluxed for 20 hours. After the usual work-up, the crude product
was distilled to give 4.2 g (53%) of 2-(p-methylphenyl)-1-pyrroline;

12 453 126°C/7 mn He); ir (neat,

bp 102-105°G/0.72 nn Hg (Literature
cm-l): 3030 (Ar-H), 2980 and 2880 (saturated C-H), 1630 (C=N), 1600
and 1590 (aromatic C=C), 810 (p-disubstitution); nmr (CClu): 7.67-7.54
(troad d, 1.8 H), 7.07-6.93 (twroad d, 2.0 H), 4.02-3.70 (t of m, 2.0
H), 2.83-2.50 (t of m, 2.0 H), 2.27 (s, 3.2 H), 2.03-1.48 (troad pen-

tet, 2.0 H).

1.2.3 2-(m~Methylphenyl)-1-pyrroline
3-Tolyl magnesiumbromide was prepared from 2.43 g (0.10 mmole) of
magnesium turnings and 17.28 g (0.10 mole) of 3-bromotoluene in 200 ml

of anhydrous diethyl ether. It was refluxed overnight and the solvent
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was exchanged by adding anhydrous benzene (300 ml) and simultaneously
distilling the diethyl ether. A solution of 4.95 g (0.05 mole) 2-
methoxy-1-pyrroline in 100 ml of dry benzene was added and the mixture
was refluxed for 17.5 hours. The product was isolated from the reac-
tion mixture in the usual manner. After distillation 7.5 g (94%) of
2-(m-methylphenyl)-1-pyrroline was obtained, bp 86-88°C/0.35 mn (Lit-

112, mp 65°C135); ir (neat, cm-i): 3040

erature bp 137-138°C/15 mm Hg
(Ar-H), 2985, 2925, and 2875 (saturated C-H), 1630 (C=N), 1615 and
1595 (aromatic G=C), 770 and 690 (Ar-H, m-disubstitution); nmr (cc1y,):
7.53-7.00 (m, 4.3 H), 4.08-3.72 (t of m, 2.0 H), 2.93-2.57 (t of m,

2.0 H), 2.31 (s, 3.3 H), 2.23-1.71 (m, 2.1 H).

1.2.4 2-(p-Methoxyphenyl)-1-pyrroline

The Grignard reagent was prepared from 1.82 g (0.075 moles) of
magnesium turnings and 14,03 g (0.075 moles) of p-bromoanisole in 100
ml of anhydrous diethyl ether. It was refluxed overnight in order to
get all of the magnesium to react. The solvent was exchanged with dry
benzene (100 ml). A solution of 4.96 g (0.05 moles) of 2-methoxy-1-
pyrroline in 75 ml of dry benzene was added and the mixture was re-
fluxed for 19,5 hours. After the usual work-up, the product was dis-
tilled to yield 4.83 g (55%) of 2-(p-methoxy-1-pyrroline); bp 137-
140°c/o.8 mn Hg, mp 72-3°C (Literature bp 95-6°/0.3 mmlié' mp 74°
(69°)135); ir (XBr, em1): 3030 (Ar-H), 2980 and 2880 (saturated C-H),
1620 (G=N), 1590 (aromatic C=C), 1250 (Ar0-CH), 1030 (Ar-OMe), 820

(Ar-H, p-disubstitution); nmr (cDo1,) 7.78-7.64 (broad d, 2.0 H),
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6.89-6.73 (troad 4, 2.0 H), 4,11-3.64 (t of m, 2.1 H), 3.78 (s, 3.0

H), 3.03-2.68 (t of m, 2.0 H), 2.23-1.64 (broad pentet, 2.0 H).

1.2.5 2-(m-Methoxyphenyl)-1-pyrroline

3-Anisyl magnesium bromide was prepared from 1.22 g (0.05 mole)
of magnesium turnings and 9.35 g (0.05 mole) of 3-bromoanisole in 200
ml of anhydrous diethyl ether. Since the usual methods failed to ini-
tiate the reaction, a small amount of ethyl bromide (ca 1 g 0.009
mole) was added. The solution was refluxed overnight and the solvent
was exchanged by adding dry benzene (200 ml) and distilling the ether
simultaneously. A solution of 3.0 (0.0303 moley 2-methoxy-1-pyrroline
in 100 ml benzene was added and the reaction mixture was refluxed for
23 hours. The crude product was isolated from the reaction mixture in
the usual manner and was distilled to yield 3.9 g (74%) of pure 2-
(n-methoxyphenyl) ~1-pyrroline, bp 110-112°C/0.4 mm Hg, (Litera.ture116
77-78°C); ir (neat, cm™1): 3080 and 3020 (Ar-H), 1635 (C=N), 1610 and
1590 (aromatic C=C), 1220 (Aro-c1{3), 1040 (Ar-OMe), 780 and 690 (Ar-H,
m~-disubstitution); nmr (CClu, ppm): 7.55-6.75 (m, 4.3 H), 4.15-3.6
(m, 2.0 H), 3.79 (s, 3.0 H), 2.95-2.6 (t of m, 2.0 H), 2.2-1.65

(pentet, 1.9 H).

1.2,6 2-(p-Chlorophenyl)-1-pyrroline
The Grignard reagent was prepared from 1.82 g (0.075 mole) of mag-
nesium turnings and 14.36 g (0.075 mole) of p-chlorobromobenzene in

100 ml of anhydrous diethyl ether. The solution was refluxed for one
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hour and the solvent was exchanged with anhydrous benzene (100 ml). A
solution of 4.26 g (0.043 moles) of 2-methoxy-l-pyrroline in 50 ml of
anhydrous diethyl ether was added and the mixture was refluxed for 15
hours. After the usual work-up, the crude was vacuum distilled to
yield 3.4 g (44%) of 2-(p-chlorophenyl)-1l-pyrrolidine, bp 105°G/0.07
m Hg, mp 64-65°C (Literature bp 136-138°C/10 mm Hg oL, mp 67°>7). Ir
spectrum (neat) showed bands at 3040 (Ar-H), 2960, 2920 and 2860 (C-H
saturated), 1635 (C=N stretch), 1600, 1570 (C=C aromatic), 1080 (Ar-
C1), 830 (p-disubstitution pattern of benzene ring), Nmr spectrum
showed 1,88-2.30 ppm (m, 2.1 H), 2.72-3.10 ppn (m, 2.0 H), 3.94-4.25

ppn (m, 1.9 H), 7.35-7.93 ppm (m, p- pattern, 3.9 H).

1.2.7 2-(m-Chlorophenyl)-1-pyrroline

3-Chlorophenyl magnesium bromide was formed from 1.216 g (0.05
mole) of magnesium turnings and 9.573 g (0.05 mole) of 3-tromochloro-
benzene in 150 ml of anhydrous ether., It was refluxed overnight and
solvent exchanged (200 ml dry benzene). A solution of 4.0 g (0.040
moles) of 2-methoxypyrroline in 100 ml of dry benzene was added. After
refluxing for 20 hours, the crude product was obtained in the usual
manner. After distillation 3.8 g (42%) of 2-(m-chlorophenyl)-1-pyrrol-
ine was obtained, bp 9?-98°C/0.4 mm Hg, (Li’cera.ture151 bp 147-150°C/
16 mm Hg); ir (neat, cm‘1)= 3080 (Ar-H), 2980, 2940, and 2880 (satu-
rated C-H), 1630 (C=X), 1610, 1600 and 1580 (aromatic G=C), 1080 (Ar-
C1), 750 and 680 (Ar-H, m-disubstitution): nmr (CCly, ppm): 7.70-7.07

(m, 4.3 H), 4.07-3.77 (% of m, 1.9 H), 2.90-2.55 (¢ of m, 2.0 H),
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2.13-1.57 (troad pentet, 2.0 H).

1.2.8 2-(p-Bromophenyl)-1-pyrroline

The Grignard reagent was prepared from 1.82 g (0.075 moles) of
magnesium turnings and 17.7 g (0.075 moles) of p-ditromobenzene in 150
ml of anhydrous diethyl ether, It was refluxed for two hours to com-
plete the reaction. The solvent was exchanged with anhydrous benzene
(100 ml) and a solution of 4.96 g (0.05 moles) of 2-methoxy-1-pyrro-
line in 75 ml of dry benzene was added. The mixture was refluxed for
18 hours. After the usual work-up the crude product was distilled to
give 2.04 g (18%) of 2-(p-tromophenyl)-1-pyrroline, bp 135—14000/0.9
mn Hg, ir (neat, cm‘1)= 3060 and 3030 (Ar-H), 2980, 2940, and 2880
(saturated C-H), 1630 (C=N), 1600 (aromatic C=C), 820 (Ar-H, p-disub-
stitution; nmr (CCL,, ppm): 7.70-7.17 (m, 4.1 H), 4.07-3.75 (¢ of m,

2.0 H), 2.92-2.52 (%t of m, 2.0 H), 2.12-1.63 (p, 2.0 H).

1.3 General Method for Synthesis of 2-Arylpyrrolidines

2-Arylpyrrolidines were generated by the reduction of 2-aryl-1-
pyrrolines with sodium borohydride. The 2-deuterated analogs were ob-
tained using sodium borodeuteride. A modified method of Billman and
D:'Lesing172 was employed., A 250 ml, three-necked flask, a reflux con-
denser, a pressure-equalizing addition funnel, and a gas inlet adaptor
were dried in oven. They were assembled while hot and then cooled un-
der a purging nitrogen atmosphere. A solution of 2-aryl-l-pyrroline

(2.0-6.4% by weight) in absolute methanol was placed into the flask
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and a solution of sodium borohydride (1.5-4,5% by weight), 3-8.5 times
the molar amount of imine, was introduced dropwise. When the decompo-
sition rate of sodium borohydride in methanol was fast, the addition
of the hydride solution to the imine solution was performed rather
rapidly. After the addition was complete, the solution was refluxed
for 30 minutes. It was cooled and the amine was liberated by the addi-
tion of a solution of sodium hydroxide (5.9-?.6 M) in double the molar
amount of sodium borohydride used. Then 200-500 ml of water was added
and the mixture was steam distilled. The distillate was made acidic
with concentrated HCl and concentrated using a rotary evaporator. The
residue was made strongly basic with concentrated sodium hydroxide so-
lution (ca 50%) and extracted many times with diethyl ether. The ether
layers were combined and dried over Na2804. After removal of the ether

in vacuo, the crude product was purified by distillation.

1.3.1 2-Phenylpyrrolidine

2-Phenyl-1-pyrroline, 3.0 g (0.0207 mole), in 55 ml of absolute
methanol was reduced with a solution of 2.39 g (0.062 mole) of sodium
borohydride in the usual manner. The crude product was distilled to
give 2.3 g (76%) of 2-phenylpyrrolidine, bp ?0-?100/0.6 mn (Literature
bp 99-100°C/k. 5 mm Hg116, 241°¢/771 mn Hgl3%); ix (meat, en™): 3320
(N-H), 3080 and 3040 (Ar-H), 2980 and 2880 (saturated CH), 1610 (aro-
matic C=C), 735 and 690 (Ar-H, monosubstitution); nmr (0014 ppm): 7.23
broad s, 5.0 H), 4.10-3.87 (t, 1.0 H), 3.31-2.65 (m, 2.1 H), 2,20-1,37

(m, 5.0 H).
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1.3.2 2-(p-Methylphenyl)-pyrrolidine

The 2-(p-methylphenyl)-1-pyrroline, 3.18 g (0.02 mole), in 50 ml
of absolute methanol was reduced with a solution of 3.07 g (0.081
mole) of sodium borohydride in 100 ml of absolute methanol in the usu-
al manner to generate 1.86 g (58%) of 2-(p-methylphenyl)-pyrrolidine,
bp 78°/0.55 mu (Literaturell® bp 128-130°0/8-10 mn Hg); ir (neat,
cm-l)z 3320 (N-H), 3030 (Ar-H), 2980, 2880 (saturated C-H), 1620 (aro-
matic C=C), 810 (Ar-H, p-disubstitution); nmr (CClu, ppm) : 7.23-6.74
(m, 4.0 H), 4.07-3.82 (t, 1.0 H), 3.23-2.67 (m, 2.0 H), 2.30 (s, 3.1
H). 2.00-1.33 (m, 5.0 H).

1.3.3 2-(m-Methylphenyl)-pyrrolidine

2-(m-Methylphenyl) -pyrrolidine was obtained in 65% yield (2.1 g)
from the reduction of a solution of 3.18 g (0.02 mole) of 2-(m-methyl-
phenyl) -1-pyrroline in 50 ml of absolute methanol with a solution of
2.27 g (0.06 mole) sodium borohydride in 100 ml of absolute methanol,
bp 71-71.5°C/0.36 mn Hg (Literature ° 128-130°C/8-10 mn Hg); ir
(neat, cm'l): 3320 (N-H), 3030 (Ar-H), 2960 and 2870 (saturated C-H),
1615 and 1600 (aromatic C=C), 780 and 695 (Ar-H, m-disubstitution);
nm (CCl,, ppm): 7.07-6.70 (m, 4.2 H), 4.03-3.77 (t, 1.0 H), 3.17-2.63

(m, 2.2 H), 2.30 (s, 3.0 H), 2.00-1,37 (m, 5.1 H).

1.3.4 2-(p-Methoxyphenyl)-pyrrolidine
2-(p-Methoxyphenyl-1-pyrroline, 2.5 g (0.0143 mole), in 50 ml of

absolute methanol was reduced with a solution of 4.5 g (0.12 mole) of
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sodium borohydride in 100 ml of methanol in the usual mamner to yield
1.6 g (63%) of 2-(p-methoxyphenyl)-pyrroline, bp 103-104°C/0.45 mm Hg
(Lierature'? 284°0/760 m Hg); ir (neat, cn™l): 3320 (N-H), 3080 and
3040 (Ar-H), 2980, 2880, and 2840 (saturated G-H), 1620 and 1595 (aro-
matic C=C), 1250 (ArO—CH3), 1035 (Ar-OCHB), 825 (Ar-H, p-disubstitu-
tion); nmr (0014, ppm): 7.23-7.07 (d, 2.0 H), 6.74-6,60 (d, 2.0 H),
4,03-3.77 (t, 1.0 H), 3.70 (s, 3.1 H), 3.17-2.73 (m, 2.0 H), 2.17-1.33
(m, 5.1 H).

1.3.5 2-(m-Methoxyphenyl)~pyrrolidine

2-(m-Methoxyphenyl) -1-pyrroline, 2.625 g (0.015 mole), in 50 ml
of absolute methanol was reduced with a solution of 1.701 g (0.045
mole) of sodium borohydride in 75 ml of absolute methanol in the usual
manner to produce 1.7 g (64%) of 2-(m-methoxyphenyl)-pyrrolidine, bp
84-87°C/0.22 mn Hg; ir (neat, cm™1): 3350 (N-H), 3070 (Ar-H), 2970,
2880, and 2850 (saturated G-H), 1610 and 1595 (aromatic C=C), 1260
(ArO-CHB), 1045 (Ar-OCHB), 280 and 695 (Ar-H, m-disubstitution); nmr
(CClu, ppm): 7.23-6.53 (m, 4.0 H), 4.,07-3.83 (t, 0.9 H), 3.70 (s, 2.9
HO, 3.30-2.67 (m, 2.1 H), 2.00-1.37 (m, 5.0 H).

1.3.6 2-(p-Chlorophenyl)-pyrrolidine

The reduction of 2.5 g (0.014% mole) 2-(p-chlorophenyl)-1-pyrro-
line in 50 ml of absolute methanol with a solution of 4.5 g (0.12
mole) of sodium borohydride in 100 ml of absolute methanol produced

1.76 g (70%) of 2-(p-chlorophenyl)-pyrrolidine, bp 97-100°¢/0.72 nm Hg
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151 124-127%/10 mm Hg); ix (neat, cn™t): 3020 (N-H),

(Literature
3040 (Ar-H), 2980 and 2880 (satwrated C-H), 1610 (aromatic G=C), 1090
(Ar-C1), 820 (Ar-H, p-disubstitution); nmr (CClu, ppom): 7.24 (s, 3.8

H), 4.10-3.87 (t, 1.0 H), 3.23-1.30 (m, 5.2 H).

1.3.7 2-(m-Chlorophenyl)-pyrrolidine

The reduction of 2.0 g (0.0114 mole) 2-(m-chlorophenyl)-1-pyrrol-
ine in 50 ml of absolute methanol with a solution of 1.68 g (0.04dd
mole) of sodium borohydride in 100 ml of absolute methanol resulted in
- 0.75 g (37%) of 2-(m-chlorophenyl)-pyrrolidine, bp 75°/0.07 mm Hg
(Literature’®! vp 138-141°/16 mn Hg); ir (neat, on™l): 3300 (N-H),
3080 (Ar-H), 2970 and 2880 (saturated C-H), 1605 and 1580 (aromatic
C=C), 1070 (Ar-Cl), 775 and 685 (Ar-H, grdisubstitutioh); nmr (0014
ppm): 7.20 (s, 1.2 H), 7.03 (s, 2.9 H), 3.87-3.60 (t, 1.0 H), 2.93-

2.53 (m, 2.0 H), 1.97-1.00 (m, 5.0 H).

1.3.8 2-(p-Bromophenyl)-pyrrolidine

The reduction of 1.5 g (0.007 mole) 2-(p-tromophenyl)-1-pyrroline
in 75 ml of absolute methanol with a solution of 0.76 g (0.02 mole) of
sodium borohydride in 50 ml of absolute methanol produced 0.70 g (46%)
of 2-(p-bromophenyl)-pyrrolidine, bp 89-90 C/0.22 mm Hg; ir (neat,
cm_i): 3360 and 3300 (N-H), 3020 (Ar-H), 2980 and 2880 (saturated C-H),
1600 (aromatic C=C), 820 (Ar-H, p-disubstitution); nmr (CCl,, ppm):
7.47-7.10 (m, 4.1 H), %.10-3.88 (t, 1.0 H), 3.23-2.87 (m, 2.0 H),

2.26-1.33 (m, 5.0 H).
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1,3.9 2-Deuterio-2-phenylpyrrolidine

A solution of 1.013 g (0.00698 mole) 2-phenyl-l-pyrroline in 50
ml of absolute methanol was reduced with 0.93 g (0.02225 mole) of so-
dium borodeuteride in 70 ml of absolute methanol employing the proce-
dure developed for the sodium borohydride reductions to yield 0.70 g
(68%) of 2-deuterio-2-phenylpyrrolidine bp 83°C/1.2 mm Hg; ir (neat,
cm-l), 3370, 300 (N-H), 3080 and 3050 (Ar-H), 2.980 and 2890 (saturat-
ed C-H), 1615 and 1605 (aromatic C=C), 735 and 695 (Ar-H, p-disubsti-
tution); nmr (cclLF ppm): 7.30 (bwroad s, 5.0 H), 3.27-2.83 (m, 2.0 H),
2.30 (s, 1.2 HO, 2.03-1.46 (m, 4.0 H). Since the nmr spectrum of 2-
deuterio-2-phenylpyrrolidine showed no absorbtion due to a 2-H proton

(a triplet at 4.10-3.87 ppm, Section 1.3.1), the incorporation of

deuterium at the 2-position was assumed ‘to be quantitative.

1.3.10 2-Deuterio-2-(m-chlorophenyl)-pyrrolidine

The reduction of 0.60 g (0.00335 mole) of 2-(m-chlorophenyl)-1-
pyrroline in 50 ml of absolute methanol with 0.42 g (0.0099 mole) so-
dium borodeuteride in 70 ml of absolute methanol was performed via the
method developed for the sodium borohydride reductions to yield 0.34 g
(56%) of 2-deuterio-2-(m-chlorophenyl)-pyrrolidine, bp 111°¢/1.1 mm
Hg); ir (neat, cm_i): 3300 (N-H), 3080 (Ar-H), 2980 and 2880 (saturat-
ed G-H), 1610, 1600, and 1585 (aromatic C=C), 755 and 680 (Ar-H, mono-
substitution) ; nmr (CClu,‘ppm): 7.27 (s, 1.2 H), 7.13 (s, 2.9 H), 3.93
(s, 1.0 H), 3.20-2.67 (m, 2.0 K), 2.20-1.27 (m, 4.2 H). Since the nmr

spectrum of 2-deuterio-2-(m-chlorophenyl)-pyrrolidine showed no



163

absorption due to a 2-H proton (a triplet at 4,10-3.87 Section 1.3.6),
the incorporation of deuterium at the 2-position was assumed to be

quantitative.

1.4 Base Induced Eliminations

1.4.1 Large Scale Elimination of N-Chloro-2-phenylpyrrolidine
N-Chloro-2-phenylpyrrolidine was prepared from 230 mg (1.57
- mmole) 2-phenylpyrrolidine and 300 mg (2.25 mmole) of N-chlorosuccin-
imide by stirring the reagents in 10 ml of pentané at room temperature
for one hour. The mixture was filtered and the solid was washed twice
with small amounts of pentane. Ten ml of absolute methanol was added
to the pentane solution and the pentane was removed in vacuo. To this
methanolic solution was added 15 ml of 1,063 N MeONg—MeOH. The reac-
tion solution was stirred at room temperature for 1 hour and refluxed
for 24 hours. After cooling, diethyl ether was added and the mixture
was filtered. The solvent was removed in vacuo. The residue was ex-
tracted with pentane. After the pentane was removed, the ir and nmr
spectra were taken to show that this product is identical with authen-
tic 2-phenyl-1-pyrroline, No spectral evidence was found for any other

product.

1.4,2 Determination of 7\max and € Values for 2-Aryl-l-pyrrolines
Solutions of 2-aryl-l-pyrrolines in absolute methanol or t-butyl
alcohol were prepared by weighing carefully a small amount of the com-

pound into a 1 or 2 ml volumetric flask and adding the appropriate



164
solvent. The uv spectra of the 2-aryl-1-pyrrolines were determined
by diluting these solutions. The >\max values were determined from
these spectra. By using three different concentrations the € values

could be calculated for these compounds.

1,4.3 Preparation of Base-Solvent Solutions

The base-solvent solutions, MeONa-MeOH and t-BuCK-t-BuOH, were
prepared in the usual manner as outlined in Chapter II Section 1.4.1.
1.4.4 Synthesis of N-Chloro- énd N-Bromo-2-arylpyrrolidines

The 2-arylpyrrolidines (0.35-0.72 mmole for NaOMe-MeOH induced
eliminations and 0.49-0.81 mmole for t-BuOK-t-BuOH induced elimina-
tions) were dissolved in 10 ml of pentane and N-chlorosuccinimide
(NCS) was added (0.56-1.1 mmole and 0.85-1.4 mmole for NaOMe-MeOH and
1-BuOK-t-BuOH induced eliminations, respectively). The mixtures were
stirred at room temperatuce for one hour. They were filtered and
washed with a few ml's (2-5 ml) of pentane, Ten ml of absolute metha-
nol or absolute t-butyl alcohol was added and the pentane was removed

with a rotary evaporator without applying any heat. The methanol and

t-butyl alcohol solutions were put into 10 ml volumetric flask and the
appropriate solvent was added to replace the amount lost during the

removal of pentane,

1.4,.5 Kinetic Runs

For MeONa-MeOH systems, MeOH was used in the reference uv cell,
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In t-BuOK~t-BuOH systems, the same base-solvent was used in both uv

cells, When the bath temperature was changed, a minimal six hour wait-
ing period was used to insure the equilibration of bath temperature.
To insure the equilibration of the temperature of base-solvent sys-
tems, a 30 minute waiting time was used after the base-solvent solu-
tion had been placed in the cuvette. After this time interval, the
cuvette was removed from the spectrophotometer, a measured amount of a
N-chloramine solution was injected into the uv cell containing the
base-solvent solution, and the cuvette was shaken for a few seconds.
It was placed back into the instrument and the absorbance (At)’ mea-
sured at the ‘Amax for the 2-aryl-l-pyrroline, versus time (t) was re-
corded at least for 2 half lives. To insure the pseudo-first-order
conditions base/N-chloramine ratios of at least 151/1 and 68/1 (for
MeONa-MeOH and t-BuOK-t-BuOH, respectively) were used. The pseudo-
first-order rate constants and correlation coefficients were calcu-
lated using least squares method (TI, SR-51-II calculator). In order
to insure the linearity, the points were also plotted by hand and the
straight line was drawn.

The data for kinetic runs in different base concentrations at
39.0°C are tabulated in Tables 31 and 32. The activation parameters
were determined by conducting the kinetic runs at three different tem-
peratures, 29.6°, 39.0°, and 48,5°C, and the data is tabulated in Ta-
bles 33 and 34. The Hammett ¢ values were obtained from kinetic runs of
N-chloro-2-arylpyrrolidines substituted at the meta or para position of

the aryl group. The data is presented in Tables 35 and 36. To measure
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the primary deuterium isotope effects, N-chloro-2-deuterio-2-phenyl-

pyrrolidine and N-ehloro-2-deuterio-2-(3-chlorophenyl)-pyrrolidine
were used as.substrates, Tables 37 and 38. For the leaving group ele-
ment effect, the elimination reaction was alse performed .using N-bromo-

2-phenylpyrrolidine (Table 39).

2.0 Results

2.1 Synthesis of 2-Aryl-l1-pyrrolines and 2-Arylpvyrrolidines

The various methods for preparation of 2-substituted 1l-pyrrolines
are given in Chapter I, Section 2. The synthesis of 2-aryl-1-pyrrol-
ines used in this portion of the dissertation research was the reac-
tion of 2-methoxy-1-pyrroline with arylmagnesium bromides. A number of
2-alkyl- and 2-aryl-1-pyrrolines have been synthesized by the same

117,118,120,122

method by various groups. The method developed by

118,120 _ < modified and the products were identi-

Etienne and Correia
fied by their ir and nmr spectra. The results are tabulated in
Table 40,

The uv spectra of 2-aryl-l-pyrrolines were recorded in absolute
nethanol and absolute t-butyl alcohol. The ;\max and € values for 2-
aryl-1-pyrrolines are presented in Table 41,

2=-Arylpyrrolidines were generated from the corresponding 2-aryl-
1-pyrrolines by reduction with sodium borohydride. A modification of

the method of Billman and Diesing172 for reduction of imines with so-

dium borohydride was used. Tﬁe integrity of the products obtained was
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TABLE 31
Kinetic Data for Eliminations of HC1l from N-Chloro-2-phenyl-
pyrrolidine (NCA) Induced by Different Concentrations

of MeONa-MeOH at 39.0°C

Run # 12 Run # 2° Run # 3°

Tine Absorbanee  Time Absorbance  Time Absorbance
(sec) (8,) (sec) (8,) (sec) (a,)

0.0 0.300 33.3 0.230 50 0.163

8.3 0.370 66.7 0.305 100 0.216
16.7 0.4 100.0 0.371 150 0.263
25.0 0,49k 133.3 0.428 200 0.313
33.3 0,544 166.7 0.478 250 0.353
4.7 0,584 200.0 0.525 300 0.394
50.0 0.621 233.3 0.55% 350 0.428
58.3 0.656 266.7 0.600 400 0.465
66.7 0.686 300.0 0.638 450 0.498
75.0 0.709 333.3 0.659 500 0.525

oo 0.916 0o 0.881 co 0.883

® [Base]=0.1063 N; [Base]: [NcA]=1510:1; guantitative yleld.
® [Base]=0.0267 N; [Base]: [NCA]=390:1; quantitative yield.

® [Base]=0.01063 N; [Base]: [NCA]=151:1; quantitative yield.
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TABLE 32
Kinetic Data for Eliminations of HC1l from N-Chloro-2-phenyl-
pyrrolidine (NCA) Induced by Different Concentrations

of t-BuOK-t-BuOH at 39.0°C

Run # 12 Run # 2° Run_# 3°
Tine Absorbance  Time Absorbance  Time Absorbance
(sec) (4,) (sec) (4,) (sec) (8,)
1.7 0.663 6.7 0.442 13.3 0.347
3.3 0.696 13.3 0.497 26.7 0.398
5.0 0.721 20.0 0.550 40.0 0.445
6.7 0.744 26.7 0.594 53.3 0.491
8.3 0.763 33.3 0.631 66.7 0.529
10.0 0.778 40.0 0.663 80.0 0.566
11.7 0.790 46.7 0.690 93.3 0.597
13.3 0.801 53.3 0.713 106.7 0.625
15.0 0.808 60.0 0.734 120.0 0.653
16.7 0.818 66.7 0.751 133.3 0.675
oo 0.863 o0 0.85 oo 0.888

: [Base] =0.0577 N; [Ba.se]:[NCA]=748:1; yield=90%.
° [Base] =0.0133 N; [Base]:[NCA]=173:1; yield=90%.

® [Base]= 0.00527 N; [Base]=[NCAJ=71:1; yield=96%.
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TABLE 33
Kinetic Data for Eliminations of HC1l from N-Chloro-2-phenyl
pyrrolidine (NCA) Induced by MeONa-MeOH

at Different Temperatures

Temperature 48,5°C

Run # 1% Run # 2° Run # 3°
Time Absorbance Time Absorbance Time Absorbance
(sec) (At) (sec) (At) (sec) (At)
25.0 0.084 0.0 0.203 6.7 0.338
50.0 0.113 16.7 0.293 13.3 0.443
75.0 0.144 33.3 0.374 20,0 0.529
100.0 0.165 50.0 0.438 26,7 0.600
125.0 0.191 66.7 0.493 33.3 0.650
150.0 0.213 83.3 0.549 40.0 0.702
175.0 0.234 100.0 0.591 46.7 0.738
200,0 0.250 116.7 0.629 53.3 0.769
225.0 0.269 133.3 0,662 60.0 0.788
250,0 0.284 150.0 0.688 66.7 0.809
oo 0.875 oo 0.881 oo 0.884

a [Ba,se]=0.01063 N; [Ba,se]: [NCA] =155:1; quantitative yield.
b [Ba,se]=0.026? N; [Ba.se] : |NCAJ =390:1; quantitative yield.

® [Base]=0.1063 N; [Base]: [Nca|=1552:1; quantitative yield.



TABLE 33 Continued

Temperature 39.0°C, Fase]=0.0267 N

170

Fun # 1% Run # 2P Run # 3°
Time Absorbance Time Absorbance Time Absorbance
(sec) (4,) (sec) (A,) (sec) (a,)
0.0 0.200 0.0 0.219 0.0 0.230
33.3 0.284 33.3 0.291 33.3 0.305
66.7 0.353 66.7 0.356 66.7 0.371
100.0 0.416 100.0 0.417 100.0 0.428
133.3 0.475 133.3 0.463 133.3 0.478
166.7 0.519 166.7 0.513 166.7 0.525
200.0 0.564 200.0 0.550 200.0 0.55
233.3 0.601 233.3 0.584 233.3 0.600
266 .7 0.635 266.7 0.616 266.7 0.638
300.0 0.664 300.0 0.647 300.0 0.659
0o 0.833 oo 0.859 oo 0.881
a

'Base]:[NCA]=390:1; quantitative yield.
'Base] : [ NCA ]=401: 1; quantitative yield.

Base] . [NCA]=39O :1; quantitative yield.
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Temperature 29.6°¢, [Base]=0.0267 N
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Run # 1% Run # 2° Run # 3°
Time Absorbance Time Absorbance Time Absorbance
(sec) (At) (sec) (At) (sec) (At)
0.0 0.172 0.0 0.210 0.0 0.219
50.0 0.234 50.0 0.268 50.0 0.274
100.0 0.288 100.0 0.321 100.0 0.324
150.0 0.334 150.0 0.369 150.0 0.371
200.0 0.381 200.0 0.414 200.0 0.413
250.0 0.422 250.0 0.454 250.0 0.451
300.0 0.463 300.0 0.491 300.0 0.486
350.0 0.526 350.0 0.526 350.0 0.519
400.0 ) 0.528 400.0 0.556 400.0 0.549
k50.0 0.556 450.0 0.586 450.0 0.576
o0 0.875 o0 0.898 oo 0.878

Base :[NCAJ=390:1; quantitative yield.

Base 1[NCA|=378:1; quantitative yleld.

Base :[NCA

}=390:1; quantitative yield.
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TABIE 34
Kinetic Data for Eliminations of HC1 from N-Chloro-2-phenyl-

pyrrolidine Induced by t-BuOK-t-BuOH (0.0133 N)

at Different Temperatures

Temperature 48.5°C

Run # 1% Run # 2P Run_# 3°

Time Absorbance Time Absorbance Tine Absorbance
(sec) (a,) (sec) (,) (sec) (4)
3.3 0.588 3.3 0.545 3.3 0.516
6.7 0.613 6.7 0,584 6.7 0.554
10.0 0.634 10.0 0.614 10.0 0.588
13.3 0.656 13.3 0.639 13.3 0.612
16.7 0.676 16.7 0.659 16.7 0.638
20.0 0.694 20.0 0.676 20.0 0.654
23.3 0.708 23.3 0.693 23.3 0.669
26.7 0.716 26.7 0.706 26.7 0.684
30.0 0.725 30.0 0.719 30.0 0.700
33.3 0.736 33.3 0.728 33.3 0.706

00 0.801 o0 0.815 oo 0.794

® [Base ]: [substrate ]=200:1; yield=90%.

b [Base ] [Subs‘brate]=200:1; yield=91%.

¢ [Base]: [Substra.te]=193:1 ; yield=86%.
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TABIE 34 Continued

Temperature 39.0°C

Run # 1% Run # 2° Run # 3°
Time Absorbance Time Absorbance Time Absorbance
(sec) (a,) (sec) (,) (sec) (a,)

6.7 0.422 6.7 0.442 6.7 0.423
13.3 0.483 13.3 0.497 13.3 0.478
20.0 0.534 20.0 0.550 20.0 0.530
26.7 0.576 26,7 0.594 26.7 0.571
33.3 0.613 33.3 0.631 33.3 0.610
40.0 0.643 40,0 0.663 40.0 0.643
46.7 0.669 46,7 0.0.690 46,7 0.672
53.3 0.691 53.3 0.713 533 0.694
60.0 0.713 60.0 0.734 60.0 0.718
66.7 0.731 66,7 0.751 66.7 0.734

o 0.835 o0 0.856 00 0.850

a [Base]} [substrate | =173:1; yield=87%
k [Base]= [Substrate] =173:1'; yield=90%

c [Ba:se]: [Substrate] =1734:1v; yield=89%
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TABIE 34 Continued
Temperature 29.6°¢
Run # 12 Run#Zb Run#3c
Time Absorbance Time Absorbance Time Absorbance
(sec) (At) (sec) (At) (sec) (At>
13.3 0.669 13.3 0.664 13.3 0.654
26,7 0.685 26.7 0.681 26,7 0.674
40,0 0.698 40,0 0.697 40.0 0.688
53.3 0.706 53.3 0.707 53.3 0.700
66.7 0.714 66.7 0.715 66,7 0.713
80.0 0,722 80.0 0.724 80,0 0.724
93.3 0.728 93.3 0.731 93.3 0.733
106.7 0.734 106,7 0.737 106.7 0.740
120,0 0.739 120.0 0.740 120.0 0.745
133.3 0.741 133.3 0.744 133.3 0.750
co 0.763 oo 0.767 oo 0.778

a [Base] : [Substra.te] =200: 1; yield=86%.

b [Base] .:

¢ [Base] A:

[substrate ] =200: 1; yleld=86%.

[Substrate] =193‘:_ 1; yield=84%.




175
TABLE 35

Kinetic Data for Eliminations of HC1 from N-Chloro-
2-arylpyrrolidines Induced by NaOMe-MeOH
(0.0267 N) at 39.0°C

N-Chloro-2-(m-methylphenyl )~pyrrolidine

Run # 12 Run # 2° Run # 3°
Time Absorbance Time Absorbance Tinme Absorbance

(sec) (At) (sec) (At) (sec) (At>
0.0 0.106 66.7 0.159 66.7 0.172
50,0 0.219 133.3 0.297 133.3 0.309
100.0 0.316 200.0 0.409 200.0  0.422
150.0 0.397 266.7 0.500 266.7  0.509
200.0 0.466 333.3 0.572 333.3 0.578
250.0 0.525 400.0 0.633 400.0  0.638
300.0 0.578 466.7 0.681 L66.7  0.684
350.0 0.622 5333 0.719 533.3 0.719
400.0 0.656 600,0 0.749 600,0 0,758

450.0 0.688 666.7 0.775 - -
oo 0.866 oo 0.878 oo 0.875

2 [Ba.se]: [Substrate] =391A= 1; quantitative yleld.

b [Base]‘: [Substrate] =378; 1; quantitative yield.

¢ [Ba.se]-: [Substra.te] =3?8-:‘ 1; quantitative yield.
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TABLE 35 Continued

N-Chloro-2-(p-methylphenyl )-pyrrolidine

Run # 1% Run # 2° Run # 3°
Time Absorbance Time Absorbance Time Absorbance
(sec) (&)  (se0) (a,) (sec) (4,)
50.0 0.094 0.0 0.169 0.0 0.194
100.0 0.178 100.0 0.35 100.0 0.369
150.0 0.253 200.0 0.488 200.0 0.503
200.0 0.318 300.0 0.575 300.0 0.600
250.0 0.375 400.0 0.661 1400.0 0.669
300.0 0.422 500.0 0.716 500.0 0.724
350.0 0.463 600.0 0.756 600.0 0.761
400.0 0.499 700.0 0,784 700.0 0.781
450,0 0.528 800.0 0.806 800.0 0.813
500.0 0.556 900.0 0.823 900.0 0.831
o0 0.719 00 0.872 oo 0.872

* [Base]: [substrate]=585: 1; quantitative yield.

o’

[Base]'z [substrate] =473: 1; quantitative yleld.

® [Base]: [Substrate]=512: 1; quantitative yleld.
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N-Chloro-2-( m~methoxyphenyl)-pyrrolidine

177

Run # 1% Run # 2° Run # 3°

Time Absorbance Time Absorbance Time Absorbance
(sec) (At) (sec) (At) (sec) (At)
66.7 0.169 66.7 0.211 66.7 0.175
133.3 0.278 133.3 0.344 133.3 0.328
200.0 0.359 200.0 0.443 200.0 0.447
266.7 0.421 266.7 0.516 266.7 0.534
333.3 0.466 333.3 0.572 333.3 0.600
400,0 0.499 400.0 0.614 400,0 0.653
L66,7 0.524 L66.7 0.646 u66.7 0.689
533.3 0,544 533.3 0.672 533.3 0.719
600.0 0.559 600.0 0.689 600.0 0.743
666.,7 0.569 666.7 0.703 666.7 0.757
e 0.603 oo 0.747 0o 0.809

2 [Base]: [substrate]=453: 1; quantitative yield,
b [Ba.se]: [Substrate]=377: 1; quantitative yield.

¢ [Base].:- [Substra.te]=331:' 1; quantitative yleld.
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N-Chloro-2-( p~methoxyphenyl)-pyrrolidine
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Run # 1° Run # 2" Run # 3°
Time  Absorbance Time Absorbance Time Absorbance
(sec) (4,) (sec) (a,) (sec) (4,)
66.7 0.131 66.7 0.167 66.7 0.219
133.3 0.225 133.3 0.278 133.3 0.317
200.0 0.300 200,0 0.366 200.0 0.400
266.7 0.363 266.7 0.444 266.7 0.466
333.3 0.417 333.3 0.503 333.3  0.52
400.,0 0.459 400.0 0.55 400.0 0.569
L66,7 0.494 466.7 0.598 466.7 0.606
533.3 0.525 533.3 0.631 533.3 0.641
600.0 0.555 600.0 0.659 600.0 0.668
666.7 0.569 666.7 0.688 666.7 0.689
o 0.672 oo 0.680 oo 0.803

:Ba.se]: [Substrate]=669= 1; yield=90%.
:Ba.se]: [Substrate]=585: 1; yield 94%.

:Base] : [Substrate]=585: 1; yield=94%.
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N-Chloro-2-(m-chlorophenyl)-pyrrolidine
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Run # 1% Run # 2P Run # 3°

Time Absorbance Time Absorbance Time Absorbance
(sec) (4,) (sec) (a,) (sec) (a,)
33.3 0.134 16.7 0,100 16.7 0.138
66.7 0.300 © 33.3 0.225 33.3 0,244
100.0 0.416 50,0 0.316 50.0 0.328
133.3 0.500 66.7 0.389 66.7 0.400
166.7 0.563 83.3 0.450 83.3 0,463
200.0 0.606 100,0 0,506 100.0 0.516
233.3 0.634 116.7 0.554 116.7 0.559
266.7 0.656 133.3 0.594 133.3 0.597
300.0 0.672 150.0 0.626 150.0 0.629
333.3 0.682 166.7 0.655 166.7 0.656

0o 0. 13 oo 0.817 oo 0.806
a

o’

c

[Base]: Lﬂubstratej
[Base]: ESubstrate:
[

Base]: [Substrate:

=406: 1; quantitative yield.

= 382: 1; quantitative yield.

= 382: 1; quantitative yield.



180

TABLE 35 Continued

N-Chloro-2-(p-chlorophenyl)-pyrrolidine

Run # 12 Bun # 2° - Run_# 3°

Time Absorbance  Tme  Absorbance  Time Absorbance
(sec) (8,) (sec) (8,) (sec) (8,)
16.7 0.134 16.7 0.134 16.7 0. 144
33.3 0.218 33.3 0.216 33.3 0.229
50,0 0.300 50,0 0.289 50.0 0,304
66.7 0.356 66.7 0.353 66.7 0.368
83.3 0.410 83.3 0.409 83.3 0.421
100.0 0.459 100.0 0.458 100.0 0.472
116.7 0.503 116.7 0.503 116.7 0.516
133.3 0.539 133.3 0,543 133.3 0.553
150.0 0.572 150.0 0.574 150.0 0.586
166.7 0.600 166.7 0.606 166.7 0.616
0o 0.797 0o 0.813 00 0.824

a

o

ase

[Substrate ]= 556: 1; yleld=93%.

o
td

c

]:
ase]: [Substratej=556: 1; yield=95%.
It

[

ase [Substrate ]=556‘=' 1; yield=96%.



181
TABLE 35 Continued
N-Chloro-2-(p-bromophenyl )~pyrrolidine
Run # 12 Run # 2° Run # 3°

Time Absorbance Time Absorbance Time Absorbance
(sec) (4,) (sec) (4,) (sec) (a,)
0.0 0.134 0.0 0.094 0.0 0.097
25.0 0.250 25,0 0.216 25.0 0.217
50.0 0.341 50.0 0.314 50,0 0.318
75.0 0.419 75.0 0.397 75.0 0.402
100.0 0.480 100,0 0.459 100.0 0.468
125.0 0.531 125,0 0.514 125,0 0.523
150.0 0.571 150.0 0.556 150.0 0.569
175.0 0.603 175.0 0.591 175.0 0.606
200.0 0.631 200.0 0.620 200,0 0.638
225.0 0.651 225.0 0.644 225.0 0.661
oo 0,756 oo 0.758 o 0.794

a [BaseJ: [Substra.te]= 580: 1; quantitative yleld.

b [Base]: [Substrate]=580: 1; quantitative yleld.

¢ [Ba.se]A:‘ |substrate|=561: 1; quantitative yield.
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TABIE 36

Kinetic Data for Eliminations of HCl1 from N-Chloro-
2-arylpyrrolidines Induced by 1t-BuOK-t-BuOH
(0.0080 N) at 39.0°

N-Chloro-2-(m-methoxyphenyl)-pyrrolidine

Run # 1% Run # 2° Run_# 3°

Time Absoebance Time Absorbance Time Absorbance
(sec) (a,) (sec) (A,) (sec) (4,)

6.7 0.293 6.7 0.227 6.7 0.239
13.3 0.336 13.3 0.272 13.3 0.283
20.0 0.378 20.0 0.316 20.0 0.326
26.7 0.416 26,7 0.356 26.7 0.366
33.3 0.448 33.3 0.390 33.3 0.399
40.0 0.478 40.0 0.423 40.0 0.430
46.7 0.506 u6.7 0.454 L6.7 0.459
53.3 0.529 53.3 0.484 53.3 0.485
60.0 0.550 60.0 0.509 60.0 0.508
66.7 0.570 66.7 0.530 66.7 0.530

o 0.776 oo 0,744 oo 0.732

a [Base]: Substra.te] =113: 1; quantitative yield.

b [Ba.se]: —Substra.te] =113: 1‘; quantitative yleld.

[Ba.se ] .Substra.te] =125; 1; quantitative yleld.
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N-Chloro-2-( p~-methoxyphenyl )-pyrrolidine

183

Run # 1% Run # 2° Run # 3°

Time Absorbance Time Absorbance Time Absorbance
(sec) (4,) (sec) (4,) (sec) (a,)
16.7 0.194 16.7 0.234 16.7 0.203
3.3 0.259 33.3 0.327 33.3 0.264
50.0 0.317 $50.0 0.417 50.0 0.322
66.7 0.368 66.7 0.477 66.7 0.371
83.3 0.410 83.3 0.538 83.3 0.415
100.0 0.448 100.0 0.591 100.0 0.455
116.7 0.481 116.7 0.636 116.7 0.490
133.3 0.509 133.3 0.675 133.3 0.519
150.0 0.533 150.0 0.710 150.0 0.548
166.7 0.555 166.7 0.742 166.7 0.570
o0 0.712 oo 0.921 o0 0.724

a [Ba.se]: [Substrate] =175: 1; yield=92%.

o [Base]: [Substrate] =140: 1 yield=95%.

¢ [Base] : [Substrate] =184: 1; yield=98%.
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TABLE 36 Continued

N-Chloro-2-(p~chlorophenyl)-pyrrolidine

Run # 1° Run # 2° Run # 3°

Time Absorbance Time Absorbance Time Absorbance
(sec) (4,) (sec) (a,) (sec) ()
6.7 0.327 6.7 0.254 6.17 0.318
13.3 0.401 13.3 0.331 13.3 0.407-
20.0 0.452 20,0 0.391 20.0 0.462
26.7 0.515 26.7 0., Ldsly 26.7 0.508
3.3 - 0.563 33.3 0.490 33.3 0.546
40,0 0.587 40.0 0.525 40.0 0.578
46.7 0.615 46,7 0.5 46,7 0.605
53.3 0.641 53.3 0.580 53.3 0.620
60.0 0.660 60.0 0.599 60.0 0.636
66.7 0.678 66.7 0.613 66.7 0.661

oo 0.765 0o 0.700 oo 0.738

a [Base]: [Substraté]=183; 1; yield=93%.
° EBasqu [Substrate]=195: 1; yield=90%.

® [Base|: [Substrate]=195{ 1; yield=95%.
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TABLE 36 Continued

N-Chloro-2-(m-chlorophenyl)-pyrrolidine

Bun # 12 Run # 2° Run # 3°

Time Absorbance Time Absorbance Time Absorbance
(sec) (a) (sec) () (sec) (a,)
3.3 0.339 3.3 0.321 3.3 0.319
6.7 0.390 6.7 0.371 6.7 0.374
10.0 0.436 10.0 0.418 10.0 0.419
13.3 0.475 13.3 0.456 13.3 0.459
16.7 0.509 16.7 0.493 16.7 0.494
20.0 0.541 20.0 0,526 20.0 0.528
23.3 0.569 23.3 0.553 23.3 0.555
26.7 0.593 26.7 0.577 26.7 0.581
30.0 0.613 30.0 0.599 30.0 0.603
33.3 0.631 33.3 0.616 33.3 0.621

o 0.797 o0 0.778 oo 0.794

a [Base]: Substrate]=120: 1; quantitative yield.

b I-Ba.se]: iSubstrate]=120: 1; quantitative yield.

¢ [Base]& [substrate]|=120: 1; quantitative yield.
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N-Chloro-2-( p-methylphenyl)-pyrrolidine
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Run # 1% Run # 2° Run # 3°

Time Absorbance  Time Absorbance  Time Absorbance
(sec) (8,) (sec) (8,) (sec) (8,)
16.7 0.250 16.7 0.291 16.7 0.249
33.3 0.347 33.3 0.408 33.3 0.343
50.0 0.428 50.0 0.506 50.0 0.427
66.7 0.497 66.7 0.594 66.7 0.498
83.3 0.555 83.3 0.675 83.3 0.557
100.0 0.60k 100.0 0.731 100.0 0.609
116.7 0.648 116.7 0.785 116.6 0.651
133.3 0.68 133.3 0.827 133.3 0.687
150.0 0,714 150.0 0.868 150.0 0.719
166.7 0.743 166.7 0.901 166.7 0.747
00 0.891 oo 1.086 0o 0.907

a [Ba.se]: [Substra.te] =144: 1; yield=89%.

° [Base]; [Substrate:' :115: 1; yield=87%.

¢ [Ba.se] : [Substrate]=illll::‘ 1;yield=90%.
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TABLE 36 Continued

N-Chloro-2-(m-methylphenyl)-pyrrolidine

Run # 12 Run # 2° Run # 3°

Time Absorbance Time Absorbance Time Absorbance
(sec) (a,) (sec) (a,) (sec) (a,)
16.7 0.236 16.7 0.225 16.7 0.306
33.3 0.341 33.3 0.333 33.3 0.384
50.0 0.429 50,0 0.425 50.0 0,46k
66.7 0.504 66.7 0.500 66.7 0.525
83.3 0.571 83.3 0.568 83.3 0.576
100.0 0.624 100.0 0.625 100.0 0.619
116.7 0.669 116.7 0.673 116.7 0.657
133.3 0,709 133.3 0.713 133.3 0.691
150.0 0.745 150.0 0.749 150.0 0.721
166.7 0.774 166.7 0.778 166.7 0.748
o 0.935 oo 0.949 o 0.876

[Substra:be] =107: 1; quantitative yield.
[Base]: [Substrate]=100: 1; quantitative yield.

¢ [Base]} [Substrate]iilO: 1; quantitative yield.



188
TABLE 36 Continued
N-Chloro-(F-bromophenyl )-pyrrolidine
Run # 1% Run # 2° Run # 3°
Time Absorbance Time Absorbance Time Absorbance
(sec) (At> (sec) (At) (sec) (At)
6.7 0.367 6.7 0.348 3.3 0.301
13.3 0.460 13.3 0,444 6.7 0.358
20,0 0.533 20,0 0.521 10.0 0.410
26,7 0.590 26,7 0.582 13.3 0.457
33.3 0.641 33.3 0.632 16.7 0.500
40.0 0.680 40,0 0.672 20,0 0.540
46,7 0.715 46,7 0.708 26.7 0.574
53-3 00741 53.3 O|736 - =
60.0 0.762 60,0 0.760 - -
66.7 0.778 66.7 0.781 - -
00 0.880 oo 0.888 o0 0.918

® [Base]: [Substrate]=175= 1; quantitative yield.
® [Base]: [substrate]=175: 1; quantitative yield.

¢ [Ba.se] . [Substrate_]=163-: 1; quantitative yield.
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TABLE 37

Kinetic Data for Deuterium Isotope Effect Studies in MeQNa-MeOH

(0.0267 N) Base-Solvent System at 39.0°C

N-Chloro-2-deuterio-2-phenylpyrrolidine

Run # 1% Run # 2° Run # 3°

Time Absorbance Time Absorbance Time Absorbance
(sec) (4,) (sec) (a,) (sec) (a,)
333. 0.113 333 0,119 117 0.335
667 0.303 667 0.303 333 0.378
1000 0.419 1000 0.416 500 0.413
1333 0.501 1333 0. 494 667 0. bk
1667 0.559 1667 0. 549 833 0.469
2000 0.600 2000 0.581 1000 0.484
2333 0.632 - 2333 0.617 1167 0.507
2667 0.655 2667 0.639 1333 0.524
3000 0.671 3000 0.655 1500 0.538
3333 0.683 3333 0.666 1667 0.550

oo 0.718 o0 0.706 o0 0.618

a [Basélz [Substrate]=473: 1; quantitative yield.
o [Basg}: [Substrate|=493: 1; quantitative yield.

® [Bas] : [Substrate|=567= 1; quantitative yleld.
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N-Chloro-2-deuterio-2-(m-chlorophenyl)-pyrrolidine  _

Run # 12 Run # 2° Run # 3°

Time Absorbance Time Absorbance’ Time Absorbance
(sec) (At) (sec) (At) (sec) (At)

0.0 0.314 0.0 0.315 66.7 0.288
100.0 0.425 100.0 0.425 133.3 0.371
200.0 0.508 200.0 0.508 200.0 0.441
300.0 0.571 300.0 0.573 266.7 0.498
400.0 0.623 400.0 0.621 333.3 0.544
500.0 0.661 ' 500.0 0.659 1400.0 0.584
600.0 0.693 600.0 0.689 466.7 0.620
700.0 0.716 700.0 0.714 533.3 0.651
800.0 0.736 800.0 0.734 600.0 0.675
900.0 0.751 900.0 0.747 666.7 0.696

o 0.808 oo 0.806 oo 0.822
2 LBase|: [Substraie]=378: 1; quantitative yield.
b

[Ba.sel: [Substrate] =378: 1; quantitative yield.

P [Substrate]=366'=1; quantitative yield.
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TABLE 38

Kinetic Data for Deuterium Isotope Effect Studies in t-BuOK-t-BuOH

Base-Solvent System at 39.0°C

N-Chloro-2-deuterio-2-phenylpyrrolidine

(Base = 0.0133 N)

Run # 12 Run # 2° Run # 3°

Time Absorbance Time Absorbance Time Absorbance
(sec) (Ay) (sec) (Ay) (sec) (A
0.0 0.219 0.0 0.200 0.0 0.188
20.0 0.308 20.0 0.294 20.0 0.288
4o.0 0.380 40.0 0.356 4o.0 0.363
60.0 0.441 60.0 0.434 60.0 0.425
80.0 0.494 80,0 0.484 80.0 0.479
100.0 0.543 100.0 0.532 100.0 0.528
120.0 0.581 120.0 0.575 120.0 0.566
140.0 , 0,618 140.0 0.602 140.0 0.600
160.0 0.649 160.0 0.632 160.0 0.631
180.0 0.673 180.0 0.659 180.0 0.656
o 0.906 o0 0.893 oo 0.875

& [Base]g [Substra‘te] =193: 1; yield=98%.
° [Base]= [substrate] =193: 1; yleld=97%.

¢ [Ba.se].: [Substrate]=207: 1; yleld= quantitative.
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TABLE 38 Continued
N-Chloro-2-deuterio-2-(m-chlorophenyl )-pyrrolidine

(Base = 0.008 N)

Run # 12 Run # 2° Run # 3°

Time Absorbance  Time Absorbance  Time Absorbance
(sec) (a,) (se0) (&) (se) (&)
13.3 0.403 13.3 0.369 13.3 0.313 -
26,7 0.449 26.7 0.409 26.7 0.355
40.0 0.488 40.0 0.4k 40,0 0.391
53.3 0.523 53.3 0.476 53.3 0.2k
66.7 0.555 - 66.7 0.506 66.7 0.453
80.0 0.581 80.0 0.529 80.0 0.478
93.3 0.603 93.3 0.552 93.3 0.499
106.7 0.624 106.7 0.571 106.7 0.519
120.0 0.641 120.0 0.586 120,0 0.536
133.3 0.656 133.3 0.601 133.3 0.551

0 0.775 o 0.713 oo 0.664
2 :Base : [Substrate: =112: 1; quantitative yleld.
b

Ba.sel : [Substra‘be- =122: 1; quantitative yield.

—Ba.sel I [Substrate: =131: 1; quantitative yield.
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TABLE 39

Kinetic Data for Elimination of N-Bromo-2-phenylpyrrolidine (NBA)

Induced by MeONa-MeOH (0.0267 N) at 39.0°C

Run # 12 Run # 2° Run # 3°

Time Absorbance  Time Absorbance  Time Absorbance
(sec) (ay) (sec) () (sec) (4,)

3.3 0.447 3.3 0.544 3.3 0.344

6.7 0.504 6.7 0.577 6.7 0.378
10.0 0.553 10.0 0.603 10.0 0.406
13.3 0.594 13.3 0.628 13.3 0.429
16.7 0.626 16.7 0.649 16.7 0.450
20.0 0.654 20,0 0.666 20.0 0.466
23.3 0.676 23.3 0.678 23.3 0.478
26.7 0.694 26.7 0.688 26.7 0.489
30.0 0.709 30.0 0.697 30.0 0.498
33.3 0.723 33.3 0.705 33.3 0.506

oo 0.778 ®© 0.731 oo 0.537
® [Base]: [NBA] =406: 1; yleld=98%.
b [Base]: [NBAJ=1+01: 1; yield=91%.
° [Base]: [NBA]=39LL: 1; yield=66%.
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TABLE 40
2-Aryl-1-pyrrolines from 2-Methoxy-l-pyrroline (MPy) and
Aryl Magnesium Bromides (AMB)
Reflux time % Yield of

Aryl Group

Phenyl
p~Anisyl
n-Anisyl
E—Toiyl

n-Tolyl
P-Chlorophenyl
n~Chlorophenyl

+ p-Bromophenyl

AMB / Mpy (hr)
2.2 17
1.5 19.5
1.7 23
1.5 20
2 17.5
1.7 15
1.2 20
1.5 18

2-Aryl-1-pyrroline?

79
55
e
53

L2
18

& The ratio of moles of reagents used.

b

Yields are based on isolated, purified compounds.
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TABLE 41
The A, and e Values of 2-Aryl-l-pyrrolines
7
X
X Methanol t-Butyl Alcohol

A, (nm) e (xt0h® A, (om) e (x0t2
H 241.5 1.21 *0.02 243 1.24 Y o.07
3-OMe 246 0.92 T o.01 246 0.91 T 0.02
4-OMe 263 1.87 £ 0.08 263 1.69 t 0,05
3-Me 245 1,12 £ 0.01 146 1.10 £ 0,02
L-Me 250 1.56 ¥ 0.02 250 1.80 ¥ 0.01
3-C1 242 1,07 ¥ o.01 245 0.99 ¥ o0.01
b-c1 250 1.78 * 0.01 250 1.89 * 0.01
4-Br 248 1.48 ¥ o.01 251 1.32 ¥ 0,08

% The & values presented are the average of three determinations, at

39°¢.
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Reduction of 2-Aryl-l-pyrrolines with Sodium Borohydride

s NaBHu

MeOH

p-OCH
n~-OCH

p~CH

a
Hydride / Imine

3.0
8.4
3.0
4.0
3.0
8.5
3.0
3.0

% Yield of 2-Aryl-1-

pyrroline

79
63

58
65
70
37
46

% The ratio of moles of reagents used.

® The yields are based on isolated, purified amines.



197
established by their ir, nmr, and mass spectra and comparison of their
boiling points with literature values (Table 42), The 2-deuterio de-
rivatives were obtained by reduction of the corresponding 2-aryl-1-
pyrrolines with sodium borodeuteride following the same procedure de-
veloped for sodium borohydride reductions. The results are presented

in Table 43,

TABLE 43

Reduction of 2-Aryl-1-pyrrolines with Sodium Borodeuteride

D
N NaBD,, '
~ H
MeOH
X
X
% Yield of
b
X Deuteride / Imine % Amine
H 3.2 68
3-C1 2.8 56

2 The molar ratio of the reagents used.

b The isolated and purified yields.

2.2, Elimination of HC1 from N-Chloro-2-phenylpyrrolidine

A large scale elimination reaction was performed on N-chloro-2-
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phenylpyrrolidine using the MeONa-MeOH base-solvent system. The crude
product was analysed by infrared and nuclear magnetic spectroscopy.
The crude product was found to be 2-phenyl-l-pyrroline. There was no

spectral evidence for the presence of any other product.

2.3 Kinetic Runs

2,3.1 Introduction

Eliminations from N-chloro-2-arylpyrrolidines (NCA) were induced
by mixing an alcoholic solution of N-chloroamine with MeONa-MeCH or
1-BuOK-t-BuOH, [Bg]. Pseudo-first-order conditions were employed (base
in at least 70 fold excess). This simplifies the kinetic Equation 53
to 54. The Equation 54 can be integrated to give Equation 55. Pseudo-

first-order rate constants were obtained by measuring the appearance

d NCA °
Eq-53 ~-— =k, [NCA [B ]
at
d Nca o
Eq-54 -— =k [NGA]; where k = k, B
dt
Eq-55 - 1n [NCA] =k + constant

of absorption at the A, for the 2-aryl-1-pyrrolines in the region

241-263 nm as a function of time. The difference of absorption at infi-

nite time, Aw, and absorption at a given time, At’ is proportional to

the concentration of N-chloroamine, Therefore the plot of - 1n (A 'At)
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versus time should give straight line with the slope k (pseudo-first-
order rate constant). Excellent pseudo-first-order kinetic plots were
obtained with corrolation coefficients better than r= 0.999, This pro-
vides ample evidence that the elimination reactions are first order in
N-chloro-2-arylpyrrolidines. Some representative plots are shown in
Figures 12 and 13, The second-order rate constants, k2, were obtained
by dividing the pseudo-first-order rate constants by the base concen-
tration. The kinetic runs were performed three times for each system

and the average values are taken to insure reproducability.

2.0 ]

® N-Chloro-2-phenylpyrrolidine

(Run # 1)
1,0

® N-Chloro-2-(m-
idine (Run # 2)

100 200 300 400 500 600 sec

; o
Figure 12 Some Representative Kinetic Plots in MeONa-MeOH at 39.0°C
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A

® N-Chloro-2-(p-methylphenyl)-
pyrrolidine (Run # 1)

A N-Chloro-2-(p-methoxyphenyl)-
pyrrolidine (Run # 1)

100 200 sec

Figure 13 Some Representative Kinetic Plots in t-BuOK-t-BuOH at 39.0°C

By comparison of the absorption in infinity samples with that for au-
thentic 2-aryl-1-pyrrolines, the product yields were calculated. Elim-
ination of HC1 from N-chloro-2-arylpyrrolidines induced by MeONa-MeOH
and t-BuOK-t-BuOH at 29.6-48.5°C produced 84-100% yields of 2-aryl-1-
pyrroline (basqg upon the original 2-arylpyrrolidines). The cases
where lower than quantitative yields were observed might be due to
moderate losses occurring the generation of N-chloro-Z-arylpyrrol-

idines from the parent amines and the errors encountered during the

injection of alcoholic solutions of N-chloroamines into the base-sol-
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vent solutions. In view of the lack of evidence for other possible
products (see Section 2.2) and the regiospecificity exhibited for
eliminations from N-chlorobenzyl-g—butyla.mjne'm and N-chlorobenzyl-

75

methylamine’~ with several base-solvent systems, the yields of 2-aryl-
1-pyrrolines were assumed to be quantitative,

When N-chloro-2-phenylpyrrolidine was heated in methanol at 48.5°
C for a period of time similar to that needed for infinity samples in
base-promoted eliminations from N-chloro-2-phenylpyrroiidine, no ab-
sorbtion due to 2-phenyl-1-pyrroline was observed. Therefore solvoly-

tic elimination from N-chloro-2-arylpyrrolidines was demonstrated to

be unimportant.

2.3.2 Order of Base

The second-order rate coefficients presented in Tables 44 and 45
for the base-solvent combinations of MeONa-MeOH and t-BuOK-t-BuOH,
respectively, were determined for differing base concentrations (_c_a..iO
fold variation). The constancy of these values establishes that the

elimination reactions are first order in base.

2.3.3 Activation Parameters

Rates of elimination from N-chloro-2-phenylpyrrolidine induced
by MeONa-MeOH and t-BuOK-t-BuOH were measured at three temperatures
spamning nearly 20°C. The results are tabulated in Table 46 and 47,

The Arrhenius equation which defines the activation energy, B

is given by the Equation 56. Therefore a plot of -1n k, versus 1/T
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TABLE 44

Rate Coefficients for Eliminations from N-Chloro-2-phenylpyrrolidine

(NCA) Induced by MeONa-MeOH at 39.0°C

[reona) ,x [Meona) : [nca] Ky, N g7
0.1063 1510: 1 0.140%
0.267 390: 1 0.138 * 0.004°
0.0.01063. _‘ 15151 0.145%

a Single run.

b Standard deviation from average value for three rums.

TABLE 45
Rate Coefficients for Eliminations from N-Chloro-2-phenylpyrrolidine

(o}
(NCA) Induced by t-BuOK-t-BuOH at 39.0°C

-1 -1
[t-BuoK] ,u [t-Buok]: [NCA] kyy W7 s
0.0577 748; 1 1.69%
- b
0.0133 173: 1 1.72 * 0.06
a
0.00527 71: 1 1.56

a Single run.

K Standard deviation from average value for three runs.
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TABLE 46
Rate Constants for Eliminations from N-Chloro-2-phenylpyrrolidine

Induced by MeONa-MeOH at Different Temperatures

Temp, °c k2, M'1 s_l
48,5 0.328 t 0.02
39.0 0.138 t 0.004
29.6 0.0654 * 0.0002

TABLE 47

Rate Constants for Eliminations from N-Chloro-2-phenylpyrrolidine

Induced by t-BuOK-t-BuOH at Different Temperatures

Temp, °C ky, w57t
48,5 2.9 To.l
39.0 1.69 £ 0.0k

29.6 0.93 ¥ 0.02
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should give a straight line with the slope of E_/R. The Arrhenius

Ea

Eq-56 Ink = - +1n A

RT

plots shown in Figures 14 and 15 exhibited excellent linearity (corre-

lations better than 0.99).

—lnkzl

3.0

2.0 4 Slope=8.489x10° (r=0.999)

1.0

3.1 3.2 3.3 L x 107

Figure 14 Arrhenius Plot for the Eliminations from N-Chloro-Z2-
phenylpyrrolidine Induced by MeONa-MeOH
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) ln kz 'y
+1.0
0.0
Slope=5.97x103 (r=0.998)
-100
3.1 3.2 3.3
/7 v 103

Figure 15 Arrhenius Plot for the Eliminations from N-Chloro-2-

phenylpyrrolidine Induced by E-BuOK—i-BuOH

The activation parameters AH:F and AS:F can be calculated with

the help of Equations 57 and 58. The results are tabulated in Table

48,

Eq-57 DHT = E,-RT

Eq-58206 AS:F = 4,756 (log k,-10.753-10g T + —Ei—)
4,576 T

2.3.4 Hammet p Values
In order to observe the effect of aryl substituents upon elimina-

tion rates, elimination reactions from N-chloro-2-(m- or p-substituted
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TABLE 48

Activation Parameters for Base-Promoted Eliminations from

N-Chloro-2-phenylpyrrolidine at 39.0°C

Base~Solvent Ea (kcal/mole) Aut (kcal/mole) AS# (euw)

MeONa-MeOH 16.9 £ 0.8 16.2 + 0.8 -10.9 + 2.4

+-BuOK-t-BuOH 11.9 £ 0.6 11.3 £ 0.6 22,4+ 1.2
TABLE 49

Rate Constants for Base-Promoted Dehydrochlorination Reactions

of N-Chloro-2-arylpyrrolidines at 39.0°C

Ky wlst ks n1g-1
No Substituent (MeONa-MeOH) (£~BuOK-t-BuOH)
1 H 0.138 * 0.003 1,62 ¥ 0.06
2 3-Me 0.123 * 0,003 1,22 +0.01
3 L-Me 0.112 £ 0.001 1.20 t 0.02
L 3-0Me 0.157 * 0.001 1,81 T 0.04
5 3-OMe 0.159 T 0.001 - -
6 L4-OMe 0.105 * 0.003 1.04 0,05
7 L-OMe 0.101 * 0.001 - -
8 3-C1 0.370 T 0.002 4.28 T 0.07
9 L-c1 0.297 * 0.004 3.40 ¥ 0.04

4~Br 0.291 * 0,01 3,33 £ 0.08

[y
o
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phenyl) -pyrrolidines were performed using MeONa-MeOH and 4-BuOK~t-
BuOH at 39°C. The results are presented in Table 49,

The entries 4,5 and 6,7 in Table 49.demonstrate the “reproduc
ibility of the rate constant. determination.

The influence of aryl ring substituents upon elimination rates
correlated satisfactorily with the Hammet

(Equation 59).
Eq-59 log ky/ky = T ¢

The Hammett plots for these reactions are given in Figures 16 and
17 and the Hammett ¢ values and correlation coefficients are glven in
Table 50.
TABLE 50
Hammett Correlations for Eliminations from N-Chloro-2-arylpyrrolidines

Promoted by MeONa-MeOH and t-BuOK-t-BuCH at 39.0°C

(o]
_Base-Solvent 2% (D 2° (=9
MeONa-MeOH 0.992 (0.959) 1.02 (0.982)
+-BuOK-t-BuOH 1.13 (0.975) 1.15 (0.988)

a P value obtained using all the substituents.
= correlation coefficient.

¢ g value obtained using all substituents except 3-OMe.



| Loz ky /ey

0.0 &

-0.2 0.0 2.2 A

Figure 16 Hammett Plot for Dehydrochlorination Beacticns o7 W-Chlotes
2-arylpyrrolidines with XeONa-NeQH at 39.0 .
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log kX/ ky

1.0

0.0

Figure 17 Hammett Plot for Dehydrochlorination Reactions of N-Chloro-
o
2-arylpyrrolidines with t-BuOK-t-BuOH at 39.0°C
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The data point for the 3-OMe substituent did not correlate well
with those for the other substituents. This is not without precedent,

Bartsch and Cho75

noted that the data point in the Hammett plots for
the eliminations from N-chloro-(3-methoxybenzyl)-methylamine did not
correlate well with the data points for the other ring-substituted
N-chlorobenzyimethylamines, Repeating the dehydrochlorination reaction
of N-chloro-2-(m-methoxy)-pyrrolidine gave the same k, value within
experimental error (Table 46 # 5) which proves that the deviation is

real., There is no explanation for the anomalous behaviour of the 3-OMe

substituent at the present time,

2.3.5 Deuterium Isotope Effects

In order to determine the primary deuterium isotope effect val-
ues, dehydrochlorination reactions of N-chloro-2-deutero-2-phenylpyr-
rolidine and N—chloro—z-deutero-z—(g—chloroPhenyl) -pyrrolide were
performed with MeONa-MeOH and t-BuOK-t-BuOH. The rate constants and

the primary deuterium isotope effect values are given in Table 51.

2.3.6 Leaving Group Element Effect

In order to observe the leaving group element effect 2-phenylpyr-
rolidine was N-brominated with N-tromosuccinimide employing the gener-
al method developed for the N-chlorination reactions. The k, value ob-
served for eliminations from N-hromo—z—phenylpyrrolidine induced by
MeONa-MeOH was 2.3 T 0.1 M‘j_' s~1 which gave a leaving group element

effect of k 16.7. The eliminations from N -bromo-2-phenylpyrrol-

pr/Kg1=
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TABLE 51

Rate Constants and Deuterium Isotope Effect Values for Eliminations
from N-Chloro-2-deuterio-2-arylpyrrolidines with

MeONa-MeOH and t-BuOK-t-BuOH at 39.0°C

Aryl = Phenyl Aryl = 3-Chlorophenyl

-1 -1 -1 -1
Base-Solvent ky, M7 s kyy/ky kyy M s kyy/ ke

MeONa-MeOH (3.46 * o.o:t)xio‘2 3.98 (8.93 T o.o1)x10'3 4,15

t-BuOK-t-BuOH  0.46 T 0.01 3.68 1.19 £ 0,01 3.66

idine promoted by t-BuOK-t-BuOH proved to be too fast to follow with

the kinetic technique employed in this study.

3.0 Discussion

3.1 Introduction

Very few kinetic investigations of base-promoted imine formation
from CH-NX compounds have appeared in the literature . The majority of
these employ a substrate, leaving group, Or base-solvent system which
has little analogy in previously-studied reactions leading to ole-
fins. 79?3 Most recently, Bartsch and Cho have investigated dehydro-
chlorination reactions of N-chlorobenzyl-n—butylanﬁ_ne'm and N-chloro-
benzylmethylamine - and compared the kinetic data obtained for these

imine-forming eliminations with that for olefin-forming reactions.
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Kinetic investigations of base-promoted dehydrochlorinations from N-
chloro-2-arylpyrrolidines will increase our knowledge in imine-forming
transition states and similarities and differences between imine- and

alkene-forming elimination reactions,

3.2 Mechanism of Elimination from N-Chloro-2-arylpyrrolidines

The kinetic investigation provides convincing evidence that elim-
inations from N-chloro-2-arylpyrrolidines promoted by MeONa-MeOH and
1-BuOK-1~BuOH proceed via an EZ2 mechanism. Solvolytic elimination was
demonstrated to be negligible for N-chloro-2-phenylpyrrolidine in
methanol, the more polar alcoholic solvent employed. Also the observed
second-order kinetics, first-order in chloroamine and first-order in
base, rule out all but bimolecular pathways. A reversible ElcB mecha-
nism was negated by substantial values of the primary deuterium iso-
tope effect (Table 51). The E2 and (E1°B)irr mechanisms may be differ-
entiated by the leaving group element e:E'fec’c.31 From eliminations
from N-halo-2-phenylpyrrolidine, a leaving group element effect (kp/
k) value of 16.7 was determined with NeONa-NeOH. Bartsch and Cho??
have calculated a kBr/kCI value of 80 for E2 elimination from 2-halo-
1-phenylpropanes induced by EtONa-EtOH at 25°C..Since the differences
in bond energies between N-Br and N-C1 bonds is anticipated to be sig-
nificantly less than that between C-Br and C-Cl bonds a 1-:BI/kc1 value

of 16,7 is consistent with an E2 mechanism for base-promoted dehydro-

chlorination reactions of N-chloro-2-arylpyrrolidines.
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3.3 Regioselectivity in Eliminations from N-Chloramines

Eliminations from N-chloro-2-arylpyrrolidines promoted by MeONa-
MeOH and t-BuOK-t-BuOH produced quantitative yields of the conjugated
imine, 2-aryl-l-pyrrolines. Detection of only the conjugated imine has
previously been reported in base-promoted dehydrochlorination reac-
tions of N—chlorobenzyl—g_—butyla.mjne'?u' and N-chlorobenzylmethyl-
amines.75 The regiospecificity observed in these systems parallels
observations for alkoxide-induced eliminations from 2-halo-1-phenyl-
propa.nes207 and suggests well-developed double bond character in the
imine-forming transition states, In contrast to the high regioselec-
tivity observed for alkoxide-induced eliminations from N-chloro-2-
arylpyrrolidines and other N-chloramines,74’75 2-halo-1-phenylpro-
pa.nes,zo? and 1-phenyl-Z-tosyloxypropane,207"Hoffma.n and Ca.dena,73
have noted the formation of both conjugated and unconjugated imine
products in reactions of PhCHN (R)OSOZC}él-I,_"—R-NO2 with amine bases in
water-THF -ethylacetate at -10°C, At this time, the reasons for the

much lower regioselectivity observed with the Hoffman and Cadena sys-

tem than with ours remain uncertain.

3.4 Comparison of the Rates of Imine- and Alkene-Forming Eliminations

Activation parameters for base-promoted eliminations from N-

.75
chloro-2-phenylpyrrolidine, N-chlorobenzylmethylamine, N-chloro- -

206 -
methylbenzylmethylamine .208 and 2-chloro-1-phenylpropane™ " are pre
sented in Table 55,

It was reported by Bartsch and Cho that the second-order rate
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- TABLE 52

Activation Parameters for Some Base-Promoted Eliminations

Substrate ~~ Base-Solvent Temp, °C AK', keal/mole AS®, eu
N-Chloro-2-phenyl- MeONa-MeOH 39.0 16.9 -10.9
pyrrolidine 1-BuOK-t-BuOH  39.0 11.9 -22.4
N-Chloro-x-methyl- MeONa-MeOH 39.0 19.2 -6.4
benzylmethylamine  t-BuOK-t-BuOH 39.0 4.6 -17.3
N-Chlorobenzyl- MeONa-MeOH 39.0 16.6 -12.1
methylamine 1-BuOK-t-BuOH 39.0 11.7 -21.1
2-Chloro-1-phenyl- EtONa-EtOH 25.0 22.3 -10.1
propane t-BuOK-t-BuOH  25.0 17.9 -19.4

constant for reaction of N-chlorobenzylmethylamine with MeONa-MeOH at

29.6°C was 1.53}(10-2 M_1 s_1 and that for reaction of 2-chloro-1-

phenylpropane with EtONa-EtOH at 25.0°C was 1.863{10"6 ut s-1.75
Taking into account the slightly different reaction conditionms, the
replacement of an a-carbon with an a-nitrogen produced a minimal 1000-
fold enhancement in elimination rate. From comparison of activation
parameters (Table 52), the large rate enhancement for eliminatlons
from N-chlorobenzylmethylamine was attributed to enthalpic (energy of
bond-making and bond-breaking) factors, since the entropies of activa-

tion were similar for base-solvent combinations of similar type (disso-
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ciated or associated bases). The same argument holds also for the
alkoxide-induced eliminations from N~chloro-2-arylpyrrolidines, The
similarity of activation entropies for imine- and alkene-forming elimi-
nation reactions provides additional additional evidence for a common

E2 mechanism for both types of the reactions.

3.5 Transition States for Eliminations from N-Chloramines

Measurements of the primary deuterium isotope effect and determi-
nation of the Hammett ¢ value for g-aryl groups have been instrumental
in assessing the character of the E2 transition sta.'t:e.3 1-33 A collec-
tion of primary deuterium isotope and Hammett ¢ values of some elimi-
nation reactions are given in Table 53.?5 208

For the reactions of N-chloro-2-arylpyrrolidines with MeONa-MeCH
and t-BuOK-t-BuOH at 39.0°C, Hammett p values calculated were 1.02 and
1.15, respectively. The indicated carbanionic character at p-carbon in
the transition state appears to be somewhat less than those reported
for a.lkoﬁde—promoted eliminations from N-chloro-a-methylbenzylmethyl-
a.mine,208 N-chlorobenzylme*l'.hyla,mine,75 and 1-phenyl—2—bromopropa,ne.'?'O7
For imine-forming eliminations, the 9va.lue increases very slightly as
the base is changed from dissociated, MeONa-MeOH, to associated t-BuOK-
1-BuOH. A similar change in base-solvent combination produces a consid-
erable larger decrease in ¢ value for olefin-forming eliminations
(Table 53). At the present, the factors responsible for the opposing

effects observed in ? values for alkene- and imine-forming reactions

brought about by the change of base and solvent are not clear. However,
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Hammett Correlations and Deuterium Isotope Effects of Some Alkene-

and Imine-Forming Elimination Reactions

" .. Substrate. -

N-Chloro-2-phenyl-

pyrrolidine

N-Chloro-c=-methyl-

benzylmethylamine

N-Chlorobenzyl-

methylamine

1-Phenyl -2-chloxro

propane

1-Phenyl-2-bromo

propane

Base-Solvent.

MeONa-MeOH

1-BuOK~t-BuOH

MeONa-MeOH

1-BuOK-t~BuOH

MeQONa-MeOH

t-BuOK-t-BuOH

EtONa-EtOH

1-BuOK-t-BuOH

EtONa-EtOH

EfBuOK—ifBuOH

Temp, . °C

ke/ly
39.0 3.98 1.02
39.0 3.68 1.15
39.0 4.4 1.36
39.0 4.5 1.55
39.0 6.0 1.52
39.0 5.9 1.68
25.0 6.1 -
25.0 8.7 -
50,0 - 1.84
50.0 - 1.37

the results suggest a lesser sensitivity of E2 transition state char-

acter to variation of the base-solvent system for the imine-forming

elimination reactions.

The primary deuterium isotope effect values indicate considerable

CA-H bond rupture in the transition states for the alkoxide

eliminations from N-chloro-2-arylpyrrolidines.

-promoted
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The change of base from dissociated, EtONa-EtOH, to associated,

1-BuOK~1-BuOH, for eliminations from 2-chloro—1—pheny1propane produces

a large increase in kH/kD values. On the other hand, a similar chage
of base-solvent system for imine-forming eliminations produces a
slight decrease in kH/kD value, consistent with the small increase in
the ¢ value. The primary deuterium isotope effect values are consistent
with the insensitivity of imine-forming transition-state character to
change in base-solvent system indicated by the ¢ values.

Comparison of the kinetic data for eliminations from N-chloro-2-
arylpyrrolidines with that for the structurally-related N-chloro-«-
methylbenzylmethylaminés studied by Cho208 is revealing. In changing
the substrate in imine-forming eliminations from N-chloro- «-methyl-
benzylmethylamine to N-chloro-2-phenylpyrrolidine a rate enhancement
of 14-fold for MeONa-MeOH and 25-fold for t-BuOK-t-BuOH was observed
at 39.0°C. The more rapid rates result from substantial decreases in
the enthalpies of activation with somewhat offsetting decreases in
entropies of activation for the heterocyclic substrate (Table 52).
The primary deuterium isotope effect and Hammett ¢ values are consist-
ently lower for eliminations from N-chloro-2-arylpyrrolidines (Table
53). Likewise, the leaving group element effect of kBr/kaié'? found
for eliminations from N-halo-2-phenylpyrrolidines promoted by MeONa-
MeOH at 39.0°C is smaller than the value of 28.8 reported by Ch°208
for eliminations from N-halo- & -methylbenzylmethylamine under the same

conditions. Thus, the kinetic data demonstrate that compared with

N-chloro- ® -methylbenzylmethylamines, elimination transition states
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for N-chloro-2-arylpyrrolidines have less Cg-H and N-C1l bond rupture

and less carbanionic character at Cg. These results indicate a shift
to a more reactant-like transition state. A more reactant-like transi-
tion state is also consistent with the observed reaction rate
increases because, according to the Hammond Postulate, the transition

state should have more resemblance to the reactants for a less endo-

thermic reaction.

4.0 Conclusion

The combined results indicate that the transition states for
base~promoted eliminations from N-chloro-2-arylpyrrolidines have ap-
preciable Cg-H and Ne~Cl bond rupture, significant carbon-nitrogen
double bond character, and limited carbanionic character. Thus, it ap-
pears that the transition states lie around central-E2 in the spectrum
of the E2 transition states. Also the transition-state structure is
rather insensitive to variations of the base-solvent system.

By changing the substrate in imine-forming eliminations from N-
chloro- cx-methylbenzylméthylamine208 to N-chloro-2-phenylpyrrolidine
the imine-forming transition states changed. The comparison of Hammett
¢ values, deuterium isotope effects, and leaving group element effects
indicate that there is less Cg-H and Ny-Cl bond rupture and less
carbanionic character in the imine-forming transition states of N-
chloro-2-phenylpyrrolidine than those for N-chloro-«-methylbenzyl-

methylamines. Also, the rates of elimination reactions increase when

both the G p and Ny are part of a cyclic system. The kinetic investiga-
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gations of elimination reactions of N-chloro-2-aryl substituted four-,
six-, and seven-membered cyclic secondary amines should provide an
insight into the effect of ring size in imine-forming eliminations.
This might help clarify the observed failure to obtain any 6-alkyl-1i-
piperidines in base-promoted eliminations from N-chloro-2-alkylpiper-
idines,

Kinetic investigations of eliminations from N-substituted-2-aryl-
pyrrolidines which contain more reluctant leaving groups would increase
our knowledge of imine-forming transition states. Preparation of N-
aroyloxy-2-arylpyrrolidines could be accomplished by the method given
in Chapter III for N-aroyloxy-2-alkylpyrrolidines. Even though the
dissociated base, MeONa-MeOH, would probably produce no imines, the

t~-BuOK-1t-BuOH induced eliminations would give valuable data.
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