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I. INTRODUCTION

A. Types of Allylic Rearrangement Mechanisms

In addition to the SN1, SN2, and SNi mechanismsl available to
saturated systems, allylic compounds may undergo nucleophilic substitution
by other mechanisms, éll of which involve rearrangement of the allylic
system. The consensus among most writersl’6 is that the mechanisms of
the rearrangement reactions in the three-carbon allylic system can be
considered to be of three types, designated SN1', SN2', and SNi'.

1. The SN1' mechanism --- The unimolecular mechanism of

nucleophilic substitution in allylic compounds is similar to the SN1
mechanism of substitution in that its rate-determining step irvolves

the formation of a catioric intermediate, the process being assisted by
the solvent. The SN1' intermediate, however, is resonance-stabilized and
may react at either of the two electron-deficient carbon atoms witk any
available nucleophilic specles, including solvent, to give an even
greater mixture of products than the SN1 mechanism. A representation of
the general mechanism, assuming reversibility and the presence of two

nucleophilic species, is shown.

chcn—cn2 RCH== CHCH,X
x x %
(RCH===CH===CH, )+
/ ()5 (1) \
RCHCH==CH,, RCH= CHCH,Y

Y




2.

The SN' mechanism was suggested by Burton and Ingold7 in 1928
and hes been well establishedl by the accumulation of much evidence:

(2) The mobility of the system increases as the strength of
the conjugate base decreases;

(b) The mobility increases as the electronic stabilization of
the carbonium ion increases;

(c) The effects of both general aclid catalysis and solvents
are easily interpreted;

(d) The reaction mey be diverted by the addition of other
nucleophiles;

(e) The mechanism is in agreement with kinetic and product
studies;

(£) The reactions are accompanied by racemization of optically

active substrates.

2, The SN2' mechanism =--- The bimolecular mechanism of

substitution in allylic compounds is similar to the SN2 mechanism of
substitution in that btond-meking and bond-breaking are syncronous or
nearly so. In the SN2' mechanism, however, the nucleophilic reagent
attacks the unsaturated ¥-carbon atom of the allyl substrate, displacing
the x~-substituent in a concerted process. A representation of the
general mechanism 1s shown.

Y + %:::é-—-%-——x —¥E> (Y ---%===$:==%u--x) ——E> Y-—-%———é:::% + X

The SN2' mechanism was suggested as being theoretically

8 and Hughes9 in 1938. During the next decade,

possible by both Winstein
attempts to demonstrate the mechanism in en unambiguous manner led to

10
failure. In 1948, Catchpole, Hughes and Ingold, based on & consideration

of the steric and polar factors involved in the allylic system, concluded



that the SN2' mechanism rarely, if ever, occurs. Dewar,ll in 199,
also concluded that it was unlikely that any example of the SN2!
mechanism would be found. The basis for this conclusion was an
erroneous consideration of the hybridization geometry involved, the
consequences of which led to & linear and planar transition state,
which was, of course, discounted as being highly inprobeble.

The same year, Kepner, Winsteiln and Young12 reported that the
displacement by melonic ester anion on w-ethylallyl éhloride‘led to
23% yleld of the_rearfanged product. The reactions were found to be

second order and the rearrangement was explained in terms of an SN2'

mechanism.

3 reported the displacement

In 1951, Young, Webb and Goering1
by diethylamine on either o¢- or ¥ -methylallyl chloride as leading
to only N-diethyl- ¥ -methylallyl emine. Finding second-order kinetics,
they proposed a SN2' mechanism for the displacement on o¢-methylallyl
chloride.

The transition state suggesfed involved a triangle, formed by
the carbon atoms of the allylic system. The p-orbitals of the ot~ and

¥ -carbon atoms, whose long axes are perpendicular to the plane of the

carbon triangle, are used to form the bonds with the nucleophiles, which

enter and leave on the same side of the trigonal plane, in a cis con-

figuration.
R3I;Is$ ?l §6
N N T3
H/X cc\H

Stork and Whitelh have since demonstrated that tlhe erntering

and leaving nucleophiles are in fact in a cis configuration. Using



L,
piperidine or malonic ester anidn to displace 2,6-dichlorobenzoate
anion from trans-6-alkyl-2-cyclohexenyl-1-2,6-dichlorobenzoate, they
found that whenever allylic rearrangement occurred, the resulting
product was trans, showing retention of configuration. However, if no
rearrangement occurred, the resulting product was cis, indicating

inversion of the l-carbon by the SN2 mechanism.

0
! AH

CH A CHg :
3
SN2 ) SN2 -
H>@ )

It was suggested13 that internal hydrogen bonding, available

in reactions involving primary and secondary amines, ‘may be assisting in
the operation of the SN2' mechanism.
:
N\
AN
/| t
X

Ingold, in 1953,l proposed that on the basis of the existing
evidence, the rearrangement reactions involving amines should be considered
as proceeding by cyclic transformations of addition compounds, not as
examples of SN2' mechanisms.

Young, et al.,15’16’reported evidence concerning the importance
of a hydrogen-bonded interaction in the SN2' displacement by emines on
allylic systems. They found that the displacement by trimethylamine on

o -methylallyl chloride gave 70% rearranged product while the ccrres-



5.
ponding displacement by dimethylamine gave 100% rearranged product. From
this it was concluded that the SN2' displacement by aminss on allylic
halides dces not require the operation of a hydrogen-bonded interaction
but the interaction may promote SN2' displacement. It was suggested that
the relative steric requirements and nucleophilicities of the two classes
of amines may also play a part in the ircreased susceptibility of the
allylic chloride to rearrangement ian the case of the secondary amines.

Dittmer and Marcantonio,l7 trylrg to assess the importance of
a hydrogen-bonded interaction, followed the kinetics of two secondary
amines, both deuterated and non-deuterated, in theilr displacements on

o -methylallyl chloride. Finding no kinetic isotope effects, they
concluded that the hydrogen (deuterium) of the secondary amine is not
stretched in going from the initial state to the transition state and
therefore rules out any considerable amount of hydrogen participation in
the transition state.

In order to realize SN2' rearrangement, irhiibition of SN2 attack,
either by steric or poler effects, seems to be desirable, even rnecessary,
especially in the case of anionic nucleopkiles.

In this connection, England18 has reported the reacticn of o<~
and ¥-methylallyl bromide with radicactive bromide ion. The data shows
that in the ot-methylallyl system, SN2 proceeds only €0 times faster than
SN2', being sterically hindered by the methyl group, while in the ¥-
methylallyl system, SN2 proceeds 28,000 times faster than SN2'. Further,
it 1s seen that SN2' is not nearly as subject to steric hrindrance as is
SN2, as the SN2' reactions in the o(-methylallyl system proceeds only 3
times faster than in the ¥-methylallyl system.

Other nucleophilic species, under the proper conditions, may

also participate in SN2' reactions to the exclusion of SN2. De la Mare,



€.
et 81,19 found that ethoxide lon displacement on efther <= cr ¥ .t-tutyl-
allyl chloride results in X;t-butylallyl ethyl ether exzlusively.
Rale, gﬁ_g;,zo rerorted that the thiourea displaserent on o, o¢ .
dimethylallyl chloride leads to cnly rearrarged product, the sare produst

es that formed by the SN2 displacement by thiourea on Y, ¥ -dimethylallyl

chloride.
oy 03\13 //_mizea ] cn,
c1CHC=cH, —SN2> /c — CHCH,SC 01 <o cromyo1
3 CHy M, ¢y

' Bordwell, et ql,zl has investigated nucleophilic displaszemerts
by emines and thioures on 2-(hélometkyl)-benzotkicprere.l, l-dioxide (1),
3- (halomethyl)-benzothiophene-1, ledioxide (2), &nd 3-halowl-p-toluene-

sulforyl-l-propene (3).

CH.X cz.X

1 B L, ml <

\ HoX \\H \H
502 302 502
(1) (2) (3)

(1) ard (3) give SN2 displacements while (2) gives a rearranged
product formed, Bordwell suggests, by SN2' displacemert fcllowed by a '

tautomeric rearrangement.

CH X CHo ca
\\_H +_Bz_;_;> g - N
S0, 802 S0,

(@) - .

The results were rationalized by sssuming that both A= and

¥ - electrons are delocalized by the sulfonyl (tenzenesulforyl) group in
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(1), (2), and (3) tending to promote SN2' displacement over SN2. But
disruption of the conjugation of the allyl group with tre tenzere-sulfonyl
group in (1) and with the sulfonyl group alore in (3) would lead to too
high SN2' activation erergies for these compounds. Iz (2), rowever, crly
direct conjugation with the sulforyl group is lost(later restored by
tautomeric rearrangement), the loss bteing relatively unirportant
energetically compared to the conjugation with the benzenesulforyl group.

Bordwell claimed these to be the only known examples wherety
primary allylic halides (chloride, bromide and iodide) tad besn found to
react with nucleophilic reagents by an SN2' mechanism.

3. The SNi' mechanism ~«- The intramnlecular mechrarism of re-

arrangement and isomerization in allylic compounds as initially proposed 9,22
involved a cyclic-concerted process with little or no charge sepsration

in the transition state. Fowever, much evidence r.as teex presented to
support the view that there is a second irtramolecular rricess involvirg

an intimate ifon-pair with considerable cherge separation in the transitior
state.

In 1951, Young, Winsteln and Goerin323 reportad the rearrange.
ment of o<, o<-dimethylallyl chlcride to ¥, ¥ -limethylallyl chicoride.
The rate of rearrangement was found to be indspendent of added chloride
ion, indicating that the rearrangement was intrsmelecular. A'mechanism,
termed "Internal return”, embodylng ai intimate ior.peir in tte trarsitics
state was proposed:

The planar penteryl carborium ion with sp2 Lybridization at
carbon atoms Cl’ 02, and C3 ras electron deficient P orbltals at carbon
C, and C3, vhose long axes are perpendicular to the carbon plane. The
chloride ion is located asbove the plare of the carborium ion, irter-

mediate between carbon Cl and C3, tre atomlc ortitals of chloride over.



larping the p orbitals of carbon Cy and Cqe

It hes been suggestedggﬁagkall SR reactions may te considered
as proceeding by various mecranisms intermediate in the broad spectrum
between the two extremes, the cyclic-concerted and the intimate ilon.pair
mechanisrs. The transiticn state for all tlese macharnisms, rtermediate

and extreme, could be described by two pairs of "contributing structures";

cH (834

NP N ey \

Ce X }

=~ /C:;;\c/“ NN

C c” X—¢
R’/// =) \\\R R//// \\\\R

where the relative "contributions" of tle kybrids may be sssigred to some
extent by various experimertal eviderce such as noting the effect, if
any, on the rate cf rearrangement by changing tre iorizing power of the
golvent or by substituting poler groups on tke substrate.

The rearranging nuclecytile (X) may be monodertste such as
chloride ion or 1t mey be arbidertate, such es carborylate or thioceyenste
ion. Thus a unique feature of the intimgte lor-pailr mezharism i3 tre
rossibility of ion "seramblirg"cd in whick an swbidert arion 1s rotated
°18C, as contrasted to the stercspezificity of the connerted-cyclic

mechanism.



3.

Goering, gg_g;,25 kas studied the intrarolesular reerrargements
of allylic esters and has corcluded that tre geometry of the SNi!
transltion state as rrorosed by Yourg also seems to be valid for re-
arrengements of allylic esters.

Braude has studied26 and reviewed®? tre SNi' rearrangements
of allyllc esters, alcohols and ethers.

Young, gg_g;,2§E38 series of pspers hLave reported tlre

isolation of several allylic chlorosulfinates and have studied their de-

composition.

R— —<]:=c< —_—D R—Jzzé—%-+ 50,

Cl Cl

Postulatirg a SNi' mecharism for the decommosition reaction,
they studied solvent polarity and substrate-substitution effects on rate
of allylic rearrangement. They concluded trat in trhe serles, allyl
c¢hlorosulfirate, o¢-methylallyl chlorosulfinate, ¥ometlylallyl chloro.
sulfirate, and o&-(triflucromethyl)-allyl chlorosuifirate, the mechanism
shifts from essentially intimate ion-palr to essentially aycliic-concerted.

The rearrangemerts of allylic thiocyearates to allylic isoirio-
31

cysnates kave been studied bty Ilicato, et 21.°" and by Smitk and
Emersor.S2 The rearrangement of allyl thliccyenate and several of its
methyl and dimethyl derivitives are reported to proceed by en essentially
cyclic-concerted mechanism. ¥-FPhenyallyl t:iocyanate shows no allylic
rearrangement, however,.giving only ¥-prenylallyl isothiocyarate and

shows great sensitivity to solvert lonizing power. It is suggested that

the rearrangement proceeds bty an i-timate jor.pair recharism ir whic: tke




1C.
ion is "scrambled", thus preserving the corjugated cinraryl systern.
Allylic thiorbenzoates “ave been show: to resrrarge Yo allylics
thiolbenzoates. 1In contrast to the corresponding =lljlic cw:-benzcskes,
allyl-, o¢<-methylallyl~, and ¥ -metkylallyl thionberzoates showed very
little sensitivity to subslrate substitution or solvert charge in their
rate of rearrangement, and Smith33rns concluded that tie transition

state involves very little charge separation.

N AP
r/ \ ~, H/ J\
| H B Lt
. O )
O\c 5 N P
06::,5 06}_5

)]
Gagneuy, Winstein axd You2334 have found that the rate of
equilibrstior tetween &, o¢ -dimetlhylallyl azide ard ¥, ¥-dimethylallyl
azlde and between K-methylazide ard F-metlylallyl azide shows little

sengitivity to either methyl substitution or to change of sclvert.

B. Rerctions of g-Keto-pkerylallyl Bromides with Amines

1. Reactions in the 2-benrzsl-l-indanone system «ve In & series

of studies on the elimiration reactlcns of et-halcgenated ketones,
Cromwell, et al. 35,36 found thet 2-tromo-2-{ < =broroternzyl)el-indarsns
(A) reacts with piperidire or rorghclire to givé a 3esrirde2ohenzalael..
indanoze (E). Thermal elimirstion of A gives 3-bromow-2ebenzal.l.inda.
rore (B) which also reacts witk pipsridire or morpholine to give E.
Several reactior mecharlsrs seemed possible and even trough an
SNi' mechanism involvirg emires had rever been reperted in the literature,

it could rot te positively eliminsted on t-is bacsis.



o) Br Br
SNa!
\q/ /
A c
CHCgHs SN2
\/ $ho 0 either /
E SNi!
Br. **anar
SN2! ~
CHC6Hs ‘ > O CHCeHs
. VAN
D

2, Reactions in the 2-Benzal-l-tetralone system --= In a

gseries of studles on the chemistry of the derivatives of 2.benzal.l.
tetralone, Hassrer and cromwe113” feund that 2-broro-2- ( o -bromobenzyl)-
4, 4-dimethyi-1-tetralone (F) reacts with piperidire or morpzolize to
give a 2-( ot -aminotenzyl)-l, l-dimethyl-l-keto-1, k-diydronarhtraler:
(7). Thermsl elimination of F was found to give 2-( ot ~bromobenzyl)-k,
L-dimetryl-l-ketow1, b-dihydronaphthalene (G) which also reacts with
piperidine or morpholine to give J.

Fere agair, the pos‘itiw}e assigrment of a mechanism to the re-
action was rot possible, even though it was obvious t-at G must be an
intermediate in the amine-promoted elimiration of F, 23 well as +t:e

product from the thermal elimirnation.
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@g&%
r Br
0

F
sy ~
7~ y
. CHS V..
CHC6H5 either /
r SN2' or
SN2 CHEN

CHC6I~IS

|
0 AN\

In both tze irndanone ard the tetralone systems, two reaction
courses are possible, ore of whizh may involve a SNI' meskarism. In crder
to more seriéusly cornslder this latter mecharism, tre evictence of the
SNi' mecharnism must be demo:‘.stra.téd by isclatlon of an intermediate sueh
as D or H and by obtairing kinetic and prodzot data showing ir an une
ambigucas manmer evidence for ar intramolecular rearrsngemert in that
particular allylic amire.

A possible difficulty in the cholce of an intermediate such
as D, 1s that the indone ring system is highly strained, thus decreasirg
the protability both of its formsticn end of its rearrargemacnt vis SNi%

A better choice may be the ror.cyclic keto-_-a;:alog of B,
= (bromomethyl)-chalcore (K). A possible disadvertage srises, however,
in that K would be expected, & rriori, to have a Ligher SN2/SN2' reastiox
rate ratio than B due to decreased sterlc hindrarce to SN2 displecement

at the bromine carbon atom.



13.

Br |

CHC6H5 . C6H5

ITI. STATEMENT OF PROBLEM

The work reported in this thesils is part of an integrated
research program in progress at the University of Netraska dealing with
the mechanisms of addition, elimination, and substitution in o3 B =un-
saturated ketones and their halogen derivatives.

The essentiél scope of this research is the investigation of
the mechanism(s) of substitution by amines on < -(bromomethyl)-chalcone.
A knowledge of the mechanism(s) iavolved would be useful ia elucidatirg
some of the factors determinirg the structure of reaction products
observed in other similar systems.

This work involves the followlrg objectives:

(1) To synthesize o -(bromomethyl)-chalcore.

(2) To study the structure of the products formed by

the reaction of o -(bromomethyl)-chalcore with
smires in a variety of solvents.

(3) To study the effect of the differirg steric require-

ments and nucleorkilicities of various amines on
the structure of the reactlon products.

(4) To study the kinetics of the amine substitution

reactiors.



(5) To determine, from the foregoing studies, the
mechanism(s) of substitution invclved in this

system.
III. EXPERIMENTAL

The uncorrected capillary melting points reported were
obtained using an electricéllyuheated silicone oil-tatk.

Infrared spectra were déférmined either in reagent greade
carbon tetrachloride using 0.0388 molar solutions ard 1.0 mm. matched
sodium chloride cells or as a potassium bromide pellet. The recordirg
instrument was & Perkin-Elmer Model 21 double beam recording spectro-
photometer and was employed over a rangs of 625 to 4200 em*l.

Ultreviolet absorption maxims and extinction coefficients
were determined in elther 95% etkanol, reagert grade metazol or
spectrograde isco-octane, employing 1.00 x lo“h'molar solutions and 1.CCO
cm. matched fused silica cells. The recording instrument was a Cary
Model 11-MS recording spectrophotometer and was employed over a range
of 210 to 400 mp.

Proton magnetic resonance spectra were ottaired in reagent
grade carben tetrachloride or deuterochloroform using tetramethylsilsne
( 710.00) as interral reference employing stazdard Verien sample cells.
The recording instrument was a Varian Model A-60 % gh-resolution
spectrophotometer and was employed over a range of 7 1.67 to 710.00.
7=Values have the units of p.p.m.

The spectro-recording instruments were operated efther by
Mrs. Margaret M. Wheeler, Spectroscopist, or by the autlor.

Flementary analyses were performed by Micrc.Tech Laboratories,

Skokie, Illinois.
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A. Synthesis and Reactions of trans. o -Methylchslcone

1. trans- o« ~Methylchalcone (I).38 -== A 67.1 g. (0.500 mole)

sample of proplophenone and 53.0 g. (0.500 mole) of berzaldehyde were
introduced into a 1000 ml. flask. Dry hydrogen bromide gas was passed
8lowly into the flask until the reaction mixture solidified. The reaction
mixture was kept near 0°C. and was stirred magnetically. The solidified
resction mixture was allowed to stand for 24 houre. The water formed
by the condensation and excess hydrogen bromide were then removed in
vacuo. To the reaction mixture was added 500 ml. of etkanol, 49.0 g.
(0:500 mole) of potassium acetate and 69.1 g (3.500 mole) of potassium
carborate. The alcoholic mixture was refluved for 8 kcurs. The ethanol
was removed in vacuo with Leatirg. The residue was taken up in water
and ethyl ether. The aqueous layer was discarded ard the ethereal layer
was washed with distilled water uatil the washings gave ro test with 59
aqueous silver nitrate and was then dried over Crierite. Evaporation
of the ether in vacuo and distillation of the resulting oil producad
99.6 g. (89.6% of the theoretical yield) of halogen-free (Beilstein Test)
trans- X -methylchalcone, b.p. 153-160°C./lmm.; Amex 256, 290 mp
( €, 12,400, 16,300, 95% ethanol); ~e=o 1654 em.”1 (ccyy,).

Tte p.m.r. spectrum cf the pure oil showed peaks corresponding
to one benzsl ard ten aromatic protons in the range 72.1 to 3.0 a=d
a sharp peak corresponding to three o -methyl protons et 77.77.

2. 2,3-Dibromo-2-methyl.3.pheryl-proplophencre (II).38 mee To

a stirred solution of Lk.4 g. (0.200 mole) of o -metrylctalcore in 60 ml.
of glacial acetic acid, a solution of 33.6 g. (C.210 mole) of bremine

in 60 ml. of glacial acetic acid was added dropwise as rapidly as it

was decolorized. The mixture was allowed to react for five hours after

addition was completed. The mixture was poured irto a liter of water
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and extracted with chloroform. The chlorcform extract was washed and
dried. Evaporation of the chloroform in vacuo produced an oil which
crystallized on long standing. Recrystallization from Skelly Solve B
(petrolsum ether, b.p. 60-70°C.) yielded 59.8 g. (70% of t-eoretical
yield) of white crystals, m.p. 53-55°C.; “Yé=o 169k cm.~1 (ccly).

The p.m.r. spectrum in carbon tetrachloride showed peaks
corresponding to ten aromatic protons in the rarge 71.8 to 72.8, a
sharp peak corresponding to one benzyl proton at 7T°L4.C8 end a skarp peak
corresponding to three o -methyl protorns at 7~7.88.

Ansl. Caled. for Ci6H;)BrpC: C, 50.29; H, 3.69; Br, L41.83.
Found:C, 5C.41; H, 3.79; Br, L1.65.

3. Attempted reaction of < -methylchaleone with cyclokexy.

lamine --- A 11.1 g. (0.050 mole) sample cf o -methylchalcone ard 4.96 g.
(0.C50 mole) of cyclohexylamine were dissolved ia 25 ml. of ethyl ether
and kept near 0°C. for 120 hours. The ethereal solution was washed and
dried. Evaporation of the ether in vacuo recovered 10.8 g. of o -methyl-
chalcone, identified by its infrared spectrum.

A 11.1 g. (0.050 mole) sample of o-methylctalcore and 9.92 g.
(0.100 mole) of cyclohexylamine were dissolved in 50 ml. of benzere ard
refluxed for 26 hours. After washing and drying, evaporation of the
benzene in vacuo with heating recovered 1.5 g. of ox-metlylckalcore,
identified by its irnfrared spectrum.

B. Syrthesis and Reactions of trans-  «(Bromomethyl)-chalsore

1. trans- « -(Bromometryl)-chalcore (III). ~-- To & solution

of 88.9 g. (0.L400 mole) of ox-methylcralcore in 30C ml. of carbon tetra-
chloride, T1.2 g. (0.400 mole) of N-browosuccirimide was added witk
stirring. The mixture was heated to gentle reflux ard a solution of .97

g. (0.004 mole) of benzoyl peroxide in 1CC ml. of csrbox tetrackloride
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was added over a period of ar hour. After refluxing for 2.5 hours, tlhe
reaction mixture was cooled and the succinimide was flltered off. The
carbon tetrachloride was removed iz vacuo with heating (40°C.). The
resulting oil crystallized on addition of ethyl etXer. Recrystallizaticn
from ethyl ether-kexane gave 111.1l g. (92-3% of theoretical yield) of
light yellow crystals, m.p. 78.5=79.5°C.; Amax 257, 290y (e, 13,700,
13,800, 95% ethenol); <Yeso 1663 cm.™L (CO1y).

The p.m.r. spectrum in carton tetrachloride showed peaks
corresponding to ten aromatic protors in tie rarge T 2.1 to 72.7, a
sharp peek corresponding to one berzal proton at 7-2.91 ard a siarp peak
corresponding to two o ~bromometkyl protons at 7-5.8C.

Arnal. Caled. for C16H13BrC: C, 63.83; &, 4.36; Br, 26.53.
Found: C, 63.83, H, L.6L; Br, 26.26.

2. 2. (Bromomethyl)-3-bromo-3-pkenyipropiophenone  (IV). wu-

A 15.1 g. (0.050 mole) sample of ot~ (bromomethyl.)-chalcone ia 300 ml.
of ethyl ether was cooled to near C°C. and saturated with hydrogen
bromide for one hour. Evsporation of the ether and recrystallization
from Skelly Solve B gave 13.4 g. (72.2% of the theoretical yield) of
vhite crystals, m.p. 123.5-124°C.; Y=o 1683 cm.~1 (ce1y).

The p.m.r. spectrum in deutericchloroform stowed pesaks
correspondirg to ten aromatic protons in the range 772.06 to 3.0, two
peaks correspoxnding to ore berzyl protorn (split by 11 c.p.s.) at 7-4.73,
eight peaks corresponding to ore «-proton in tre range 7%.13 to 75.33
and five peaks corresponding to two « - (bromo-mettyl) protons in the
range 75.75 to 76.05.

Anal. Caled. for CygHy)Brad: C, 50.29; 1, 3.69; Br, L1.63.
Found: C, 5C.1h; H, 3.88; Br, L1.L8,
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3. trans-l-Phenyl-.2-.benzoylcycloprcpane (V). -~= A 3.82 g.

(0.010 mole) sample of 2- (bromomethyl)-3—bromo-3~p1’.er.ylpropiopher.oz:e

was added to 40O ml. of 80% ethanol. To this was added, wit: rapid
stirring, 1.06 g. (0.010 mole) of sodium carbonate, 1.35 g. (0.020

mole) of zine dust end 0.30 g. (0.002 mole) of sodium iodide.39 The
mixture was refluxed for 48 hours, filtered, cooled and filtered again.
The mixture was evaporated to dryness, taken up in ether, washed ard
dried over Drierite. Evaporation of the ether in vacuo gave 1l.Ul g. (65%
of theoretical yleld) of pale yellow oil; Amax 247 mp (€, 14,200, 95%
ethanol); “Ye=o 1675 cm.=1(CCl,). The infrared spectrum was identical
with that of an authentic sample of mluphenyl-2-ber.zoy1cyclopropane.ho

4. ox-(Morpholinomethyl)-chalcone (VI). === A 6.02 g. (0.020

mole) sample of o -(bromomethyl)-chalcone dissolved in 200 ml. of ethyl
ether was added to & solution of 3.5 g. (2.CUO mole) of morpholine in 109
ml. of ethyl ether. The mixture was stirred for pa hours, filtered to
remove 3.24 g. (96.4% of theoretical yleld) of morpholize hydrotromide
and was washed and dried. Eveporation of ether in yacuo, using ro heat,
produced 5.90 g. (95.9% of theoretical :y"ield) of white crystals. Re-
crystallization from Skelly Solve B gave crystals, m.p. 61.5-63°c.;

Amax 256, 285 mp (€, 14,300, 16,100, 95% ethanol); ~Ye=> 1653 cm.”t
(cc1y).

The p.m.r. spectrum in deuteriochlcroform showed pesks
corresponding to ten aromatic protons in the range 72.0 to 7-2.6, a
peak corresponding to one terzal proton at 72.68, tnree Peaks corresponding
to six protons (two o ~N methylene Aa::d four & to morpiclino oxygen) in
the range 76.2 to 76.5, and four pesks correspordinrg to four protons

(X to morptolino nitrogen) in the range 77.4 to »7.6.




Anal. Caled. for CpoHpiNOz: C, 78.14; H, 6.89; N, L.E6.
Found: C, 78.15; H, 6.90; N, L.7h.

The hydrochloride was prepared by dissolvizg 1.54% g. (C.0050
mole) of VI in 500 ml. of pentane, cooling to 0°C. ard exposing tre
solution to a stream of hydrogen chloride for five minutes, with stir-
ring. The precipitate was filtered and wasked with ethyl ether.
Several recrystallizations from methanol-ethyl etXer gave 0.75 g. (LU%
of theoretical yleld) of wkite erystals, m.p. 1L4C.141°C.; Amax, 284 my:
(€, 13,500, methanol); Yemo 1654 em.=1l (KBr).

Anal. Caled. for CpgHpoCIlNOo: €1, 10.31.
Fouad: C1l, lO.L9.

5. o =(Piperidiromethyl)~-chalcone (VII). =w= A 6.02 g.

(0.020 mole) sample of o=-(bromomethyl)-chalcone dissolved in 200 ml.
cf ethyl ether was added to a solution of 3.52 g. (C.Chih mole) of
piperidine in 100 ml. of ethyl ether. The mixture was stirred for iz
Lours, filtered to remove 3.23 g. (98.8% of thecretical yield) of
piperidine hydrobromide, and was washed and dried. Evaporation of
the ether in vacuo and recrystallization from methanol gave 3.36 g.
(54.4% of theoretical yield) of wxhite crystals, m.p. 71-72°C.; Amax
250, 285 mp (€, 14,100, 13,900, 95% ethanol); Ye=o 1652 cm. 1 (cc1y).
The p.m.r. spectrum in carbon tetrachlcride showed peaks
corresponding to ten aromatic protons in tke range T2.C to T2.8, g
sharp pesk corresponding to one benzal proton at 72.85, a sharp peak
corresponding to two protons ( o -N methylene) at 76.56, two broad
peaks corresponding to four protons (< to piperidiro nitrogen) in the

range 7-7.4 to 7-7.8, and a broad peak corresponding to six protons

(/9 end ¥ to piperidino nitrogen) in the range T 8.4 to 78.7.
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Anal. Calcd. for CpjHa3NO: C, 82.59; H, 7.59; N, L.59.
Fourd: ©, 82.6C; H, 7.61; N, L.7h.

The hydrochloride was prepared in tre same msrzer as the rydrc.
chloride of VI, From a 1.53 g. (0.0C52 mole) sample of VII tre yileld of
the hydrochloride from metranol-ethyl etker was 1.09 g. (63.8% of
theoretical yield) of white crystals, m.p. 132-133°C.; Amax, 282 mp
( €, 14,600, metharol); Ye=o 1647 cm.=l (KBr).

Found: cl, 12.2k.

6. ox=(N-Met:yl-cyclonexylemizomethyl)-chaloore (VIII). wo-

A 0.753 g. (0.0025 mole) sample of o<~ (bromomethyl)-chalcore dissolved
in 10 ml. of ethyl ether was added to a solution of C.566 g.(C.0050 mole)
of N-methylcylohexylsamine 4in 10 ml. of ether. e mivture was allowed
to stand for 3 hours then filtered to remove 0.437 g. (99.2% of trec-
retical yield) cf the N-methylcyclcliexylamive rydrobromide. Evapsration
yielded a yellow oil whilch slowly cryetallized on standing. Several
recrystallizations frcm pentare yilelded 0.465 g. (25.8% of theoretical
yield) of white crystals, m.p. 53.54°C.; Amax, 253, 279 mp ( €, 13,8¢cc
13,700, 95% etharol); ~Yemo 165k em.”t (cC1y).

The p.2.r. spectrum in deuteriochlorcform showed peaks
corresponding to ten aromatic protons in the rarge T 2.0 to 772.8,
& sharp peak corresponding to cre benzal protcn at 7-2.83, a sharp peak
corresponding to two o -N methlyeae protons at 776.33, a sharp pesk
corresponding to three N-methyl protons at 7°7.81, and several bread
pesks corresponding to eleven cyclcrexyl protons in tle raznge 778.1 to 7~9.2.

Ansl. Caled. for Cp3HooNO: C, 82.8h; H, 8.16; N, L.2o.
Found: C, 82.75; H, 8.04; N, 4.23.

7. oX=-fA-Cyclohexylamirobenzyl)oscryiophenore (IX). wu- A 6.02

g. sample of o - (bromomethyl)-chaleore dissolved in 5C0 ml. of pentare
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was sdded to a solution of 4.1 g. (C.040 mole) of cyclozexylamize in 25
ml. of pentane. The mixture was stirred and allowed to react for 15
hours, filtered to remove 3.51 g. (97.5% of theoretical yield) of cyclo-
hexylamine hydrobromide, and was washed and dried. Evaporation of the
pentane in vacuo and several recrystallizations from Skelly Solve B gave
L.43 g. (69.3% of theoretical yield) of wkite crystals, m.p. 96.5-
97.5°C.5 Amax, 250 282mp( € , 13,200, 7,000, 95% ethazol); “Yemo 1662
em. "1 (co1y).

The p.m.r. spectrum in deuteriochloroform skowed pesks
corresponding to ten aromatic protons in the range 72.2 to 73.C, two
peaks each corresponding to a terminal methylene (vinyl) proton at 7-3.92
and 7°4.30, a pesk correspondirg to one benzyl proton at 7°L4.86 and a
broad peak corresponding to cyclokexylamino (C-H &nd N-¥) protors in the

range T"7.4 to 79.2.

Anal. Calcd. for CpoHpsNO: C, 82.72; H, 7.89; N, L4.38.
Found: C, 82.91; H, 8.15; N, L.bLs,

8. ot =(ot-t-Butylaminobenzyl)-acrylopterore (X).«... A 6.02 g.

(0.020 mole) sample of o =(bromomethyl)-chalcore dissolved in 500 ml.
of pentane was added to & solution of 3.00 g. (0.CUl mole) of t-tutyl-
amine in 50 ml. of perntane. The mixture was stirred and allcwed to
stand for 48 hours, filtered to remove 2.92 g. (94.7% of theoretical
vield) of t-butylamine hydrobromide and evaporated to dryzess. Rew
crystallization from pentane gave 4.20 g. (71.5% of theoretical vield)
of white crystals, m.p. 68.5-69°C.; Amax, 23k mp (€, 13,970, isooctare);

~Ye=o 1660 em.”1 (cc1y).

The p.m.r. spectrum in déuteriochlorofom showed peaks

corresponding to ten aromatic protons in the rarge 7°2.1 to 772.8, two

peaks each corresponding to a termizal methylene (vinyl) proton at 3-3.68
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and Th.28, a peak corresponding to ore benzyl proton at T4.85, and
& very sharp peak corresponding to ten t.btutylamiro (zire C-M ard cnme
N-H) protons at T8.92.

Anal. Caled. for CpoWp3NO: C, €1.87; H, 7.9C; N, L.77.
Fourd: C, 81.83; H, 7.85; N, L.86.

The hydrockloride was prepared in the sare manzer as tkre hydro.-
chloride of VI. From a 1.47 g. (o 0059 mole) sample cf X the yleld of
the hydrochloride from methanol-etlhyl ether was C.98 g. (59% cf treoreticsl
yield) of white crystals, m.p. 183-184°C.; Ameax, 255 mn { €, 19,000,
methanol); “Yeso 1658 cm, 1 (xBr).

Anal. Calecd. for CpooHp)CLNO: Cl, 1C.T3.
Fourd: Cl’ 1008’4.

9. K -(t~Butylaminomethyl)-ch‘alcorze (XI}ewuw A 2,94 g. (C.CLO

mole) samples of o ~( oX -t-butylaminobenzyl)-acrylophenone was dissolved
in 25 ml. of chlorofcrm and refluxsd for 48 hours. Evaporaticr of thre
chloroform and recrystallization from ethyl ethe; yielded 2.54 g. (86.5%
of theoretical yield) cf pale yellow crystals, m.p. 104.5.1C5°C.; Amex,
255, 283 mp ( €,11,500, 16,108, isooctane); Ye=o 1647 em.™l (cC1y).

The p.m.r. spectrum in deuteriochloroform showed peaks
corresponding to ten aromatic protons in the range 7~2.1 to 7-2.6, a
peak corresﬁonding to one benzyl prcton at72.7l, a pesk correspording
to two <N methylene protozs at 7-6.28, &rd a very sharp peak cerresronding
to ten t-butylemiro (nine C-¥ azd ore N-H) protors at 7 .83,

Anal. Caled. for CpoHp3NO: C, 81.87; H, 7.9C; N, L.77.
Found: C, 81.80; H, 7.71; N, L.92,

The hydrochloride was prepared in the same marrer ag txe
hydrochloride of VI. From a 1.47 g. (3.0050 mole) sample of XI the yleld
of thre hydrochlorlde from metharol-ethyl ether was 1.20 g. (72.7% of

tkeoretical yield) of white crystale, m.p. 227-228°C. 5 Anmax, 285 mp
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(€, 15,700, methenol); ~G=o 1647 cm.”l (kBr).

Anal. Caled. for CppHp)CINO: C1, 10.75.
Found: Cl, 10.60.

10. o~-{ox=Piperidinobenzyl)-acryloprerone hydrochloride (X11). -u-

A 3.01 g. (0.010 mole) sample of o =(bromomethyl)-chalcore dissolved in
500 ml. of pentane was added to 1.70 g. (C.C20 mole) of piperidine in
100 ml. of pentane with stirring. After one hour, the mixture was
cooled to 0°C..and stirring was continued for five hours. Tre mixture
was filtered to remove piperidine hydrobromide ard exposed to a stream
of hydrogen chloride for five minutes while still cold. Txe precipitate
was filtered and washed with ethyl ether. Several recrystallizations
from methanol-ethyl ether gave 2.1k g. (62.8% of theoretical yield) of
vhite crystals, m.p. 120-121°C.; Amax, 257 mp ( €, 8,600, mettanol);
Yemo 1660 cm.”1 (KBr).

Anal. Calcd. for CoH,),CINO: C, 73.78; H, 7.07; Cl, 10.37; N, L4.10.
Found: C, 73.49; H, 7.16; C1, 10.49; N, k.17,

11l. ox-{cx-Morpkolinobenzyl)-acrylophencne Yrydrochloride (XIII)4mun

A 3.01 g. ( G010 mole) sample of X=-(bromometrLyl)-chalcone dissolved

in 500 ml. of pentane was added to a solution of 1.75 g. (0.020 mole)

of mworpholine in 100 ml. of pentare with stirrirg. After ore hour,

the mixture was cooled to 0°C. and stirring was contirnued for five

hours. The mixture was filtered to remove morpholi:ze :ydrobromide ang
exposed to a streem of hydrogen chlcride for five mirutes while stil]l
cold. The precipitate was filtered agd washed with ethyl etier. Several
recrystallizations from metZanol-etryl ether gave 1.64 g. (47.8% of
theoretical yleld) of white crystals, m.p. 139-140°C.; Amax, 258 mp

(e, 9,800, methanol); ~Vemo 1659 em. =L (kBr).

Anal. Caled. for CpoHpoCLWCp: C, 69.86; H, 6.45; €1, 10.31; N, 4.07.
Fourd : C, 68.95; E, 6.69; Cl, 12.17; N, L4.08.
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In another experiment, the identical reagents, quantities,
and conditions were used as in the preparation of XIII. After filtration
of the morpholine hydrobromide, the pentane was evaporated in vacuo,

using no heat, yielding a pale yellow oil.

The p.m.r. spectrum in carbon tetrachloride showed peaks
corresponding to ten aromatic protons in the range 2.1 to 73.0, two
peaks each corresponding to a terminal methkylene (viryl) proton at =3.83
and }4.33, a peak corresponding to ore benzyl proton at =5.50, three
peaks corresponding to four protors (e« to morpholino oxyger) in the range
6.3 to 6.6, and three peaks corresponding to four protons (o« to
morpholino nitrogen) in the range 7.4 to 2°7.8.

The semple cell and its conternts were allowed to stand for 24
hours. The p.xﬁ.r. spectrum was almost identical to that ;)f VI, indicating
almost complete rearrangement of the original oil which was identified
on this basis as the free base, ot-( o -morpholinobenzyl)-acrylopherone.

12. ox-(Todomethyl)-chalcone (XIV). --~ To a solution of 3.01

g. (0.010 mole) of o¢-(bromomethyl)-chalcone in 50 ml. cf dry acetone was
added a solution of 2.25 g. (0.015 mole) of sodium iodide in 100 ml. of
dry acetore. After standing for 24 hours, the acetone v}as evaporated _1_13
vacuo and ethyl ether added to the residue. The mixture was filtered to
remove the sodium halides and the ethereal solution was washed with water
and dried. Evaporation of the ether in vacuo and several recrystallizations
from Skelly Solve B gave 2.92 g. (83.8% of theoretical yleld) of tright
yellow crystals, m.p.75=76°C.; Amax, 255, 290 mn (€, 15,000, 17,100,
isooctane); ~Ye=o 1660 em. ™t (cc1y).

The p.m.r. speétru.m in carbon tetrachloride showed peaks
corresponding to ten aromatic protons in the range 2.1 to =2.8, a
sharp peak corresponding to one tenzael proton at 73.03, and a sharp

peak corresponding to two o¢-iodomethyl protons at 25.59.
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Anal. Calcd. for C1gH;3T0: C, 55.19; H, 3.76; I, 36.45.
Found: C, 55.1h4; H, 3.84; I, 36.52.

13. o -(Chloromethyl)-chalcone (XV). ~== A 1.50 g. (0.0050

mole) sg..t'néle of o -(bromomethyl)-chalcone and 2.49 g. (0.015 mole) of
tetraethylaxmﬁonimn chloride were added to 25 ml. of aéetonitrile.
After refluxing for 10 hours, the acetonitrile was evaporated in vacuo.
A 100 ml. portion of ether was added to the residue and the tetraethyl-
ammonium halides were removed by filtration. The ether was evaporated
in vacuo and '25 ml. of acetonitrile added. Another 2.49 g, sample of
tetraethylemmonium chloride was added and the solution was refluxed
for six hours. Eveporation of the acetonltrile anrd addition of efher,
followed by filtration and eveporation of the éther resulted in a color-
less oil, which was crystallized from mgthanol. Recrystallization gave
0.75 g. (58% of theoretical yleld) of white crystals, m.f. 62-63°C. 3
Amax, 261, 281 i (e , 14,200, 17,000, isooctane); 7Ye=o 1660 cm.=1l
(ccyy).

The p.m.r. spectrum in deuteriochloroform showed peaks
corresponding to ten aromatic protons in the range 2.0 to 2.7, a
sharp pesk corresponding to one benzal proton at 22.75, and a sharp
peak corresponding to two o ~chloromethyl protons at 72-5.37.

Anal. Calcd. for C16Hl3ClO: c, 74.85; H, 5.11; C1, 13.81.
Found: ¢, T4.84; H, 5.21; C1, 13.93.

Co Miscellaneous Reactions

1. Rearrangement of o¢-( ot -cyclohexylaminobenzyl)-acrylo-

phenone (IX) in solvent deuteriochloroform --- A 100 mg. sample of IX

in deuteriochloroform was allowed to stand in tle surlight for six days

in a p.m.r. sample cell.

The p.m.r. spectrum showed peaks corresponding to aromatic

protons in the range 72.0 to 73.0, a sharp peak corresponding to a
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benzal proton at 22.68, a peak corresponding to o-cyclohexylamino-
methyl protons at 26.17, and broad peaks corresponding to cyclohexyl-
amino protons in the range 7.9 to *9.1l. This spectrum is consistent
with the expected rearrangement product of IX, 04-(cyclohexylaminomethyl)-
chalcone.

Well purified samples of IX, exposed to the atmosphere, were
found to decompose to & yellow oil over a period of a week, but were
found to be stable in the dark at lower temperatureg (0 to -20°C).

By p.m.r. analysis, IX was also found to slowly rearrange in

carbon tetrachloride in the dark.

2. Relative rates of rearrangement of o< =( o< =t-butylamino.

benzyl)-acrylophenone (X) in solvents benzene, carbon tetraghloride, and

deuteriochloroform. =-~ The p.m.r. semple cells labeled (A), (B), and

(C), each containing 100 mg. of X and 0.5 ml. of solvent, benzene, carbon
tetrachloride, and deuteriochloroform respectively, were allowed to

steand for six days. Periodic analysis by p.m.r. showed tkat the relative
rates of rearrangement of the contents of cells (A), (B), and (C) to be,

very roughtly, 1l:2:10.
3. Reaction of x =(oxX ~t-butylaminobenzyl)-acrylophenone (x)

with excess t-butylamine in solvent pentane. ~-- A 100 mg. sample of

X was placed in each of two p.m.r. sample cells, labeled (A) and (B).
To cell (A) was added 0.5 ml. of pentane. To cell (B) was added 0.4 m].
of pentane and 0.10 ml. (0.00095 mole) of tebutylamine. The cells were
allowed to stand 16 hours. By p.m.r. analysis, the contents of cell (a)
showed no rearrangement. The contents of cell (B) had solidified. The
s0lid was shown to be the rearrangement product XI, o -(t-butylamino-

methyl)-chalcone, by mixed melting point.
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L. Reaction of ot-( ot -t-butylaminobenzyl)-acrylophenone (X)

with excess morpholine in solvent pentane. www A 2,93 g. (0.010 mole)

sample of X was dissolved in 50 ml. of pentane to wkich was added 8.71 &
(0.10 mole) of morpholine. After standing for U8 hours, the pentane was
evaporated _1_{_1 vacuo end the residue was teken up in ethei-. The ether
solution was washed and dried. Evaporation of ether in vacuo gave 2.80
g (91.2% of theoretical yield) of VI, ot={(morpholinomethyl)-chalcone.

5. Attempted reaction of et -(t-butylaminomet®yl)-chalcone (XI)

with excess morpholine in solvent pentane. «-- A 2.93 g. (0.010 mole)

sample of XI was dissolved in 100 ml. of pentane to which was added 8.71
g (0.10 mole) of morpholine. After standing for 52 hours, the pentane
was evaporated _ﬁix vacuo and the residue taken up in ether. After washing
and drying the ether solution, evaporation gave 2.64 g. (90.2% of theo-

retical recovery) of starting material, XI.
6. Rearrangements of X -( ok -t-butylemiroberzyl)-acrylophe-

none (X) and o - (t-butylemiromethyl)-chalcone (XI) in solvent methanol. --..

A 2.94 g, (0.010 mole) sample of X and an equal amount of XI were each
dissolved in 25 ml. of methanol and allowed to stand for 8 days. The
methanol was evaporated in vacuo and the colorless oils were subjected
to pem.r. analysis.

The p.m.r. spectra in carbon tetrachloride were nearly
identical, but were poorly resolved ard were not integrated. Since no
tetremethylsilane was immediately available the peak possibly corres.
ponding to the o -methylene protons was arbitrarily assigned a value
of 25.65. The spectra both showed peaks correspording to benzyl and
aromatic protons in the range 22.0 to 3.3, the peak at 25.65, two
small peaks at 6.1 and 6.k, four larger peaks in tle range 76.6 to

7.1, a small pesk at 7.5 and three larger peaks in the range 8.8 to

—tgo 30
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7. Relative rates of resrrangement of K =-(t-butylamirometh 1)-

chalcone (XI) in solvents acetoritrile, 95% ethanol, and metbarol. wow

Acetonitrile, 95% ethanol, and metkanol solutions, each 1 x 10“h molar
in XI, were allowed to stand in flasks labeled A, B, and C, respectively.
Periodic analysis by ultraviolet showed rearrangement of XI in flasks

B and C only, rearrangement being evidenced by a decrease in the intensity
of the peak at 283 mu. Rearrangement of XI in flask A was subsequently
observed only on keeping the flask at 41.5°C. for a period of time.
Assigning the rate of rearrangemert of XI observed for flask A a value
of one, the relative values observed for flasks B and C were multiplied
by a factor of five to correct for the observed temperature coefficient
of reaction rate for a ca. 15°C. increase in temperature. The relative
rates of rearrangement of the conternts of flasks A, B, and C were then,

given, very roughly, by the ratio 1:10:30.
8. Reaction of X -(t-butyleminomethyl)-chalcone (XI) with

excess morpholine in solvent metharol. === A 2.93 g. (2,010 mole) sample

of XI was dissolved in 25 ml. of methanol to which was added 8.71 g.
(0.10 mole) of morpholine. After standing three days, the solution was
added to ethyl ether, washed until neutral, then evaporated in vacuo.

The infrared spectrum of the resulting oil was identical to that of VI,

¢ = (morpholinomethyl)-chalcone.

9. Attempted reaction afCX-(morpholinomethyl)-chalcone_iv;)

with excess t-butylamire in solvent methanol. -w- A 3.C7 g. (9.C10 mole)

sample of VI was dissolved in 25 ml. of methanol to which was added 7.3
g. (0.10 mole) of t-butylamire. After starnding for four days, the
methanol and t-butylamine were evaporated in vacuo. The infrared

spectrum of the resulting oll was iderntical to taat of the starting

material, VI.
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10. Reaction of o -(bromomethyl)-chalcone (III) with t-butyl

alcohol, === A 3.01 g. (0.010 mole) sample of III was added to 25 ml. of
t-butyl alecohol end refluxed for 46 hours. The cooled solution was added
to ethyl ether, washed and dried, and evaporated ia vacuo.

The p.m.r. spectrum in carbon tetrachloride of the resulting
oil showed peaks corresponding to btenzal and aromatic protons in the
range 2.1 to 3.1, a peak corresponding to urreacted bromomethyl
protons at 7°5.52, a peak correspornding to (t-butoxy)-metkyl protons at

5.66, and two peaks corresponding to t-butoxy protons in the range

8.7 to 8.9
11. Reaction of o -(tromomethyl)-chalcone (IIT) with thio-

phenoxide ion in solvent methanol. =--- A solution of 1.21 g. (0.011 mole)

of thiophenol and 0.59 g. (0.011 mole) of sodium methoxide in 50 ml. of
methanol was added dropwise to a solution of 3.0l g. (0.010 mole)of III
in 50 ml. of methanol. After standing 26 hours, the solution was added
to ethyl ether, was washed with dilute aqueous sodium carbonate, then
with water and then dried. Eveaporation in vacuo gave a colorless oil.
The p.m.r. spectrum in carbon tetrachloride showed peaks

corresponding to 15 aromatic protors in the range T2.2 to 3.0, a peak
corresponding to one benzal proton at 2°3.08, and a peak corresponding

to two (thiophenoxy)-methyl protons at Z°5.8C.

12. Reaction of o<-(bromomethyl)-chalcore (IIT) with methoxide

ion in solvent methanol. =-- A solution of 0.54 g. (0.010 mole) of

sodium methoxide in 50 ml. of methanol was added dropwise to a solution
of 3.01 g. (0.010 mole) of (III) iz 50 ml. of metkanol. After standing
50 hours, the solution was added to ether, was washed and dried.
Evaporation in vacuo gave a colorless oill.

The p.m.r. spectrum in carbon tetrachloride showed peaks
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corresponding to benzal and aromatic protons in the range 71l.9 to
T3.0, two peaks corresponding to terminal methylene (vinyl) rrotons
at ThL.10 and TU.U6, a peak corresponding to bromomethyl protons at
T 5.5 (unreacted starting material), a peak correspondirg to methoxy
methyl protons at 25.63, and six unassigned peaks in the range 6.1

to 27.0.
13. Reaction of 2-(bromomethyl)u3-bromo-3—pheny1prqpiop};enone

(Iv) with excess t-butylamine. --- A 3.82 g. (C.010 mole) sample of IV

was added to 25 ml. of t-butylamine and refluxed for four hours. The
amine was eveporated in vacuo and the residue was washed in a filter
with three 25 ml. portions of ether. Evaporation of ether and re-
crystallization from ether gave 2.76 g. (94.2% of theoretical yield) of
XI, otu(t-butylaminomethyl)-chalcone, identified by mixed melting point.

D. The Kinetics of the Rearrangement of o (o -t-Butylaminobenzyl)“

acrylophenone (X) in Solvent Deuteriockloroform. ---

Equipment and meterials. --- The p.m.r. spectro-recording

instrumert and the preparation of X were described previously. The deuterio-
chloroform was obtained from Columbla Organic Chemicals.

Kinetic method and measurement «.- The p.m.r. aralyses of tte

deuteriochloroform solutions cf X were carried out ir sesled standard
Varian sample cells, which were immersed in a constant temperature bath
between analyses. Sunlight was exciuded from the cells at all times.
The kinetics were followed by measuring the chazge in the
relative emounts of the t-butylemino proton peak due to X to the peak
due to XI. Determination of the relative amounts of the two isomers
could not be made from the integration curve due to the proximity of
the two peaks ( T8.83 and T8.92). The relative heights of the two

peaks above the baseline were used to measure the extent of rearrangement.
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For each spectrum, the sum ¢f the two peak heights Hk and HXI divided ty
the peak height Hy was equated to Co/C-

Rate law and dats. ~-- If the rearrangemert is first order with

respect to X, then the following relationship should hold:

2,303 t~1 log (CO/C) = k, and

2.303 ™ log (Hy = Hyr/Hy) = k
where t is the time in seconds and k is the specific rate constant in
seconds~1.

The individual k values were calculated by the long-interval
method. The overall k values were calculated by the least squares
method, using an IBM 7074 computer, by feeding in log Co/c values vs. t
and obtaining a regression line equal to 5/2.303. The fit of the data
to the obtained regression line was excellent.

The values reported for Eq, A, AH¥, and AS* are taken from
the Appendix, where the equations and calculations may be found.

1. Temperature: 36.5°C.; (X): 100 mg. in 0.25 ml. CDC15.

Time, hours Hy + Hyy/Hy, cm./cm. % Rearr'd k x 106, sec.~1

2k 22.7/1k4.3 37

3L 23.0/10.9 53 8.06
46 2k.0/8.3 65 7.62
5 22.6/6.2 73 7.73
70 23.8/k4.0 83 7-99
80 20.5/2.5 88 8.18
96 16.7/1.2 93 8.38

The average overall k = 8.43 x 106 seconds -1,
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2. Temperature: L41.5°C.; (X): 100 mg. in 0.30 ml. CDC15.

Time, hours Hyx + Hyp/Hy, cm./cm. % Rearr'd k x 106, sec.-1

20 21.2/12.0 43

26 19.3/9.0 53 8.95
30 21.7/8.8 59 9.27
Lk 20.5/5.0 76 9.66
56.5 18.6/2.9 84 9.78
68 19.8/2.1 89 9.92
94 18.4/0.8 9 9.66

The average overall k = 9.72 x 10’6 seconds -1,
The values for the thermodynamic parameters for this re-
arrangement are given: Eg, 5.5 kcal. mole'ls A, 6.6 x 1072 or 10~1.18

1 mole-1l. The latter

sec™l.; AH*, 4.9 kecal. mole~l; AS*, -66 cal. deg.”
three parameters were calculated at 36.5°C.

E. The Kinetics of the Rearrangement of c(-(t-butylaminomethyl)-

chalcone (XI) in Solvent Methanol.---

Equipment and materials. --- The ultraviolet spectrophotometer

and the preparation of XI were described previously. The methanol was

reagent grade.

Kinetic method and measurement. --- Samples for aralysis were

withdrawn at the required intervals from the bulk of the soluticn, which
was kept in a darkened constant-temperature bath. After enalysis, the
samples were discarded.

In alcohols, XI was found to rearrange to a species whose
structure is not known with certainty. The rearrangement was evidenced
by the change in the ultraviolet spectrum of XI in methanol. Compound
XI absorbs at 283 mp ( & , 15,000) while the rearrangement product

absrobs at 248 mp ( €, 10,500). The change in the optical density

(0.D.) at 290 mp was used to determine the extent of rearrangement of XT.
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Rate law and data. --- The change in the 0.D. can be shown to

be proportional to the change in concentration for first order kinetics

80 that the relations should hold:
0.Dutg = 0.Deco fO.Det = 0.Dico = Co/C
2.303 t~1 log (C,/C) = k.
Zero time was taken to be 2-3 hours after mixing and infinite
time was taken to be 8-10 half-lives of reaction.
The individual and average overall values for k were obtained
as described in the previous section. The data gave excellent fit to
the regression lines obtained. The‘values reported for the thermodymamic

parameters are taken from the Appendix, where the equations and the

calculations may be found.

1. Temperature: 35.0°C.; (XI): 1.5 x lO'h M. in methanol.

Time, hours log (C,/C) % Rearranged k x 106, sec™I.

0 0.000 0

6 C.073 15 7.78

24 0.283 48 7.53
6

The average overall k =7.52 x 107~ seconds ~1.

2. Temperature: 40.0°C; (XI): 1.5 x 10°% M. in methanol.

Time, hours log (C./C) % Rearrsnged k x 106, sec-1,

0 0.000 0
5 0.098 20 12.5
21 0.398 60 12.1
27 0.509 69 12.0

The average overall k = 12.0 x 10“6 seconds~1,
The values for the thermodynamic parameters for this rearrange-
ment are given: E,, 18.0 keal. mole~l; A, k.5 x 107 or 167-66 sec™ty Anx,

1 1

17.h4 keal. mole™l; AS*, -26 cal. deg.”' mole™™. The latter three para-

meters were calculated at 30.0°C.
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IV. DISCUSSICN COF RESULTS

A. ngthesis

o¢ -Methylchalcone (I), the most obvious precursor of
o - (bromomethyl)-chalcone (III), was first prepared by Abe1138 by the
condensation of propiophenone with benzaldehyde. The potassium hydro-
xide catalyzed condensation gave low (10%) yields of pure I. Condensa-
tion in the presence of excess gaseous hydrogen chloride, however,
produced a chloro-compound which after elimination of hydrogen chloride
gave & good yileld of the unsaturated ketone I.

The unsaturated ketore I was assigned a trans configuration
on the basis of its ultraviolet spectrahl'

The intermediate ﬁ?-chloron o(-methyl»/c?-phenylpropiophenone
as well as the corresponding &-bromo compound were later characterized
by Abellh2 and both were found to exist in two dlastercisomeric forms.

The dibromo compound II was obtained by Abell38 ag sn
obviously impure oil of variable analysis.

The sttempted reaction of I with cyclohexylamine, contrary
to expectation, did not give a saturated ﬂna.minoketone, the reason for
which may be due to one of several factors discussed in a review article
by Cromwellh3.

The synthesis of the previousl unreported cxu(bromomethyl)u
chalcone (III) was modeled after the reported synthesis of the isomeric
& - (bromomethyl )«chalcone ( X’-bromodypnone)hu.

The reaction of III with gaseous hydrogen bromide in ethyl
ether at ambient temperatures gave only cil, while reaction near 0°C.

gave crysteals of IV. The oll was assumed to be a mixture of the several

possible diastericoisomeric mcnobromoketores.
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The gross structure of IV (and therefore of III) was shown
chemically by the cyclization to the known trans-l-phenyl-2-benzoyl-
cyclopropane (V)ho. The assigned structures of III and IV were also
consistent with their p.m.r. spectra. The trans structure was assigned
to III since only a small hypochromic shift was observed in the ultra-
violet spectrum (as compared to the model compound I). A large hypo-
chromic shift would be expected for a cis configurationhl.

B. Structures of the Unsaturated Aminoketones

The structures of the various unsaturated aminoketones were
established primarily by analysis of the p.m.r., ultraviolet, and infra-
red spectra, after the molecular formula had been established by means
of molecular weight determination and elemental analysis.

The p.m.r. spectra of compounds VI, VII, VIII, and XI all showed
the one benzal proton and the —CHy—N<T protons expected for o -(amino-
methyl)-chalcones. The ultraviolet spectra of the four compounds were
similar to the spectra of the parent compounds I and III, indicating
retention of the cinramoyl-acrylorhenone conjugated systems. The infra-
red spectra also indicated a highly conjugated carbonyl system.

The p.m.r. spectra of compounds IX and X each showed a triad
of peaks, each peak corresponding to one proton. This triad could best
be accounted for by two vinyl and one benzyl proton, which would be
present in an o -( & -aminobenzyl)-acrylophenone. The ultraviolet spectra,
while definitely excluding the presence of the cinnamoyl system, was
otherwise non-specific, the peak observed belng typical of many phenones,
both saturated and unsaturated. The infrared spectrs indicated that the
carbonyl group present was still highly conjugated. -

An attempt was made to prepare a model compound, c(-(bromo.

methyl)-acrylophenone, in order to obtain the p.m.r., ultraviolet, and
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infrared spectra of it and of its amino derivatives for comparison.
X =Methylacrylophenone wes obtained via the Mannich reaction but
attempts to obtain the allyl bromination product were unsuccessful.
The p.m.r. spectrum of o-methylacrylophenone showed peaks corresponding
to five aromatic protons in the range 2.5 to 3.5, two peaks each
corresponding to a vinyl proton at T4.80 and 25.02, and a sharp peak
corresponding to tkree methyl protons at =8.58. The ultraviolet
spectrum showed a peak at 243 mp (e, 9,200, 95% ethanol) and the infra

red spectrum showed “Y¢=o, 1663 e L.

The combined spectral evidence indicated quite clearly that
compounds IX and X had the o -(o¢ -aminobenzyl)-acrylophenone structure.
The observation that both IX and X were thermodynamically unstable led
to attempts to trap the corresponding morpclino and piperidino compounds,
using pentane as a solvent rather than the more polar ethyl ether.

While the crystalline free bases could not be isolated, the hydro-
chlorides XII and XIII were obtained. The ultraviolet and infrared
spectra of XII and XIII, compared to the spectra of IX and X, identified
theq as also possessing the o = °<-aminobenzyl)-acrylophenone structure.
In addition, an oil resulting from the reaction of morpholine with IIT

in pentane at 0°C., assumed to be X -( X -morpholinobenzyl)-acrylophenone
on the basis of its p.m.r. spectrum, skowed almost complete rearrange.
ment in carbon tetrachloride to VI over a 2U-hour period.

All the compounds having the & -(aminomethyl)-chalcone
structure were assigned the trans configuration on the basis of the
intensity of absorption in the 279 mu to 290 mu region of their respective
ultraviolet spectra, as compared to the model parent compound trans.

Ot-methylchalcone (I)hl’ The small hypcchromic and hypscchromic shifts

observed for the c<~(subst.-methyl)wchalcone compounds IIT, VI-VIII, XI
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XIV, and XV may be due tc steric hindrance to conjugation by tke inter.
action of the subst.-methyl group with the benzoyl grour, twisting tke
S-bond between the carbonyl-cerbon axd the o(ncarbonhs.

The reactions of IIT with 1lodide, chlcride, thiophenoxide, and
methoxide anions gave the corresponding o<~(subst.nmethyl)-chalcone
compounds as evidenced by their p.m.r. and ultraviolet spectra. The
p.-m.r. spectra of the crude reaction product of the rascticn of III
with methoxide anion, however, irdicated a small amount of o ~( o -methoxy-
benzyl)-acrylophenone may be present as eviderced by a slight indication
of a "vinyl-benzyl triad".

C. Proposed Mechanisms

1. Rearrangement of amino-acrylcphenone X in solverts of low

polarity. .- The thermodynamic parameters obtained from the kinetic
study of the rearrangement of X in solvent deuteriochloroform suggests
several possibilities concerning the tcpology, the geometry, and tke
polarity of the transition state. The extremely low value for Eg, 5.5
keal., suggests that the rearrangement is not concerted, i.e., that
bond-msking is far ahead of bord-treaking, thereby significantly reducing
the erergy "gebt" L6, Secondly, the extremely low regative value for LS*,
-66 cal.deg.~1 mole“l, correspondirg to & value for A of 10-1-18 sec.'l,
suggests a highly pciar transiticn stateh7. Ti:is possitility is furtrer
enhanced by the extreme censitivity of the rate of rearrangement to

the polarity of the solvent. Thk2 increasing rates of rearrungemert in
the order pentane, benzere, carboq&etrachloride, end deuteriochloroform,

.

corresponds roughly to the increazing polarity of the soivent, as

)48, :.08} 202) 2-2, and

measured by the respective diszlectri: constarts
4.8 (chlorotorm).

It is interesting to comrare the above thrermcdynamic parameters
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with values obtained in other ring closure reactiorns. Salemonh9 tas
studied tre formation of cyclic imines in water at 25°C. frem w -talc-
alkylamines. In the formation of the Y.ring azetidine from 3.bromo-
propylemine, E, and A were found to be == 23 kcal. and 10ll sec.ul,
respectively. 1In the 3-ring aziridine series, cyclization of 2-bromec.
ethylamine gave values of == 25 kcal. and lO15 sec."l, wiille the cycli.
zation of 2«-bromo-2-phenylethylamine gave values for E, and A of &~
15 kcal. and 1013 sec-1. Cyclization of S-chloro-pertylamine to give
the 6-ring piperidine in water, wet carbon tetrachloride, &nd wet benzene,
resulted in values for E5 of &= 21, 15 and 15 kcal. recpectively, while
the corresponding values for A were found to be ¢z.lOll, 106, and 105,
respectively.

Bennett5o‘g§_gl; rave studied the formaticn of cyclie sulfonium
chlorides in 50% aqueous acetone at T0°C., the cyclization of prenyl
h-chlorobutyl sulfide ylelding a 5-rirg, and preryl S-chlorobutyl sulfide
yieldirg a 6-ring. Salomonu9 later calculated the thermodyrsmic para-
meters of the cyclizations and found Egq =nd A for the formaticn of tre

5-ring to be A= 23 kcal. &and 1041 sec.”l, and for the 6-ring, 24 keal.

and 101° sec.”l, respectively.

There are some obvious trernds in the values of E, &nd A for
these ring closure reactions. As the ring size increases from 3 to 4 to
5, the E, values are found to decrease, which can be sscribed to decrease
in ring strain. As the polarity of the solvert decreases, the E, value
also decreases. The substitution of prenyl for hydrogen at the haloger-
carbon lowers the E, by a very large smourt, wiich may be ascribed to
the ability of the phenyl ring to act as an electror. donor cr acceptor
as required, thus facilitating a process in which the bond-making is
shead of a breaking of the carbor-halogen btord. As the ring size increases

from 3 to 4 to 5 to 6, the A values decrease as would be expected from
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the standpoint of the decreased protability of the crain-eads meeting.
As the polarity of the solvent decresses, thre A values alro decresse.
When a phenyl group is substituted for hydrogen on the raloger-carbon,
the A value decresses due to steric interaction.

It is now obvious trhat the rearrangement of amirc-acrylo.
phenone X in solvents of low polerity is facilitated bty the electron
delocalization provided by the carboayl group. A cyclie, Lighly polar

transition state as implied by the structure below best accounts for

i e
—Cgls

it

all the experimental evidence.

C6H5
(cn3)3gan i
The relative steric requirements end nuclec;,‘:.ilicitiesSl of
the amino groups attached to tke substituted acrylophenone structure no
doubt pleys a major role in determining the relative retes of rearrange-

ment in this reaction serles.

2. Rearrangement of aminc.scrylophenone X ari amino-chelcore

<o

XI in solvents of high polarity. --- Aminc--acrylophenone ¥ end amino.

chalcore XI, both stable with respect to rearrangement in sslveat pentare,
resrrarge readily in rolvent methanol to form an uniderntified common
product(s). X was found to be subject to amine excrange (witk: rearrange-
ment) in either solvent, pentane cr methansl, while XT evclhzages aminres
(without rearrangement) only in metranol.

The kiretics of the rearrangemert of XI In methansl were
conveniently followed by ultraviolet absorbtion and wera found to be first
order with respect to XI. The relstively high activatisa erergy, 18 keal.

mole'l, was consistent with the disrupticn of the Lrighly ccnjugated
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cirnamoyl system, as indicated bty the dissrpearance of the peak at 283 mj.
The low negative entropy of activation, 26 cal. deg."1 mnle'l, corres.
pording to a value for A of 107'66 ssec."l (calculated on o rresumpticn of
overall first.order kinetics), suggested that a higrly poisr transition
state may be involved. The amine exchange reactions also suggested trat
a cyclic intermediate is formed at some stage. It was thought to be
significant that the rate of rearrangement ircreased as the polarity of
the solvent increased in going from 95% etkarol to retlernc), wrose di.
electric constants are 27 erd 34, respectively. However, iz acetonitrile
which has a dielectric constant of 39, the rate of rearrazgement vas

very slow relative to the rates in the alechols. This irndicated that

a proton transfer step may be important, or that a different mecharism

may be operating in acetonitrile, or both.

0
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06}z5cz{=<|:/ 6% c6nsc:4.—ilt/ 675
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Tranannular protopy is assumed to be possitle, leading to _1_+
directly from 2.

Several mechanisms may be drawn for an amine exchange reaction
involving attack ty emine on 2 (or 3 or 4).

The p.m.r. spectra of tke rearrangement products suggest that
in metharol, a slow solvolysis process may be occuring. Reaction of
methanol with 2 (or 3 or 4) migkt lead to compounds such as those etow:

below.

"[

F
J—C6H5 /(,—(‘56}]’5

C6H50'H-—<‘\.-‘( C6H5TH—C\\
CH30 Cas

o
fon

taf C =
—06_5 —( 6}{)
CgH5CH—CH C6H5<|m—c§i
CH3 CI{;&CCH3 RNI{ C.Tle\,l_. _3

I 8

The possibility of the formation of the methoxy-clslcon: {somer
of 6 is eliminated by the absence of the chalcone band in the ultraviolet
spectra of the reaction products.

It may be found conveniert to study the resrrongement of X
and XI by p.m.r. in solvent fcrmamide in order to eliminste the

possibility of solvolysis.

3. Reaction of emines with amirc-acrylorterone X in solvent

pentane. -.. The reaction of amires with amino-acrylopherone X in pentare

cannot be simply a base-catalyzed SNi' rearrangement as proton transfer
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from the substrate to the amine durirg formation of the cyclic transition
state would lead to stabilization of the azetidine ring, slowing the
rate, while in fact the reaction is speeded greatly in pentane relative
to tke SNi' reaction rate (essentially zero). A simple base-catalyzed
SNi' rearrangement is further ruled out by the fact that amine exchange
may occur in the presence of cther émines, leading to the exchanged
emino-chalcone. It is significant in this correction tkat amino-ckalcone
XI in pentane 1s stable with respect to smire excharge.

Since the kinetics of the emine exchange remzition have rct been
exsmined, the mechanism 1s presumed to be bimoleculsr. Two extremes
can be considered: The SN2' meckanism of concerted displacementurearrange-
ment involving only slight polarity in the transition state, and & nop.
corncerted mechanism utilizing the carbonyl group to yield highly polsr

irtermediates (and transition states).
i f°
CeHsCH—C RoNH c6H5cz{—c/

C—CgHs
Ré& CHy RN CHNHR,
&

A\

0 \Q/ I€9

C—Cghl —CH.
C6H5011=C/ 65 < ~RoNH CgHoCH— S 65
\},‘HzNRQ RoNH IR,
&b

R,NH = I° or II° emine
However, features of a somewZat intermediste mechanism are mcra

attractive than elther cf the above extremes.



Here, the hydrogen-bonded structure 1n brackets represents a
highly polar transition state in a concerted bimolecular mechanism of
amine exchange. The driving'force is of course the establishment of the
highly corjugated cinnamoyl system.

This mechanism might in part be evaluated by determining the
thermodynemic parameters for amire exchange reactions in ror-khydroxylic
solvents of widely differing polarity, using, say, amiro-acrylophenone
X where the competing SNi' rearrangement would be relatively slow, and
could be matkematically compensated for or even ignored where slow
enough., Operation of & mechanism of the rature suggested would be
expected to lead to a very low activetion energy arnd & very low negative
entropy of activation in the less polar solveuts, the entropy becoming
less negative as the polarity of the solvent is increased.

L. Reaction of bremoketone IIT with emines. ~-- Here, just as

in the above example, utilization of the carbonyl group in the transition
state 1s strongly indicated, as Bordwell?l ras pointed out that Primary

allylic halides are not generally subject to SN2' displacement by rucleo
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priles (p. 8,9). Agein, several extreme mechanisms may be corsifdered,
Similar to trcse mentioned just previously. A complate kinetic ard product
study of this reaction is indicated, with perticuler attention beirg
given to the possible formation of intermediates, such as might be formed
by a simple addition of amire to III.

5. Reaction of bromoketone III with other nucleorhiles. -w.

Little can be said with certainty of the mechanism(s) of the reactions of
ITI with the iodide, chloride, thiophenoxide, and methowvide snions end
with t-butyl alcohol other than the products observed carn be accounted
for by a simple SN2 mechanism. However, in view cf the diversity of tre
conditions used in these reactiorns snd the findings in the detailed

study of the reaction of III with smines, the possitility cf similar
mechanisms cperating here cannot be ruled out.

D. Conclusions

1. Tre 2-benzal-l=-indanore system,35’36 === In the ligkt of

the present work, it seems quite probgble that ¢ (p. 13) undergoes SN2
displacement by smine to give E directly. On the other hard, B rrobably
undergoes SN2' displacement by amine to give D, which rearranges by eitre»
the SNi' or SN2' mechanism (or both) to give E.

2. The 2-benzal-l-tetralcre system.37 --~ Here again, the

operation of a SN2' displacement bty amire on G (p.15), fcllowed by eithexr
SNi' or SN2' rearrangement (or both) of the resulting emire H to give 7,
appears to be quite likely.

In the o~ (bromomethyl)-chalcone system and in both of the
above systems, two general rules may be postulated: (a) Sn2' displacement
by emines is much faster thkan SN2 displacements (b) Fitker SNi' or SNz
rearrangement (or both) cf the resulting allylic amine ocecurs if tre re-
arrangement product to be obtained is the thermcdyramically more :ztable

isomer.
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3. TheAA?-(bromomethy})achalcone system. «.. The reaction of

morpkoline withu/?n(bromomethyl)-chalccne ( Y-trcmodyprone) ras been
reported, but the reacticn was carried out under conditiors expected to
lead to thermodynamic control (excess amine, solvent ethy), ether, re.
action at room temperature overnight). The possibility of rearrangement
in this system is interesting in that here the phenyl group would be called
upon to facilitate the mechanisms in the way trhat it was suggested the
carbonyl group operates in the ci-(bromomethyl)-chalcone gystem.

Since the phenyl group also has electror-accepting properties,
it might bve expected that under the proper conditions/8-(bromomethy1)«
chalcone would undergo a SN2' displacement by amine, followed by either
a SNi' or SN2' rearrangement (or botk) cf the resulting cxuaminoucx-(;Qn
styryl)-acetopkenone to the taermodynamically more steble /6 ~ (amiromethyl).

chalcone.

4. The 3-halomethylbenzotlorhene-l,l-dicxide system. -...

Bordwellsh claimed to have demorstrated tle concerted rature of the SN2!
mechanism shown to be operating 1a this system. His clzim 2as no basig
in fact, however, since Ingold55 has concluded, after a survey of the
literature, that the ratio of the rate constants of halogen displacement
from RC1l, RBr, and RI, are roughly the same whether disrlecement occurs
by first order kinetics or by second order kinetiecs. Thus Bordwell dig
not elimirate the addition-elimiration mechanism, in which e quite
erbitrarily assumed the addition to be the rate-controlling 3tep, since

all the kinetic facts can be accomodated by a situation56 such that

k1
Nucleophile + Allyl kalide Y—z—_>mduct

k
Adduct-——£1—€§>Rearranged product + HX,vhere regardless of

relative velocities of steps 1, 2, and 3, second crder kinetics are

observed.
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A rationale based on other mechanisms accounts just as well
for the observed facts as the ratlorale that Bordwell proposed (p.8).

Assuming that either an additior.--elimination mechanism or a
concerted SN2' mechanism, involving the sulfonyl group in a pciar
transition state, 1s operating, the activation energy for the SN2' dis-
placement of halogen would be expected to be much lower in the case of
the 3-halomethyl compound then irn the case of the Z2-lLslomethyl compound.

The reason for this 1s due to the energy lowering of the transition

state relative to the ground state by electron delocalization operating
through the benzene ring; said lowering being much greater in the case

of the 3-halomethyl compound than in the case of the 2.halometkyl com.

pound.
H B® H ¢HX
/ CH X - B &
=g
(I)I\oe g\oe

In the case of the 3-kalo-l-p~toluenesulfonyl-l-propene, a
similar rationsle predicts a high activaticn energy for gn2! displacemert.

5. The 3-chlorc-2-benzoyl-l-propene system. --- Shortly after

the conclusion of the experimental phase of this present work, Piskov?'
reported the synthesis of one of the model compounds that wers desired
(but not obtained) by this author, o -(morphclinomethyl)-szrylorherone.
The compound was obtained by the action of ore equivalent of merpholine
and three equivalents of triethylamire on 2«chlorcul-chloromethyl-pro_
piophenone. It was suggested that the reaction proceeded through an
intermediate, 3-chloro-2-benzoyl-l-propene, with no suggestion being

made as to the mechanism, be 1t SN2 or SN2', for the displucement of

halogen from this intermediate.
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A similar reaction was carried out by this author. Displace-
ment by excess t-butylemire on 2-(bromomethyl)-3-bromo-3-rhenylpropic-
phenone (IV) resulted in the formation of XI, with III (and X) assumed
to be an intermediate. In the case of III, the chemical consequence
of SN2' displacement of amine can te observed (under the proper conditions),
while in the case of 3.chloro-2-benzoyl-l-propene it cannot, since the
chemical consequence would be identical to that resultirg from SN2 dis.-
placement.

It is suggested then, that the reaction reported bty Fiskov
probably proceeds by SN2' displacement by amine on the propcsed inter-

mediate, 3.-chloro-2-benzoyl=l-propere.




V. APPENDIX

Thermodynamic equations. === The Arrhenius activation energy

Ea was obtained from the equation
d(1n k)/dT = E,/RT?
Eg, = 2.303RTaTy (To-T5 )" Llog(ky/k; )
vhere E, is in cal. mole™) R is the gas constant in cal. deg=l. mole-l,
and T is the temperature in °K.
The Arrhenius frequency factor A was obtained from the equation
k - Ae-Ee/RT
log A = logk + Eg/2.303 RT
vwhere A is frequency of occurence in seconds™1.
The enthalpy of activation AH* is defined by
AH¥* = E, - RT
where AH* 1s in cal.mole~l.
The entropy of activation AS* was obtained from the equation
k = (RT/Nh)efS*/Rg-AH*/RT
AS* = 2.303R log (kNh/RT) + H*/RT
vhere AS¥* i3 in cal. deg."l mole."l, N is Avogadro's number in mole"l,
and h is Planck's constent in cal. sec. For all unimolecular resctions,
AS* 18 independent of the standard state.

Thermodyraemic calculations for Sectdion D, ==

k, » 9.72 x 10°6 gec.sl R = 1.987 cal. deg.! mole"l

ky = 8.43x 10"6 sec.”t h = 1.5835 x 10“3h cal. sec.

314, 7°K. N = 6.024 x 10%3 mole™l

3
1\V)
8

309.7°K. (used in calculation of A, AH¥, and AS¥,)
(2.303) (1.987) (314.7) (309.7) (5)°1 1og (9.72/8.43)
= (L46,000/5) (0.06183)

= 5515 cal. mole™t = 5.5 ksal. mole

3
-
g

=4
o
]

-1




log A

= log (8.43 x 1076 + 5515/(2.3¢3) (1.987) (309.7)
a -6.0 + 0.9258 + 3.892

s “10 182

A = 6.6 x 10"2 sec.f‘1 e 10118 gec.-1

NI* =

:
|

=

=

log A

A = 45 x 107 sec.”l = 10766 gec.”

NH¥*

i

B
%
L |

5515 - (1.987) (309.7)

4900 cal. mole > = 4.9 keal. mole”
(2.303) (1.987) 1og [ (8.43 x 1076) (6.023 x 10°3)
(1.58% x 10734)/(1.987) (309.7)] + 1905/309.7

- 81.8 + 15.8

1

- 66 cal. deg.~l mole~l

Thermodynemic calculations for Section E. <=~

12.0 x 10"6 gec.1 R = 1.957 cal. deg-"l mole"l
7.52 x 106 sec.=l h = 1.5835 = 1073 cal. sec.
313.2°K N = 6.024% x 1023 more~l

308.2°K. (used in calculation of A, AH¥, and AS¥),
(2.303) (1.987) (313.2) (398.2) (5)°1 log (12.0/7.52)
(441,700/5) (0.204)

18,021 cal mole~l} = 18.0 kcal. mole”
= log (7.52 x 10°6) + 18,021/(2.303) (1.987) (308.2)

1

n - 5,1238 + 12.7808

n 7.657

1

18,021 - (1.987) (3c8.2)

17,409 cal. mole=l = 17.4 keal. mole”d

(2.303) (1.987) log [:(7.52 x 10“6) (6.023 x 10°
(L.58% x 16°3%)/(1.987)(308.2) | + 17,4c9/3c8.2
- 82.0 + 56.5

3

- 26 cal. deg.”t mole™ T
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