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ABSTRACT

To explain the new abnormal product of the Stevens Rearrangement which is not explainable

by different existing mechanisms like “radical pair mechanism”; “ionic pair mechanism”, |
proposed a new mechanism scheme entitled the ERC (Elimination Recombination Coupling)
mechanism and a new abnormal product of the Stevens Rearrangement. This mechanism
also maintains parity between the “radical pair mechanism” and the “ionic pair mechanism.”

I INTRODUCTION

For more than a decade various
workers [1-4] have done several projects
to determine the mechanism of the
Stevens Rearrangement. The most
recently accepted mechanism for this
reaction is the radical pair mechanism
which is based on the observation that
came from CIDNP (Chemically Induced
Dynamic Nuclear Polarisation) [5-7]. In
many cases CIDNP, isotope tracer
studies, and stereochemical probes also
give the results compatible with the
elimination-recombination mechanism
provided by Johnstone and Stevens
(1955) [1] and with the mechanism
provided by Hauser and Kantor (1951) [2].
So it is hard to say that the radical pair
mechanism is correct. This research
study reports on a new abnormal product
in the Stevens Rearrangement whose
formation is not explainable with either the
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radical pair mechanism or by the ionic pair
mechanism. A new mechanism scheme
to explain the formation of both normal
and abnormal product is discussed, one
which not only supports the formation of
the abnormal product but also maintains
parity between the radical pair mechanism
and the ionic pair mechanism proposed by
Johnstone and Stevens [1].

. MATERIALS AND METHODS

The Stevens Rearrangement in
general can be represented as shown in
Figure 1, and the Retro synthetic analysis
for the formation of Compound | is seen in
Figure 2. The quaternary salt Compound |
is obtained by refluxing the base (1 mol.)
with bromoacetophenone (1 mol.) in
benzene solution for 1.5 to 2 hours in 86
atmp at avg. 30° C laboratory condition.

Compound I

Figure 1. The Stevens Rearrangement.

Compound II
(Normal Product)
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Compound I

Me
Me Base 1 mol

Figure 2. Retro synthetic analysis for the formation of Compound I.

The bromide was recrystallized from
alcohol-ether .Reduction of the salts was
carried out in hot agueous solution by an
excess of Na- Hg.

a. Formation of Compound I
(Normal Rearrangement product)

Compound | is heated inside a
microwave oven (Model: IFB 20SC2 20L
Convection) regulating temperature 105-
110° C with excess of 15% NaOH solution
for 1.5 to 2 hours. The oily product
(Compound II) solidifies on cooling and is
recrystallized from aqueous methyl
alcohol. Yield is 86-89%.

Compound Il forms colorless
leaflets m.p. 83-85° C (measured using
Buchi melting point apparatus, Model B-
545, AC input 230 V), moderately easily
soluble in methyl alcohol and readily
soluble in benzene or light petroleum
(Found: C, 82.4, 82.5; H, 8.2, 8.2;N,5.43
M, cryscopic in benzene, 266.CigH,;ON
requires C, 82.3; H, 8.01%; N,5.24; M,
267). The substance is slightly volatile in
stream and slowly resinifies on keeping. It
does not appear to react with
hydroxylamine, semicarbazide, or p-
nitrophenylhydrazine and is comparatively
stable towards acid permanganate which
obeys all the characteristics of the normal
rearrangement product of the Stevens
Rearrangement. All the properties of this
product Compound Il match the criteria of
the normal rearrangement product [8].

b. Formation of the abnormal product
(Compound I11)

Compound Ill has a yield of 8-8.5%. M,
324, CyoH,405N, Found C, 75.9%, 75.8%;
H, 6.9, 6.9%; M, cryscopic in benzene
323. Requires C, 76%; H, 7%; M, 324,
CooH2405N,.  Compound 1l is very less
volatile in steam, slowly resinifies in
keeping, doesn’t react with hydroxylamine,
semicarbazide or p-nitrophenyl hydrazine,
and is very much stable in KMNO,
solution.

M. RESULTS AND DISCUSSION

The formation of abnormal product
Compound Ill can’t be explainable with the
help of radical pair mechanism nor with
the ionic pair mechanism. Hence |
developed a new scheme which not only
supports the formation of the abnormal
product but also shows the formation of
the normal product, Compound Il. There
are three main steps in this mechanism
scheme, elimination, recombination, and
coupling. As these three steps are
involved in this mechanism, this scheme is
named the Elimination-Recombination-
Coupling Mechanism (ERC mechanism).
It is outlined in Figure 4.

In this scheme due to the
formation of Ph-C'H-CH; Ph-C"H-CH; the
coupling product R-R, Compound IV
(shown in Figure 5) is formed.
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Figure 3. Formation of the abnormal product (Compound I11).
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Figure 4. The ERC Mechanism.
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Figure 5. Compound IV (Coupling abnormal product). Note: The positions of the molecules
are not drawn for stereochemical viewing.
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These two compounds formed in the ERC mechanism

Figure 6. Retrosynthetic Analysis for the synthesis of Compound IV.

The vyield for Compound IV is
1.56-2%. Specifics: Compound IV M, 210,
required C, 91.0, H, 8%; found °C
90.8,90.9; H,7.9,7.9; M, cryscopic in
benzene, 209 is insoluble in water but
soluble in typical organic solvents. The
Compound IV Molecular formula is CigHsg
with approximate density 1.54g/cm®, and
approximate boiling point 289C, where this
data is calculated at near 30.9° C and
150kPa, and the boiling point is measured
using VEEGO instruments.

As Compound |V is formed, one
can imagine that Ph-C'H-CH; Ph-C"H-CHj
should be formed (Figure 6), which is
explainable by the ERC mechanism
scheme (Figure 4). This proves that the
ERC mechanism is very much significant
in the formation of normal product and
abnormal products because it not only
satisfies the formation of coupling and
abnormal products but also the formation
of normal product, which the radical pair
mechanism can’'t successfully manage
because in many cases it will also be
explainable by the ionic pair mechanism.
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APPENDIX: Supplementary Information

The NMR shift data for Compounds IIl and
IV (Figures 3 and 5) are shown below.

The NMR data of Compound III: 'H nmr
2.326 (1, 3H), 2.326 (2, 3H), 2.326 (3, 3H),
2.326 (4, 3H), 7.662 (7, 1H, tdd, J=7.243,
J=1.469, J=1.468), 7.662 (8, 1H, tt,
J=7.368, J=1.468), 7.559 (9, 1H, dddd,
J=8.454, J=7.243, J=1.020, J=0.000),
7.560 (10, 1H, dddd, J=8.454, J=7.243,
J=1.027, J=0.000), 7.559 (11, 1H, dddd,



AMERICAN JOURNAL OF UNDERGRADUATE RESEARCH

J=8.456, J=7.368, J=1.031, J=0.000),
7.559 (12, 1H, dddd, J=8.455, J=7.368,
J=1.036, J=0.000), 7.948 (13, 1H, dddd,
J=8.454, J=1.468, J=1.027, J=0.000),
7.948 (14, 1H, dddd, J=8.454, J=1.469,

VOL. 10, NO. 3 (2011)

J=1.020, J=0.000), 7.966 (15, 1H, dddd,
J=8.456, J=1.848, J=1.468, J=1.036),
7.948 (16, 1H, dddd, J=8.455, J=1.848,
J=1.468, J=1.031), 4.246 (21, 1H, d,
J=0.000), 4.246 (22, 1H, d, J=0.000).

Figure Al. The NMR data for Compound IIl.

The NMR data for Compound IV: 'H nmr
1.084 (1, 3H, d, J=6.700), 1.084 (2, 3H, d,
J=6.700), 7.151 (3, 1H, tt, J=7.727,
J=1.266), 7.151 (4, 1H, tt, J=7.727,
J=1.266), 7.242 (5, 1H, dddd, J=7.828,
J=7.727, J=3.926, J=0.000), 7.242 (6, 1H,
dddd, J=7.828, J=7.727, J=3.913,
J=0.000), 7.242 (7, 1H, dddd, J=7.828,
J=7.727, J=3.913, J=0.000), 7.242 (8, 1H,
dddd, J=7.828, J=7.727, J=3.926,

J=0.000), 7.154 (9, 1H, dddd, J=7.828,
J=3.913, J=1.266, J=0.000), 7.154 (10,
1H, dddd, J=7.828, J=3.926, J=1.266,
J=0.000), 7.154 (11, 1H, dddd, J=7.828,
J=3.926, J=1.266, J=0.000), 7.154 (12,
1H, dddd, J=7.828, J=3.913, J=1.266,
J=0.000), 3.082 (15, 1H, qd, J=6.700,
J=0.000), 3.082 (16, 1H, qd, J=6.700,
J=0.000).

Figure A2. The NMR data for Compound IV.
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