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GENE:AL REMAIKS

spectral Data

Infrared spectra were recorded as nujol mulls on
a Perkin-Elmer Infracord 137 Spectrophotometer., The
absorption values are recorded in em », Nuclear magnetic
resonance (NMR) speetra were recorded on Varian =60
spectrometer using tetramethyl silane as the internal
standard and the chemical shifts are cited on scale,
Mass spectra were obtained with a CEC 21=1105 double
focussing mass spectrometer operating at 70 eV using
a direct inlet system, GLC were recorded on iewlett~
Packard=700 instrument, GCLC were carried out using
phages like (F1=37 §8E=30- 3% § QFl=0V~17~3%, OGLC/MS
vere taken with an AEl-M3 3074 mass spectrometer (at 28 eV)
connected to a Pye~Unican 104 chromatograph.

Temperature are in °C, Helting points are
uncorrected and have been taken in capillaries. The
figures underlined indicate structure numbers and the
figures in superseript are literature references,

Spectral charts, vherever necessary, have been
reduced to standard size and attached at the end of the
diseussion, the actual values are given in the discussion.






Antroduetion

Nitrogen heterocycles form an important group
of compounds because of their varied uses such as
chemotherapeutic agents, dyestuifs, photographie
chemicals and various other industrial products. Lven
though compounis such as quinolines, benzoquinolines,
scridines and phenanthridines have long been synthesised,
never synthetic routes and the chemistry of nitrogen
heteroeycles are still being actively investigated,

Many workers have studied bese and acid catalysed
eyclodehydrations of relevant carbinols to yleld
142, 3, ¥ tetrahydroquinolines, 1,2,3,% tetrahydroacridines
end tetrahydrophenanthridines, However adequate
attention has not been paid to the reaction mechanism:
involved in such cyclisations,

furing the last decade Tilak gt al.have studied
extensively, the acid catalysed cyclodehydration
reactions of [~arylamino=/, ;~mercaptophenyl=/,
j=phenoxyalkylethyl=/ cycloalkyl/aryl ketones, These
eyclodehydrations lead to a mixture of aromatic compounds
such as quinolines or thiapyrillium or pyrillium salts
along with their 1,3, 3,%=tetrahydroderivatives, These
resctions involve an intermolecular hydride transfer,
Thus eyclodehydération of | -arylaminoethylalkenone ],



should yield as a first step 3,'disubstituted-

1, 2=dihydroquinoline & (Chart 1), Under the acidic
reaction conditions, an intersolecular hydride shift
occurs between one molecule of dihydroquinoline &%

acting as a hydride donor and another molecule of

the same in its protonated form J as a hydride
aumom""‘. This results in the concomitant

formation of quinoline § end 1,2,3,4=tetranydroquinoline £
derivatives in equimolecular proportion (Chart 1),

If an external hydride abstractor, such as
triphenylmethyl chloride, is present during the
cyclodehydration, quinoline J is mostly formed slong
with triphenylmethane,

it wvas of interest to synthesise quinoline
derivatives exclusively avoiding disproportionation
involved in the above synthesis, A good approach
for realising this objective appeared to be
eyclodehydration of Z=arylaminomethylenealkanones/
cycloalkanones>, Thus eyclodehydration of gig=2=
arylaninomethylenecyclohexanone 7 by treatment with
polyphosphorie acdd (PPA) gave the angularly cyclised
'‘normal' product viz, 7,8,9,10-tetrahydrophenanthridine 8.
However wvhen gyclodehydration was carried out by
treatnent of 7 with an arylamine hydrochloride in
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boiling ethanol (in the presence or absence of fused
zine chloride) or lactic acid or monochlorcacetic
acld) 1,3,3,%tetranydroacridines 94 and/or 2B vere
obtained as shown in Chart 2,

To investigate the mechaniss of the formation

of phenanthridines and acridines, Boneho", Pctrov“.

Hell and Walker’, acheson® and Tilak’ have synthesised
various derivatives and suggested plausible mechanisms,
Tilak ot gl.’ have observed earlier that cyclodehydration
of glgri=arylaminomethylenecyclohexanone 7 by means

of different arylamine hydrochlorides in boiling

ethanol in the presence of fused zinc chloride gave
rearranged produets viz, tetrahydroacridines PA and/or
25 where the arylsmine molety present originally in 2

is either retained or replaced by the interacting
arylamine (used as hydrochloride) probably following

the uJcheme 4 and/or J as shown in Chart 3.

An slternative mechanisu suggested by Tilek o% al.’
to explain the formation of acridines, is shown in
Chart 4, This scheme envisages the intermeciate
formation of H~aryl aszetine (L) which under secidic
conditions undergoes ring expansion to yleld the
relevant tetrahydroscridines (24 and/or 93), Different
eyclising agents give rise to the formation of the
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Hearylazetine intermediate (L) or (L) vhere the leaving
groups differ in each case depending upon the eyclising
agent used, The observation by iamjoshi®® that
eyclodehydration of 2+(3'+~methoxyenilinc)methylene~
eyclopentanone JO does not lead to the linear
cyclopentano(blquinoline (L) (through rearrangement
during eyclodehydration of JO) was attributed to the
fact that the intermediate l~arylazetine 1lli and/or
313 may not be formed due to excessive steric strain,
This observation derives support by the finding of
unhuab of this laboratory, that acid catalyzed
eyelodehydration of )24 and 128 (using lactic acid,
arylaszine hydrochloride, monochloroacetic acid, etc.)
also failed. This was attributed by Vankar®® to the
high steric strain imposed by the isopropyl group

in the fommation of & four membered (asetine) ring

134 snd/or J3E (Chart 5).

In view of the rearrangements noted during
eyclodehydration of gig==arylaminomethylene~
oyclohexanone 7, it was of interest to investigate
if during eyclodehydration of p~arylaminoethylalkyl/
eycloalkyl/aryl ketones such as Jb, similar rearrangements
also occur. In the case of j~aminoethyl ketone one
may expect formation of hexahydroaeridine through
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the intermediate formation of asetidine such as [
which on ring expansion and dehydration (or loss of
arylamine) should yield a hexahydroecridine 2l.

The latter on disproportionation through hyiride
transfer will yleld 17 and 18 (Chart €), lore
from this leboratory has found this to be the case.
The reaction sequences studied by vore® are shown

in Chart 6, More® explained the formation of normally
expected tetrahydrophenanthridine 17 and occtahydro-
phenanthridine 6 by a reaction sequence (7 ath 4)
shown in Chart 6, The agetidine intermediate
(Chart 6) may as well lead to the angular
hexahydrophenanthridine 20, Path C (Chart ¢),

wvhieh on disproportionation will yield 17 and 16
(Chart 6). These reactions could also be generaliszed

as shown in Chart 7 (T11ak?®),

The mechanism proposed envisages the intermediate
formation of learylazetidine 2% and/or W~arylasetine
254 and/or 258 (Chart 7 and 8 respectively). Formation
of Fearylazetidine 2% can be exvlained in two ways,
either in a concerted way which involves protonation
of the aminoketone 23 followed by simultaneous attack
of nitrogen loan palr to give 2% or by & stenwise
process through a carbonium ion 23 under acidic conditions
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followed by an attack of the nitrogen loan pair
electrons. li~arylagzetidine 2% further undergoes
ring expansion cither by breakege of N4 C =i, bond
or breakage of li=5-C=i, bond, followed by the loss of
HL molety, to yleld two different dinycroguinolires
2¢ end 27, which subsequently disproportionate
under acidic conditions to give a mixture of
eyclodehydration products 29, 30 (normal) and 3i, 328
(rearranged) (Chart 7).

Formation of 29, 30 and 3], J2 can also be
explained by assuming the involvement of an
iearylagetine 234 species. 24 can result I{ros
l=arylazetidine 24 by loss of HL (L being a leaving
group, (Chart 8J.

Under acidic conditions ZJA may further undergo
a prototropic shift to form an isowmeric azetine Z2o5.
Compounds 274 and 275 will undergo a ring expansion
to give two different dihydroquinolines 27 and 28,
The latter on disypronortionation will yleld g2, 30
and 31, 32 (Chart 8), It is difficult to decide if
the above reaction proceeds either through
i~arylazetidine ¢ or through i~arylasetine 354 and/or
2.2, It 4s also diffieult to find out whether the
formation of azetidine 24 1s a concerted process or a

stepvige process,
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Extended HAC caleculations (Prof. P.i. larssimhan,
private communication, 117 hanpur) indicated the
possibility of exiastence of stable li=arylazetine
systens,

In order to elucidate the above mechanisas,
it wvas of interest to synthesise i=arylagetines and
to study their rearrangesent under acidic conditions,
Several attempts to synthesise azetines were initially
unsuccessful, However one asetine has be:n synthesised
succesafully, The present Chapter desoribes these
studies ainmed at the synthesis of l~arylagzetines
and a study of their ring expansion to quinolines and
tetrehydroquinolines under acidic conditions,



TH-546

Exesent <ork

T4lak g% al. ) have reported sarlier the
synthesis of i=arylazetidines by treatment of
carbinol 33 with triphenylphosphine dibromide
followed by triethylamine, The reaction mixture
on work up gave s mixture of l=arylazetidine Jjb
along with a mixture of tetrahydroquinolines 33 and
36. It was thought vorthwhile to partially dehydrogenate
the szetidine 3% using & mild hydride abstractor such
as trityl fiuoroborate &s a plausible route to
synthesise i=arylagetine 37 or 33 (Chart 9).

1=ji= (&~ Nethoxypheny . /= 2= { p~methoxy vhenyl )=
agetidine 4L was the choice for this reaction as the
E-uthoxy group wves expected to facilitaie the hydride
abstraction from C, atom. ‘;s-(!-mthmphcnyluhm)-
ethyl g--otm:nhwl ketone J§ was prepared by
interaction of Mannieh base hydrechloride of
prmethoxyscetophenone with granisidine, Hetone J8.
on sodium borohydride reduction, yielded 3I=(mw=
methoxyphenylaming )=1=( prmetioxyphenyl )- propun~l=ol 4.
Ireatment of this carbinol 40 with triphenylphosphine
dibromide followed by triethylamine afforded a
aixture of l=i-{z-methoxyphenyl =2={p~methoxy~
shenyl)azetidine &) slong with 7emethoxy=2=(p~
methoxyphenyl )= 1y 2, 35 4= tetrahydroquinoline 42 and
7=uethoxy='w( p»uethoxyphenyl J=1y2y 39k~ tetrahydro=~
quincline a3 {chare 307 5’47'7/'8(/‘.:74/ 3)

PoN
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The azetidine 4] was treated with trityl
fluoroborate 1. dry acetonitrile at 0° to =5° for
% hrs, The progress of reaction was checked by TiLC
from time to tlie, is the reaction did not indicate
any sign of progress it was continued further at
roos temperature, iven after 2 hrs at room temperature,
there was no change on TLC plate., The resction mixture
was then refluxed further and worked up as soon as the
spot corresponding to the starting azetidine in 7.C
disappeared, Petroleum ether extract of the crude
reaction mixture afforded a solid, NMi spectrum of
this fraction indicated it to be triphenyl methane.
Column chromatography of residual crude reaction
mixture afforded two fractions. I speetrum of both
fractions indiecated absence of metioxy functions and
only aromatic protons wvere present, &Starting
agzetidine 4] could not be recovered back., 7his atteapt
was then sbandoned (Chart 10),

Literature survey indicated that Cantrell gt ad.’”
have suggested 2-phenyl= 3, 3,4, tetrasethyl~l-azetine 4§
as an intermediate in the photochemical addition of
benzonitrile W to 2,}dimethylbutei=ene 45 to give
the heterodiens 47 (Chart 11), Yang g% al.>> who
have reexamined the reaction, isolated the intermediate
azetine 4 wvhich was then photolysed to give the
heterodiene 47 (Chart 11),
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snyder gt a1. " have reported thet benzalaniline
20 and the acetylinic ester ) react in ether to give
the addition product Sk (in low ylelds) which has &
composition corresponding to the addition of one mol
of anil 20 to one mol of ester 51, Fresence of small
amount of water greatly improved the yield of the
addition product 54, snyder’” suggested that the
reaction involves hycrolysis of the anil 28 followed
by sdcition of liberated aniline to the acetylenic
ester J) giving rise to two tautomeric compounds
234 and J2B . Condensation of the latter with
benzaldehyde then ylelds the heterodiene 54 (Chart 13),
snyder g3 a1.1" confirmed the structure of 54 by its
formstion from methyloxalacetate 23 and benzalaniline 50
in the presence of trace of waterj and also from
benzaldehyde 48, sniline 49 and dimethyl acetylene~
dicarboxylate §l. Uimethyl acetylenedicarboxylate 51
and benzalaniline 3O werc mized in diethyl ether,
trace of water was added and the mixture kept at room
teaperature for ¥3 hrs. Work up gave methyl=a~bengalea'=-
phenyl iminosuccinate 3% as a white mass, Lxpecting 5k
to be a very reactive heterodiene systen, attempts
vwere made to photocyclise 1t in the hope of preparing
E-arylazsetine ring system (Chart 13).



22
100 W. Hg lamp, 20 hrs. Unidientitied
)
product
L Unidentified
400 W. Hg lamp. 31 hrs. product
H3C02C COZCH3
Ether N:
R | CeHs e
- C.H
9 o 65
' 5
HSCG\ C6H5
X > o
HSCG CGHS
o 7 4

CHART — 13 .




Photolysis of J% wes carried out using a 100 W,
40U W high pressure mercury lamp using benzene as
solvent and under nitrogen atmosphers. Progress of
the reaction was monitered by checking its TiLC from
time to tive,

Irradiation of J% for 20 hrs, using a 100 W
lazp and bensene as solvent medium, indicated emergence
of & nev spot on TLl, just above the starting material.
iveporation of bengene ylelded yeliowish brown solid
vith & depression in the m.p. 7The crude compound was
subjected to column chromatography, A thick brown
liquid thus obtained in very poor yleld and most of the
stard ng material vas recovered back. NKi spectrum
indicated presence of a ghost peak at 1,2 (s, ocu3
at 3.6 S (8), methine at 5,6 & and aromatic protons
at 7.02 S with integration yratlo 0,5 ¢ 3 & 1 18
respectively. On this besis it wes difficult to
assign any definite structure to the product isolated.
Irradiation for more than 20 hrs resulted in the
emergence of some more spots on the TLC (Chart 13).

It was decided to irradiste the diene Ji with
a WU ¥ mercury lamp and see whether there is any
ehange in the reaction produet pattern, [However,
under these conditions of photolysis even for 31 hrs



failed to give the desired azetine, 4 study of the
spectral data of various pesction products which were
isolated did not lead to any definite conclusions

regarding structure,

In accordance to Cuntrcnm and Yang' 113
observations it is likely that /~arylazetine 23 might
have been formed during the addition of benzelaniline 20
to dizethyl acetylenecicarboxylate 31, but the azetine
formed rapidly undergoes {ission to give the stable
heterodiene J4 (Chart 13),

in another attempt a 1 ¢ 1 mixture of diphenyl-
acetylene J6 and benzalaniline 0 was irradiated using
benzene, concentrated Hal0,e cz\chuaao es oifferent
sclvent systems, This atieapt also felled to yleld
the desired azetine (Chart 13).

4 nev approach was thought in wvhich a
s=srylamincketone was to be converted i tc an enemine
and then to the enamine metilodide, Treatment of the
latter with base was expected to give the desired
learylazetine J2 (Chart 14,

letones are reported to be readily converted
to onni.nu"j v 16 by econdensaticn of the earbonyl
function with a secondary amine such as pyrrolidine,
mornholine or niperidine and aseotropic removal of

vater, with a solvent guch as bensene, In some casges,
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acid catalysis with _p-tclucm sulfonic acid or

benzode acid and refluxing in toluene or benzene

is found useful, The ease of fomstion of the enamine
depends on the structure of the secondary amine as well
as the structure of the ketone, Thus pyrrolidine reacts
faster than morpholine or piperidine. 4ix membered
ring ketones without a=substituent form pyrrolidine
enamines, even at room temperature in methanoll’ and
morpholine enamines are generated in cold acetic .cu“.

Literature survey revealed more recent methods
for synthesis of enamines at lov temperatures., wWhite
and Uolnmunu have thus reported a versatile enamine
synthesis by allowing a stoichiometric mixture of
titanium tetrachloride, a secondary amine and aldehyde/
ketone to react, This leads to & rapid and direct
synthesis of enamine,

Following the above method ;~(m~methoxyphenylamine)-
proplophencne £ ° vas rescted with pyrrolidine in the
presence of titanium tetrachloride, On work up, the
reaction product showed three nmew spots on 7TLC along
vith the spot corresponding to Unreacted starting
ketone §0, Column chromatography yielded three fractions
in poor yleld (Chart 14).

N spectrum of first fraction (Rp €.5, benzene)



indicated it to be & mixture of 7=methoxy=i=phenyl=l, 2,3,
tetrahydroquinoline §] and probably the desired ensmine §2
vhich mey be present in very small quantity, WNMR speetrum
of the second fraction indicated 1t to be granisidine whieh
is obviously formed by cleavage of the parent uminoketone £C.
RMR spectrum of the third frection (R 3.2, benzene)

indicated it to be 7-methoxy=iwphemylquinoline §3. This
vas further confirmed by preparing its metholodide and
compering m,p. with an suthentic sanple,

A 1ittle modification was also tried. iminoketone §0
in cold bensene (5 ~ 10%) vas treated with titanium
tetrachloride with stirring. In this case work up yielded
& brown oil, which on chromatography gave 7=methoxy=i=phenyle
1y 293y 4= totrahydroquinoline £ elong with the quinoline £3.

It 1s reported” that triphenylphesphine and carbon

tetrachloride converts primary and gecondary alechols into
the corresponding ehlorides under mild (essentially)

neutral conditions.

If the compound §0 1s in equilibrium with its
tautomeric (enol) structure §0A even to & small extent
(Chart 15), €0 in acetonitrile was treated with triphenyl
shosphine and carbon tetrachloride at room temperature
with the view to prepare §0i. After 24 hrs,triethylemine
¥as sdded. The reaction mixture on work up gave & dark
brown thick ligquid, Chromatography over silica yielded
& dichloroolefin G which can be formed by a Wittig
type reaction (Chart 15),
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d.hondm has reported that aliphatic, aromatic,
eyclopronyl and steroidal sldehydes by treatment of

dichloromethylene tris=dimethylaminophosphorane 65
Can be converted to the ecorresponding dichlorovinyl

Compounds. Ketones react sluggishly or not at all
under these conditions to give poor yields of similsr
produets (Chart 16),

.sp.uuo” has reported that triphenylphosphine,
on treatment with chloroform and potassiue~t~butoxide
in pentane at 0% gives triphenylphosphinodichloros
methylene, which reacts with benzophencne to yleld
1,1~diphenyl=-2, 2=dichloroethylene £6 (Chart 1¢),

HME spectrum of §& shows a quintet at 3,003,
“p, methoxy at 3,65 s(s), 3p, exchangable i at 3.4 S, 1p.
1% shows absence of “C=0 absor»tion and presence of
N at 3265 ew t, mass shows X' at m/e 332,

iAs the desired chloride (OB from }=arylamino~
ketone £0 could not be obtained this route to
#=arylazetines was also abandoned,

Tilak gt “.23 have reported the synthesis of
1= 5= phenyl~l~thioniumcyclobut~2=ene perchlorate £
by treatment of ketosulphide £7 with phosphorous
oxychloride, followed by treatment with 70 1 perchloric
aciad (Chart 17), In this synthesis the keto group

of the precursor ketosulphide £7 i» nrobably converted
into an oxophosphoniumdichloride derivative £§ by



interaction with phospiorous oxychloride., The
dichlorooxophosphoniua moiety then serves as a good
leaving group, UWhen intermediete £8 1s treacted with

70 ¥ perchloric scid resulting in cyclisation, to

yield l==phenyl=l=thioniumeyclobut=2=ene verchlorate £9.

On the above lines, it was hoped that
fie(li=methylanilino Jprosiophenone ,‘&3“ could be used
es & starting material for a similar synthesis of
Hearylagetine, zgg’ was preparod by interaction of
emethylaniline and ;~diethylamincethylphenyl ketone
hydrochloride in ethanol, 70 was treated with
phosphorous oxychloride for 12 hrs at room tesperature
and then reacted with perenhloric acid. Llethyl ether
vas sdded and the mixture was kept at -=20°, hite solid
separated out, NN spectrum of the solid shows &
methyl doublet at 3.69 S, methylene at ¥,25, m
and aromstic protons at ~ 7,75, m with integration
ratio for aromatic to aliphatic protons as 51t 36.

A study of the HMA gpectrum indicates that the
above product is the perchlorate Z1 (Chart 17),
With a viev to avoid salt formation end also the fact
that azetines may not be sta.le under acidic conditions,
it wvas decided to modify the procedure, Instead of
starting with & tertiary aminoketone 20, compound §O
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was used and triethylamine was employed instead of

perchloric acid to neutralise the reaction mixture.

Under the above conditions the N~arylazetine
was indeed formed. Thus treatment of }-(g~methoxy-
phenylamino)propiophenone §Q? in methylene chloride
with phosphorous oxychloride for 20-24% hrs at room
temperature, follwed by treatment with triethylamine
gave a dark brown liquid, Evaporation of methylene
chloride under reduced pressure and dilution of the
reaction mixture with benzene in cold, precipitated
triethylamine hydrochloride, which was removed by
filtration, Evaporation of benzene from the reaction
mixture (solution) gave a brown coloured liquid, 4
quick column chromatography over silica of the latter
gave tetrahydroquinoline ¢l as the first fraction,
This was followed by the desired 1-N-(m-methoxyphenyl)-2-
phenylagetine 72 as a erystalline compound (Chart 18).
Under the above reaction conditions some starting
aminoketone remains unreacted and was recowered back,
It was also observed that if the chromatography was
prolonged the TLC spot corresponding to the N~arylazetine
also diminishes. This may be attributed to the
rearrangement of the azetine under acidic (silica)
conditions, However the N~arylazetine 72 once isolated
appears to be fairly stable,
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HKR spectrum of the azetine 23 shows a methoxy
singlet at 3,75 S i a set of two quartets, one centred
8t 4,1 & and the other at b.4 £ corresponding to two
sethylene protons, a multiplet at 5.8 s corresponding
to the proton on double bond and aromatic protons
centred at 7.1 © (Fig,1). Ii shows sbsence of NH
absorption, iMass spectrum shows X at m/e 237.

To study the ring expsnsion of the l~arylazetine z2
under aeidic conditions i1t was treated with 707 sulphurie
acid at room temperature, work up gave a brown liquid,
which on CGLC analysis was found to be a mixture of
2= henylquinoline 7% and 4= phenylquinoline £3 and their
corresponding tetrahydroquinoline derivatives 23 and 6i.
The identity of these compounds in the reaction mixture
was confirmed by comnaring the peaks derived from
authentic samples of the respective quinolines and
their tetrahydroderivatives, The result of this
experizent lends support to the reaction mechanism
sugzested earlier in Chart 8 to account for the formation
of rearranged quinolines and tetrahydrogquinolines on
acid catalysed cyclodehydration of j=arylemincethyl
ketones,

inother attempt to synthesise Nearylsgetine
vas also successful to a limited extent, Treatment
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of a=(grmethoxyphenylanino)methylpropiophenone 25 22
vith phosp.orous oxychloride, followed by trietiylamine
furnished a2 mixture of tetrahydroguinolines and

1=l=( g~ methoxyphenyl )= J*methyl= 2 phenylasetine 26.
Attempta to purify the azetine 26 by repeated column
chromatography proved unsuceessful as 26 was unstable
under these conditions (Chart 18),.
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EXPERIMENTAL

p = (g~ Hethoxyphenylanino)ethyl( p-methoxyphenyl Jketone 22

interacticn of granisidine (12,3 g, U.1 mol)
with Hannich base hydrochloride of Prmethoxyscetophenone
(24,6 gy 0ol mol) in boiling rectified spirit for 2 hrs
and eooling gave 3P as brown solid (17,0 gJ.
Hecrystallization of the ¢rude nroduct afforded 32
as vhite nesdles (15.2 g, yleld 53,37 ), m.n. 83%.
Iat >C=0 at 168C om 3, NH at 3225 cm }
RS (CCly S )3 ;0 exchangable il at 3.33, & (broed),
1 pi metnoxy (~g) at 3.6, s, 3p3 methoxy (-p) at 3.7,
8y 3Jpi methylene centred st 3,27, m, 4pj aromatic
centred at €.5, my #p: aromatic centred at 7.4, q, %p.
Analysist Found C, 71.3% Hy 6,63 Hy W7, 61733192.'03
requires L, 71,571 Hy €e€i iy B0,
Masst M’ 269.

Q-__(tmthoxyahoqlmino)-l- (rnmwmql)-l-
Jropan-l=ol 4.

4 solution of ketone 32 (€.1 g) in ethanol was
treated vith sodius borohydride (0.51 g) and stirred
for 1/2 hr at room temperature. ieaction mixture was
refluxed for 1 hr, cooled, ethanol eveporated and
the contents diluted with water (100 ml), Aeidification
vith dilute ascetic acid and extraction with benzene
afforded 40 as brownish liquid, Vecuum distillat:on
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of the erude product gave carbinol 4 as colourless
1quid (5,3 gy yleld 86.3% ), bepe 175°/5 x 10”3 mm,
lis  HH, OF; brosd 335C ee”®

MM (CCl,e® )3 Dy0 exchangable Hil end 0N (broad) and
methoxy at 3,53, 8p} methylenes at 1.73, q, 2p}
methylenes at 2,9, t, 2p} beazylic at b, t, 1py
aromatic centred et €.5, m, Hp.

Analysist Found C, 70,33 Hy 7.2% i, &,7. ‘;17“3.1”03
requires Cy 71.1% Hy 7,31 4, .87,

Cyclisation of earbinol 40 using triphenylphosphine
dibromide, triethylamine.

Carbinol 40 (5,0 g) was treated with triphenyl-
phosphine dibromide [ prepared from triphenylphosphine
(648 g) and bromine (1,2 =1)] in acetonitrile (6C ml),
followed by dropwise addition of triethylemine (5.2 g
in acetonitrile (20 ml) st 0=5°, with stirring.

Gtirring was continued for 72 hrs, Jleaction mixture was
filtered and the filtrete evaporated by rotary evaporator.
Petroleun ether extraction of the crude product followed
by concentration of the extracts gave 6,2 g of thick
1iquid, Chromatography of the above liquid over silica
gave triphenylphosphine as the first fraction (0,760 gis
second fraction obtained as yellowish liquid was
identified as 1-(g~methoxyphenyl )=2=( p~methoxyphenyl )=
asetidine »] (0,082 gy 1,79% ),

<o



£y

Further elution gave 7=methoxy=a=(p-methoxyphenyl)=
193y 3y4=tetrahydroquinoline 43 (1,062 g, yield 23,57 )
mepe 67°1 followed by 7=methox,=4~(p-methoxyphenyl /=
19343y~ tetrahydroquinoline 43 as liquid, (0,84 g,
yield 17,85 ) bepe 115/1 x 10™% mm,

BMA of )t (CClyy S )y methoxy at 3.23, s, 3p3 methoxy
at 3.66, sy 3p} methylend 1,83, my 4pi methine 4.4,

ty 1p} aromatic 6.8, m, 8p,

inalysist Found Cy 75.6% Hy 6,83 Hy 5.1, Cyoily gi#0g
requires C, 75.8% Hy 7413 4y 5.23%,

HMA of Mgs (CCdyy © )3 Da0 exchangable HH at 3.65, 1py
methoxy at 3.5, sy 3pi methoxy at 3.7, s, 3p%

03 wethylene 1,9, n, 2pj} Cy, methylene 3,0, m, 2pj

Cy methine 4,26, t, lpi aromatic centred at €,5, my 7D,
inalysist Found C, 76,13 Hy 7,13 5y Fele C
requires C, 75.8% Hy 7,13 1y 5.8%,

1711192102

MR of B3t (Cilyy® )3 Ly0 exchangable Xil at 3.5, s, broed,
1p} methoxy at 3.6, sy 3py methoxy at 3.7, s, 3Ip}

03 methylene, 3,0, m, 2p} Cg wethylene, 3.13, t, 2p;

Cy methine, 3.9, t, lpi aromatic centred at 6.+, m, 7p.
Analysis: Found C, 75,83 H, 7,23 Iy 5.1, Cynilygii0y
requires Cy 75.8% Hy 7.1 § H, 5.8%,



heaction of |-(memethoxyphenylanino)propionhenone ﬂa
¥ASh oyrrolidipe snd $iteniunm Setrachloride.

To a stirred solution of ketone £0 (J.1 g,
0,002 mol) and pyrrolidine (4,26 g, 0,002 mol) 4n dry
benzens at 0=5°% T1Cl, (1.9 gy 0,001 mol) ves added
over 30 min., while keeping the temp. of reaction
aixture below 10°, after 11C1, addition, reaction
mixture stirred at room temperature for 12 hrs,
deconposed with water, filtered, extracted with
bensene, bensene extracts dried over anhydrous

Nagaoy . Evaporation of bensene gave crude product
(3.1 8o

Chromatography of the crude product gave thick
liquid (0.228 g, which was identified as a mixture
of 7=methoxy=iwphenyl,l, 2, 3, tetrahydroquinoline £l
and probebly the desired ensmine £2.

HMR (CClyy © ) (Fraetion with Af 6.5, benzene).

Four sets of multiplets at C,9, 1.3, 2.0 and 2.2
singlet at 3.6 with shoulder aromatic centred at 6.6,
=} integration ratio} aliphstic ' aromatic

59 52

Second fraction was identified as granisidine (U,100 g).
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Tnird fraction vas identified as 7P=methoxy=i~
phenylquinolize £3 (C.182 g)y mene 69°,

HHE (CClyy ©)% (Frection with Af 2,2, benzene)}
metioxy at 3.4, s, 3p} aromatic centred at 7., my 10p.
Strueture of §3 was confirmed by prevaring its methyl
iodide salt and compering m,p. with authentic u-nlna.
mePe Of methiodide 214w=15°,

iR (TFAAg © )y methoxy at 4,3, s, 3Ipj} methoxy at 4.2,

8y 3p3 HCHy at b.7y 3y 30} aromatic centred at 3,35, m, 1Cp,

Treatment of €0 with Ti(l,

Treatment of €0 (0,255 gy 0,001 mol) in 12 ml
benzene with TiCly, (0.9 gy 0.0005 mol) for 1 hr at
ice-vater temperature and decomposition of the reaction
mixture with cold water and extraction with bensene and
work up gave (0.10% g) crude produect, Column chromatograpny
of the above product furnighed 7=methoxy='+phenyl=l,2, 3,4~
tetrahydroquinoline €] (0.0W2 g, 17,64% ) and 7=methoxy=i~
phenylquinoline $3 (0,038 g, 16,27 ) which vere identified
by comparing HMi with suthentic aa-alua.

e~ (g~ Hethoxyphenylanino)ethyl [,/ ~dichlorostyrene 4

10 a stirred solution of triphenylphosphine
(2.6 gy Uu0l mol) in dry Cii305 (10 ml) was added carbon
tetrachloride (C.15% g, 0,01 mol) with stirring. €0 (2.59 g
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0,001 mol) was added as soon as the reddish yellow
coloured complex formation was observed and stirred
for 12 hrs, Further acetonitrile evavorated and the
crude product treated vith triethylamine or agqueous
bicarbonate sclution, Bengene extracts on drying over
HOy 50, evaporated and column chromatography over silica
gel gave Gl as thick yellow liquid (0,358 gy 11,117 ),
(bepe 130-5%/3.% x 10”2 mm), Further elution efforded
unreacted (0,87 gy 33.77 ) §L.

Analysist Found C, 63,83 H, 5,63 sy 4.5} Cl, 21,9,
CypilypClgh0 requires C, 63308 Hy 5,783 Ny 4,33

c1, 823,5%.

Mass ¢+ M 332,

p=(li=ethylanilino)propiophenocne 7O »

Interaction of W=methylaniline (10,7 gy O.1 mol)
vith Memnich base hydrochloride of acetonhenone visz,
(p=dimethylaminoethylphenyl ketone hydrochloride)

(22,4 gy 0ol mol) in boiling ethancl for 2,5 hrs gave

on eooling 20 as solid mass, Heerystallisation of

the crude product geve 70 as white needles (10.0 g, #27),
m.p. 61°,

HMia (CCl,y § ) discussed earlier,
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1=k~ (g~ Methoxynhenyl )= 3= phenylazetine 72

602 (1.25 g, 0,005 mol) in 20 ml dry methyiene
chloride was treated with phosphorousexyehloride
(1s0 gy Vo007 mol) with stirring, stirring continued
for 20 hrs, ieaction mixture cooled with ice salt
aixture end treated dropwise with triethylesmine
(3.1 ml,excess)., After 2 hrs, methylene chloride was
evaporated under reduced pressure and the contents
diluted with dry benzene in cold, Iriethylamine
hydrochloride separated out, filtered and benzene

evaporated under reducded pressure (without heating

the reaction mixture above 0%, (Comnlete evaporation
of bengzene reduces the yield of 23,) Thick brown liguid
obtaimd’on & quick column chrFosatograshy gave

Tepe thoxy= v~ phenyl= 1, 39 394 tetrabydroquinoline §) as
the first frection (C.13% g, 22,57 ).

Second fraction was identified as the desired
azetine 72 which crystallises on standing, m.p. 104°,
(Ce228 gy 19,37 )s I,y liMA (C,..»cx.., ) and Mass discussed
earlier,

The third fraction was identified as the unreacted
ketone 0 (0,126 gy 10,17 ),

The fourth fraction was identified as 7=methoxy=ib»
shenylquinoline £3 (C,102 g, 17.4% ),



]

6l and §3 vere identified by comparing ULC
and NMA gpectra with those of authentic samples,

1= 3= (- Hothoxy phenyl )= 3~me thyl~ 3= phenylasetine 26.
Ketone 75 “% (1,1 g) vas similarly treated

as above, with phosphorous oxychloride (1.1 ml1)

(3% hrs room temperature) and triethylamine (3.1 ml)

with cooling. Work up and column chromatography of

the crude product over silice gave & mixture of

7=methoxy= k= phenyl= I>methyl=1, 3, 3,4 tetrahydroquinoiine

and the azetine 26 (0,186 g). Many attempts to purify 26

by repeated column chrosatography or PLC proved to be

unsuecessful,

MR (CClyy ©) of the above mixture indicated Ciiy

at 2,01, s 0033 at 3.8, s, besidies the signals

corresponding to tetrahydroquinoline.
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Antroduction

Tilak gt n.l' have reported earlier, the
eyclodehydration of J=arylamino~l~propan-li=ol 1 by
means of 707 sulphuriec acid to give 3,4 disubstituted
1,24 39 tetrahydiroquinoline 2 and/or rearranged
24 »disubstituted=1, 2, 3, ¥~ tetrahydroquinoline J.

Formation of 2 by the eyclodehydration of )
wvas normally expected, lHowever the simultaneous
formation of 3 was rationaslised on the basis of the
involvement of an intermediate N-arylazetidine (4)
vhich on ring expansion led to the two possible
tetrahydroquinolines,

o prove the mechanism shown in Chart 1, it
was necessary to orepare li~arylazetidines and rearrange
then to tetrahydroquinolines under acidie conditions.
soon after a convenient synthesis of N-arylasetidines
vas achieved by Tilak and co-workers .

sulkarnid has studied the eyclodehydration of
Jarylaminobuten~i~ols and learylaminobutare=ols %
(B, and &, being phenyl and methyl or vice versa) by
means of 707 sulphuric acid, which led to iyl

disubstituted=1,2, 3,4 tetrahydroquinolines J and/or §
(Chart 1).
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Interaction of p-anisidine 7 with benzalacetone 3
and crotonovhenocne JJ_ led ressectively to [i=(3'~
methoxynhenylamino)=)=phenyl]ethyl methyl ketone 2
and o =(3'=methoxyphenylamino)oropiophenone 12, sodium
borohyiride reduction of § gave l«(3'-methoxyphenylamino)=l-
phenylbutan=3=ol )JQ and that of )13 gave 3I=(3'~methoxy-
phenylamino)=1=phenylbutan~l=ol 13 (Chart 2),

Condensaticn of g-enisidine 7 with benzoylecetone
A4 gave a mixture of phenyl={ 3'=methoxyrshenylamino)~
methyleneacetone JJ and methyl=(3'emethoxyphenylamino =
methyleneacetophenone J6. This mixture was separated
on @& spinning band column to yield the ketones 15
and J§ wiieh on sodium borohydride reduction gave the
carbinols 17 and 18 respectively (Chart 2).

sulphurie acid (707 ) catalysed cyclodehydration
of A0 prepared by sodium borohydride reduction of 2
vielded gig=“»methyl=2=phenyl=7=methoxytetrahyiro=
quinoiine ]9, The produet being exelusively cis
and no rearrangezent wvas observed during cyclodehydration
(Chart 2J. |

Lyclodehydration of 13, vrepared by sodium
borohy.ride reduction of 13 under acidic conditions lec
exclusively to the rearrenged grang=4~methyle-a=phenyl=7=
methoxytetrahydroquinoline 20,



2 — LYVHD

<3 0¢ * sy %oz 4
—_
22 81 9l
H H m I
€ € 13 ¢ £h
HD, N~ 02 HO N 00 H /\ /\/,\ou
[ F < H Aylg
LA H R~ J\\o N =
z HO™ o &
= o \O —
y . . — /ﬂ\ + 1
b2 Ll Gl 20
Y H c H ¢ €42
€ 02°H ? N 02*H g _N 02 *H
. Cimge Ea - N /F R
J vommz %o OL H NS 20 N~
H
“Fho £HD
02 o 2
H - H
% € ¢
N 02 *H HD N 02 “H
z
/\ By
,ﬁ J\ R /ﬁ/d\ B N
) AvOmmzoxeon 20\~ €y W e
NS
mIU,J




Carbinol )7, prepared by sodium borohydride reduction

of )5, however under identical eyclodehydration conditions
as above ylelded = mixture of the rearrangec gig end
treps 2= methylei=phenyl=7=methoxytetrahydiroquinoline 21
end 28 and the normally expected 1D.

Carbinol- J8 prepared by sodium borohydiride
reduction of )6, led only to the rearranged Lrang
=methyl~2=phenyl=7=methoxytetrahydroquinoiine 20,
the normal eyclodehydration product not being isolsted
(Chart 2).

The above set of e¢ytlodehydration reactions
indicsted that except in one case 17, the resctions
were sterecoselective, Using the carbinols, which
showed stereoselectivity during aeid catalysed
gyclodehydrations, mnum" successiully prepared
3,4=disubstituted N-arylezetidines in a stereoselective
marner, and studied their rearrangement reactions,

Excenting one example by Cromwell et n.s
stereospecific synthesis of N-arylazetidines has not
been reported so far,

Cyelodehydration of carbinols J0 and }3 by
interaction with triphanylphosphine dibrouide/
triethylazine led %o preferential forsation of trang~29-
methyle Y= phenyl=l~fi=( 3'*nethoxyphenyl jazetidine Zj.



Likewise similar cyeclodehydration of the carbinols

12 and 13 gave easentially gig- s~methyl=iwphenyi=l-i=(3'~
methoxyphenyl )azetidine 24 along with a mixture of gig-
and Lrang=lyv=disubstituted 1,3, 3,4 tetrahydiroquinolines
(Chart 3).

The above presults indicated that carbinols
A0 and )3 vrepared by sodium borohydride reduction of
saturated ketones (e.ge 2 and J2) ylelded preferentially
Sreng-azetidines, and the carbinols (e.g. A7 and 18/
prepared by reduction of corresponding enaminoketones
(eege A3 and 16) ylelded gip~ ipi~disubstituted
agetidines (Chart 3).

This clearly indicated that carbinols 10, A7
and 13, 18 prepared by two different methods are
configurational isomers and that the orientation of
substituents in the starting carbinols has a key role
to play in these eyclodehydrations,

Galame® has reported earlier that cyclodenydration
of carbinol 26 (obtained by sodium borohydride reduction
of the enaminoketone 25) by treatment with 707 Hyu0,,
yielded a mixture of 7~methoxy~3*methyl=-Y=phenyl~
1,34 3y tetrahydroquinoline 27 (the normal cyclodehydration
nroduct) and Pemethoxy=I=methyl=d=phenyl=l, 2,344~
tetralydroquinoline 38 (the rearrangeé produet) in 21%
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and 377 yields respectively (Chart &), 3y careful
excuination of M4 spectra and Lreiding models of
various isomers of 37 and 28 celama’ has assigned

the methyl shifts in various isome:s as follows:

gcentred at S
0e?73 (Hormal) sip~ 274
Ce86 (liormal) Xrans- 278
1,0% (“earvanged)  trens- 238
1.3 (Hearranged) Sis- 284

it may thus be inferryed that in the above
oyclodehydration reactions, rearranged nroducts are
formed in slightly greater proportion than the norsal
oyclodenydration produets, Further frgns- 265 ilsomer
predominates over gig- 234. The two frans-tetrahydro~
quinolines 278 and 235 together are formed in larger
amounts than the two glg-tetrahydroquinolines 274 and 284.

To explain the formation of rearranged
tetrahydroquinoline in the above eyclodehydrations,
Tilek g% al.t postulated the intermediate involvement
of 1=(3'=methoxyphenyl )= 3»methyl=i~phenylasetidine 39
(Chart &), 7he latter then undergoes ring expansion
under acid conditions to furnish either or both of the
norzal and rearranged tetrahydroquinolines,
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incidentally mnm’ has reportes earlier
that carbinol J) (obtained by tail, reduction of
saturated ;-aminomethyl ketone 30), on treatment with
triphenylphosphinedibronide in acetonitrile followed
bty intersction with triethylamine gave 1=( 3'=nmethoxy-
phenyl )= 3*methyl~ 2= phenylasetidine 29, cig~ and treng-7-
nethoxy= J»methyle4=phenylel, 2, 3, % tetrahydroquinoline
(274 and 278) and the rearranged gig~ and Lrans~7=
utm:y-h-umyl-a-mml—l,ad,k-utnhyquqmolm
284 and 238, This azetidine 29 was found to be &
mixture of ¢lg-2394 and trang~ 2085 isomers. Attempts
to separate gis~204 and trang-208 were unsuccessful
(Chart &),

sbleetives of the present Anvestisation

As very little information regarding synthesis
and rearrangements of 2, =disubstituted ~arylasetidines
was available, it wvas necessary to synthesise them,
it was also of interest to study the stereochemistry
involved in the acid catalysed eyclodehydration of
Jrarylamino=l=propan-l=ols prepared by two different
routes,



Present vork

/Precursors for this study were 3=(3'~methoxyphenyl=~
aminoj=2»methyl~l~phenylpropan-li=ols 26, Jl and
4= ( 3'=sethoxyphenylanino )= 3= phenyl=butan-2=o0ls 3j, 36.
These carvinols were prepared by two alternate methods
as shown in Chart 5,

a=( 3'=Methoxyphenylaninguethyl nropiophenone 3O
was prepared by refluxing the Mannich base hydrochloride
(B8) derived from propiophenone and grenisidine Z.
Yield of compound J0 was low (~ 207 ) probably due to
a=subgtitution in the Hannich base, “his has also been
observed by Craig gt a1.% Yield of the product i0 was
improved from 20¥ to 567 by addition of exsess sodius
carbonate and refluxing the reaction mixture for 1l hours.

by |

o

Interaction of gig-d=hyiroxymethylenesropiophenone (A) 4o
and granisidine 7 zave gig-a~(3'-methoxyphenylaminomethylene )=

propiophenone 23,

Mannich base hydérochloride of benszyl methyl ketone
was prepared according to Wilsom gt gl House g% a).®
have studied the equilibrius composition of solutions
of potassium enolates derived from unsymmetricul ketones,
such as benzyl methyl ketone,

structure of Hdannich base hydrochloride of benzyl
methyl ketone viz, ¥dimethylamino~3i=phenylbutan-2=one
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fic1[g] has slso been confirmed by Buehanan g% al.”
Condengsation of Mannich base hydrochloride of benzylmethyl
ketone and granisidine 7 in the presence of sodium
carbonate yielded u~(3'-methoxyphenylaminoj=j=
phenylbutar=2=one 32.

Many voxtonw' 1% have studied hydroxymethylation

of benzyl methyl ketone (ENK),

In our hands treatment of BMK with ethyl formate
using dry ether as solvent and sodium hydride as a
condensing agent ylelded a mixture of isomeric
hydroxymethylene derivative L and [. This mixture on
treatment with equimolar amount of granisidine 2
yielded a mixture of enaminoketones 33 and J% in 65:35
proportion (as revealed by GLC),

Attenpts to separate the enaminoketones 33
and J% by coluun chromatography using silica gel or
neutral alumina anéd various combinations of solvent
systens snd also fractional distillation nroved
unguccessful, Finally the desired product Y~(3'~nmethoxy-
shenylamino)= 3= phenyl=but=3=ene=~2>one 1] vas separsted
by chromeatogrephy over basic alumina using petroleum
ether as eluent, The ketone 3] is eluted first followed
by isomeric jb.

Sodium borohydride reduction of the ketone JO



yielded 3~(3'~methoxyphenylamino)=a=methyl=i~phenyl=
propan~li=ol 313.

The enaminoketome 2J, on sodium borohydride
reduction, ylelded the earbinol 26 1.

Similarly the ketone 33 on sodium borohydride
reduction ylelded carbvinol 3. An isomeric carbinol
36 along with a dehydrated product 37 (374 end 378)
vas obtained by sodium borohydride reduction of the
corresponding enaminoketone 33 (Chart 5.

Cyclodehydration of carbinol }l (prepared by
sodius borohydride reduction of the saturated | -aminomethyl
ketone 36’ using 70 F sulphuric scid ylelded s mixture
of gis and trang normal as well as rearranged
tetrahycroquinolines 27 and 28, NMA speetrum (Fig 1)
otmwuwmmammnmu
a mixture of Lrang=7-methoxy=3=methyl='w=phenyl=l,2, 3,4
tetrahycroquinoline 275 as the major product (507
&s per GLC) along with grang=7-methoxy=>methylei-
phenyl=1l, 2y 3,4 tetrahydroquinoline 228 (207 as per GLC)
and gig~7-methoxy=~ J*methyl~d=phenyl~l,2, 3,4 tetrahydiroe=~
quinoline 284 (307 as per GLC),

The above mixture when subjected to GLU/MS

analysis confirmed the above results, This wilil be
discussed later (see page ),
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Carbinol 2¢ on treatzent with triphenylphosphine~
dibromide in acetonitrile followed by interaction with
triethylamine on work up afforded to our surprise,
exclusively gigel~(3'~methoxyshenyl )= methyl-
phenylazetidine 294, together with a mixture of
corresponding tetrahydroquinolines (278) end (3284, 288).
M. spectrum study of 29A (Chart 6) indicated the presence
of a set of doublets centred at 1,26 = due to methyl group;
a multiplet centred at 2,53 © which can be assigned to
b as it has three neighbouring protons. TIwo sets of
fine triplets centred at 3.36 & and 4,08 S can arise
from methylenic protons ic and iid depending upon their
sterecchemistry, If Hc is above the plane of four menbered
ring i1t will be under the shielding zone of phenyl ring
and will appear upfield (3,26 S), ld being below the
plane of the four meabered ring will be deshielded by
Frnethoxyphenyl group and will appear at downfield (4,08° ),
A doublet at %,3 & can be assigned for ia as it has got
only one neighbour iib, Hethoxy appears at 3,46 S as
singlet, NMi also indicates absence of Lgt exchengaile
NE proton, 1: also supnorts absence of i, 7The other
products of the reaction being gig~ and Srang=7-methoxy=3=
methyle2=phenylel, 2, 3, % tetrahydroquinoline 284 end 285
and trans~7=methoxy= I=methyl='w phenyle=1,3, 1y
tetrahycroquinoline 22j.
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A variation in the above reactions was to use
triphenylphosphoniustrichloromethyl chloride in place
of bromotriphenylphosphoniun bromide (¢yP ir 52 ),
This led to reduction in reaction time from 72 hrs
to 20 hrs. Triphenylphosphoniumtrichloromethyl chloride
was prepared by interaction of triphenylphosphine (1 mole)
with carbon tetrachloride (1 mole) in ascetonitrile
at 0 ~ 5° for 1 hr.,

Ireatment of the ecarbinol 31 with triphenylphosphine,
carbon tetrachloride and triethylemine and work up
yielded gig=1~(3'=methoxyphenyl )= J*methyli=phenylazetidine
204. NMR spectrum of aszetidine D4 was again showing
& methyl doublet centred at 1,26 = indicatin; formetion
 of only one isomer. Other products formed are frans=7-
methoxy= »methyl=2=phenyl=1l, 3, 3, tetralycroquinoline 285
and $rang=7-methoxy=I=methyl=iwphenyl=l, 2,3,k
tetrahydroquinoline 278 (Chart 6),

Treatment of carbinol 36 with triphenylvhosphine,
carbon tetrachloride and triethylamine yilelded an
isomeric mixture of 1={3'~m«thoxyphenyl)=3=mothyl=
phenylazetidine 204 and 295 together with a mixture of
tetrehycroquinolines 224, 270 and 288, NN spectrum
(Fig 3) of the first fraction viz. asetidine 294 and
29F indicated presence of two sets of doublets
corresponding to CH3 group, appearing centred at 1,26 S
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and the other at 1,85 S with 3 proton intensity. The
former wes wuch more intense., The NKi spectrum also
indicated & multiplet centred at 2.53°, a triplet
centred at 3.265 and »,085, doublet centred at %.3 &
and methoxy protons appearing at 3,56 5. Aromatie
protons appeared centred at 6.5 5 L, 0 exchangable HH
wvas absent, Ii spectrum also suprorted the latter fact,
it was evident from above data that the methyl doublets
at 1.2€ 5 and 1,85 S must arise from a gis-ezetidine 204
and/or frapg-szetidine Z9B. 7o assign the respective
values for the methyl shifts in gig- and Strang-isomers
of azetidine for orlentation of the methyl group with

respect to the adjscent phenyl group, further consideration
is necessary.

If the C, phenyl and C, methyl are gia vith
respect to each other as in 304 then the C, phenyl will
orient itself in such a way that it will have least
interactions with neighbowirg methyl group. Obwvioesuly
the ¢ group in gig-azetidine 294 will shield the Cil,
group, Consequently the signal for methyl group in
Sig-azetidine 234 will be upfield as compared to Ciy
signal in Srapg-esetidine 2P which will eppear
comparstively downfield, Thus it may be inferred that
the doublet centred at 1.26 S arises from a gig-
azetidine 294 and 1,85 < form a tprang-aszetidine 208.



Treatuent of carbinols 2¢ end/or 31 with
triphenylphosphine dibromide probebly converts the
hydroxy group into oxophosphonium molety (without any
change in the configuration at () (Chart 7). This
oxophosphoniun brozide derivative on treatment with
triethylamine undergoes perhaps an inversion due to
beckside attack of Neloan pair electrons to yleld an
iearylagetidine (with different configuration at the
Cy-carbon under consideration) (Chart 7).

ynder % 8.3 have reported that reaction of

6%

carbinocls with triphenylphosphine and carbon tetrachloride

gives alkyl chlorides with inversion in configuration,

it was anticipated that the treatment of the
carbinols B¢ end 31 with triphenylphosphine and carbon
tetrachloride would furnish the corresponding chloro

derivatives with inversion in configuration, The chloro

derivatives during ring closure on treatment with

triethylsmine would undergo one more inversion to yleld
an azetidine derivative, the net result being retention

of stereochemistry of substituents (phenyl and methyl
group) attached to the C and 03 atoms in the parent
carbinols 26 and Jl.

There was, however, little difference in the
product pattern between resctions involving the use of
’3"”‘” Br and osy’-ccxs c1”, Henmce the leaving group
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in eyelodehydration of the cerbinols may not be an
oxophosphoniun bromide but a halide ion (bromide or
chloride), These eyclodehydrating agents probably

convert the carbinols first into the corresponding

halogeno derivatives by inversion at C,. atom and the halogeno
derivatives are subsequently converted to azetidines by
another inversion process, 7These postulates however

vill need more rigid proof for confirmation,

The observation that carbinol 2€ on trestment
with triphenylphosphoniundibromide and triethylsmine
gave essentially gig-ezetidine 94 is in confirmity
with our earlier observation, that carbinols obtalned by
sodium borohydride reduction of corresponding enamineo-
ketones furnish gig-2,4~cdisubstituted agetidines on treatment
with triphenylphosphonjumdibromide, triethylazine in
scetonitrile, 7The carbinol jl, obtained by sodium
borohydride reduction of saturated aminomethyl ketome JU,
on treatment with ¢4F CC13C17, ity in acetonitrile
algo yielded gig-2,3=disubstituted azetidine Z24 as the
only product., 7his indicated that both the carbinols
26 and 31 obtained by two different routes were identical,
further their cyclodehydration under above conditions
appears to be fairly stereoselective in that both yleld

gig-azetidine 224 as a major product.
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Un the perallel lines it was also of interest
to see if stereoselectivity is observed during
eyclodehydration of the isomeric carbinols 4=(3'-methoxy-
phenylamino )= 3=phenylbutan-d=ols 37 and 36 which were
prepared by two alternate methods as shown in Chart 5,

As discussed earlier the saturated aminomethyl
ketone 32 on sodiunm borohydride reduction yielded the
earbinocl 304 and an isomeric carbinol J§ was obtained
by sodium borohydride reduction of enaminoketone j3.
All attempts to eyclodehydrate cerbinols 33 and J§
using 70% Hy00, either failed or ended with polymerie
product, lowever, the carbinols on treatment with 707
perchloriec acid gave the cyclodelydrated products as
discussed below: |

Carbinol 3J on treatment with 70 perchlorie
acid gave a mixture of nroducts whieh on work up and
eolumn chromatography gave a mixture of tetrahydroquinolines,
along with some unreacted carbinol and some polymeric
material, HNMi spectrum (Fig 3) of the tetrahydrogquinolines
isclated by the above column chromatography, indicated
the presence of four sets of methyl doublets centred at
OBy 0,935, 1el3cend 1,865, Formation of normal
eyelodehydration product viz. the tetrahydroquinoline 38
and the isomeric rearranged tetrahydroquinoline 3P may
be rationalized as shown in the Chart 8, The
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tetrahydroquinoline 38 may be formed by direct
cyclodehydration of 35 whereas the isomeric tetrahydro-
quinoline 39 is probably formed through intermediate
involvement of agzetidine 40,

Another possibility whieh needs to be considered
1s the likely rearrangement of the carbonium ion(a] to
the more stable bensylic carboniws fon (3] which may
loose & nroton leading to the dehydration product J7A
and/or 378. Alternatively the carbonium ion [p] mey
yield an aziridine (L] which may subsequently be converted
to indoles &) and 42 through two alternate modes of ring
expansion (Chart 8).

liowever, a study of the Hi: speetrum of the
resction products rules out the presence of indoles as
there is no signal corresponiing to ethyl group which is
present in indoles &), 48 and also in the olefin 43.

As NNE spectrum revealed the absence of indole
derivatives &), 42% and the olefins 37 end %), the
eycelodenhydration products are the tetrahydroquinolines 38
(sds- 3944 treps=20R) end 39 (gde~124 and Lrang-Jo2).

It has been observed esriler by Kulkerni that
in the case of Y=methylei=phenylwl, 2,3, tetranyiroquinolines
Wi and 2-shenyl=kemethyl=l,3,3,4=tetranyiroquinolines 43,
the C, methyl in 44 appears (as a doublet) comparatively



upfield as compared to the C, methyl group in ¥
(Chart 9), 7This 1s due to the locations of the C ~methyl
group adjacent to the N-atom in 4J.

Applying the above anmalogy to the present case for
differentiation between 2, j~disubstituted tetrehydroquinolines
(324 and 393) and 3,4=disubstituted tetrahydroquinolines
(184 and jBE), the mothyl signel in the NMAR spectra of the
normal eyclodehydration products J§ should appear slightly
upfield as compared to the methyl signal in the rearranged
tetrahydroquinoline 39,

Thus doublets appearing centred at O,8% ° and 0,93
may be assigned to gig~384 and trang-335, whereas the
methyl doublet signals centred at 1,13 S and 1,26 &
may be assigned to gig-394 and frans~39B., Oreiding models
of gdg~324 and trang~lih were examined, The study revealed
that in the preferred confijuration of fransg-38i
(cu, (e) and ¢= (e)] the CHy group at C, lies below
the plene of phenyl ring and does not come under shielding
sone of 63 phenyl at all, Hence in case o! gig-i84
(preferred configuration being Cy~Cliy axiel and Cy phenyl
equatorial) the CH3 protons will be slightly more shielded
than the cu, protons in $rang-388. Cereful exsmination
of gis~38i model indicated that in the preferred configuration
of the C ~methyl will not be exaetly axial but will be



*%
I

NH
— ‘H3C
> €
NH —
V4
2T“~H A G
CH
3 @
- g
\\\
> SE s L o —
NG
>Y¥—H
2]‘ £ 03
CH; @

trons 39 B
CHART =9 .

= 3
R \/\N/éw‘CH3
H
45

(2%

2
H @ N
" N
! = Q\ —“NH
\~
D13
€ Mo
@
H a
.~‘J\__--\u 13 &
q il . S . |
\\ /-—2—%, o N H
H-- .\\/ g
l
P
H @
L J<_,- - C}" 3
Pl
A<M
\ /,/’
2



quasi=axial as the tetrahydrohetero ring is slightly

deformed due to -C=0» and presence of a hetero atom,

Thus 0,8% < wes sssigned to gig~384 end 0,93  to the
corresponding trans-isomer 3J3B.

brieding model of frang~38B (Chart 9) indicated
that the preferred configuration will be ca--(;u3 equatorial
and Cs-phowl also equatorial, In caese of gisg~39i the
preferred configuration will be c3-<:113 axlal and c3-phony1
equatoriel, Sow even if either of the Ca'°“3 groups do
not come under direct shielding effect of 03 phenyl ring,
by eomparing the dihedrel angles nﬁt;y each of the
equatorial methyl and axiesl utb.ylgcs equatorial-phenyl,
it may be concliuded that the HMR methyl signals in case
of the $rang-3958 will appear comparatively upfield as
compared to gig~30A. 7This 1s because in the preferred
configuration of 33-pbom (i,e. oquatorial), the dihedral
angle between (:3-0113 (equatorial) and 03-m1 (equatorial)
is less than dihedral angle between 083 (axisl) and 03-m1
(equatorial), Thus Ciiydoublet centred at 1.13 © 4s due
to Lrang-39s and CH, doublet centred st 1.3¢ S is dus to
eig-39i. Intensity of peaks are as follows:
OuB+ = about W0 F § 0,93 & about 25F 11,13 S about 207
and 1,26 = about 158 (rdg 3).
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In an another experiment Carbinol 36 (obtained
by sodium borohydride reduction of the enaminoketone 33)
(Chart 5) was eyclodehydrated by trestment with 707
perciloriec acid. vork up of the reaction mixture
followed by column chromatography gave as first fraction
e mixture of gig-7=methoxy~=methyl=3~phenyl=1l,2, 3,4
tetrahydroquinoline 334 (707 ) [CHy doublet (major)
contred at 0,8% ] and gig-7-methoxy=i=methyl=3~
vhenyl=1,2, 3,4~ tetrahydroquinoline Joi (307 ). & Ciy
doublet signal corresponding to Lrang-7=methoxy=i=
methyle 3= phenylel, 2, 3, 4= tetrahydroquinclinse 335 was
also present, The methylene and c, methine protons
centred at 3.3 as multiplet, D0 exchangable NH proton
appeared at 3.55 , & methoxy at 3,73 eromatic protons
orthe to OCiy centred at 6,0 and other at 7.0
as multiplets, #Mi spectrum of the second fraction
in comumn chromatography gave the following datad
A 083 doublet centred at 1.13 corresponding to
Lrang-7-methoxy= d=methyl= 3= phenyl=1l, 3, 3y~
tetrahydroquinoline 323, Methylene, NH and c3 methine
protons centred at 3.4 as multiplet, metioxy et 3.6 ,
sromatic protons as a multiplet centred at 6,0 end
7.0 (Chart 10),

The formastion of rearranged tetrahyd-oquinolines
£ig~304 and trans~395 4in the above reactions 1is
explicable if one assumes the intermediate formution
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of an agetidine 40 as shown in Chart 8 earlier. In
viev of the multiplicity of products obtained as above,
the acid cstalysed cyclodehydration of carbinols 30
and 36 does not appesr to be stereospecific,

it has been stated earlier that the formation
of rearranged 3,j-disubstituted utn%mlmo
gis~ 304 end Srang~305 by acid catalysed/denydration
of the earbinols 3J and 36 is explicable if one assumes
the formation of an azetidine 40 as an intersediate.
7o prove the involvement of the i~(3'emethoxyphenyl)-d=

methyl= J=phenylazetidine 40, its synthesis was necessary.

Carbinol 36 on treatment with triphenylphosphine
¢ibromide in acetonitrile solution followed by treatment
vith triethylamine gave a mixture of compounds, work up
followed by column chromatography of the crude resction
mixture afforded triphenyl phosphine as the first
frection followed by the desired 1-(3'-methoxyphenyl ==
methysi=3=phenylazetidine 4 .(Chart 10), FHHE spectrum
(Fig %) of the latter indicated presence of two sets
of methyl doublets one centred at 1.01 < (~ 807 intensity)
and the other at 1,35 © (~ 107 intensity). liethoxy
protons appeared at 3,71 5, A quartet (may be expected
to be & multinlet, centred at 4,0 & arises from ¢

methylenie protons and CS.H’ Another multiplet centred at
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b © arises from & methine proton situated at (..
sromatic protons appeared at 6,08 > and 7,08 © as
multiplets. Dbgo exchangable !l was abgsent, thus ruling
out the tetrehydroquinoline structures as well as open
chain structures, Ili also showed absence of either

§H or OHe Product from the next frection obtained in
eolumn chrometography was subjected for NAx study.

HMi speetrum (Fig §) of this fraction indiceted again
two sets of (methyl) doublets centred at 1,59 <

and the other at 1.89 & , 1:30 exchangable i proton
appeared at 3.5 © (1 proton intensity), methoxy at

3,66 = (3 protons intensity), & broad singlet at 3,835
and a small singlet at 4,0 = (2 protons intensityl,

4 fine multiplet at 5,86 S mixed with aromatic protons,
which appeared at 6,0 S and 7,08 & (10 protons intensityl.
48 the two methyl doublets (1,59 = and 1,39< ) appearing
very much downfield do not correspond to any of the

gis or irens (normal and rearranged) tetralydroquinoiines
38, 39, these doublets may be attributed to the

olefins 37 (gis & or frans B) obtained by dehydration
of the earbincl 36. Tetrahydroquinolines 33 or 3@

were absent,

It may be recalled (sece pege J that
a=( 3'*methoxyshenylanino )methyl~) »metiylstyrene J75/5



was formed during sodium borohydride redustion of
the enaminoketone 33 which shows identical NMA
(¥4g 5) end 13 spectrum, It shows X' peask at m/e 257.

b= ( 3' = Methoxyphenylamino )= 3» pheryl= butan=i=ol 35
(obtained by sodium borohydride reduction of the
saturated j~aminoethyl ketone 32) which is likely to
be isomeric with carbinol 3§ wes also cyclized as
above with the view to synthesise the azetidine 40

(gis~4 or txans~B).

Carbinol 33 on treatment with triphenylphosphine
dibromide (in acetonitrile followed by interaction with
triethylanine at O to =5°C for 72 hrs) and work up
&8 above ylelded again an isomeric mixture of
i=({3'~methoxyphenyl )= methyl~ J» phenylagetidines
%04 and %03, NMR spectrum again shoved a CHy=doublet
centred at 1,01 < being the major and a CHy doublet of
very poor intensity centred at 1,355, 4 oroduct
corresponding to gls- and Srang~ olefin 37; end 375
vas also isolated (Chart 10),

Both the carbinols 37 and 36 behaved similarly
in eyclodehydration under above conditions, In both
ceses the yleld of asetidines 40 (gig-ji and Srang-i)
was low,



To assign the corrcct values for the methyl shift,
in the isomeric mixture of gig~ and frang-ssetidine 40,
one can visualize a system whereby cu3.scam phenyl
6t C3 are gig. In the latter o::;a:: avold Vanderwall
interactions phenyl at Cy will/perpendicular to plane
of paper (Chart 10), Thus Cliy at C, will be slightly
m.uummx.»mupuouummtow
isomer 405, On the same lines one can differentiste
CHy doutlet values in gig~ and fraps-olefins 324 end 373.
If the Ci13 and ¢ are glg, methyl grou» will be slightly
shielded and will appear upfield (Fig 5).

From the above considerations signal at 1,01 S
may be attributed to gig-asetidine 404 (C ~methyl).
The other signal at 1.35 S may be assigned for the
Lkeng-asetidine 40P (C ~methyl). The gig-azetidine 404
is formed as a major product and Lrang-ssetidine Y5
as the minor product in the cyclodehydration of both the
earbinols 37 end J6. .ll atttempts to separate “ou
from 408 were unsuccessful,

In the 11ght of earlier work by Mulkarnid 1t was
anticipated that the carbinols 3} and 35 prepared by sodium
borohyride reduction of saturated [ ~aminoethyl ketones
(X and 33) would furnish exelusively trang=32,3
disubstituted azetidines (295 and 40B) end the carbinsls
(4 and 36) derived from enaminoketones (25 end 33)



essentially glg~2J~disubstituted azetidines (204
and bui).(Chart 11). actually in both cerbinols ji
and 37 the gig-azetidines 9/ and 404 were obtained
as major products and the trang-azetidines Z33 and
Y00 were formed in much smaller quantity. These
observations are at variance with those made earlier
by kulkarnid,
The above result indicste that the carbinols
£2€ and J1 are identical and have identical stereochemistry
at the 03, C, carbon atoms, similarly carbinols 35
and 36 also have the same sterecochemistry at the asymmetric
c3 and G, atoms, JFurther it does seem that location
of the substituents at 03. C, positions as in 2J and 33
as against at C, and ¢, atoms in enaminoketones 15
and 1§ se:ns to play a key role in the RaBH, reduction
of these enaminoketones., This reduction may be
occuring as follows in two steps (shown in Chart 13),

j=Aminoketones when reduced with sodiuz
borohydride give ~aminosleohols in such & way that
the reduced carvimol will have preferentially the
seme configuration ot the '~carbon atom, However,
when an enamincketone such as )5 and/or J¢ is reduced
with sodium borohydride, the carbonyl funetion first
gots redused to intcrmediate . or @ and then the double

bond gets reduced to give | -aminoalcohol(carbinol)
(Chart 12), Inol first formed directs the hydride in
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such a way that the resulting carbinol will huve
different configurations at Cl and 03 atoms
(CiR, €38 or C35, C3R).

If in the enaminoketone, the double bond
had got reduced first, then the resulting saturated
ketone would have led to a j=aminocalconol (earbinoi)
where the configurations at ¢y and 03 assymetric
carbon atoms would have been identical.

liowever, carbinols obtai‘ned from 2,%wdisubstituted
saturated aminoketone 2 and 13, and corresponding
2pl-disubstituted enaninoketone 1J, 16 were isomeric,

based on the above rationale mum-nf came tc
the evnelusion that scdium borohydride reduction of
enaninoketone proceeds via intermediate formation of

enol 4 or J.

In the present case vis, sodium borohydride
reduction of 3J,W~disubstituted aminocethyl ketones
oy A2 end corresponding enaninoketones 23, 33 led
to carbinols with identicel configurations.

The following modification in the mechanism
prepoged eariier may exnlain the above presults.
Sodium borohydride reduction of enaminoketones ZJ
and/or 3] probably proceeds as follows:=



1) Carbonyl function of 23 and/or 33 gets
reduced to intermediate enol 4 or (.

41) Above encl A or L probably get transformed
to imine of the tyve L/L by & prototronic shift.

111) Further reduction of imine L and/or L to
curbinol.

The third step being crucial

If the starting enaminocketone is 2,4~disubstituted,
the incoming nydride will have 2 directive effect of &
substituent at C, (cduring the last step viz, reduction
of imine) to yield carbdbinol with specific configuration,
whereas if the starting enaminoketone is 3,%disubstituted
incoming hydride may not have any directive effect
(during reduction of the imine) as G, substituent is

absent,

Examination of l:, HMR spectra of the earbinol
pairs 26, J) end 37, 36 obtained by two different routes
wvere nearly identical., Even ULC of the corresponding
8ilyl derivatives also showed no difference, 7The above
evidence indicates that carbinols 26 and J] are identical
and 80 also carbinols 3J and j6. It may be noted here
that xulkarnid had prepared silyl derivatives of the
isomeric carbinols whose ULC prevesled that the silyl



derivetives of carbinols J0 and 17 were different
and also those of 13 and )8 were different. This
showed that the carbinols 1O, A7 and 13, 18 vere
configuretional isomers.

Searrengemept resgtions of l-arylasetidines
Tilak gt “.1 have reported earlier that

1=( 3'=methoxyphenyl )= 2= phenylagetidine 44 rearranged
partially to 7=methoxy=2=phenyl=l,2, 3,4 tetrahyiro~
quinoline 4J when its solution in n~hexane vas exposed
to sunlight, It was also observed that 4% rearranges
to 43, on prolonged heating (Chart 13).

1=( 3*=Hethoxyphenyl )2, v dinethylagetidine 4§
on UV irradistion gave 7-methoxy=2,4=dimethyl=l,d,3,
tetrahydroquinoline 473 which was also obtained by
pyrolysis of 4§ at 200° (under nitrogen atmosphere)
and by treatment of 4§ with 707 sulpburic acid
(Chart 13).

xulkarnid has reported earlier that gig-1-(3'=
methoxyphenyl )= 2»methyl='=phenylasetidine 24 on
irrediation with unfiltered 1light emitted by 12 watt ig
vapour lasp gave a mixture of gisg~7-methoxy-i~meothyl=2-
phenyl=l,2, 3,4 tetrahydroquinoline 1} (367 i,
Sig=7=uwethoxy=2=methyl==phenyl=1l, 2, 3, ¥ tetrahydro~
quinoline 21 271 and freng-7-methoxy=2-methyl~k~
phenyl=1, 2, 3,4 tetrahydroquinoline 22 (36%).
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Irans-i=(3'=methoxyphenyl )= 2»methyl=i=
phenylaszetidine 23, on irradistion under above
conditions ylelded a mixture of 19 (6% ), g} (377%)
and 23 (277 ),

Cis-ezetidine 2% on pyrolysis at 290°, under
nitrogen atmosphere, gave a mixture of 19 (378 ),
2l (357 )and 28 (377 ). Irapg-asetidine 23, on
pyrol,sis gave a mixture of )8 (W07 ),2]) (W0 7)
and 28 (207 ),

Clgrasetidine 3% on treatment with 707 sulphuric
acid, gave essentially only J§ (707 ), whereas
Lrans-szetidine 23 under similar conditions gave
trang-7~methoxy=k=mothyl=2»phenyl=1,2, 3,4
tetrahydrogquinoline 20 (Chart 13).

The above results indicated absence of any
preferential product formation during photolysis or
pyrolysis of gig- and trang-asetidines 2% end 23,

idng expansion of izetidines SAs-@ds end glurli0ASFapE-I0O

Cyclodehycration of earbinol 2€ by treatment
with triphenylphosphinedibronide as stated above
yielded exclusively gig~l~(3'~methoxyvhenyl )~ 3
methyl=2=phenylasetidine 204 (Chart 6). The latter
was subjected to pnotolysis, pyrolysls and acid
catalysed ring expansion,
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Similarly eyclodehydration of carbinol 3
using triphenylphoschinedibromide and triethylamine
gave an iscmeric mixture of 1-(3'=methoxyphenyl)=2=
methyl=3=ohenylazetidines 404 and 03 (Chart 1C),
Many attempts to separate gig~ and trang-azetidines
404 and 408 were unsuccessful, Consequently mixture
of gig~ and trang-isomers containing essentially
the gig-azetidine 44 was subjected to ring expension
studies,

Ring expansion of 294i/404,5 by UV irradiation
proved to be unsuccessful as 1t ylelded demethoxylated
and fragmented products., Heaction products were
identified by compering their HMA spectra with those
of authentic samples,.

Edg-izetidine 294 on treatment with 70 ¥ sulpnurie
acid gave trang~7-metioxy= 3 methyl=i=phenyl=l, 3y 3,4
tetrahydroquinoline 273 (normal product) and trang=7=
methoxy~ 3=methyli=2=phenyl~1l, 2, 3, ¥~ tetrahydroquinoline 285
(rearranged product) in equal proportions (Chart 14),

Acld catalyzed ring opening of gig-szetidine 294
may proceed in two ways, one being stepwise and the
other concerted (Chart 15,,
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1) jtepvise progess

Azetidine 224 under acid catalysed conditions
can open either by cleavage of =i3C ¢ bond
(Aoute A) to furnish normal product 27 or by
cleavage of -u-%»«cﬁ-cu-cna bond (loute B) to

furnish the rearranged product 28.

ligute . may be expected to be more fsclle
than /oute & as the bensylic carbonius ion (4)
would be more stable than the primary carvonium ion (2).

1f the carbonium ion derived from 294 is formed
arior to e¢yclisation it can be attacked from both
sides to yleld equimolecular mixture of gig-274 and
Srang-278 or gig~28h and Lrang-388 . Aetuslly Lrapng-27B
and trang=28E are formed in equal proportions,

Formetion of trang=385 (rearranged product)
from gig-azetidine 204 through the intermediate
involvement of the primery carbonium ion (Z) is
difficult to explain since the carbonium ion (3)
mey be expected to be much less stable than carbonium
ion (4).

similarly if ring opening of azetidine 294
w:8 to follow /oute A, it should have ylelded
equimoleculer mixture of gie~274 end Srang~27H.
However, only Lransg~275 1s formed,
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It appears from above result that the ring
expansion of gig-azetidine ZPA may not be sterwise
process involving discret carbonium ions but a concerted
process in vhich the stereochemistry in the parent
azetidine is not retained in the ring expansion products,

It should be noted that during ecid catalysed
ring expansion of $rapg-sszetidine 33 and gig-azetidine 24,
the end products (tetrahydroguinolines) have the ssme
stercocheaistry as the parent szetidines,

Azetidine 40 can open in two ways (Chart 15).

Ste se Qcess

Cleavage of =li=iC= CHy bond will give carbonium
ion (L)whieh will yleld equimolecular mixture of
Sig-384 snd Srang-308 whereas cleavage of ~N3=0=Co¢
bond will give rise to carbonium ion (y) which will
lead to an equimoclecular mixture of gig-3Di snd
Sxene225.

Carbonium ion (L) may be expected to be more
stable than the primary carbonium ion (L), This is
reflected in the fact that the ring expansion
product J8 is mostly formed and 30 is obtained only
in low yleld,

It 1s diffieult to explain as to why the
stereocchenistry of the parent azetidine 40
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(essentially gis) s retained in the acid catalysed
ring expansion products 384, end 3P4,

Lipvazetidine 294 on pyrolysis gave a mixture
of Lrans~7=methoxy=3»methyl=lw phenyl=l,3, 3,4
tetrahydroquinoline 278 and gig=7=methoxy=I»methyl=2=
phenyle1,2, 3, 4= tetrahydroquinoline 234 in equal
proportions,

Azetidine 40 (mostly gig-) on pyrolysis gave
a mixture of gig-7=methoxy=Y=methyl~3=phenyl=1l,2,3,%
tetrahydroquinoline 384, Siang=7-me'hoxy='wmethyl=3=
phenyl=1,2, 3, % tetrehydroquinoline 338 in W5:45
proportion along with gis=7-methoxy=2=methyl= 3~
phenyl=ly2, 3,4 tetrahydroquinoline 384 (20% ) (Chart 14),

Above results indicate pyrolysis of azetidines
8B4 or 404/B 1s not stereospecifie,

SkC/¥e identification

Bven though not much attention has been nald
tovards the mass spectra of tetrahydroquinolines,
mass spectra of many satursted heteroeycles including
piperidine’® 38, piperidine alkelotds’® and oxygen
hoterooyeles®?3l nave been studded in detail, In
addition, spectra of tetrahyd onaphthalenes--?>>
and utnmhuuqunouuo* have been reported,
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Mass spectra of 2=, 3 and emethyl=1l,2,3,4~
tetrahydroquinolines has been studied by Draper

and mcluuz’. They huave reported that mass spectra
of @ and W methyltetrahydroquinolines are similar,
in that they both showed weak =]l peaks and a base
peak at ¥~15, substitution of a hydrogen by a methyl
group in 2= and Yposition resulted in an intense
=15 peak whereas substitution in the 3~position
resuited in n/e at m-29,

Incidentally Modsk®® from this laboratory has
analysed a mixture of 2,3idisubstituted benzo~[b)=
thiophenes with the help of CGLC/M3 technique end has
successfully internsreted in the results (Chart 16),

¥odak?® has noted that in gig- and rang-isomers
of 2,3dihydérobengo-(b]-thiovhene, when the substituents
By and A, wvere gig with respect to each other loss of
(= By + 2,] was intense,

On similar lines study of GLC/MS pattern of
2y J»disubstituted and 3,4~disubstituted tetrahydroquinolines
vos undertaken,

As discussed earlier cyclodehydration of carbinol
3l using 707 sulphuric acid gave a mixture of
7=methoxy= J*methyl=i=phenyle1l, 2, 3, ¥ tetrahydroquinoline
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 (4reng~375) end gis- and frang-7-methoxy= J=methyle i~
phenyl=l, 24 3, 4= tetrahydroquinolines (284 and 283, page
(Chart 6), GLC indicates it to be & mixture of

3 compounds (peaks 4, 5 and {) with retention tize

as 4% 3,85 min, @ 5.0 min, and £ 7.3 min. respectively.
Mass spectra recorded for each pesk indicates molecular
ion peak as 1007, Relevant m/e values are tabulated
(Table 1),

All the mass spectra corresponding to peaks
by B and § show i=]l 1.0, m/e 252 intense, =15 1s
also intense corresponding to peaks 4y 4 and §
m/e 211, 1.0, 43 18 present in 4, i in more or less
equal intensities vhereas for ¢ m/e 211 1s

1“ a “.3:'1 .

Fragment m/e 211 can arise from 3,4~ substituted
tetrahydroquinoline 275, (normal eyclodehydration
produet from J1) by Hetro-iiels ilder type
fragmentation (Chart 17).



Jable )
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as2 Ml 21,9 21,1 114 <
/238 H=15 28,1 31,6 17.1
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ACTERISTIC RETRO-DIELS ALDER FRAGMENTATION OF 3,4 AND 2,3
UBSTITUTED TETRAHYDROQUINOLINES
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Some of the common m/e peaks for 4, 3 and $
can be explained as peaks at m/e 23b 1.,e, (N-20)
probably arising from loss of 0083 group and transfer
of two of its hydrogens to parent molecule resulting
in a cyclohexadiene type structure. It is reported
in nuum?um vhen a methoxy funetion is present
in a quinoline molecule m/e at ¥=29, K=30 and ¥~31
ere intense, Peaks at m/e 210 arises due to loss of
43 meus 7Tnis 1s ascribed to loss of [MPCHJ-COI i.e,
#-15 ~28 (Chart 16)., Further loss of 77 i.e, phenyl (¢)
con take place either from the normal or the rearranged
tetrahydroquinolines,

Fragnent m/e 135 1s present in both 4 and 2
with 9,1 and 16,87 intensities, whereas m/e 135 in ¢
is less than 27, Moreover m/e 135 can arise due to
Hetro~biels-Alder type fragmentation in case of
rearranged product (Chart 18), As 4 and B are
shoving w/e 135 comparatively more intense than m/e 135
in cuse of £, it may be said that 4 and B are probably
rearronged products,

Further examination of the mass spectra show
that m/e 105 to be very intense in the casec of 4
(23.1%)and B (26,37) as compared to £ (6,0%), This
can easily be explained if we assume that the phenyl
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group is occupying @-position in 4 and J (Chart \c), |
The other possible structures for m/e 105 (Cyig0’
and Cgliy") can be ruled out since their formation
requires rigorous rearrangement., Low abundence of
the don st m/e 105 in £ also supports this fact,
Moreover the ion at m/e 77 is also very much intense
in ecase of 4 and j only., This 1s explicable by the
loss of H,CH (28 m.u.) from the intense ion at

a/e 105 from 4 and J., These arguments are further
suprorted by the fact that the fons at w/e 135 which
can be formed only from the rearranged products
(Cg=phenyl) ere present only in 4 and B, The other
ion at w/e 118 during the Hetro~Diels~ilder fregmentation
is also present only in A and J.

Sased on the above observations, it is eﬁgludn
that CLC fractions 4 and B are resarranged 2,Jvsubstituted )
tetrahydroquinolines whereas fraction { is the normal |
cyclodehydration product 3,%disubstituted
tetrahydroquinoline. These conclusions based on study
of mass spectra sunrort the conclusions based on study
of NNH spectra which are discussed earlier,

No definite conclusions regarding identification
of gis~ and frang-isomers among the tetrahydrogquinolines
could be arrived at since fragments at n/e 161 and
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w/e at 175 (ecorresponding to gig~ end Lrang-isomers
(Table 1) were present in all the spectra with almost
same intensities, This may be due to non=resoclution
of GLC peaks, It is likely that high resolution mass
spectroscopy may throw more light as regards
identification of gls- and Srang-isomers.

As stated earlier cyclodehydration of
carbinol 3 with 707 perchloric acid ylelded a
eig and trapng-mixture of normal eyclodehydration
products (3,4disubstituted tetrahydroquinolines
£is~ 384 and trang-385 normal and the rearranged
products viz. 3,3disubstituted tetrahydroquinolines
Sdsr 394 and Srang-398. This mixture of four produects
(as revealed by NMR) was subjected to GLU/MS analysis,
the result of which are discussed belowt

GLC of the mixture indicated four peaks,
&y By £ and D3 corresponding to four tetrahydroquinolines
viz, 384, 388, 294 end 395,

Mass spectra were recorded for easch GLC peak,
411 compounds except fraction J indicated ¥ 1007,
In case of fraction J n/e 136 wes 100%, (Tacle 2
showing m/e, ¥ intensities).
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{0

dable 2

/e 4 B g %) g &%)

253 200 w0 200 100

452 25,0 11.3 21,67 18,3
238 200 23 100 83 a
234 19,4 119 16,6 66
211 1.1 - 6e6 ne B2
210 17.2 . 20,83 10,0 W
176 19,1 6 14,7 1.0 V| ;
175 11.1 X 9.3 wo
161 23.6 12,0 26,6 20,0
140 33.3 12,67 32.5 28,5

136 23,39  100,0 22,6 18,33 X
135 A1 25,3 20,0 153
108 27.7 1640 36.6 5.0 W’ o
27 19,4 20,0 18,33 15.0
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ldentification of the normal and rearranged
tetrahydroquinoline was agal. based on ietro~liels~
ilder resction, FProbeble fragmentation patterns of
norsel end rearranged tetrahydroquinolines (eyclodehycration
products,) revealed that in the case of normal
eyclodehydration products (gig-38i and trang-38E)
m/e 149 should be intense and in the rearranged
eyelodehydration products (gig=32s and Srane-398)
w/e 135 should be intense (Chart 13)e |

some of the common m/e values for 243 and

3, w=disubstituted tetrahydroquinolines 38 and 38
ere as follows (Chart 19)t

Compounds corresponding to ULC peaks 4y C
end p show ¥ at m/e 335 as 1007 intense, whercas
in the case of B m/e 136 is 1007 intense,

a/e at 352 1.0, #1 cen be explained by loss
of a hycrogen from C, position. m/e at 352 1s
comparatively intense for 4 and § than 3 end i,
Loss of & CHy group i.e, m/e at =15 1s also intense
in cage of 4 and C (1007 ) whereas § shows it to be
23% and L to be 100%, m/e at 234 1s intense in 4
than in 2 whereas for { and L it 1s equal in intensity.

it eppeers from above results that compounds
corresponding to fractions 4 and ¢ are having similarity
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in their structure and can form a pair, similarly
B and C form another pair,

To identily ss to which of the above pair
corresponds to normal eyclodehydration products viz.
the 3,%-disubstituted tetrahydroquinolines (38s,388)
and the rearranged cyclodehydration products viz.

2 disubstituted tetrshydroquinolines (39a, 385),
the peaks at w/e 149 and m/e at 135 were the main
eriterion,

Exsmination of the m/e values indieste that
uw/e 148 for GLC peak 4 appears to be intense (33.37)
as compared to m/e 149 for B (12,677 ) (Taeble 2).

Jiso m/e 135 1s slightly more intense (25,37 )
than m/e 135 for peak A,

Thus ULC peak i (m/e 140) can be assigned to
\=methyle 3= phen, 1=1, 2y 3, 4= tetrahydroquinoline 38 -~
(384 or 38B) and the peak 2 (n/e 149) as due to
rearranged Zmethyl=3=phenyl=l,2,3,% tetrahydroquinoline .
39 (gis-394 or Srang~3p3) w/e 253 = m/e 140 = 10b units
corresponding to loss of styrene from J8i and 385 by
Hetro=liels=Alder reaction .

Compounds corresponding to GLC fractions {
and [ both indicate presence of m/e 135 and m/e 149,



It seems that peaks C and D are not well separated
and fraction  is probably contaminated with compound
from fraction C.

%o definite conclusion regarding gis~ or trang~
isomers present in JB and 3P was possibdble at n/e 161
(corresponding to gig-disubstituted compound, and
w/e 175 (eorresponding to frang~disudbstituted compound)
(Chart 18) wvere present in all the spectrs,

Presence of the two gsets of tetrahydroquinolines
in the cyelodehydration products obtained from the
carbinol 37 was thus proven based on NN\ and mass
spectral studles.
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EXPERIMENTAL

a=( 3~ Hetnhoxyphenylemino)methylpropiophenone ¥ V7
was prepared sccording to the procedure reported | <
by tulkernid, . little modificetion vherein sodium
carbonate was employed as condensing asgent improved

the yleld of 30 from 207 to 56%,

A mixture of Mannich base hydrochloride of
propiophencne (2) (33,7 gyl wol), g-anisidine 7
(123 g1 mol) and sodius carbonste (21.2 gy 2 mol)
wvas refluxed in aqueous ethanol for 1w hrs, ~eaction
mixture on usual work up gave Y0 (15 g, 967 yleld),
Bepe 1wi=50%/6 x 10”2 mm,

m—l- ( 3' =methoxyphenylanino Jmethylene propioshenone 4

25 was prepered according to the procedure
reported by mml‘.

32 vas prepafed by refluxing a mixture of Hannich

base hydrochloride’ () of bensyl methyl ketone

(2247 g1 mol), grenisidine 7 (12.3 gy'1 mol) and
sodiun carbonate (21,2 g¢ 2 mol) in 1:1 aqueous

ethanol for 1% hrs, Ethanol evaporated and the
reaction mixture was extracted with chlorofors,
Chlerofora layer was washed thoroughly with water,
dried over anhyirous Hay50,. Un removal of ehloroform
gave thick brown liquid (16.2 g). Filtration of

Vi



the brown liquid thpough a short column and distillation
under reduced »ressure gave 32 as thick yellow liquid
(1103 gy 437 ), bape 135-409/3,45 x 20°% ma,

1% showed >C=0 at 1685 eu .

M (CCl,y €) indicated 1,0 exchangable Hi proton

at 3,78, broad s, 1p} methyl at 1.96, s, 3p} methoxy
at 3.66, 8, 3p} methylenes centred at 3.3, m, 2p}
benzylic and aromatic centred at €,6, =, 9p,
snalysist Found C, 76,131 Hy Tel} 5y Jelde '\;1,’,&192\'02
requires C, 79,81 iy 7.1 Ny 5,28,

Hass showed ' 269

4={ 3' = Hothoxy sheniylamino )= 3» phenyl- but- 3=ene~ ~one Jj,

70 a stirred suspension of sodium hydride @
(307 in wax) (9,0 gy O3 mol) in dry ether, ethyl
formate (22,5 gy Os3 mol) was added (dropwise, with
cooling, The resction mixture was stirred for 30 min.
more after the addition, lenzyl methyl ketone
(20,1 gy O4l5 mol) was added slowly., &tirring was
contimued for 2 hrs further and then the reaction
mixture was set aside for 14 hrs, Golid mass which
got formed vas treated with 150 ml water with cooling.
The aqueous layer was separated and acidification with
dilute HCl in cold to get a mixture of isomeric
nydroxymethylene derivetives vis. “~hydroxy-3
phenylbuten=2~one (L) and Yehydroxy=l=phenyl~ 3=
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buten=2=one (L) as thiek liquid, (Crude produet 20,4 gy
83.13%),

The mixture of isomeric hydroxymethylene
derivatives [ and § (16.2 gy O, mol) was treated
with granisidine 7 (12,3 gy Osl mol) when an exothermic
reaction was set in, Ethanol (150 =l) was added and
reaction mixture was refluxed on water bath for 3 hrs.
Evaporation of ethanol ylelded thick brown liquid,
GLC of the condensed product indicated it to be a
uixture of isomeric enaminoketones Jj snd Jb (€31 35)
along with unreacted granisidine 7. g-Anisidine vas
renoved by vacuum distillation to give a mixture of
33 and 3 (18,7 gy 68.4%), Column chromstography of
the above reaction mixture (12,0 g) using basic alumina
(480 g) and petroleun ether as the eluent afforded
the desired w(3'~methoxyphenylamino = 3=phenylbuteJ»ene= i~
one 33 (6,5 g) (fraction 1) wvhich on distillation,
gave 5.8 g of pure 1} as thick yellow liquid (b.p. 115-120%/
1 x 10°3 mm), Further chromatogrephy afforded e
mizxture of 3] and isomeric enaminoketone J4% (3.8 g)
(fraction 2),

IR of 33 showed >C=0 at 1665 en T,
NMR of 33 (CCl,, S) indicated methyl at 2.0, sy 3pi
methoxy at 3.66, s, 3p} aromatic and ethyleniec
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centred at €,86, m, 10p3 Hi and/or OH (enolic) at
14,04 broad doublety 1p.

Analysist Found Cy 76.1% Hy 6,29 Fy WeD CpoH0li0,
requires Cy 76,43 Hy 6.3% Ny 5,27,

“ass shoved M 267, v
‘\g\\
(Carbinols 26 and 3} were prepared according to

salema’® and Kulkernid),

4 mixture of ~arylaminoketone 323 (5.5 gy 0,031 mol)
and sodium borohydride (0,40 g, 0,012 mol) in ethanol
(150 ml) was kept at room temperature for 0,5 hr. \\\\‘\
Mixture was warmed on water bath for further O,J hr,

After dilution with water (300 ml), the reaction mixture
acidified with acetic acid and extracted with ether,

ither extrzet was successively uméw:ntgu, bicarbonate
solution and vater ether extract dried over anhy.rous
lags0,. ither was evaporated and the carbinel thus
obtained was ehrometographed over silica gel and
distilled under vacuum, gave 4=(3'=methoxyphenylamino=3=
phenylbutan~2=0l 3J as thick yellow liquid, (.1 g
92,72 ) bepe 135-40%/2,% x 10"’ mm of Hg,

1R showed & broad band at 3330 es >, (NH and OH).

NMA indicated Dao exchangable Wil and OH at 3,01, broad,
2p% methyl at 1,01, t, 3p} methoxy at 3.55, s, 3p}
methylene and methine at 3,06, m, 3py benszylic at
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3.95, =y 1p} aromatic at 6.0, my Op,
inalysis Found .y 75,13 Hy 7464 Ny 4.7,
requires Cy 75423 iy 7,71 ¥, W67,

H' at 271,

sodius borohydride reduction of enaminoketone 33, {{%}y

4 mixture of enaminoketone 33 (5.4 gy U.019 mol)
and sodium borohydride (0.3 gy C.02 mol) in ethanol
(150 ml) was set sside at room temperature for C.5 hr. b
Mixture vas wvarmed on water bath for further C.,5 hr,
Work up as above and chrosatography over silica gel
gave a mixture of gig/trans-u~(i'~methoxy henyl~
aninojzethyl=) ~methylstyrene 37 (37A/37B) as the
first fraction (0.7 gy 13438%) bepe 115-20%/1.2 x 10™% mu.
MR of 32 (CCLle G X (Fig 5).
lit  NE at 3320 em *
Analysist Found C, 80,23 Hy T3 liy Se3. Cyoliygit®
requires C, 80,63 Hy 7453 5y Jo5¥,
W oat 253,

Further chromatography afforded carbinol 3¢
(3e7 &y 70483 %) bape 135=40%/2,4 x 10" em of H;,
1iiy HMR and Mass spectra of carbinol 36 were identical
with those of cerbinol 35.

017“41}‘ 03
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wethylelephenylpropan-l=ol 21

To & mixture of carbinel 3] (1.0 y) and crushed
ice (10,0 gJjy 707 sulphuric acid (10 ml) was added
gradually with shaking, Mixture vas warmed on veter
bath for 30 min and kept aside for 43 hrs, ieaction
nixture was neutralised with aqueous ali and then
extracted with ether, ither extract, on wori up, pave
thick liquid (0,81 gy 86,77) which was then chrometograchec
over silica gel using benzene as eluent, HNii spectrus
of the above cyclodehydration product indicated it to be
a mixture of gig~ end trepg=7-methoxy=3-methyl=d=
phienyle 1,2, 3y 4= tetrahydroquinoline 284, 332 and ¥
Lrapg=-7-methoxy= 3 methyleiw nhenyl=ly 2y 3y~
tetrahydroquinoline 275 in 308 20550 pronortion,
Above result was arrived at by comparing the GLC and
HiMi spectrun with authentic mplul‘. To confirm the
above interpretation this sample vas subjected for
GLU/Mo analysis (see page . ~ go

Lo \ i D4 L LHORY DRIGLLY AL A5A0
phenylpropan=l=ol . us triphenylphosphine, bromine,
Srdsthylenine .
gﬁ%
Treatment of the carbinol 26 (5.0 g) obtained
by sodium borohydride reduction of enasinoketone gJ
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with triphenylphosphine dibromide (prepared from 6.8 g
triphenylphosphine and 1,2 ml bromine) in acetonitrile
(60 ml) furnished yellow coloured turbic solution,
When the srecipitate dissolved and solution becane
clear, triethylemine (5.2 g) in acetonitrile (20 ml)
was added and the mixture stirred at 0=5° for 72 nrs
Iriethylamine hydrobromide (precipitated) was
filtered off, The filtrate was concentrated under
reduced pressure. Ihe residue was extrected several
times with petroleum ether., Petroleum ether extract
on coneentration gave brown oil (€.8 g) vhich was
ehronstographed over silice gel, '



]“3’

SHBOMATOURAR
Carbinol 20
Fn‘ouon Pluent Hemarks wte &
0.
) | Pet.ether Colourless plates 0,768
Wele w°
irishenylphosphine
2 Pet.ether + bengene Colourless thick 0,352
9 + 5 liquid
3 Pet,ether + bensene Thick liquid G681
75 + 25
4 Pet.ether + benzene Thick ligquid O.413
B v 7
5 denzene secovered 0o €0
carbinol 26
& Bengene~ethyl acetate Triphenyl 3.9
0 20 phosphine oxide

white solid




11

Frectiop 2 colourless liquid obtained was distilled
under vacuum to give glg=l~=(3'~methoxyphenyl )=l
wethyle2=phenylagetidine 294 as colourless liquid
Beps 120=5%1 x 21073 me (yledd 7,57 ),

NHR (CCLlyy S ) 45 discussed on (page

14 dindicated the absence of ¥l and 0 funetions.
Analysist Found Cy, 80,8y Hy .31 iy Jeds c”nm;oo
requires C, 80,63 Hy 7,53 Ny 5,57,

Fragtion 3* Thick liquid on standing solidified which

vas reerystailised from methanol (m.p. 97-98%) to

give Srapg=7-methoxy> J»methyl=d=phenyl=l,3, 3,4~
tetrahydroquinoline 285. NMA was compared with authentic
sample’®,

Fraction & Thick liquid obtained was distilled under
vacuunm to give a mixture of Lrang=7-methoxy= Imethyi=i=
phenyl=1l, 2, 3,4 tetrahydroquinoline 224 (minor) and
Sig=7=nethoxy= I*nethyl=2=phenyl=l, i, 3, 4= tetrahydroquinoline
238 (major), bepe 135/0,005.mm.

Cyelisation of earbinols 42 end 4k using triphenylphosphine,
sorbop tetragchloride end triethylspine.

To a stirred solution of triphenylphosphine ; N
(542 g9 0402 mol) in dry acetonitrile (60 =l) wvas
added carbon tetrachloride (3,05 g, 0,02 mol) with



eboling, Heaection mixture was stirred for half an hour
further and carbinol 31 (3.9 g, ) 4n dry
ecetonitrile (20 ml) vas added dronwise, Stirring
continued for helf an hour further, foliowed by
dropwise addition of triethylamine (3.5 gy Ce03 mol)

in dry escetonitrile (20 ml). JHeaction mixture was
stirred further for 20 hrs at 0=5°, Triethylamine
hydrochloride was filtered and the filtrate wvas
congentrated under reduced nressure gave thick brown
liguid, This was extracted with petroleum ether,

vhich on concentration under reduced pressure ylelded
yellowish liquid (3.8 g). Column chromatography of

the yellowish liquid using sildocs gel and petroleum
ether as eluent ylelded triphenylphosphine (0,362 g)

as the first fraction, Further elution yielded

8ig~1={ 3'=methoxyphenyl = 3*methyl= 2= phenylasetidine 294
as colourless liquid (0.15 gy %.7%) which was followed
by trang-7-methoxy= »methyl=2=phenyl=l, 2,3, =tetrahydro~
quinoline 285 (0,328 g, 10.,1%) end Srang-7-methoxy= 3
methyl=2=phenyl=l, 2y 3y tetrahydroquinoline 375

(0,189 gy 545 %) carbinol 3] (0,446 gy 1346 7 ) vas
recovered,

Cyelisstion of earbinol 26, 2

g
Cyclisation of carbinol 26 (5.2 g) using

mmxmpuu, carbon tetrachloride and

triethylamine .ndl.mk up gave thick liquid (4,8 g)



&8s above eolumn chromatography of the above liquid
using silica gel and petroleum ether as eluent yielded
triphenyl phosphine (1.25 g) as the first frection,
Second fraction of the chromatography was identified
as a gig/srans~ mixture of 1=(3'=methoxyphenyl )~
J-methyl-2=phenylazetidine 39 (204/208) (0.250 g,

%8 %), Purther elution gave frang-7-methoxy=3~
methyl=3~phenyl=1l, 3, 3, v tetrahydroquinoline 283

(0595 gy 11.8%)as the third fraction, The fourth
fraction wvas identified as a mixture of gis/Srang~
7=methoxy= 3»methyl=i=phenyl=1l, 2, 3, 4= tetranydroquinoline
22 (224/278) (0,383 gy 7.6%). Carbinol 26 (0,725 g,
14,38 7 ) was recovered,

The structures for tetrshydroquinolines
215y 278, 284 and 285 were confirmed by comparing
the 1i, NMR and analytical cata with the reported ones*®,
n (0
phenylbutan=2=ol 39, 36,
Hany attempts to cyclodehydrate carbinols JJ,
36 using 707 Hy50, were unsuccessful,

Cyelodehydration of carbimols 33, 36 using 707
perehloridc acid.
To a mixture of carbinol (1,0 g) and fce (10,0 g)

704 #C10, (10 ml) was added slowly with shaking,
The reaction mixture allowed to come to room temperature}




17

then varmed for € hrs at 60 ~ 65° and kept aside
for 43 hrs., Reaction mixture neutralised with
bilecarbonate solution and extracted with chloroform,
Chloraoform layer washed with wvater and dried over
anhyd:ous Ha,s0,. Evaporation of the chlorofore
gave thick brown liquid which was chromatographed
over silica gel,

Cyclodehydration of earbinol 33,

Carbinol 35 (1.0 g) on treatment with 707
perchloric acid (1U nl) in cold and usual wor:k up of
the reaction mixture afforded thick brown liquid
(C.86 g) which on chromatography afforded cyclodenydrated
product (0,352 gy 37.77), and unreacted carbinol 3J
(Ue216 gy 31,67 ), The crude produet on vecuums
distilletion furnished thick yellow liquid (b.p.
135%/3.5 2 10”3, mn.

WMt (CCly =) of the produst [(Fig 3) corresponding
to 384, 388 and 324, 39B) indicated U 0 exchungable NH
at 3,66, mixed with methoxy signalj four sets of
doublets corresponding to methyl group at U.s84%, (W%
intense), 0,93 (25 7 intense), 1,13 (20 ¥ intense)
and 1,26 (15 7 intense), Two methoxy signels one at
3«66 and another at 3.73 and aromatic protons
centred at 6,63,
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141 NR at 3330 en?
Analysist Found C, 80,43 Hy 7el3 Hy 5e3. Cynl)gHo0
requires Cy 80,63 Hy 7,51 Ny J.5%,

This sample was subjected for CLC/MS analysis,
which has been discussed earlier (page )

Cyclodehydration of carbinol 36,

Cyclodehydration of carbinol 36 (1,0 g) using
707 perchloric acid (10 ml) and work up as ebove
yielded 0,788 g of erude produet which on column
chromatography gave cyclodehydrated product (0,328 g,
34,2 ¥)and unreacted carbinol 36 (0,195 g, 19,57 ).
Cyeclodehydrated product on further chrosatography
afforded a mixture of gig-7-mothoxy==methyl=-3»
shenyl=1y2y 3y 4= tetrahydroquinoline 384 (707 ) and
Sl g 7=methoxy= 2nethyl= 3= phenyl=1ly 2, 3, 4= tetrahydro~
quinoline 394 (30¥) as the first fraction (0.162 g,
17,497 ), NMR of this fraction discussed in the
present work (page Je

I W at 3330 om

Analysist Found C, 80,9% Hy 7.2% 5y 5.2, cmamuo
roquires C, BO.63 Hy 7,94 Hy 545,

HMR of the second fraction indicated it to be
Arapg-7-methoxy=2=methyl= 3= phenylely 2y 3y~
tetrahydroquinoline 328 (0.138 g, 13.8%),
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fiMA was discussed in present work (page )
15 EH at 3230 om d
Analysist Found C, 8083 Hy 743V Hy Jele  Cpniigghl
requires C, B0.6% Hy 7453 iy Fa57,
G sation of binol using tri - VW
phospbhines brosine and triethyieping. 0
Ireatment of carbinol 37 (..» g /) with
triphenylnhosphine dibromide (prepared from €.8 g
triphenyl phosphine and 1.2 ml bromine) in acetonitrile
(60 ml), furnished yellow coloured turbié¢ solutionm.
When the precipite.e dissolved and solution became
clear, triethylamine (5.2 g) in scetonitrile (40 ml)
was sdded and the reaction mixture stirred at O=35°
for 72 hras, Iriethylamine hyirobromide (precipitated)
vas filtered ofif., The filtrate was concentrated under
reduced pressure, Ihe residue ves extracted several
times with petroleum ether, Petroleum ether extract
on concentration gave brown oil which was chromatographed
over silice gel ylelded triphenyl phosphine (1.3 g)
as the first fraction, m.p. 70-80°, seeond fraction
of the chromatography was identified as a gls/trans~
nixture of l1-=(3'~methoxyphenyl)=2~methyi~3~
phenylasetidine 40 (0,132 g, 3.4%), (bepe 125/1 x 1073 me),
(gde~30hy Srepa-H02).
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IR shoved absence of HH or OH absorption,
Anslysist Found C, 80.53 Hy 7,54 Hy F.2. cwxnuo
requires Cy 80,63 Hy 7,53 Ny 5¢5%,

The third fraction of chromatography was
identified as gig/trang=a~(3'~methoxyphenylamino =
methyl=) *methylstyrene 37 (324/375) (0.826 g, 16.4% ),
(beps 110°/1 x 2073 mm),

IR showed NH absorption at 3230 em Y,

Anslysis: Found C, 80,24 Hy 7.7% 4, 5.3, Cpl gli0
requires Cy 80,63 Hy 7,53 Hy 5.5%,

Hass ¢+ M 253

Carbinol 35 (1.2 gy 22,27 ) was recovered, .
G tion of esrbinol 36 using tri 1~ we
bhosphbine, bromine ané triethyleming.

Carbinol 36 (4.8 g) was treated with triphenyl-
phosphine dibromide (6.8 g) in acetonitrile (60 ml)
and triethylamine (5.2 g) in acetonitrile (20 ml) and
work up as above gave brown oil which was chromatographed
over silica gel using petroleum ether as eluent,
Triphenylphosphine (1.56 g) was recovered as the first
fraction, Gecond fraction of the chromatography was
identified as a mixture of gig/trang-l-(3'-meti oxyphenyl -2
methyl= 3= phenylazetidine 40 (MOA/N0B) (0,148 g, 3.3%).

The third frection wes identified as a mixture of
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S3s/srengra=( 3'=methoxyphenylamino Jmethyl=p=
methylstyrene 37 (37A /37B) (0,886 gy 19.7%),
Carbvinol 36 (0,98 g, 20,47 )was recovered,

Acid catalysed ring expansion of gig=1~(3'~
methoxy phenyl )= J»methyl= 2= phenylazetidine pry

Azetidine 204 (0.120 g) was treated with
70 % ligs0, (10 ml) in eold and reaction mixture kept
aside for 45 hrs at room temperature, Heaction mixture
neutralised with aqueous HalH and extracted with
ehloroform, Chloroform layer washed with water, dried
over anhydrous Hoa.%,‘ and evaporated, gave oily liquids
which on chromatography ylelded a mixture of Lrups=7-
methoxy= J*methyl=l=phenyl=1l,2, 3, 4= tetrahydroquinoline 275
and trang-7-methoxy= 3=methyl=2=phenyl=ly23y 3, =
tetrahydroquinoline 2385 in equal proportions (as
revealed by HMi) (0,087 gy 73.W9% ),

Pyrolysis of azetidine m

Petroleun ether solution of asetidine 29;
(Uel g) vas slowly evaporated using s rotavae in order
to obtain a thin film of 294 on the inner surface
of a round bottom flask, iotating flask was_ dipped
into an oil bath kept at 2340=50° for 2 hrs. after 2 hrs
the flask was cooled and bengens was added, solution
filtered through a short column, »BSenzene evaporated
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and the sample (0,087 g, 877 ) subjected for NMu
study. liNi spectrun indicated it to be a mixture

of Lrang~7=-methoxy~ I=methyle = phenyle1l, 2, 3,4
tetrahydroquinoline 2738 and gig-7-methoxy=3=methyl=d=
phenyl=ly2y 3, b= tetrahydroquinoline 384 in equal
proportions,
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Angrogustion

Tilak and co-vorkers' © have studied the mechanise
of aecid catalysed cyclodehydration of [ =phenylmercapto-
ethyl myvoyumkyVAryl ketones which leac¢ to the
formation of thisnaphthalenium salts and thiachromans,

Careful r«mmuon7 of the perchloric acid
catalysed eyclodehydration produets of p-(;-phenyl~
wepeapto)ropyl phenyl ketone ] and j=phenyle=)~-
phenylmercaptoethyl methyl ketone 2 revealed that in
both these reactions a mixture of 2Z=methyl=-Y=phenyl-
thisnsphthalenius perchlorate ] and Y~methyl=3=phenyl=
thianaphthelenium perchlorate 4 was obtained along with
mixture of gig~ and tprapns-=methyl-i~phenylthischroman §
and Yemethyl=3e-phenylthiachroman £, in varying
proportions (Chart 1),

Formation of 3, § from } and 4, & from 2 1s
normally expected by an acid catalysed c¢yclodehydration
reaction, lHowever, formation of &, £ from ] and 3, J
from 2 ean only be explained through the intermediacy
of l=U=phenyl=l=~thioniuzeyclobut=2=ene derivatives 7 and 3.

Tilak gt n‘.‘ have reported a novel synthesis of
Z anG 3, Trestment of the ketosulphide 1 with phosphorous
oxychloride followed by 70F perchloric aecid in cold
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afforded 7, similarly 3 vas obtained from the
ketosulphide 2.

Tilak gt al.” have also reported that compound 7,
on warming with 70¥ perehloric acid, rearranges to
perchlorates J, 4 and thiachromans 2, §. Formation
of these compounds was explained by bond migration
in 7 to give isomeric § partially and then thegse lead
%0 3, 5 and & £ via intermediate ao’-thiachromene 9 and 10
(Chart 1).

T4lak gt “.8 have reported that compounds 7
and § on treatment with Nal in THF/Liethyl ether ylelded
a dee» green coloured neutral compound l) whieh appears
to be a ylide LlA. It may also be formally represented
as 3=methyie4=phenyl-i-i=1=phenylthiseyclobutadiene 12
or as an alternative ylide J2i. é&ince reprotomation
of the green compound gives only 8, it appears that
the ylide 125 is dominantly present (Chart 2).

m.ahu7 has also reported acid catalysed
oyclodehydration of l=mercaptoaryl=3-propanocls. The
carbinols l=phenylmercapto-lephenylbutar=3=ol 13, 14
and 3=phenylmercapto~l=phenylbutan=i=ol 13, if were
prepared by two alternative methods (Chart 3).

In these cyclodehydration reactions it was
observed that carbimols )JJ and 1§ yield normally
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expected thiachromans 17 and )8 but carbinols 13

and 1% furnished rearranged 17 and 18 as well as
normal thiachromen J9, However, in sll these
eyelisations, whether leading to the normal or
rearranged products, a preferential formation of the
Lfreng-isomers was observed, From the nature of the
e¢yclodehydration products it does appear that carbinols
43 and 1k are different but carbinols )JJ and )6 are
likely to be identical as they gave same cyclodehydration
products (17 and 13) which are also formed in similar
relative nroportion,

If the carbonium ion derived from carbinol 20
is formed prior to cyclisation, it can be attacked from
both the sides leading to formation of gig~ and trans~
isomers in equal amounts (Chart &%), The above
eyclodehydration reactions therefore appear to be
largely stereospecific involving a concerted process,

Formation of normal as well as rearranged
thischromans was explained by assuming possible
involvement of 1= i=phenyl=1l-thioniumeyelobutane
perchlorate 21 which then gets cleaved in two alternate
vays to yleld either normal or the rearranged
thischroman (Chart &),
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sodai” fro= this laboratory has also studied
the aeid catalysed ring opening of some 2y4~disubstituted
thieeyeclobutene perchlorates 24 and 3. liowever,
conversion of g% into 2J or vice versa could not be
achieved through the intermediate formation of
thiacyclobutadiene (or its ylide form) and its
reprotonation since treatment of 2k and 2J with sodium
hydride ylelded only polymeriec products (Chart 5).

As & continuation to our eeriler work on the
synthesis and ring expansion reactions of 24~
disubdbstituted thiascyclobut~2=ene perchlorates, we
attespted the synthesis of 2, »disubstituted
thiascyclobut=2=ene perchlorates. These studies are
presented in this Chapter, |
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Iresent work

Cyelodehydrati-n of a=phenylmercaptomethyl-
propiophenone 28 by means of 707 perchloriec acid gave
& mixture of the normal 3,%disubstituted and the
rearranged 2,3~digubstituted thienaphthalenium
perchlorates jl and 33 along with the corresponding
noraal and rearranged thiachromsns 32 end J& (Chart €),

Cyclodehydration of 3=phenyl=i=phenylmercepto
butan=2=one IO by treatment with 70 perchloric acid
vielded both the normael and rearranged thianaphthalenius
perchlorates JJ and 37 as well as the normal and
rearranged thischromens 36 and 33,

Ketosulphide 28 was prepared by the interaction
of thiophenol 26 with Mannich base hydrochloride of
propiophenone 27 in aqueous sodium carbonate-ethanol
mixture, Jimilarly ketosulnhide 30 was prepared by
interacticn of thiophenol 26 and Marmich base~hydrochloride
of benzyl methyl ketone 2P (Chart 6),

The mixture of thianaphthalenium perchlorates
43 and 33 obtained above could not be separated by
fractional crystellization, NMi spectrum (Fig 1) of
the mixture, however, indicated the presence of two
methyl singlets one at 2,7 & and the other at 2,95
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corresponding to the normal and rearranged thiananhthalenium
perchlorates jl and 3j.

dother liquor from the above cyclodehydration
reaction mixture after removal of 3l and 33 was neutralized
end extracted with ether and work up of the ether extract
and purification by eolumn chromatography gave a mixture
of 38 and Jb, HMi spectrum of the mixture and 1ts GLC/Ms\
analysis was studied, NMA spectrum of the product
indicated the presence of a broad doublet centred at 1,18 &,
obviously arising due to a mixture of normal and o
rearranged thiochromans 32 and 34, 7o confirm these
assignments the mixture of 32 and 3% was subjected to
GLL/MS analysis, the results of which are discussed
later in this Chapter (see page Je

Cyelodehydration of ketosulphide JO by neans of
707 perchloric acid gave a mixture of the thianaphthalenium
perchlorates 37 and 37 (Figs 2, 3) elong with the
thiachromans J6 and j3. The mixture was separated by
fractional orystallisation from dichloromethane -
petroleun ether,

The rearranged thianaphthalenium perchlorate 37
was obtained in slightly higher yield, Neutralisati n
of the mother liquor after separation of 3J and 37 and
isolation of the cyclized products with ether geve a
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mixture of thiachromans 36 and 33. On column
chromatography of the mixture a thick brown liquid
was obtained, MR spectrum of the latter showed the
presence of two sets of methyl doublets, centred at
0.95 ¢ and another at 1,15 ¢,

Formation of the rearranged cyclodehydration
products 33 and 3% by treatment of 28 with 707
perchloric acid may be rationalised by postulating
the formation of an intermediate 3~methyl=2=phenyl=l=ui~
phenyl thioniumeyclobut=2=ene perchlorate 39 (Chart 7).

Similarly formation of the rearranged
cyclodehydration products 37 and 3§ from 3O may be
raticnalised by postulating the intermediate formation
of 2=methyl= 3»phenyl~l~ = phenylthioniumcyclobut=2~ene
perchlorate 40 (Chart 7).

Tilak g% “.8 have reported the synthesis of
3, 4=disubstituted l-.~phenylthioniumeyclobut-2-ene
perchlorates., In this synthesis the keto group of the
precursor ketosulphide was probably converted into an
enolphosphodichloridate derivative 42 by interaction
vith phosphorous oxychloride, The oxophosphonium
dichloride group probably serves as a good leaving
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group, Interaction of the enolphosphodighloridate M2
vith 70 ¥ perchloric acid then leads to 1=i=phenyl-
thioniuneyclotut~2=ene perchlorate 43 (Chart 7).

For confirmation of the above sugzested reaction
mechanisn it was necessary to synthesise 39 and &0
from the eorresponding ketosulphides 28 and 30 and
then to study the isomeriszation and ring expansion of
42 and N0 under scidic econditions.

Treatment of the ketosulphide 28 with phosphorous
oxychloride, followed by treatment with 707 perchloric
acid end saturetion of the POCJ.J/BCIO.. solution with
diethyl ether gave J=methyl=2wphenyle=lei=phenylthionium=
¢yclobut=3I=ene perchlorate 304 instead of the expected
3»nethyl=2=phenyl= 1~ i= phenyl thioniumeyclobut=2=ene
perchlorate J8 which separated out as a erystalline solid.
Heutralization of the mother liquor with Nl!iCO, and
ether extraction gave a liquid whieh on distillation
and chromatography yielded diphenyl disulphide and the
(rearranged) 3-methyl=2=phenylthischroman 3% (yield « 10%),
iuring recrystallization of 394, traces of I~methyle2=
phenyltidanaphthalenium perchlorate 33 which must have been
also formed (concomitantly) along with 3% probably gets
removed and was not traced beceuse of very lov yield,
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Confirmation of the strueture 384 followed from
its N spectrum (Fig 4, The HMH spectrum indicated
absence of methylenic orotons at O, (Chart 7). This
indicsted that compound 38 initislly formed rapidly
isomerized to JP4i through double bond migration from
62-03 to 03-0,. pesition, NMA spect:ium also indicated
nresence of a methyl singlet at 2.67 © corresponding
to 3 protons integration. The methine proton (at ¢
in 384) and/or benzylic proton (at C, in 394/ could not
be distinguished separately as they were merged with
aromatiec protons centred at 7.9 © , integration being
equivalent to 12 protons.

The above data clearly shows that the thionium~
¢yclobutene perchlorate obtained from 238 as described
above is 3=methylw3~phenyl=l=u~nhenylthioniumeyclotute 3=
ene perchlorate 324 and not the expected perchlorate 39,

Treatuent of the ketosulphide JO with phosphorous
oxychlordde followed by interaction with 707 perchloric
acld ylelded s mixture of the normel and rearranged
thianaphthalenium perchlorates 35 and 37 instesd of the
expected IZ=methyl= 3»phenyl=l=i~phenylthioniuncyclobut~2=ene
perchlorate 40 or ¥04. Jeveral attempts to isolate the
intermediate 4O were unsuccessful (Chart 7).

The “acubered and é~membered perchlorates are



distinguishable by the following characteristicei~

1) Thiscyclobuten derivative undergo ring
expansion on heating (at 60=70°) with 70% perchlorie
acdd,

2) On proton abstraction (by trestment with laii)
the thiseyclobutenes give thiaoyclobutadienes which on
reprotonation yield same or different thiocyclobutenes,

thioniueeyelotut I-ene perchlorate Jo.i-

Compound 394 was wvarmed with 707 perchloric acid.
The resetion mixture on saturation with dlethyl ether
gave ’methyl=k=phenylthianaphthalenium perchlorate Ji
as the only produect along with corresponding thischroman 32,
Compounds 33 and J4 were not formed. Cbviously 294
does not isomerize to 9 which is the precursor for
33 and 3%,

The formetion of j) and 33 by ring expansion of
‘324 1s shown in Chart 8, 7This Chart also outlines the
formation of the rearranged procucts J3 and 34 by eeid
catalysed cyclodehycration of the ketosulphide 28,

It seems entirely possible that 23 on
eyclodehydration may be initially yielding JB. The
latter is then either isomerized rapidly to 3P4 or it
ring expands to give the 4% triachromene e
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idspronvortionation of W through hydride transier will
then lead to 33 and Jb, whereas 39i will undergo ring
expansion to the 4°=thiachromene 47 wvhieh subsequently
disproportionates to give Jl and 33, It is also likely
that the ketosulphide 28 will directly cyclize to give
the almuohmm A a8 may be normally expected,
Compound 4 will then undergo disproportionation through
hydride transfer to yleld 3] and 32 (Chart 8),

5ince ring enlargement of 394 under acidic
conditions ylelded only 3l, j2 it appears that 394
is more stable than the isomeric I=methyl=2=phenylelei=
phenylthioniuncyclobut~3=ene nerchlorste 3@ from which
J24 1s formed by bond migration probably through
thiscyclobutadiene % (or its corresponding dominant
resonance ylide form %€A) as shown in Chart 9,

Treatment of the thiseyclobut-i~ene perchlorate
324 with sodium hydride in T!iF/Udiethyl ether gave the
unstable neutral intermediate thiagyclobutadiene 46
(resonating with canonical structures such as 4Gi,
Y63 and 46C). leprotomation of the ylide Wi by
treatment with perchloric acid gave back exclusively
324y no trace of JP being formed, It is therefore
obvious that the ylide formed by derprotonation of
424 by treatment with lali 1s essentially 464, a result
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which may be expected in viev of the stabilization
of the carbonium ion at C, atom in 465 whieh carries
the nhenyl substituent, A similar observation as
regards greater stabilizstion of the carbvanion at a
benzylic carbon atom has also been noted earlier

by Tilak g% al.®

To confirm the structures of the above
thiachromans 33, 3% and 36, 38 independent synthesis
of respective thiachromans was necessary, ovbviously
the precursors of choice for thiachromans were the
J»mercaptoaryl=i=alkanols 47 end 48 whieh on
cyclodehydration may be expected to yleld the cdesired
thiachromans 32, 3% and 36, 38 (Chart 10),

The ketosulphide 28 on sodium borohydride
reduction furnished J=phenylmercapto=2=methylel~
phenylpropan~l=ol 47. Similarly the ketosulphide 0
on sodiun borohydride reduction gave “wphenylmercapto=i
phenylbutan=2=ol 48.

Carbinol 47 on treatment with 707 perchloric
acld gzave exclusively only a single and normally
expected thiachroman 32. GLC of the product indicated
its homogeneity, NMA spectrum of the eyclodehydration
product also showed the presente of only one set of
methyl doublet centred at 1,055. Obviously
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cyelodehydration of 47 proeeeds directly to the norsal
thiachroman 32 without the involvement of a Wnembered
o~ phenylthioniumeyclobutan perchlorate 4. It may also
be entirely possible that 42 if formed, expands only
through ring cleavege between =5+ Ce¢ bond as
shown (Chart 10,, :

Carbinol 48 on treatuent with 707 perchloriec
acid, gave a mixture of gig~ and trang-thiachromans '
j6h and 36B. HMA spectrum of the mixture showed the
oresence of two sets of methyl doublets, one centred
at 0,85 S and the other at 0,95 &,

GLC of the eyelodehydration product froz= 48
also showed presence of two peaks corresponding to
the two thischromans, 364 snd J6i., 4s in the case of
42, cyelodehydiration of 48 also yields the normally
expected thiachroman 36, no rearrangement product 38
being formed, iere also cyclodehydration proceeds
without the involverxent of the J~phenylthioniumcyclobutan
20 or AT 30 is formed at all, it ring expands only
through one route involving the cleavage of ¢ 530-Cil
(Chart 10),

In viev of the normally expected greater
stabilization of a secondary as against & primary
carbonium ion, the above results whereby only 34 and 36
are formed from 47 and 438 are not entirely unexpected,
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The thres methyl shifts in the M spectrum of
&is and/or Sfraps compounds, J2 and 4 appear at
1,055 and 1,18 5, To confirm the structures and
stereochemistry of the above thiachromans,CLC/Ki study
was undertaken, The thiachromans and their precursors
are shown in Chart 11,

To distinguish between the 3I=methyl=iw~ phenyl~
thiachromen j2 and J=methyl=i=phenylthischroman I
two oriteria were used vi:, the study of their ietro-
blels~ilder type mass spectral fragmentation pattern
and to study the m/e at(M~:CH) and (M 5C¢) (Chart 11),

mx' from this laboratory has observed earlier
that loss of the adjacent groups is prominent when the
groups are gig-located with respect to each other,

In the present case loss of 92 m.u. was anticipated
vhen ¢ and CHy were glg and loss of ¢ and H l.e. 77 vas
anticipated when ¢ and CBJ were trons situated with
respect to each other,

some mass fragments are tebulated (Tables 1, 2 and 3,.

Thiachroman J2 obtained by eyclodehydration of
the carbinol 47 indicated X' as 240 (6,57 intense),
vhoreas m/e at 238 was 1007 intemse. This can be
explained by loss of two hydrogens from the molecular
ion to give a dihydro compound (thiachromene).
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Hass spectrecl fragments corresponding to
eyelodehydration produet the tulschroman 33
from the carbinol 47.

n/e
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Thischromaen J4 obtained from the mother liquor

of 28 (ketosulphide) PUC1l,/HCLO, reaction after
removal of 394.

w/e
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a3
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ie2
148
145
i33

119

17,0
82.5
3745
40,0

<2 L 2

N

g
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Thiacihromans 32 and 3y obtained from the mother

liquor of ketosulphide 28 perchloriec acid

eyclodehydration,
GLC peak &

a/e ;
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@—/‘}_ b 66
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m/e at 178 was only 37 intense whereas w/e at
132 vas 27 in intensity. Thus it was very difficult
to say whether the oyclodehydration nroduct was the
normally expected 32 or the rearranged thiochroman 34
simply on the basis of these Lui fragments,

a/e at 196 was hovever 507 intense wiich can
be formed by the following sequencet-

n' .aa M"-z 1“. Gf “3'2 ..u.

>u/e 196

‘o.. ./‘ 2”

Also m/e at 195 was 807 intense., Loss of 4§ m.u, |
can be accounted 8s loss of CHS moiety (Chart 1l), Loss
of Clis 4s possible only when the cerbon adjacent to
sulphur is unsubstituted as in thiachroman jg but not
in thischroman 4%, Further confirmation that the
eyclodehydration product from the ecarbinol 47 1is
indeed 3J,~disubstituted thiachromen J2 from the fact
that m/e at 119 l.e, (M = 5C¢)" (whieh would arise ‘1
from the thiachromaen 3J4) was less than 27 (Chart 11), |

i1t was not possible to assign gl or Lrens
sterecchenistyy for iy~ phenyl and cj-uthyl substituents
in 33 sinee w/e 142 (due to gig structure) and m/e 163
(due to $rans structure) both were less than 27 intensity.

-1
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\

Above data indicated that the carbinol 47 on
perchloric acid catalysed cyclodehydration gave
J=methyl=~phenylthiachroman 32 and not 34, \

The mixture of products obtained from the mother
liquor after rearranged thiagyclobuten 394 showed
M 1,0, m/e at 240 to be 17,0% intense. M2 i.e. w/e
at 238 was 23,57 intense, m/¢ at 198 (detro-iielis-Alder
fragment corresponding to normsl product) and m/e at
195 (due to iwCiis, both were sbsent,

n/e at 122 was 1007 intense indicating an ion
formed by Hetro-ilels-ailder type fragmentation arising
from the rearranged thischromen 34, Also m/e at 119
was also 16,07 intense i.,e, loss of 121 meu. (i=5C¢ J.
This loss can take place only when ¢ group is situated |
on a ecarbon atom adjacent to sulphur atom, |

n/e at 168 was less than 2,07 as against w/e
at 188 (16,07) indicating the loss of C-,!is. ihls ean
take place only when the groups are gis.

Above data indicated that the thiachroman obtained
during the synthesis of 394 from 28 wes glg- methyl=a=

phenylthiachroman 3J%. /

The mixture of thiachromans obtained in the
cyclodehyiration of the ketosulphide 28§ by treatnent
with 70 % perchloric acid was subjected for LLC/MS
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analysis, GLC showed two peaks corresponding to ?
the two thischromans (Table 3). Hass spectra
corresponding to the CLC peak 4 was showing ¥ as
8,337 ym/e at 338 as €,67%, 15 was also less intense
n/e at 198 (4,667 ) wvas less intense as compared to
~@m/e at 122 (8,337 ) indicating it to be the rearranged
thiachroman 34,

GLC peak J however indicated w/e at 240 as 33,57
intense and 238 as 1007 intense peak., Loss of 033 d.e0
=15 and loss of 17 i.e, ¥3, followed by loss of
a CHJ group were also mm. 'n/o at 198 was 257
a8 against m/e 132 (15,07 ) indicating that the product
was the norasslly expected thiachroman 33, Jurprisingly
/e 119 and 195 were 15 ¥ (intense) each, mn/e at 162
was 387 as against m/e at 148 (187 ) inddeating again

presence of Lrans (normal) thiachromen, viz. irans~3
methyl=Y~phenyl thiachroman j2.

Being partiel.y successful in identifying the
thiachromens J2 and j4% through mass spectral studies,
it vas of interest to study the mass spectral analysis
of the thischroman 3§ obtained by eyclodenydration
of the carbinol 43.

48 shown in the Chart 10, carbinol 43 on
eyclodehydration using 70¥ perchloric acid gave a
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mixture of gig- and frans-thiachromans 364 anc J65
(Nums Cily doublets, one centred at 0,855 and the
other at (,95S ), To confirm the structure, the
mixture wvas subjected for CLU/MJ analysis,

GLC of the mixture indicated two neaks 4 and
corresponding to the two thiachromans., Gsome of the =/e
values sre listed in Tzble b,

To distinguish the normal oyclodehydration product,
the thiachromsn 36 from the rearranged thiachroman 38
(may also be formed in eyclodehydration of carbinol 48 ),
the letro~Liels-ilder fragmentation pattern in mass
spectrel degradation was used as one of the eriteris.

Another criterion was to look for the loss of wc33
wolety or loss of 4CH molety as shown in Chart 12, i

Mass spectra of the GLC peak 4 (Tadle %) indicated
M' as a 907 intense peak loss of Cﬂ; group i.,e. m/e at
225 wes 8,07 m/e 136 vas 1007 intense as compared to
n/e at 122 (< 27 ) indicating that compound corresponding
to peak 4 was the normal c¢yclodehydration produet the
thiachroman jé. Curprisingly 195 end 181 (i.,e, i=3CH
and H-JCCHJ) fragments wers less than 2,0%. Thus gis/trapns
isomers of 3§ if present could not be identified,
Thus m/e 162 (eorresponding to frenge-thischroman J{B)
and /e 148 (ecorresponding to gig-thiachroman 364/
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were both less than 2,07 (Chart 12), The mass spectral
snalysis of compound corresponding to GLC peak 4 showed
it to be the thiachroman 36 (gis /irens /.

Hass spectrum of thiachromen corresponding to
CLC peak J showed ' (34.297 ), m/e at 225 (loss of
Cily group) was 5477 intense, mn/e st 136 was €8,57
intense as against m/e at 13: (< 2,0%), This degradation
pattern c¢learly indicsted that thiachroman is the normel
gyelodehydration produect viz. S=methyl=3=phenylthisehroman
J6. Further m/e at 195 and m/e at 181 were both
absent, llovever m/e at 148 (corresponding to gip-
364 )ves 8,575 as against m/e at 162 (4,387 )
(eorresponding to Liapng~3658) indicated that the product
corresponding to ULC peak § as gig-Ymethyl-3~
shenylthischromen 36..
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EXPERIMENTAL
a~ Fhenylmercaptomethylpropiophenone 23,

Vv
Interaction of thiophenol 26 (11.0 gy C.l mol)

with sannich bese hydrochloride of propionhencne 27
(22,7 g9 Oel mol) and sodium cardbonate (21,2 g, U3 mol)
in boiling ethanol for 2 hrs gave on work up 28 as
brownish oll. Vecuum distillastion of the crude product
afforded 38 as yellow liquid, b.p. 140=45%/1.7x 10”3 am
(18,6 g, yield 72,67 ),

IR showed >Ct0 at 1685 em 3

M (CClyy S )3 Ciiy eentred at 1.26, ¢y 3p} methylenme
and methine centred at 3,38, m, 3Jp anc sromatic centred
at 7.3, =y 10p,

Analysis: Found Cy 75.2% Fy 6ol 5y 1346, Cpoil) 00
requires C, 75.0% Hy €31 8y 12,5%.

rasst H 356,

2 Phenyl=i=~ phenylmercapto- butan-2=one -

Vv
Interaction of thionhenol 26 (11.0 g, 0,1 mol)

with sannich base hydroehloride of bensyl methyl
ketone 29 (22,7 gy Vel mol) and sodiun cartonate

(21,2 gy 0,2 mol) in boiling ethanol for 2 hrs gave on
work up 30 a8 dark brown oil, Vacuum distillation of
the erude product afforded J0 as pale yellow liquid.
bape 135-45%/2 x 20”3 mm (13.4 g, yleld 52,3% ),

13 showed >C=0 at 1710 es” %,
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MR (cclb.é I 033 at 1,96, s, 3p} methylene and
bensgylic centred at 3.4, my, 3p and aromatic centred
at 7.25, m, 10p.

Analysist Found Cy 75433 Hy 6433 5y 13e1e Cygliy (08
requires C, 75,08 Hy 6.33% 4y 13,5%,

Mass showed M' 256,

v4

Cyelodenhydration of a=phenyimercaptomethyl propiophenone 28

A mixture of a=~phenylmercaptomethylpropiophencne
238 (1.0 g) and 707 perechloric acid (3,0 ml) was stirred
for 3 hrs at 70% Hesulting dark brown liquid cooled
in ice and saturated with ether, wvhich on cooling gave
a mixture of 3=methyl=i=phenylthianaphthelenium
perchlorate 3]l and 3J=methyl~2=phenylthianaphthaleniun-
perchlorate 33 (0,332 g, 2%,6%)m.p. 160°,
NMEs (TFAA, S )y CHy at 2.7 and 2.9, s, 3pj aromatic
protons centred at 8,16, m, 10p (Fig.l).
Analysist Found Sy 9,63 Cly 10,2. C,gH) 485C10,
requires 5, 9,53 Cl, 10,4¥,

Mother liquor of the above reaction mixture
was neutralised with bicarbonate solution extracted
with ether and dried over sodium sulphate, Lther
evaporation afforded brownish liquid (0.577 g) column
chromatography of the crude product gave diphenyl-
disulphide as the first fraction (0,062 g), Second



fraction was obtained as a mixture of thiachromans 32
and J& (0,198 g) along with unreacted ketosulphide 28
as the third fraction (0,187 g).

NMR of thiachromans 33, 3 * (CCl,y S )§ CHy at 1,18,

e

broad doublet 3p} methylenes centred at 2,71 and
3.45 my 4pj aromatic centred at 6,96 m, 9p,.
GLC/MS indicated it to be a mixture of trans-3
methyl=k=phenylthiochroman 32 and 3-methylea=
shenylthischroman 3% (gig/trans~ assignment for jg
vas difficult from the mass pattern).
Syslodehydration of 3-ohepyl-iephenylmercapte
butan- 2~one

Cyclodehydration of 3=phenyl=4~phenylmercapto~
butar~2=one 30 (1.0 g) using 70% perchloric acid
(3.0 ml) and work up as above furnished a mixture
of Y=methyl=3=phenylthianaphthaleniun perchlorate 33
and 2=methyl=3=phenylthisnaphthalenium perchlorate 37
(0.286 g)s Fractional erystallisation of the mixture
afforded 37 (0,171 g, 13.1% Jand 35 (0,101 g, 7.3%),

-tethyl-3ohenylthisnaphthalenium perchlorate 33

mepe 104%, HMES (TPAA,S )§ CHy at 3.1, sy 3p}
aromatic protons centred at 8,13 d, my, 10p (Fig 2),
Analysis: Found Sy 9.2 Cl, 1043, Cygl; 43C10,
requires 5, 9,53 Cl, 10,b%,



2= Methyle 3= phenyl thiaraphthalenius perchlorate J7
mep. 162%, WNm  (TFasy & )3 Ciiy 8t 342y 8y 393

aromatic centred at 3,16, my, 10p (Fiz 3J.

Analysist Found Sy 9431 Cly 10.4.  Cjidy 43C10,

requires 5y 2,94 Cl, 10.4%,

Hother liquor of the above reaction on
neutralisstion with bicarbonate solution and usual
work up yielded brown liquid as the crude product
(o411l gle Column chromatography gaeve diphenyl
disulphide as the firpst frection (0,079 g). Further
elution yielded a mixture of thiachromans 3§ and J3
(0,102 g)y followed by unreacted ketosulphide JC (0.186 gJ.
NM: of thimchromans 36 and 38 ¢ (CCl, © ).
set of C?r!3 doublets at &9}_ end 1.15 3p, methylene
and benzylic centred at 2,93 and 3,46, m, Wpj arozatic

centred at €.95 m, 9p.
Mass showed M 240,

A mixture of a~phenylmercaptomethyloropiophenone
28 (1.2 g) and phospnorous oxychloride (3,5 ml) was
stirred for 1% hrs at room temperature, cooled with
ice salt mixture and treated with 70 ¥ perchloric acid
(2 ml). Heaction mixture stirred for % hrs,
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v

Purther with cooling, saturated with diethyl ether
and kept at ~ﬂ°. gave 304 as yellow soldd (0,432 g,
31,98 ), m.pe 184°,

i (TFAky S )% CHy at 2,67, 8y 3p) aromatic centred
at 7.9, my 12p (Fig W),

Analysist Found 5y 9,43 Cly 10,2, Gyl g5C10,
requires &, 9,4y Cly 10,5%,

Attenpted synthesis of Zrmethyislephenyl=le=ir
phenylthioniuneyelobut=2=ene perchiorate 40,

Treatuent of ketosulvhide 30 (1.0 g) with
phosphorous oxychloride (3,5 ml), followed with 707
perchloric acid (2,0 ml) in cold as above and saturation
with diethyl ether feilled to give 2=methyl- 3~ phenylel-.~
phenylthioniuseyclobut=2=ene perchlorate 40, Instead
a mixture of thisnaphthalenium salts 35 and 37 (0.322 gJ,
Fractional erystallisation afforded perchlorate 35
(0.121 g) and J2 (0,182 g)e Coupounds JJ and J7 were
identified by comparing their m.p. and HNR spectrum
with authentic samples,

202 pepchloric scid cetalysed ring expansion of

perchlorate 394,

Thiaeyclobutene 394 (0,400 g) was warmed (70°)
vith 707 perchloric scid (2 ml) for 1% hrs.
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Heaction mixture cooled and saturated with diethyl
ether, gave 3Imethyle» phenylthianaphthaleniua
perchlorate 3} (0.148 g, 22,17 ), m.p. 164° and
J»methyleimphenylthiachromsn 33 (0.9€ g4 207),

Proton abstrection from &m reprotonation of the
Antermeddete thiagyoloiutaciene

3= Methyl=y=phenylel=i=p enylthioniuacyclobut= »ene
perchlorate 384 (0,338 g, 0,001 mol) and dry ether
(15 ml) was stirred in cold water bath ( 5°C), to
this solution sodiun hydride (0,003 g) was added
and stirring continued. lalf an hour later
tetrahydrofuran (10 ml) was added. The reaction
di¢ not turn deep green, After stirring for half
an hour, the reaction mixture was filtered under
nitrogen ataocsphere, Ether and THF were evaporated
off on rotavac, Heprotonation of the above mass
with 707 perchloric acid and saturation with ether
in cold ylelded 324 back (0,082 g, 13,47%),

- Poenylmereapte-i nethyi~1 phenylproparci-ol . ./
To s=phenylmercaptonethylpropiophenone 28

(le2 g) 4n ethanpl (10 ml) was added sodium borohydride

(0,05 g) and stirred for 2 hrs, Lthanol evaporated,

contents diluted with water (30 ml) and acidified

wvith acetic acid, Extrsction with ether, drying over
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anhydrous le,i0,, ether evaporation and vacuun
distillation ylelded 47 as colourless liquid, b.p.
120%/2 x 10”3 mn (0,96 g, 79.%%).

MR (OCLe S )8 CHy at Ou8, dy 3pi methylenes centred
et 3.8, my 2p) methine and bensylic centred at 1.8, 4.1,
my 2pe L,0 exehangable UH at b, broad s, 1lpi aromatic
centred at 6.8, m, 10p,

It OH at 3510 em I,

snalysist Found Cy 75.63 Hy 7433 5y 118, C gl g08
requizres Cy 7w} H, 7,04 35, 13.,0%,

Mass ¥’ 258,

3- Phenyluercapto= 2= phenylbuten=2=ol hg

Aeduection of 3=phenylelsphenyluercapto~ butan=2a=
one JC (1.1 g) with sodium borohydride (C.,0J5 g) in
ethanol and work up as above yielded 4§ as crude product,
Vecuun distillation of the crude carbinol gave 48 as
colourless liquid, bep. 120%1 x 10°3 mm (0,92 g, 83.03%),
HuRs (CCL,® )% Cliy centred at 0,97, d, 3p3 U0
exchangable 0H at 1,76, broad s, 1p} methine centred
at 2,76, my lp. lethylenes centred at 3,28, m, 2p}
benzylic centred at 4,13, my, 1lp and arosatic centred
at 7,18, =, 10p,
14 ¢+ O at 3480 em” %,
Analysist Found Cy 73493 Hy 7o%3 8y 1343 Cygiy 008

requires C, 7h,M3 Hy 7,03 5y 13,05,
Mass X' 258,




Cyelodehydration of carbinol 47.

A mixture of carbinol 47 (1.0 g) and (3.0 ml)
70% perehloric acid (3.0 ml), stirred for 2 hrs at
60-70° and on cooling neutralised with bicarbonate
solution, extracted with benzene, DSenzene extract
dried over anhydrous sodium sulphate. Evaporation
of benzene gave brown liquid, which on vacuum distillation
gave I methyl=Y=phenylthiachroman 32 (0.68 g, 72.3%)
bepe 135=40%/1.% x 1072 mm,
NMis (CCLyS )Y Cliy doublet centred at 1.05, 3p}
methylenes and methine centred at 2,55, m, 3pj bensylie
centred at 3,73, ¢, 1lp} aromatic centred at €.93, m, 3p.
ULC/MS eould not indicate gig/trans~ stereochemistry
definitely.
Analysist Found Cy 79.9% Hy 6.8} 5y 12e9s Cyelyco
requires C, 80,13 Hy 6,63 35, 13.3%,

Cyclodehydration of earbinol 48.

Cyclodehydration of carbinol %8 (1.0 g) using
70 # perchloric acid and work up as above ylelded gis/irans~
Ymethyl- 3~phenylthiachroman 36 (0,72 g, 76.57) bep.
120° /1,6 x 10”2 mn,
NMES (CCLyy© )3 CHy doublets centred at 0,35 and 0.95, 3ps
methylenes and bensylic centred at 2,9, m, 3p} methine
centred at 3.96, my 9p.
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Analysist Found C, 80,13 Hy €.%3 &, 13.1. Cyetiye®
requires C, 80,1} Hy 6.63 &y 13.37,

GLC/MS also supports above (normal) structure for the
eyclodehydration preoduct.
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CHAPTER 1 ¢
Cyclodehydration reaction of gige-2-arylaminomethylene
cyclohexanone 2 by means of various arylaminehydrochlorides,
fused zine chloride in boiling ethanol, lactic acid, mono~
chloroacetic acid gave tetrahydroacridines 24/94, vhereas
cyclodehydration by polyphosphoric acid gave tetrahydro~
phenanthridine § as the exclusive product (see Chapter I,
Chart 2),
4 plausible mechanisn® for the formation of
tetrahydroascridines 94/95 necessarily involves the intermediate
formation of N-arylazetine (L) or (R) (Chepter I, Chart W),

To support the mechanism suggested in Chart b, it wvas
necessary to isolate the intermediate azetine and study its
rearrangement under acidiec conditioms,

A number of attempts via different routes to synthesise
the desired azetine were initially unsuccessful and finsily

we synthesized it by the resction sequence shown in Chart 18
(Chapter 1).

Structural identification of the above specles vas
besed on 14, NMi and mass spectra, Under acidic conditions
it rearranges to a mixture of the relevant quinolines §£3, 74
and tetrahydroquinclines §l, 73 (Chapter 1, Chart 18).
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SHAPTER I

It was evident from esrlier work>

on the synthesis

of 2 k~disubstituted Fearylasetidines that carbinols
obtained by Rcaﬂb reduction of saturated j=-arylaminoketones
gave essentially trang-asetidines, vheress carbinols
arising from ensminoketones gave essentislly gig-azetidines.
An attempt was made to synthesise 2, ~disubstituted
szetidines sterecselectively as an extension of the

earlier work, Carbinols 26, Al end 35, 36 were prepared

by the two different routes (Chapter 11, Chart 5),

However, stereoselectivity was not observed during
cyclodehydration of the carbinols 26, 3l end 35, 36.
Ring expansion reactions of the szetidines were studied,

24 J>Disubstituted 1-i=phenylthioniumeyclobut=2=ene
perchlorates were prepared by the route shown in Chart €
(Chapter 111) as an extension of earlier m-‘.

Hearrangement of the thioniumcyclobutene perchlorates was
then studied,
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