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GENERAL REMARKS

Infrared spectra were recorded on Perkin-Elmer
Infracord 137 spectrophotometer and Pye Unicam SP-3.300
spectrophotometer in nujol mulls. The absorption values

are recorded in em -

Nuclear magnetic resonance spectra were
recorded on a Varian T-60 spectrometer, using CDCl3 as
solvent and IMS as an internal standard. The chemical
shifts (&) are reported in parts per million (ppm).
Coupling constants (J) are in Hertz (Hz). The following
abbreviations are used : s-singlet; d-doublet; t-triplet;

g-gquartet; m-multiplet,

All mass spectra were recorded on AEI -MS-30
mass spectrometer at 70 eV. The samples were introduced
through direct inlet probe and were volatalised at minimum
source temperature. The source temperature was between
150-200°C for most of the samples.

Spectral charts, wherever necessary, have been
reduced to standard size and attached at the end of the

diseussion. The actual values are given in the discussion.

Temperatures are in °C. Melting points are
uncorrected.
The figure underlined are structure numbers

and the figures in superscript are literature references.



CHAPTER It PART- A

SYNTHESIS OF 2-CHLORO-3,6-DIARYL-3,4-DIHYDRO-
1,3,2 -0XAZAPHOSPHORIN -2 - OXIDES.



I NTRODUCTI ON

Phosphorus, a universal constituent of
protoplasm, is required for growth, health and reproduction
in all forms of plants and animals, e.g. as nucleic aclds,
nucleotide enzymes, metabolic intermediates and phosphatides.
It shares this important position in 1life processes with
other elements such as nitrogen, oxygen, hydrogen, carbon

and sulfur.

The expansion of all branches of phosphorus
chemistry has been enormous. Organic phosphorus compounds
are used in various fields such as animal foodstuffs, dental
materials, detergents, electrical materials, fertilisers,
flame reterdants, food additives, glass technology, luminescent
phosphorus, matches, medicines, metal treatment, nerve gases,
©ll additives, pesticides, piguents, plastics, refractories,

smoke generators, surfactants and water treatment.

Organic phosphorus compounds are enjoying relatively
rapid growth and a great deal of research effort is being
expended on them throughout the world., In the fields of
biocides, petroleum additives and flotation agents there are
a number of patents and the rate at which patents are being

granted 1s increasing.
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The research in the chemistry of organo-
phosphorus compounds was first undertaken by Lassalgne in
1820 in order to prepare phosphate esters. The chemistry
of organophosphorus compounds was developed extensively
by Michaelis in Germany during the late 19th century
and the beginning of this century. His work laid the
foundation of organophosphorus chemistry, especially the
chemistry of compounds containing P-N bond. Overlapping the
later steges of work of Michaelis, a Russian chemist,

A+. E. Arbuzov; conducted extensive research especially

on the trivalent phosphorus compounds. However, commercial
utilization of organophosphorus compounds was only initiated
in 1920s. Further significant progress came only around
World War II and in the wake of great post-war developments
in plastics (polyvinylchloride in particular). The quest
for higher compression, higher horsepower automobile

engines provided an outlet for organic nhosphorus compounds
as gasoline additives and oil additives. Increasing
attention to industrial safety has opened the door to the
use of phosphate ester-based fluids as lubricants for
turbines and gas-compressors. Whereas phosphate ester based
fluids and alkyl diaryl phosphates had low toxXxicity which
led to their use in food-wrap plastic films, organo-
phosphorus pesticides developed in 1937 by Gerhard Schrader

in Germany were highly eflfective in control of several insect



pests. In addition to inscctiecidal and acaricidal
activity, organophosphorus compounds showed a wide
spectrum of biological activity. Some compounds were
useful as nematocides, some as antlhelmentic agents and

some show inhibitory activity against cholinesterases.

In 1958, N. Brock and H. Williams first
synthesised tetrahydro derivative of the, as yet unknown,

oxazaphosphorin ring systeml

viz, tetrahydro-2H-1,3,2-
oxazaphosphorin. A number of substituted derivatives of
tetrahydro-2H-1,3,2-0oxazaphosphorin were synthesised,
which led to the discovery of cyclophosphamide ZIEndoxanﬂ]

a well-known commercial anticancer drug.

Various ring systems with two oxygen and one
phosphorus atoms have been described in literature
(Chart 1). These are 1,3,2-dioxaphospholidines (five
membered rings) and 1,3,2-dioxaphosphorins (six membered
rings), a2zaphosphocines (eight membered rings). Likevise,
various ring systems with phosphorus, oxygen and nitrogen

have also been reportcd such as

1,3,2-oxazaphospholidine (five membered ring),
1,3,2-oxazaphosphorine (six membered ring),

1,3,2-oxazaphosphepine (seven membered ring),
1,3,2-oxazaphosphocine (eight membered ring),

1,3,2~0xazaphosphonine (nine membered ring).
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Though the various ring systems have been described
in the literature, only their tetrahydro derivatives have

been reported.

Anschiitz et al° refluxed catechol 1 with
phosphorus pentachloride in benzene for threec hours to obtain

2,2,2-trichlorobenzo-1,3,2-dioxaphospholidin 2 (Chart .. 2).

2-Chloro-2—oxo--l,E,E-dioxaphosphorin4 4 was

obtained by the interaction of 1,3-propanediol 3 with
phosphorus oxychloride in benzene at 25° under pressure

(Chart 3).

The reaction of salicylic neid with PCL,?S,

PClS7, and POCls8 has received widesprcad attention and
the varions products formed have been extensively studied.
Salicylic acid § on refluxing with PCl3 in tolucne yields
g=-chloro-4-oxo-benzo-1,3,2-dioxaphosphorin 6. On oxidation
with dry oxygen 6 gets converted to 2-chloro-2,4-dioxobenzo-
1,3,2-dioxaphosphorin 8. On refluxing 5§ with PClg in
toluene 2,2,2-trichloro-4-oxobenzo-1,3,2-dioxaphosphorin 7
is obtained. Partial hydrolysis of 7 by treatment with

pyridine-water-ether mixture gives 8. The chlorination of

€ in CCl, gives the addition product 7 (Chart 4).

Tetrahydro-2-methyl-1,3,6,2-dioxaphosphocine-2-

oxides and 2-sulfides 10 were synthesised by reaction between



OH 0
Benzene AN
S G - Qe
OH —2HCI 0
1 2
CHART —2 .
OH 0
/ 25°, under pressure / \ /O
(CH2 ), + POCI3 » (CH5), /P\
\ OH Benzene, —2 HCI ) Cl
3 a4
CHART =3 .
0 0
oy, e %
' >
~P L —Cl
~
2 Cl o \Cl
6 Z 7
< ) \)‘(_,\
0] 1
e
0
L0
(0] \Cl




equimolar amounts of methyl phosphonic or methyl phosphoro-
thionic dichloride and the appropriate 2,2'-iminobisethanol

in presence of triethylamine in dry benzene9 (Chart §).

Feldman et allo treated d-pseudoephedrine 11 with
phosphorus oxychloride at 5-8° in benzene with two moles of
triethylamine. After 8 hours they obtained 2-chloro-
3,4—dimethyl—5—phenyl—1,3,2—oxazaphosphol-2-oxide 12
(Chart 6).

Interaction of 3-amino-l-propanol 13 with
phosphorus oxychloride and triethylamine in dry dichloro-
methane yielded 2-chlorotetrahydro-2H—l,3,2—oxazaphos~

11

phorin-2-oxide™™ 14 (Chart 7).

2-0xo0-1,3,2-oxazanhospholanes 15 and 2-oxo-1,3,2-

oxazapbosphorinanesl2

16 were synthesised by interaction of
iOP(O)Clz, HO(CHE)HK (X = C1, Br) and R'Nﬂg in the presence

of NaH as a cyclising agent (Chart 8).

Cyclic phosphoric acid esters having pesticidal

13 by the reaction of

properties have been synthesised
o-hydroxybenzyl alcohols and o-hydroxybenzyl amines with
POEl,, PhP(0)Cl,, PhOP(0)Cl, and EtOP(0)Cl,. These reactions

yield compounds 17, 18, 19 and 20 (Chart 9).

A number of higher membered cyclic N',0-alkylene-

N,N-bis(ﬂ-chloroethyl)diamidophosphatesl4,
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r
(ClCHQCHg)ENP(O)N(CHz)nO (n = 1-6) 22 werc prepared by
treating dichloro—N,N-bis(B—chloroethyl)amidophosphate
with HEN(CHQJHOH 2l in presence of equimolar amounts of

triethylamine in dioxane (Chart 10).

A mixture of 2-piperidylecarbinol 23, anhydrous
EtaN and dioxane when added dropwise to a solution of
EtaNP(O)Clz in dioxane and kept for 48 hours at room
temperature, yieldedt® 24 (Chart 11). Compound 25 was
similarly prepared.

Petitcolas et all® heated 3,2-HOC, (i CONHPh 26
in benzene with Cl3CCCI=NP0012 to obtain hygroscopic
1—0xa—2-phospha—3-aza-4-(N—trichloroacetylanilino)-2-oxo-
2-chloro-1,2-dihydroanthracene 27 (Chart 12). Petitcolas
et al17 have synthesised compounds 29 and 30 by refluxing
the precursor 28 with POCl3 and PhO—P(03012 respectively
(Chart 13).

Compound 32, useful as an anticancer drug, was
preparedl8 by stirring 0-(2-carboxyethyl )-N-bis (2-chloro-
ethyl)phosphorodismidate 3l in dioxane with dicyclohexyl

carbodiimide (DCC) for five hours (Chart 14).

2—[Bis(2—ch10roethyl)amino]tetrahydro—4H—l,3,2—
oxazaphosnhorine—4—one19 32 was prepared by eyclisation

of HgNCO(CH2)20P(O)C1N(CH20HéCl)2 with NaH (Chart 15).

10
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[(Alkylamino)methyl ]Jphosphoric esters 33 recact
readily with dialkylphophorarmidous dichlorides in presence
ol triethylemine vith formation of intermediate [(alkyl
chloro(dialkylamino)phosphino)amino Jmethyl-phosphonic
esters 34, which when treated in a vacuum lose alkyl
chloride and are converted to substituted 1,3,2,5-oxaza-

20

diphospholidene-5-oxides 35 (Chart 16).

Charts 6 and 9 show the synthesis of tetrahydro-
oXazaphosphorins and higher membered ring systems with
nitrogen, oxygen and phosphorus. Compounds 19, 20, 292
and 30 consist of oxygen, nitrogen and phosphorus, in a
ring system which is fused to an aromatic ring. The
double bond in the heterocyclic ring is located at the

ring Junction of the heterocyvclic and aromatic rings.

The synthesis of the parent 1,3,2-oxaza-
phosphorin ring system is as yet unrcported. The
synthesis of dihydro-1,3,2-oxazaphosphorin was, there-
fore, interesting. The present chapter describes the
synthesis of various substituted dihydro-1,3,2-

oxazaphosphorins.

11



PRESENT WORK

Tilak et =1 in an unsuccessful attempt to
synthesise azetines (e.g. 37) by the action of phosphorus
oxychloride and triethylamine on aryl B-arylaminoethyl
ketone 36 obtained corresponding e-chloro-3,4-dihydro-
l,3,z—oxazaphosphorin—E-oxidezl 40, an unreported ring
system along with compounds 38 and 39 (Chart 17).

p-Dimethylaminopropiophenone hydrochloridegd

on interaction with primary amines such as aniline,
p-chloroaniline, p-toluidine and p-anisidine yielded
corresponding aryl B-arylaminoethyl ketones, which on
treatment with phosphorus oxychloride and triethylamine
gave corresponding dihydrooxazaphosphorin521. The
substituents at the pzra nosition of the phenyl ring
attached to the oxazaphosphorin ring =t 6-position were
changed (Chart 18). These compounds were tested for
biological activity and few of then proved to be active

against P-388 leukemia.

With the view to study the interrelation between
antileukemlic properties of compounds of this series and
chemical structure and also hopefully to synthesise more
active compounds, a number of compounds in this series with
different substituents in both the phenyl rings were

prepared.
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Acetophenonezé, p-chloroacetophenone when refluxed
with paraformaldehyde and dimethylamine hydrochloride in
absolute alcohol yielded B-dimethylaminopropiophenone hydro-
chloride 41 and tn—dimethylaminOHp-chloronropiophenone
hydrochloride 42 respectively. In a similar way 2,4-
dichloro- w —dimethylamin{:propiophenone hydrochloride 43
was obtained from 2,Q-dichloroacetophenoneza, paraformal -
dehyde and dimethylamine hydrochloride (Chart 19¢). The
Mannich base hydrochlorides 42 and 45 on condensation with
different monosubstituted primary aryl amines yielded
respective substituted aryl B-arylaminocethyl ketones
46-50 and 56-59. The above aminoketones on treatment with
phosphorus oxychloride and triethylamine in dry dichloro-
methane ylelded the corresponding dihydro-oxazaphosphorins

51-85 and 60-63 (Chart 20).

Similarly, p-dimethylaminopropiophenone hydro-
chloride was condensed with disubstituted orimary arylamines
to yield aminé:ﬁetones £4-66. The interaction of these
aminoketones with pnosnhorus oxychloride and triethylamine
in dichloromethane gave the corresponding dihydro-

oxazaphosphorins 67-69 (Chart 21).

The synthesis of the dihydro-oxazaphosphorin 7}
with disubstitution in both the phenyl rings at 3 and 6
positions was achieved by the reaction of aminoketone 70

with phosphorus oxychloride and triethylamine (Chart 22),
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The aryl moiety at S-position of the dihydro-
oxazaphosphorin ring system was replaced by a hetero-
cyclic ring such as furan, in the hope to incrcase the
blologicel activity. 2-Furyl g-dimethylz=minoecthyl ketone
hydrochloride24 was prepzred by condensation of Z-acetyl-
furanzs, paraformzldehyde and dimethylamine hydrochloride
in absolute ethancl. The resulting 2-furyl B-dimethyl-
aminoethyl ketone hydrochloride was condensed with
p-anisidine and p-toluidine to obtain respective amino
ketones 72-73 which on treatment with phosphorus oxychloride
and triethylamine - gave corresnonding dihydro-oxazaphospho-

rins 74-75(Chart 23).

The mechanism of the formation of dihydro-
oxazaphosphorins' by the recaction of aryl B-a2rylaminoethyl
ketones with phosphorus oxychloride snd triethylamine has
been suggested and confirmed earlier., The initial step in
the reaction of aminézyetones involves the nhosphorylation
of the arylamino group in the amin(;:ketone to yicld the
intermediate B. Addition of triethylamine to this
intermediate B, enolises the ketone. Finelly cyclisation
takes place forming a stable dihydro-oxazaphosphorin C by

the expulsion of hydrogen chloride (Chart 24).

The Mannich base hydrochlorides of p-nitro-
acetophenone, B-naphthylmethyl ketone,p-chloroaceto-

phenone were condensed with m-snisidine to yield
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corresponding amino ketones 76-78. These aminoketones were
)

reacted with phosphorus oxychloride and triethylamine to

give corresponding dihydro-oxazaphosphorins 79-8L (Chart 25).

g-Dimethylaminopropiophenone hydrochlorid326,
prepared by condensation of propiocphenone, paraformaldehyde
and dimethylamine hydrochloride in absolute ethanol, on
condensation with primary aromatic amines, gzve the
respective aryl B-arylamino-*~methylethyl ketones. The
latter, when treated with phosphorus oxychloride and
triethylamine, surprisingly did not yield the corresponding
dihydrooxazaphosnhorins but gave dimers oi the tyre 84
(Chart 26). The structures were conferred on the basis of
spectral data such as NMR and IR, HNMR spectra of the
8-(p-chlorophenyl )amino-={-nethylpropiophenone 82 showed
doublet of a methyl group. The cyclised product of amino-
ketone would show a singlet of the methyl group, but the
NMR spectra of the final product 84 showed a methyl doublet,
which indicated that the aminé}ketone had not cyclised, but
Ttwo moles of aminoketone 82 had reacted with one mole of
phosphorus oxychloride to form a dimer bis [N-(p-chlorophenyl)-
N-g-benzoylpropylamino]chlorophosphine 84, The IR spectrum
of this compound showed the absence of -NH group and the
presence of a keto group which confirmed the open chain

structure.
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The following explanation can be given for the
unsuccessful synthesis of 3,5,6-substituted dihydro-
oxazaphosphorins.

s
Amingvyetones 85 may be existing in the two

enol forms as L-enol 85a and Z-enol 85b (Chart 27).

When R = CHqy the E-enocl form will be probably more

stable than Z-enol form which will yield dimers as

major isolated product. Formation of the Z-enol form is
probably less favoured and consequently the cyclic
dihydrooxazaphosphorine is therefore not formed. The
reaction is generally carried out by dropwise addition of
phosphorus oxychloride to the solution of aminoketame in
dry dichloromethane, where more aminoketone is available

to react with the second chlorine atom of phosphorus
oxychloride, which might give rise to a dimer. Therefore,
the reaction sequence was chenged. A solution of aminoketone
in dry dichloromethane was added dropwise to phosphorus oxy-
chloride, but the same product was obtained. Sequence of
addition of phosphorus oxychloride and triethylamine was

also changed, but the product pattern was not altered.

2-(Dimethylaminomethyl )eyclohexanone hydrochloride
was treated with aniline to give 2-anilinomethyleyclohexanone
86. The latter, on treatment with phosphorus oxychloride and
triethylamine, did not yield the dihydro-oxazabhosphorin

_8_.2 (Chart 28) .
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The synthesis of dihydro-orazaphosphorins was
also carried out in dry non-polar solvents like benzene,
chloroform, ethyl acctate and dloxane. The sequence of
the addition of phosphorus oxychloride and tricthylamine
was also chenged but the yield of dihydro-ox=zaphosphorins

was not imnroved,

Among all the non-polar solvents used, dry

dioxane was preferred to others, due to its miscibility

in water. As triethylomine (excess), triethylamine-HCl and
dioxane are soluble in water =nd the dihydro-oxazaphosphorins
are insoluble, the reaction mixture on dilution in ice gave
the dihydro-oxazaphosphorins as a precipitsote which was then
worked up as usual. Chromatographic purification of the
product was found to be unnecessary and the reaction product

couwld be purified readily only by crystellization.



%

EXPERIMENTAL

Gencrnl_method for prevaration of Mannich

base hydrochlorides from substituted
acetophenones

Substituted acetophenones (0.5 mol), dimethyl-
amine hydrochloride (0,65 mol), paraformaldehyde (0.22 mol)
and absolute ethanol were taken in a round bottom flask.

A few drops of HCl were added and the mixture was refluxed
till 2ll the paraformaldehyde dissolved. ExXcess of ethanol
was removed under vacuum. The mixture was cooled, acetone
(100 ml) was added and the mixture kept in deep irceze
overnight. The solid which separated out was (iltered and
washed -3 times with acetone. The Monnich base hydro-

chlorides werc crystallised from absolute cthanol.

In the casc of Z2,4-dichloroacctophenone the

nrocedure was slightly modilied,

€,4-Dichloroacetophenone (18.8 g3 0.1 mol), para-
formoldehyde (10.8 gy 0,12 mol), dimethylamine hydro-
chloride (12.4% g; 0.16 mol) and absolute ethanol (40 mD
were refluxed together on a boiling waterbath till para-
formaldechyde dissolved. Ethanol was then removed completely
under vacuum. Dry benzene (50-60 ml) was added to the
syrupy liguid and traces of water were then removed by

using a Decan-Stark apparatus. Benzene was then completely
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removed under vacuum. The residual reaction mixture
was cooled and acetone (100 ml) added. The nmixture
was kept in deep freeze overnight. The solid which
separated out was {iltered and washed several times
with acetone. The hydrochloride, on crystallisation
from absolute ethanol, gave colourless needles, m.p.

131-133°. vYield - 53%.

[B-Dimethylaminoethyl]-2,4-dichlorophenyl-
propiophenone hydrochloride thus obtained was suffi-

ciently pure and was used as such for further reactions,

General method for preparation of

aryl B-arylaminoethyl ketones.

A mixture of Mannich base hydrochlorides (0.1
mol), primary aryl asmines (0.1 mol) in 50% ethanol (286-30
ml) was refluxed on a boiling waterbath for 2-3 hours,
The reaction mixture was cooled, filtered and the
residue washed thoroughly with water and ethanol. The
resulting amino ketones were crystellised from absolute

e thanol.

Whenever the reaction product obtained was an
0il, the reaction mixture was extracted with chloroform,
The chloroform extract was washed 2-3 times with water
and then dried over anhydrous sodium sulnhate., Chloroform

was removed under vacuum. The dark syrupy liquid thus



obtained was then distilled to remove excess of unreacted
primary arylamine. The ketone (residue) was chromatogr=nhed

and then further purified by distillation under high vacuum.

The mp's, bp's and IR vslues of the amino-

ketones are mentioned in Table 1.

General procedure for synthesis of Z-chloro-
d,4-dihydro-1,3,2-oxazaphosphorin-2-oxides

Method A

Aryl B-arylaminoethyl ketone (0.005 mol) and dry
methylene chloride (20 ml) was taken in a R.B. flask. To
this phosphorus oxychloride (1 g4 0.007 mol, was added and
the mixture was stirred for 20-24 hrs at room temperature
(preteeted from atmospheric moisture by drying tube filled
with calcium chloride). The reaction mixture was then
coocled in ice and triethylamine (dricd over XOH pellets)
(3.5 g) was added dropwise over a period of hall an hour.
The mixture was stirred further for 2 hours, The reaction

mixture was worked up as described below.

Method B

A stirred solution of aryl B-arylaminoethyl
ketone (0,008 mol) in dry methylene chloride (20 ml) and
triethylamine (dried over KOH pellets) (3.5 g) was cooled to

0-5°, A solution of phosphorus oxychloride in dry methylene



chloride was then added dropwise during half an hour. The
mixture was stirred for 24 hours =2t room temperature
(protected from atmospheric moisture by drying tube filled
with caleium chloride). The resction was worked up as

described below.
Mothod €

Aryl f-arylaminocthyl ketone (0.005 mol),
phosphorus oxychloride (1 g; 0.007 mol) and dry dioxan (20
ml) were placed in R.B. flask., The mixture was stirred
for 24 hours at room temperature under dry conditions.
The mixture was then cooled to 0-5° and triethylamine
(3.5 g) (dried over . KOH pellets) was added dropwise in
half an hour. Mixture was further stirred for 3-4 hours
and poured over ice. The dihydro-oxazaphosphorins which
sgparated out were isolated and finelly crystallised from

ethanol.

fFollowing work-up procedures were followed:

(8) ifter the completion of the reasction, excess of
methylenc chloride was removed under vacuum and the resicdue
was diluted with dry benzene. The triethylamine hydro-
chloride which precipitated out was filtered and the
filtrate was concentrated under vacuum., The resulting
syrup was adsorbed on silica-gel and loaded on a silica gel

chromatographic column. The column was eluted with benzene,
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2-Chloro-3,4-dihydro-1,3,2-oxazaphosphorin-2-oxides were
isolated from the first fraction. The column was then
eluted with 5% ethyl acetate-benzene, This yielded the

unreacted ketones.

(B) The reaction mixture was poured in ice-water and
extracted with dichloromethane. The extract was washed 2-3
times with water. The dichloromethane layer after drying
over anhydrous Na2504 was concentrated under vacuum and

then chromatographed on a silica-gel column, using benzene
as eluant. The Tirst fraction yielded dihydro-oxazaphospho-
rins. The column was then washed with 5% ethyl acetate-

benzene whereby the unreacted aminoketones were eluted out.

(c) In another procedure, insteesd ol dichloromethane
dry ethyl acetate was used as a solvent medium for the
reaction. After completion of the reaction, mixture was
poured in icc-water and extracted with e¢thyl acetate. The
triethylamine-HCl, being less soluble in ethyl acetate than
dichloromethane, was thus comnletely removed in 2-3 water
washings. Ethyl acetate layer was then washed with dil. HC1
and agein with water. It was then dried over anhydrous
Na2304 and ethyl acetate was completely removed under vacuum.
The sticky residue thus obtained was treated with little
cold ethanol., The solid dihydro-oxazaphosphorin which

separated out was filtered, dissolved in benzene, and
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decolourized with animal charcoal. The solution was
filtered and the filtrate on concentration yielded
dihydro-oxazaphosphorins as colourless needles., The
main disadvantage of this method was that the dihydro-

oxazanhosphorins were obtained in lower yields (30-40%).

Yields and m.p.'s of dihydro-oxazavphosphorins
are recorded in Table 2. IR spectra of the dihydro-
oxazaphosphorins show three nrominent peaks in the region
1200~13200 cm-l corresponding to P=0 stretching frequency.
MR spectrsl data i1s recorded in Table 2 and the analytical
data in Table 4.

Synthesis of Z2-chloro-3-(p-anisyl)-6-
(p-ehlorophenyl)-3,4-dihydro~1,3,2~
oxazaphosphorin-2-oxide 55

4-Chloronphenyl B(p-anisyl)ethyl ketone (1.44 g3
0.008 mol) was dissolved in dry dioxane (20 ml). Phosphorus
oxychloride (1 g; 0.007 mol) was added in one lot and the
solution was stirred for 24 hours under the exclusion of
moisture at room temperature. The white phosphoramidate
complex separated out during the reaction. This was cooled
to 0-5° and dry triethylamine (3.5 g) (dried over KOH pellets)
was added dropwise in half an hour. The reaction was stirred
for further 3-4 hours., The dark brown reaction mixture was
then poured over ice. The solid which separated out was

filtered and washed thoroughly with water to remove the



triethylamine-HCl,yexcess of triethylamine and dioxane.
The residue consisting of dihydro—oxazabh5sph0rin was
crystallised from ethyl alcohol when it gave colourless
plates (1.3 g, yield 70.0%). m.p. 158°. (found C, 51.7;

3

H, 4.1; N, 3.5; P, 8,0 3 Gyt 4CLo10 oF Tequires C, 52.0 j
H, 3.8; N, 3.8; P, 8.4%).

NMR (CDCl,, S p-0Cl;Cgl, at 2.8, s, 3p;
JC=CH-Cll5 at 5.8, q, 1pj
ZCII-CIJQ—NI-—‘ at 4.2, m, 2p;

Aromatic protons at 6.8-7.8, m, &p.

Mass Mt 360,

Synthesis ol t-chloro-6-(2,4- dlcn101opheny1)

-3- (p-tolyl)-2,4-dihydro-1,3.2-0xazanhosphorin-
Z-oxide 62

2,4-Dichlorophenyl B-(p-tolyl)amincethyl ketone
£8 (1.52 g; 0.00% mol) was dissolved in dry dichloromethane
(20 ml). Phosphorus oxychloride (1L g; 0.007 mol) was then
added end the mixture was stirred for 24 hours at room
temperature, The rcaction wixture was then cooled to 0-5°
and dry triethylamine (3.5 g) (dried over KOH pellets) was
added dropwise over a period of halfi an hour. The reaction
mixture was further stirred for 2 hours and worked up as
deseribed in work-up procedure (A). The dihydro-

oxazaphosphorin was isolated from the first fraction in



chromatography on silica-gel coluun, using benzene as
eluant. Compound 62 crystallised from absolute ethanol in
colourless needles, (1.29 g, yield 67.0%), m.p. 157°.
(Found C, 42,25 H, 3.3; N, 3.3; P, 8.6; 016H13C13N02P

requires C, 49.5; H, 2.4; N, 3.65 P, 8,0%).

NMR (CDCl,,d ) P-CHCH,~ at 2.4, s, 3p;
_C=CH~CHy at 5.8, q, 1p;
=CH-CHg-N- at 4.2, m, 2p;

Aromatic protons centred at 7.2, m, 7p.

Mass M+ 387,

-

Synthesis of z-chloro-3-(2'-methyl-5'-
nitrophenyl )-6-phenyl-2,4-dihydro-1,3,2-
oxazaphosphorin-2-oxide &8

A mixture of aryl B-(2'-methyl-5!'-nitrophenyl)
aminoethyl ketone 65 (1.38 g; 0.005 mol), phosphorus
oxychloride (1 g; 0.007 mol) and dry benzene (20 ml) was
stirred at room temperature for £0-24 hours. The mixture
was then cooled to 0-5° and dry triethylamine (2.5 g) was
added dropwise over a period of half an hour. The mixture
was then stirred for additional € hours and filtered. The
filtrate was chromatographed on a silica-gel column. The
column was eluted with benzene. The first fraction gave
dihydro-oxazaphosphorin 68 which crystallised from absolute
ethanol in pale yellow needles (1.06 g, yield 58%), m.p.

107°. (Ffound C, 53.5: H, 3.7: W, 8.13 P, 9.5:C, oH, ,C1N,O,P
’ 9 9 t ’ 9 ’ 271614 2v'4
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requires C, 52.7; H, 3.8; N, 7.7; P, 8.5%).

NMR (CDClg, &) 0-CHghT at 2.5, s, 3ps
,C=CH-CHg at £.8, q, 1p;

1
=CH-CHy-N- at 4.2, m, 2p;
Aromatic protons from 7.2-8.0, m, 8p.
Mass MY 364,

Synthesis of Z-Chloro-e—(p-anisyl)-G—(?—fu;x&l;
3,4-dihydro-1,3,2-ox2zaphosphorin-2-oxide 75

A solution of Z-furyl B-(p-anisyl)ethyl ketone 73
(1.2¢2 gy 0.005 mol) in dry methylene chloride (20 ml) was
added to dry triethylamine (3. 5 g). The mixturec was cooled
in ice and phosphorus oxychloride (1 &3 0.007 mol) was
added dropwise. The mixture was stirred for 24 hours with
exclusion of moisture. The reaction was then worked up as
described in procedure (B). Chromatographic nurification
of the reaction product gave dihydro-oxazaphosnhorin 75
which crystallised from absolute ethanol in colourless
needles (0,970 g, yield 60.0%), m.p. 150°. (Found C, 52.4;
H, 4.13 N, 3.9; P, 9.1; C14H1301304P requires C, 51.6; H,
4.03 I, 4.3; P, 9.5%).
NMR (CDCly,&) 'C=CH-CHs at 5.73, q, 1p;
i
=CH-CH,-N- at 4.46, m, 2p;
-0CH4 at 3.8, s, 3p;

Aromatic protons at 6.4-7.5, m, 7p.

Mass MY a3zs.



TABLE - 1

MPS_AND IR DATA OF AMINOKETONES

- e e . o e

Compd. MP o IR values cm"J;h"—
io. in °C -NH -C=0
46 124 3200 1680
47 116 3190 1670
48 151 3120 1680
49 87 3210 1690
0 133 3210 1620
56 47 3200 1700
£7 78 3200 1700
58 65 3200 1700
59 8P 140°/2x107° 3200 1700
mn/Hg
64 . 105 3180 1670
65 121 3210 1670
66 70 3200 1660
70 b 3420 1690
72 67 3120 1660
73 73 3120 1650
76 85 3200 1670
77 118 3150 1670

78 102 3200 1670
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MPS AND YIELDS OF DIHYDROOXAZAPHOSPHORI NS

S S ———

——

Gompound Yo. MP in °C  Yield in %
51 128 61,0
52 140 6.0
53 125 54,0
&4 162 47,0
85 158 70.0
60 124 47,0
Gl 107 53.0
62 1587 67.0
63 135 67.0
67 107 58.0
68 160 £S5,
69 162 8.0
71 186 40,0
4 150 59.0
75 &0 60.0
79 175 29.0
80 14§ 47.0

81 135 88.0
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TABLE - 3

NMR SPEQ_’I‘_R:C\}“DATA 0" DIHYDRO —OK;’:.E-API‘EOSPE{ORI NS

ngugd TSC=CH-CH,  =CH-CHp-N- 5;51]5:66&;"'a;ijﬁiéﬁ;”éiéﬁﬁé """
81 1H,m,5.7 2H,m,4.4 - - 9H,m,7.2-7.6
52 1H,dd,5.7 2H,m,4.4 - - 8H,11,7.2-7.6
£3 1H,m,5.9  2H,m,4.4 - 3H,s,2.4  8H,m,7.3-7.9
54 1H,dd,5.8 2H,m,4.3 3H,5,3.9 - 8H1,m,5.9-7.8
56 1H,dd,5.8 2H,m,4.3 JH,58,3.8 - 8H,m,6.8-7.8
60 1H,dd,5.7 2H,m,4.2 - - 8if,m,7.5
61 1H,dd,5.7 2H,m,4.2 - - THym,7.1-7.5
62  1H,dd,5.7 2H,m,4.2 - 3H,s,2.33  7H,m,7.1-7.5
63 1H,dd,5.8 2H,m,4.2 - 3H,s,4.0  7H,m,7.0-7.5
67 1H,dd,5.8 2H,m,4.5 - 3H,5,2.6 8H,m,7.3-8.1
68  1H,dd,5.77 2H,m,4.2 - 3H,s,2.56 8H,m,7.,2-8.3
69 1H,dd,5.8 2H,m,4.3 - - 8H,m,7.3-7.8
71 1H,dd,5.8 2H,m,4.2 - 3Hys 2.6  GHymy7.2-8.4
74 1H,m,5,7 2H,m,2.g- - 3H,s,2.4 TH,m,6.4=7.4
75  1H,dd,5.73 2H,m,4.46  3H,s,3.8 - TH oy 6.4-7,5
79 1H,dd,5.9 2H,m,4.35 3H,5,3.9 - BH,my0.9=78
80 1H, s,5.9 2H,m,4.1 3H,5,3.7 - 8H,m,6.7=8.2

111{,111, 6- 8-8. 3



TABLE - 4 - ANALYTICAL DATA OF DIHYDRO-OXAZAPHOSPHORINS

Compd. No.

51

52

53

54

56

60

61

62

63

67

68

=

g

< = X = W = o W

oo

R
I

C

53.1
52.2

48,2
48,5
54.3
54.0
52,0
51.9

52.0
5L.7

48,2
46,9
48,4
47,8

49,6
49, 2

47,6
48,6
52,7
521.5
82.7
53.5

N W W =
- L]
¢y O

.
©

3.0
3.9
3.9
3.8
4,0

3.8
4,1
2.9
3.0
2,6
2,5

3.3
3.3

3.2

3.3
3.8
4.6
3.8
3.7

N

4.1
4.5

3.7
3.5

3.9
3.6

3.8

77
8.1

continued ..

P

9.2
9.6
8.3
8.9
8.7
8.0
8.4
8.3

8.4
8.0

8.3
7.9
7.2
7.7
8.0
8.6
77
78
8.5
7.9
8,5
2.5

..



Table 4 continued..

Compd, No. c H N P

R 44.4 2.7 6.5 7.1

& 7 44.2 2,8 6.3 7.3
R 54,3 4.2 4.5 10.3

@ P 53,9 4.1 2.9 9.9
R 51.6 4.0 4.3 9.5

= P 52.4 4.1 3.9 9.1
R 52,0 3.8 3.8 8.4

79 51.5 3.8 3.4 8.4
50.5 2.6 7.4 8.1

=0 F 51.4 3.9 7.1 7.1
R 62.3 4.3 3.6 8.0

oL 7 6.9 4.6 3.3 7.1
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CHAPTER I : PART -B

SYNTHESIS OF 2-CHLORO-3-ALKYL-6-PHENYL -
3,4 -DIHYDRO-1,3,2 -OXAZAPHOSPHORIN-2- OXIDES
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INTAODUCTION AND PRESENT WORK

Cyclophosphamide, .[2-[bis(2-chloroethyl)amino]
tetrahydro-2H-1,3,2-0xazaphosphorin-2-oxide], 1 is now
widely used as an eflective drug against lymphorecticular
tumors and hemoblastoses. Since its discovery, hundreds of
compounds modelled on this basic structure have been prepared
to obtalin superior anticancer drugs. Recently three compounds;
ifosphamide 2, trofosphamide 3 and sulfosphamide 4, which are
derivatives of tetrahydro-oxazaphosphorin were synthesisedz.
These compounds have shown very promising results, esbecially
ifosphamide which is receiving wide attention, because of its
higher therapeutic Index (T.I. 24) and lower toxicity than
cyclophosphamide (T. I. 20) against rat ascites sarcoma

(Chart 1).

In the present chapter synthesis ol such
3-alkyl substituted dihydro-oxazaphosnhorins are described.
As the dihydro-oxazaphosphorin 1s a new ring system, first
reported from this laboratory, it wes of interest to study
the effect of these N-alkyl substituted dihydro-oxzza-

phosvhorins on the biologicel activity against P-388 leukemia.

The precursors for the 3-alkyl substituted
dihydro-oxazaphosphorins were 3-alkylaminopropiophenone
hydrochlorides or oxalates. These amino ketone salts
were reported to have good fungiecidal activity3 but could

not be isolated in the frece base form, as these were



reported to cyclisc, in the basic medium, to give
piperidinyl derivatives? (Chart 2). Thesc amino
ketonc salts were prepared by different methods as
reported in the literaturec. These are briefly

described in the present context.

w-t-Butylaminopropiophenone hydrochlorides 53

vas prepared by heating t-butylamine hydrochloride, para-
formaldehyde and acetophenone at 150° for hslf an hour.

The aminoketone hydrochleride, on interaction with phos-
phorus oxychloride and triethyleamine, yielded Z-chloro-
6-phenyl-3-(t-butylamino)-3,4-dihydro-1,3,2-oxazaphosphorin-
Z-oxide 6 (Chart 3).

w -n-Butylaninopropiophenone oxalate 7 and

w-cyclchexylaminopropiophoione hydrocilloride 8 were
prepared according to Craig et a14. n-Butylamine and
cyclohexylamine were heated on a2 waterbath with w-dimethyl-
aminopropiophenone to give the resmective aminoketones.
As these aminoketones always contained impurities of
primary anines, their oxalates or hydrochlorides were
prepared and crystallised to get pure aminoketones. The
aminoketones 7 and 8 gave the corresponding dihydro-
oxazaphosphorines 9 and 10 on treatment with phosphorus

oxychloride and triethylamine (Chart 4).
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w =Benzylaminopropiophenone hydrochloride6

11
was obtained by the condensation of benzylamine hydro-
chloride, paraformaldehyde and acetophenone in absolute
ethanol. The aminoketone hydrochloride 1l was treated
with phosphorus oxychloride and triethylanine to give
thic corresponding dihydro-oxazaphosnhorin 12 (Chart 5).
In a similar way w-(B-chloroethyl)aminopropiophenone
hydrochloride 13 was prepared, by the condensation of
B-chloroe thylamine hyclrochloride, paraformaldehyde and
acetophencone in absolute ethanol. The aminoketone
hydrochloride was reacted with phosphorus oxychloride
and triethylamine to give Z2-chloro-3-(f-chloroethyl)-6-
phenyl-3,4-dihydro-1,3,2~oxazaphosphorin-2-oxide 14

(Chart 5).

w=(8-Hydroxyethyl )aninopropiophenone
hydrochloride 15, prcoparcd as above on treatment with
phosphorus oxychloride and triethylamine yielded
compound l4. B-Hydroxy group was replaced by Cl by
interaction with phosphorus oxychloride (Chart 6).
Superimposable IR spectra, melting point and mixed
mnelting point confirmed the compound as 2-chloro-3-
(B-chloroothyl)—6-phenyl—3,4—dihydro—l,3,2—oxazaphosphorin-
Z-oxide l4. The structure was further confirmed by the
absence of -OH group in the IR and NMR spectra of the

reaction procduct.
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The above dihydro-oxazaphosphorins were also
obtained when phosphorus oxychloride anc triethylamine
were reacted with sminokctones. Aminoketones tend to
cyclise to piperidinyl derivatives after some pceriod in
basic medium, Therefore, aminoketone salts were
rapidly basified and lmmediately reacted with phosphorus
oxychloride to form corresponding phospharamidate
derivatives. These when treated with triethylamine

gave dihydro-oxazaphosphorins.,



as

Preparation of w -(B-chloroethyl )amino-
nropiophenone hydrochloride 13

S ———

g-chloroethylamine hydrochloride (1L1.5 g3
0.1 mol), Paraformaldchyde (9,0 g? 0.1 mol) and aceto-
phenone (24.0 g3 0.2 mol) were taken in a 100 ml round
bottom flask. Absolute ethanol (20-40 ml ) ané conc.
HC1 (1 ml) were adfed to the mixture. The reaction
mixture was then refluxed for 8-10 hours till all para-
formaldehyde dissolved. Excess of aleohol was removed
under vacuum. The reaction mixture was cooled, diluted
with acetone (100 ml ) and then kept in dcep freeze
overnight, The white solid which seporatsd out was
filtered, thoroughly washed with acetone, and crystalliscd
from absolutc ethanol when it gave w -(@-cihloroethyl)
aninopropinophenone hydrochloride 13 as colourless needles

MaDe 141°.

Generzl method for the synthesis of 2-chloro-
3-alkyl-6-phenyl-3,4-dihydrooxazaphosphorin-

—2-0xide§

Method A . A mixture of w -alkylaminopropiophenone
hydrochlorides (0.005 mol ), phosphorus oxychloride (0.007
mol ) and dry dichloromethane was stirred at room
temperature for 24 hours under exclusion of moisture. The

mixture was then cooled to 0-5° and Ary tTiethylanine (kept



Hd

over KOH pellets) (2.5 g) was added drapwise to the

mixture in 30 minutes. The nixture was further stirred

for twe hours and then poured into ice-water and

cxtracted with dichloromcthane. The extract was washed

2-3 timcs with water and dried over anhydrous sodium
sulphatc. Dichloromethane was removed under vacuum

and the residue was chromatographed on silica gel column
using benzene as eluant. The first fraction gave
¢-chloro-3-21kyl-6-phenyl-3,4-dihydro-1,3,2-0oxazaphosphorin-
2-oxides which were purified by crystallisation from

e thanol.

Method B : In this method aminoketone salts were basified
with sodium carbonate solution. The free base was then
cxtractel with dichloromcthane and dichloromethane layer
was washed 2-3 tinmes with water., The extract was dried
over anhydrous sodium swlphatc and excess dichloromethane
was removed under vacuum. The work un was carried out
fast as the frece bases are reported to cyclise to
pipericdinyl derivatives. The w -alkylzminopropiophenoncs
(0.005 mol) were dissolved in dry dichloromethane then
treated with phosphorus oxychloride (1 gy 0.007 mol).

The mixture was stirred for 24 hours at room tenmperature
under dry conditions. The mixture was then cooled to 0-5°
with ice and cry tricthylamine (kept over KOH pellets)

(3.5 g) was added dropwise over a period o»f heglf an hour.
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The mixture was stirred for two more hours. The reaction
mixture was then worked up as described in Method A above.

g:pﬁipronS{p~butyl)-6-ppgpyl-a,4—dihydro—
l,Sf?—oxazaphosphorin-E—oxide &)

w ~t'-Butylaminopropiophenone hydrochloride §
(1.03 g5 0.0056 mol) was reacted with phosphorus oxychlbride
(1 g5 0.007 mol) and dry triethylanine (3.5 g) as described
in Method 4. 2—Chloro—3-(t-butyl)~6—phenyl-3,4—dihydro-
1,3,2~0xazaphosphorin-2-oxide 6 thus obtained an
crystallisation from benzenec gave colourless needles
(0.700 g, yield 45%), m.p., 200°. (Found: C, 54.03 H, 6.2;P,11.4;
Cy3Hy»Cl0oNP  requires C, 54.7; H, 5.9; P, 10.9%).

NMR (CDCly )  -N-C(CHg)g at 1.5, s, 9p;
i

£ =CH-CH, at 4.0, m, 2p;

_dzcﬂ,CHg at 5.5, d, 1p;

Aromatic protons at 7.3, s, &p.
-+
Mass M~ 285,

2-Chloro-3- (n-butyl)-6-phenyl-3,4-
dihydro-1,3,2-oxazaphosphorin-2-oxide 9

n-Butylaminopropiophenone 7 (1.02 g3 0.005
mol) was treated with phosphorus oxychloride and triethyl-
amine as in Method B, 2-Chloro-3-(n-butyl )-6-phenyl-3,4-
dihydro-1,3,2-0xazaphosphorin-2-oxide 9 was purified by

distillation under high vacuum (0.800 g, yield 56%),



b.p. 160°/4 x 10™¢ mu/Hz (Found C, 54.4; H, 5.8; P, 10.4;

Cqgfy ,CLIO,P requires C, 54.7; H, 5.8; P, 10.8%).

- J
MR (CDClg, &) -N.CHyCH,CH,CHy at 1.5, m, 7p;
=CH-CEo-N-CH, at 3-4.4, m, 4p;
_C=BH-CH, at 5.7, q, 1p;
Aromatic protons centred at 7.4, m, 5p.

N +
Mass M 285.

2- 2-Chloro-3-cyclohexyl -6-phenyl -3,4-

e T

dihydro-l,3,2~oxazaphosphorin-c-oxide 10

w-Cyclohexylaminopropiophenone 8 (1.15 g;
0.006 mol) was reacted with phosphorus oxychloride (1 g;
0.007 mol) and triethylamine (2.5 g) to give compound

L0 as a viscous oil (0.600 g, yield 44%).

(CDClE; 3) Cyclohexyl protons centred at 1.5, m, 1lp;
|
:cH-cl-;B-If;- at 3.2-4.3, m, 2p;
_C=CH-CHz at 5.8, q, 1p;

Aromeztic protons centred at 7.4, m, 5p.

Mass m* 311,

o



2-Chloqg:?—benzyl-G—phenyl-qlf:ﬁggydro-
1,3,2-0xazaphosphorin-2-oxide 12

w=Benzylaminopropiophenone 11 (1.15 g3 0,005
mol ) was treated with phosphorus oxychloride and triethyl-
amine as described in Method B to give compound 12. The
latter crystallised from ethanol in colourless necedles
(0.717 g, yield 45%),mp. 65°, (Found C, 6Q.1; H,4.7; P,10.5;
Cly gl sCINOSP requires C, 60.2; H, 4.7; P, 9.7%4).

- ~ [

NMR (CDCls,é) /fC=CH-CE2—N—C§2 at 3-4, m, 4p;
:C=0§-cag at 5.4, s, 1p;

Aromatic protons at 7.2, s, 1Op.

Mass Mt a0,

2-Chloro-3- (Bi-chloroethyl)-6-phenyl-
3,4~-dihydro-1,3,2-0xazaphosphorin-2-oxide 14

w<B-Chloroethyl )aminopropiophenone 13 (1.00 g3
0.005 mol) when treated with phosphorus oxychloride (1 g3
0.007 mol) and triethylamine (3.5 g) yielded 2-chloro-
3-(B—chloroethyl)-6»pheny1—3,4-dihydro—1,3,2-oxazaphos-
phorin-2-oxide 14. The latter crystallised from absolute
ethanol in colourless needles (0.725 g, yield 50%), m.p.
102°. (Found C, 44.8; H, 4.3; P, 11.8; C) 1Hy 9C15 NP
requires C, 45.3; H, 4.1; P, 10.6%).

")



MR (CDCLgd )

Mass M

¥
N . . ”
,C=CH<CH2-N—LEQ—Cﬂ§ at 3.2-4.3, m, 6p;
c=CE~Cliz at 5.6, q, 1p;

Aromatic protons centred at 7.4, m, 5p.

6
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INTRODUCTION

Arnold and Bourseauxl’z’3 in 1968 first reported
the synthesis of cyclophosphamide, viz. 2-bis(2-chloroethyl)
-aminotetrahydro-1,3,2-o0xazaphosphorin-2-oxide along with
other cyeclic N'-0Q-alkylene-N,N-bis(g-chloroethyl)diamido

phosphates.

Cyclophosphamide is not only one of the most
extensively used chemotherapeutic alkylating agents, but
it has also become one of the most intensively studied.
The interest shown in this drug is primarily due to two
factors; its broad spectrum activity against human and
animal tumors, and its complex metabolic pathway.
sl though considerable information is now available as
regards metabolism of this drug, the rcasons for its

selectivity and effectiveness still remain obscure.

Various substituted derivatives of the parent
oxazaphosphorin ring system have been synthesised in order
to study their effect on the stereochemistry and biological
activity. 1In many cases these derivatives failed to show
biological activity. However, this effort has led to the
synthesis of analogues of cyclophosphamide with better
biological activity.



Many attempts have becn made to introduce aromatic
substituents at 2,4,5 and 6 positions in the oxazaphosphorin
ring system. Hamacher, in an attempted synthesis of N-aryl
substituted cyclophosphamide4 1 (R=4-M9006H400-) by the
reaction of (ClCHchz)zNP(O)Clz 2 with 4-MeOC6H4HH(CH2)30H
3 obtained nroduct 4. Similarly the rcaction of
(C1CHGCH, ) GNP (0)C1(0) (CHy ) Br 5 with PhNH, or of
(CLCH,CH, ) NP (O)CINHPH 6 with Br(CH,)4 OH gave
(ClCHgCHQ)NP(O)(NHPh)O-(CHz)EBr 7 rather than 1 (R=H)
(Chart 1).

Hoca et al5

reported the synthesis of 3-phenyl-
substituted tetrahydro-oxazephosvhorins 9 by reacting

3-N-phenylamino-l-propanol 8 with I‘.P(O)ClE (Chart 2).

The Arbuzov reaction between suitably substituted
1,3,2-dioxaphosphorinanes and bromine gave an acyclic product
10. The latter, on condensation with a primary amine, gave

an intermediate 11 which when treated with NaH in THF yielded

3-phenyl -substituted oxazaphosphorinane36 12, 13 (Chart 3).

Compound 15 was obtained by treating

7
HO-CHE—CH(CMG)S—CﬂzNHPh 14 with MGQNP0012 (Chart 4).

2-0x0-2-phenoxy-6,6-diphenyl-1,3,2-0xaza-
phosphorinane® 17 was prepared by treating HOCPhy, (CH, ) H,,
16 and PhOPOCl, (Chart 5).
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4-Arylcyclophcsphamide59 19 were obtained as
mixtures of c¢cis and trans isomers by treating
ClgP(O)N(CﬁchECI)2 with RChH4CH(NH2)CHECH208 18 (where
1 =H, 2-Me, 3-Me, 3-OMe, 4-OMe, 2-Cl, 23-Cl and 4-Cl)
(Chart 6).

Compounds 2Q and 21 synthesised by Eto et al10

have oxygen, phosphorous and nitrogen in a ring system

which is fused to an aromatic ring (Chart 7).

Literature survey revealed that 6-aryl-2-chloro or
2-chloro-3,6-diaryl derivatives, as well as compounds with
fused saturated ring at 5 and 6 positions of the tetrahydro-
oxazaphosphorin ring system have not been reported. Only
a few derivatives with aromatic substituents in 4 and 5

positions are reported.

The present chapter describes the synthesis of
3,4,5,6-aryl/alkyl substituted tetrahydro-l,3,2-oxaza-

phosphorin-£-~oxides.,
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Ph Ph 7 J
Ph OH ] Ph 0
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PRISENT WOKK

The precursors, l-aryl-3-N-arylamino-l-propanols,
for the synthesis of 3,6-diaryl tetrshydro-l,3,2-oxaza-
phosphorins, were prepared by the reduction of corresponding
aminoketones 22-23 with sodium borohydride in absolute
ethanol. The relevant aminoketones were prepared by the
interaction of corresponding Mannich base hydrochlorides

with primary amines as described in the nrevious Chapter.

1-Aryl-3-N-arylamino-l-propanols 24-25 on
treatment with phosphorous oxychloride in dry dichloromethane
and followed by the interaction with triethylamine gave
¢-chloro-3,6—~diaryltetrahydro-1, 3,2-oxazaphosphorin-2-

oxides 26-27 (Chart 8).

In the previous chepter, it was reported that
the reaction of aryl B-aryl-X-methylethylaminoketones
28-29 with phosphorus oxychloride and triethylamine did
not yield the corresponding dihydro-oxazaphosphorins.
Therefore, it was thought interesting to study the reaction
of phosphorus oxychloride and triethylsmine on
l-aryl-3-N-arylamino-2-methyl-l-propanols 30-3l. The
aminoketones 28-29, obtained by the condensation of 8-dimethyl -
amino-<-methylpropiophenone hydrochloride and orimary amines,
were reduced by sodium borohydride in ethanol to the

corresbonding aminopropanols. The latter, 1-aryl-3-N-
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arylamino-Z-methyl-l-propanols, on treatment with phosphorus
oxychloride and triethylamine, gave the desired ©-chloro-
E,6—diaryl—S—methyltetrahydro—l,8,2-oxazaphosphorin-2—oxides

2-33 (Chart 9).

Compounds with substituents at 3 and 4 position
and saturated six membered ring fused at 5 and 6 positions
of tetrahydro-1,3,2-oxazaphosphorin ring system are so far
not reported in literature. We have synthesised these

compounds in the following manner,

g8-Dimethylaminocyclohexanone hydrochloridall

was condensed with aniline to give Z-anilinomethyl-
cyclohexanone 34 which was then reduced to Z-anilinomethyl-
cyclohexanol 35, by treatment with sodium borohydride.
Reaction of' 35 with phosphorus oxychloride and triethylamine
yielded 2-chloro-3-phenyl-5,6-tetramethylene-tetrahydro-

1,3,2-oxazaphosphorin-c-oxide 36.

£-Chloro-3,4-diphenyl-5,6-tetramethylene~
tetrahydro-1,3,2-oxazaphosphorin-2-oxide 39 was prepared
similarly. Cyclohexanone and benzalaniline were condensed

to glve 2--(ﬁ-anilinobenzyl)—cyclohexanonel2

37. The latter
was then reduced to 2-(X-anilinobenzyl)-cyclohexanol 38
with sodium borohydride. The amincopropanol 38 when treated
with phosphorus oxychloride and triethylamine yielded 39

(Chart 10),
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Mass spectra
The mass spectra of above substituted-tetrahydro-~
1,3,2-0oxuzaphosphorin-2-oxides reveal the following type of

migration.

Localisation of charge on the doubly bonded
oxygen atom ol the exocyclic phosphoryl group leads to

hydrogen atom abstraction from C-5 methylene group, followed

]0

by cleavage of C-O0 and C-N bonds. This fragmentation process

results in the formation of strong peak of phenyl allyl ion

(&) (Chart 11, Table 3),

The fragmsntation rrocess initisted by single
hydrogen transfer from C-5 methylene to phosphoryl oxygen
atom results in ring onening. This is followed by a second

hydrogen migration of C-4 methylcne to the phosphorus atom.
OH
Elimination of O=é~01 from this intermediate ion results

H
in the strongly conjugated heterodicne ion (B) which then

eliminates hydrogen atom from ortho position of the phenyl
ring by substitution-elimination reactions leading to
N-aryldihydroquinoline ion (C). These sequences are shown

in Chart 11.

In the mass spectra of 2-chloro-3-phenyl-
5 ,6-tetramethylene tetrahydro-1,3,2-oxazaphosphorin-2-oxide

36 and its 4-phenyl-substituted analogue 39, formation of



R
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0 =

)
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W \Cl
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stable phenylallyl ion by hydrogen migration is not
possible. However, single hydrogen transfer from C-5
me thylene followed by loss of cyclohexenyl (Caﬂg)
radical results in the base peak at m/z 204 in the

case of compound 36 and m/z 280 in the case of compound
39, the charge being stabilised by the phosphorus
containing fragment. Similarly the peak at m/z 191

in the mass spectrum of 36 could be ascribed to the

loss of cyclohexenyl substituted carbene <:;>»ER

accompanied by another C-4 methylene hydrogen

transfer to the phosphoryl function (Chart 12).
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EXPERIMENTAL

e ——— —

General method for the synthosis of
1—ary1 -3=l- arylanino-l-propanols

A mixture of aryl B-arylaminocethyl ketones
(0.02 mol) and sodium borohydride (0.8 gy 0.02 mol) in
c¢thanol (50 ml) was refluxed »n a waterbath for 1-2 hours.
After dilution with water (50 ml), the reaction mixture
was acidified with dil. acetic acid and extracted with
chloroform. Chloroform layer was washed with saturated
sodium bicarbonate solution and then thoroughly with
water, Chloroform layer was dried over anhydrous N32804
and solvent removed to yield aminopropanols,which were
crystallised from benzene. The mps, yields, analytical

data and IR data of these compounds arc given in Table 1.

Guneral ncthod for the synthcsis of —chloro-
3,6 glaryltgtrﬂhy ro~1 y3 2-oxazaphﬁsphorin-

2-0V1des

To a solution of l-aryl-3-N-arylamino-l-propanols
(0.005 mol) in dry dichlo:omethane (20 ml), phosphorus
oxychloride (0.007 mol) was added. The mixture was stirred
for 20-24 hours at room temperature under exclusion of
moisture. The mixture was cooled to 0-5° and dry triethyl-
amine (3,5 g) was added Aropwise over a period of 30 minutes.

The mixture was further stirred for 2 hours. Excess of



dichloromethane was rcmoved under vacuum =2nd dry
benzene (L0 ml) was adled. The mixture was filtered
and the filtrate was again concentrated. The concen-
trated solution was chromatographed over silica-gel.
The first fraction collected with benzene as eluant
yielded 2=-chloro-3,6-diaryltetrahydro-1,3,2-
oxazaphosphorin-Z-oxides. The mps, yields and
analytical data of tetrahydro-oxazaphosphorins have
been given in Table 2. NMR spectral data of these
compounds is given in Table 3. Mass fragments are

given in Table 4.

Synthesis of 2-chloro-5-me;py}:@:Ppenyl-3-
(p-tolyl)tectrahydro-1,2,2-0oxazaphosphorin-
2-oxide 33

A mixture of 1-phenyl-2-methyl-3-(p-tolyl)-1-
propanol (1.26 gg 0.005 mol), phosphiorus oxychloride (1 gg
0.007 mol) and dichloromethane (20 ml) was stirred for
20 hours at room temperaturc under exclusion of moisture.
The mizture was then cooled to> 0-5° and dry triethylamine
(kept over KOH pellets) (3.5 g) was added dropwise over a
veriod of half an hour. The mixture was stirred for two
more hours., Excess of dichloromethane was removed under
vacuum ancd 4dry benzene (10-20 ml) was added. The solution
was filtered and the filtrate was concenitrated under

vacuum. The concentrated solution was adsorbed on a



silica gel column which was then eluted with benzene.
The first froaction yielded 2-chloro-5-methyl-6-phenyl-
3-(p-tolyl) tetrahydro-1,3,2-oxazaphosphorin-2-oxide
33 which crystallised from ethansl in colourless
necdles (0.837 g, yield 50%), mp 152°. (Found C, 60.3;

Hy 6.05 Ny 3485 Py 9,05 Cq,Hy oCINOoP requires C, 60.83

17
Hy 5.75 N, 4.13 P, 9.24).

H
) [
NMR (CDClg,&) -CE-({—CHE— at 0.8, d, 3pj P-CH,Cell,-
Cig at 2.3, s, 3p;

i
-CH—%ErCﬁé' at 3-3.8, m, 3p;

CH3

-CH-CH-CHp 2t 5.1, dd, 1p;
‘n

Liromatic protons ceatred at 7.33, m, 9p.

+
Mass M 335,

/
2-Chloro=-2-phenyl-8,6-tctramcthylcne-
tetrahydro-1,3,2-0xazaphosphorin-2-oxide 36

The mixture of Z-anilinomethylcyclohexanol 35
(1.02 g5 0.005 mol) and phosphorus oxychloride (1 g3 0.007
mol) in dry dichloromethanc (20 ml) was stirred for 24 hours
at room temperature under dry conditions. The mixture
was then coolcd to 0-50 and dry triethylamine {(kept over
KOH pellets) (3.5 g) was added dropwise. The reaction

mixture was further stirred for £ hours. Thec reaction



R7

was worked up as described in the general method. Compound
35 was crystallised from cthzanol in colourless plates
(0.910 g, yicld 64%), mp 1305 (Found C, 54.0; H, 6.1
i, 6.25 P, 10.4;C13Hl7ClN02P requires C, 54.7; H, 6.03
N, 4.9; P, 10.8%).
NMR (CD013,6 ) nglghexyl protons at 1-2, m, 9p;
-éi:ég-cgg-h—at 3-4, m, 2p;
-0-CH-CH- at 4-5, m, 1p;
Aromatic protons at 7.4, s, 5D,
Mass | v' o8s.

2-Chloro-3,4~diphenyl-5,6-tetramethylene-
tetrahydro-1,3,2-0oxazaphosphorin-2-nxide 39

——

To 2 solution of 2-(f-anilinobenzyl)-cyclo-
hexanol 38 (1.40 g; 0.005 mol) in dry dichloromethane
(20 ml), phosphorus oxychloride (1 g; 0.007 mol) was
added and the mixturc was stirrced at roon temperature
for 24 hours under exclusion of moisture. The mixture
was cooled to 0-5° and dry triecthylamine (kept over KOK
pellets) (3.5 g) was acdded dropwise. The mixture was
further stirred for 2 hours. The reaction mixture was
worked up as deseribed in the general method. Compound
39 crystallised from ethanol in colourless plates
(1.1 g, yield 62%), m.p. 166°, (Found C, 62.8; H, 5.8;
I, 4.13 P, Q.O;ClgHlelNozP requires €, 63.13 H, 5.8;
N, 3.8; P, 8.6%).



MMR (CDC 4, &)

Mass

Cyclohexyl nrotons at 1-2.3, m, 9
") Bb,
-U-éﬁ-CH—CH—N-Ph at 4.3-4.6, dd, 2p;

Aromatic protons at 7.0, s, 10p.

M* 361.
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IABLE - 2

KPS, YIELDS AND ANALYTICAL DATA OF

i —————— e 2t Sttt

G ———

TZTRAHYDRO-0XAZAPHOSPHORI NS

Yielad
in %

Required
Found F

13
Ll

e —— T o S S S = S -

C?mpﬁund MP in
IB) . OC
26 180
27 154
e/ 168
33 152
36 130
39 166

56.0

64.0

62.0

rxj

=

54.7
54,0

63.1

62.8

6.0

6.0
6.1

3.8

4.1

10.8
10.4

8.6

9.0

e — - = S m e e = T B B v o S e S o - - —
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Coapounﬂ
No.
26
27
32

TABLE

- 3

NMR VhLULS OF TLTR;HYDPO OXAZAPHOSPFDRINS

i 1
—CH-CHg—C_r_Ig—N— ’ D-CH3CSH4" at

- ]
-dIE—CHz-Chz—N-—
0-CH-CH,~Cliz

Aromatic protons

e e o ———

CHy-CH, -rf- and

-dH-Cﬁg-CHg-N-
i

0-dﬁ—CH2-Ché'

Aromatic protons

e e e e e e e e e e e . ———— e e T pe———

—CH—(!H-C;@S
Ha

-CH-CH-CH5

~C£—ﬁH~CH§
CH3

airomatic protons .

O e e e e e e e o o e o e e e e e e e e e = ot = = —

at

centered at

Table

3.9, n, 2p;
6.0, m, 1p;

3.. continued

01



Table - 3 - continued...

et L e S S —

Compound
No.
|
_ qHE
-CH-CH-CH4 at 0.8, d, :
a3 p—CHBCGH4- at 2.3, s, 3
n®
~CH-CH-CHg~ at 3-3.8, m, 3p;
—Cg—%H-CHé— at 5.1, dd, 1p;
CHy
4Lromatic protons centered at 7.33, m, 9p.
Cyclohexyl protons at 1-2, m, 9p;
-45- H-Cﬂg—ﬁ- at 3-4, n, 2p;
36  -0-CH-CH- at 4-5, n, 1lp;
Aromatic protons at 7.4, s, 5p.
Cyclohexyl nrotons at 1-2.,3, m, 9p;
7~y Ph
39 ~0-CiH-CH-CH~I{-FPh at 4.2-4.6, ad, 2p;

Aromatic protons . at 7, s, 10p.
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CHAPTER I : PART - B

REACTIONS OF 2-CHLORO-3,6-DISUBSTITUTED-
3,4-DIHYDRO-1,3,2-0XAZAPHOSPHORIN-2- OXIDES.



EE?AODUCTION

Various reactions of “-chloro-3,6-disubsti-
tuted-3,4-dihydro-1,3,2-0xezaphosphorin-2-oxides have

been described in this chapter.

Nucleophilic substitution reactions at 2
position of the 1,3,2-oxazaphosphorinane derivatives
have been extensively studied after the first synthesis
of this ring system by Arnolcd et all anG particularly
after its use in anticancer drugs. Various derivatives
of tetrahydro-oxazaphosphorin ring system were obtained
gither by reacting 2-chlorotetrahydro-oxazaphosphorines
with amines and alcohols or by treatment of substituted
nhosphoramidic dichlorides with aminopropanols in the

presence of a base,

Arnold et all synthesised 2 by the interaction
of ~minopropanols 1 with the diechloro-N,N-bis(f-chloro-
cthyl)amidophosnhate anad tfimcthylamine in dioXane as a
solvent (Chart 1). Similarly, compound 2 was synthesised
by another pathway2 by the reaction of Z2-chlorotetrshydro-
1,3,2-0xazaphosphorin-2-oxide 3 with N,N-bis(B-chloroethyl)-

amine hydrochloride 4: in the presence of triethylamine in

dichloromethane as solvent (Chart 2).

Interaction of Z-chloro-3-(B-chloroethyl)tetra-
hydro-1,3,2-o0xazaphosnhorin-2-oxide § with HOCHchzNHR
and R S0oCl 6 ylelded derivatives® 7 (R=H, Et, CHyCHyCI,
(CHy) 580 gMe, CHoCHoSO Mes Ry = Me, Et, Pr, CHMey) (Chart 3).
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OH 0
TNy 0
+ P =N(CHyCHyCl)y ————— | £0
cl P
NH, u’ “SN(CHp CHa CL)p
5 8 2
CHART -1
L]
o) © @ Q
| 20 +  CLHaN (CHCHaCl)y — | 20
P P
H/ et u \N(CHchZCl)Z
3 4 -3
CHART -2

0 | %
\ g \ /
/p\ + HOCH,CHNHR + R SO0,CL ———— )’\
N—C ;0S0.-R
| e e R

Vo |
CH,CH, Cl Giiottiat B
] s T

CHART -3



PRESENT WORK

Z2-Chloro-3-(B-chloroethyl )-6-phenyl-3,4-
dihydro-1,3,2-oxazanhosphorin-2-oxide 8 was treated
with 2-chloroethylamine hydrochloride in presence of
trietnylemine to obtain compound 9 analogous to
ifosphamide 10 a well-known anticancer drug (Chart 4).
Similarly, commound 8 was reacted with methylamine and
ethyleneimine to get compounds 1l and 12 respectively
(Chart 5). Both chlorine groups present in compound 8
are reactive but substitution by nucleophiles takes
place only at the 2 position. This was confirmed by the
mass spectral fragmentation pattern. Replacement of
chlorine of B-chloroethyl group would have shown loss
of 98(P0201),instead, loss of 93 (POZNHCHS) in 11 and

(P02NHCJ20H201) in 9 was observed.

Attenpts to cyclice €-(N-methylamino)-3-(8-
chloroethyl)-6-phenyl-2,4-dihydro-1,3,2-0xazaphosphorin-
2-oxide 11 in presence of bases such as pyridine,
anhydrous 1{'.2(30‘.3 in acetone,; anhydrous K‘zco:3 in
o-dichlorobenzene, and sodamide failed to give desired

product 13 (Chart 6).

Interaction of the chloro-oxazaphosphorins 1§,
£§ and 17 with ethyleneimine, ammonia and methylamine in
dichloromethane at room temperature yielded corresponding

substituted derivatives 18, 19, 20 and 21 (Chart 7).
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0 0
0 EtzN 0
© @ A
» + ClHpNCHyCHpCl ——— P<
/ et CH,Cly / “NHCH,CH, Cl
| |
CH,CH,Cl CHaCHZCL
8 S
0
\ °
P v
V “NNHCH,CH,CL
|
CH, CH,CL
10
CHART - 4
o Ph
O 0
}’/O RH n \P/O
~ o /N
N/ ct N R
| |
CH,CH,CL FHatHs bl
ﬁ 11_ ; R =NHCH3
12 RN
CHART -5
Phy_ P o
/ \ /O v/ - / \ '//’0
P CH A - 4 iy
AW, 7N\
Y N° N

|
CH,CH,Cl
i &

CHART -6
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httempts to replace chlorine with cyano group
were futile. 2—Chloro~3-(p-anisyl)—6-(p—chloropnenyl)-3,
4-dihydro-1,3,2-oxazaphosphorin-2-oxide 15 and sodium
cyanide when stirred at room temperature in dichloromethane
and also when refluxed in benzene did not yield a substitu-
ted product. However, compound 22 was obtained
when chloro-oxazaphosphorin 15 and sodium cyanide

were refluxed in dry acetone for 5-6 hours (Chart 8).

Revlacement of chloro group in the dihydro-
oxazaphosphorins by ethanethiol, anilino, phenoxy and
thiophenoxy groups was attempted. However, these attempts
failed to give desired replacement. The reactivity of
aliphatic primary amines, secondary amines and alkoxXy groups
and unreactivity of anilino, thiol and phenoxy groups may be

explained in the following manner.

Nucleophilic substitution reactions in tetrahydro-
oxazaphosphorinanes take place by 5N2(P) assoclative
mechanism4 involving pentacoordinated phosphorus intermediates.
Substitution of leaving group by nucleophile, (a) when leaving
group is axlal, proceeds through a trigonal bipyramidal species,
(b) when leaving group is equatorial, side ways attack across

P=0, proceeds via square pyramidal intermediate® (Chart 9).

In the case of dihydro-oxazaphosvhorins, the

J.=ray crystallogravhic structure of the compound 14 reveals
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R, R,
RZ R2
o cl) = HR4 07N
>P‘N - O\L‘
Cl R{ N
;Rs Rs
14 Ry=Cl,Ry=H, Ry= p —CHy
15 Ry=Cl , Rz=H , Ry=p-0CHz ; 1_§_;R4-Nj
16 Ry=Cl , Ra=H , R3=0-0CH; ; 19 ; Rg=N]
.11 R1=Cl ¥ Rz-Cl 1 R3=phenyl H Q; R4‘NH2
21 ; Ry=NHCHy
CHART - 7
Cl Cl
NaCN in acetone
07 reflux 07
TSN PLaNY
Cl H.C 0
3N~
/
H3C \CN
OCH OCH3
13 22

CHART -8



(a)

0
|
d .
A’ ‘\x
B
(b)
0
|
P

HY

Trigonal

CHART -9
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that P=0 1s axial and chlorine is equatorial., This is
supported by NMR spectral anzlysis of this compound

described in Chapter III.

The first possibility of nucleophilic substi-
tution in 14 via trigonal bipyramidal intermediate can be
ruled out because of the unfavourable backside attack due
to the hinderance by the oxazaphosvhorin ring (Chart 10).

It appears that in cases where the leaving group is
equatorial as above, substitution via square pyramidal
intermediate by sideways attack is the only obperable
mechanism. Out of the three possible sideways attack two

are blocked viz. one by oxazaphosphorin ring and another

bty N-phenyl substituent. Hucleophile can only attack in

a direction through ring oxygen and leaving group (Chart 11).
By the above sideways attack the pentacoordinated phoshhorus
specles has approximately the square pyramidal shape where
the apex is occupied by 0-P and the corners of the square

by ring nitrogen, ring oxygen, nucleophile and the leaving
group. DBecause of the cyclic structure as in 14, one of

the angles viz, N-P-0 is fixed by the ring to be approximately
tetrahedral. This leaves smaller space for leaving group and
and nucleophile to be accommodated in pentacoordinated
phosnhorus species compared to acyclic systems, resulting

in buttressing strain. This strain is relieved when one of

the ligands leaves forming tetrahedral phosphorus. When
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Cl

HyC

0

1

CHART

11

CHART



nucleophlile is sterically bulky, formation of the
above pentacoordinated intermediate itself may be
unfavoured because of the buttressing strain.

This may be the reason for the apparent unreactivity
of bulkier aromatic amines and thiophenols. 1In these
substitution reactions, the steric bulk rather than
the nucleophilicity seems to decide the possibility

of the reaction by a nucleophile.

110



EXPERIMENTAL

General mcﬁpog_fp:ﬂggpppeﬁﬁﬁ“quftfykﬁyituted

-3-olkyl/eryl-6-aryl-2,4-dihydro-1,3,2-oxaza~
phosphorin-Z-oxide 11, 12 and 18-21

S —— L it A .~ e

2-Chloro-3-alkyl/aryl-6-aryl-3,4-dihydro-1,3,2-
oxazaphosphorins (0.001 mol) were reacted with amines
(zmmonia, methylamine and ethyleneimine) (0.002 mol) at
room temperaturc using dichloromethane as solvent. The
reaction mixture was poured into water after 30 minutes

and the mixture extracted with dichloromethane. Dichloro-

methane layer was dried over anhydrous Na2304. After removal

of dichloromethane the respective amino derivatives were
obtained. The latter erystallised from ethanol in

colourless ncedles.

Yields ,mp's and anslytical data is given in

Table 1.

Synthesis of 2-(B-chloroethylamino)-3-
EE:EE}oroethyl)-6—pheny1—3,4~dihydro-
a

1,3,2-oxazaphosphorin-2-oxide 9

A mixture of compound 8 (0.289 g 30.001 mol),
B-chloroethylamine hydrochloride (0.115 g 30.002 mol) and
triecthylemine (0.5 ml 30.004 mol) in dichloromethane was
stirred for 30 minutes. The reaction mixture was then

poured in ice-wster and extracted with dichloromethane.

1t
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Dichloromethane layer was dried over anhydrous Na2804;
filtered and concentrsted. The solid obtained was
crystellised from ethanol to zive colourless needles
(0.284 g, 85%) m.p. 165°. (Found: C, 46.9; H, 4.9;

i, 8.9; P, 8.8 ;013H17012N202P requires C, 46.7; H, 5.0;
My, 8.3; P, 9.2%).

NMR (CDClg, &)

S -LHP
013120_1120}11@'/ \\1\{/ -
CHoCH,CL at 3.7, m, 10p;
-MH at 4.3, m, 1p;
-é=b§rCH§ at 5.6, s, lpj
Avomatic protons at 7.4, m, S5n.
Moss Mt asa.

Synthesis of 2-(N-methylamino)-3-(B-chloro-
ethyl)-6-phenyl-3,4-dihydro-1,3,2-o%azaphos-
phorin-2-oxide 11

s o —— . e i e

A mixture of compound 8 (0.289 gy 0.001 mol)
methylamnine hydrochloride (0.112 gy 0.002 mol) and tri-
ethylamine (0.5 mlP.004 mol) in dichloromethane was
stirred for 30 minutes. The reaction mixture was then
poured into ice-water and extracted with dichloromethane.

Dichloromethane layer was dried over anhydrous Na2804,
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filtered and concentrated to yleld compound ll. This
after crystallisation from ethanol gave colourless needles
(0,258 g; 90%), m.p. 144°% (Found: C, 50.5; H, 5.6; N, 9.5;
Py 10,25 CjoH; gClN;0oP requires €, 50.3; H, 5.65 N, 9.8;
P, 10.8%).

NMR (CDCly, & ) -NH-CH, at 2.63, d, 3p;
~NH and =CH-CH,-N-CH,-CH,Cl at 3.63, m, 7p;
~C=CH-CH, at 5.5, s, 1p;
Aromatic protons at 7.4, m, 5p;

Mass M+ 286.

Synthesis of 2-(X-cyanoisopropoxy)-3-(p-anisyl)-6-
(p~chlorophenyl)-3,4~dihydro-1, 3,2-oxazaphosphorin-

o —— - — T —

-2-oxide 22

A mixture ol compound 15 (0,369 g; 0.001 mol)
and sodium cyanide (0,098 gy 0,002 mol) in dry acetone (15 ml)
was refluxed on waterbath for 5-6 hours. Excess of zcetone
was removed and residue was poured into water. This was
then extracted with dichloromethane. Dichloromethane layer
was dried over anhydrous Nazsoqfiltered and concentrated
under vacuum. The liquid obtained which solidified after
two hours was crystallised from absolute ethanol in
colourless plates (0.271 g, yield 65%), m.p. 140°, (Found:
C, 57.7; Hy 5.25 N, 6,95 P, 7.4; Cy oHpoC1N 0P requires
C, 57.43 Hy 4.8; N, 6.7; P, 7.4%).



NMR (CDClg, S)

Mass

-0-C-CHy =t 1.8, d, €p;

CHg
-0CHy  at 3.8, s, 3nj
;.‘C_E;H_cg_g at 4.1, n, 2p;
=C-CH-CHg 2t 5.6, m, 1p;

Aromatic protons at 6.8-7.6, m, 8p.

I

A



No.

e e e - ———————— = o -

11

18

19

20

22

144

151

153

159

140

TABLE - 1

MPS, YIELDS AND AWALYTICAL DATA

OF DIHYD:0-0X:ZAPHOS PHOI NS,

20

80

82

80

R

F

4.8

4.7
4.’?

3.8

4,8
5.2

7ol

7.4
7.2

7.9

10.8

10.2

Te8

8.2
8.4

8.7

8.3

7.4
'?.4
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RELATIVE
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CHAPTER II

SPETRAL STUDIES OF 2-CHLORO-3,6 -DISUBSTITUTED-
3,4-DIHYDRO-1,3,2-0XAZAPHOSPHORIN -2- OXIDES .



(o] MASS SPECTRAL FRAGMENTATION MODES
OF DIHYDRO-OXAZAPHOSPHORINS

INTRODUCTION

Information on the structure of organic compounds
can be obtained by a variety of anglytical techniques such
as NMR and mass spectral dats. During the last two decades
there has been almost an explosive growth in the use of these
techniques to solve structural problems of great complexity.
Mass spectra of a variety of organic compounds have been
examined both for the purpose of understanding the mechanism
of fragmentation of molecular ions as also with a view to
attempt the inverse operation of using the cracking pattern
to determine the molecular structurel’g’a. The use of mass
spectral data in the investigation of structures or providing
support to structures determined by other physical methods
such as IR, NMR spectra depends largely on empirical infor-
mation provided by correlation studies on model known
compounds. There are several investigations correlating
certain fragmentations to the pPresence of a particular
structural featurel’4. For example, cyclic molecules
containing a double bond in a six membered ring have been
shown to trigger Retro-Diel Alder Reactions producing a
diene and a dienophiliec ion, The presence of heteroatoms
in the molecules like oxygen, nitrogen, sulfur or a metal
leads to localization of charge which then directs further
fragmentations (X or B-cleavages) with or without hydrogen

transfer rearrangements,



The rationalization of fragmentation processes

in terms ol classical theory of organic chemistryl’4 are
of value in solving problems of structure determination

of closely related unknown compounds.

The present Chapter discusses the mass spectral
fragmentation of substituted 3,4-dihydro-1,3,2-oxazaphos-
phorin-2-oiides (Chart 1). The fragmentation of these
heterocyclic systems is of interest for the following

reasons:-

1) This phosphorus heterocyclic system is of
interest in view of the presence of three different
heteroatoms (oxygen, nitrogen and phosphorus) in close
proximity in the ring. This should lead to wide variations
in electronic charge distribution within the molecular ion

under electron impact.

(2) Phosphorus containing antitumor drug cyclo-
phosphamide and its metabolic products (having similar
1,3,2-oxazaphosphorinane cyclic skeleton) ares at present
being examined by the mass spectrometric techniques. S tudy
of fragmentation of the dihydro and tetrahydro 1,3,2-

oxazaphosphorin ring systems is, therefore, of interest

for qualltative and quantitative identification.

(3) The substituted dihydro-l,3,2-oxazaphosphorine-2-
oxide systew may be studied vis-a-vis cyclohexene ring

system in the carbocyclic series.
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: Compound
ki R, R, Ry
1 CgHgq —CL (p) CgHg Cl
2 CgHga—CL(p) CgHg —Cl (p) Cl
3 CgHa —ClL (p) CgH4 ~ OCH4 (p) Cl
4 CgHg —CL(p) CgHgq— OCHy (m) Cl
5 CgHyq—CL(p) CgHq — OCH (0) Cl
7 | CgHa = CL (p) CeHa— OCHy (o) ]
8 Cqu—Cl (p) C6H4—OCH3(9) Nj
9 CgHz—Cl, (0, p) CgHs NH,
10 CSH3—C[2(o,p) CGH5 NHCHS
11 CgH3 = Cl, (o,p) CgHy — CH5 () Cl
12 CGH3_Cl2 (O'D) C6H4—OCH3 (D] Cl
13 CgHz— Cl, (o, p) CeHg Cl
14 CgHz —Cly (0, p) CeHy —Ct Cl
15 | CgHs CgHy —Cl, (o,m) ct
—
16 0] CGHQ‘“OCHa (D] Cl
17 | CgHs CH, CH, CL cl
18 | CgHsg CHp CH,CL N
19 CgHs CH, CH, ClL NHCHy
20 CgHg CH, CH, CL NHCH,CH,ClL

CHART -1
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The carbocyclic system6’7’8 has been extensively
studied and it has been shown to undergo Rétro-Diels Alder
reaction (RDA). The mass spectral fragmentation modes of
unsaturated six membered cyeclic systems containing several
heteroatoms has not been studied and their behaviour under
electron impact is worth investication. Before our results

on this system are discussed, it may be pertinent to review

iDA reactions in other systems.

Many aspects of RDA reactions in carbocyclic
systems have been thoroughly investigated6’7’8. Retro-Diels
Alder fragmentation provides a unique method for structure
determination in polycyclic compounds like steroids,
terpenoids and natural products. The reaction has been
shown to be highly stereospecific and it has been suggested
that differences in the fragmentation of the stereoisomers

could be used as a tool for the determination of ion

°]
structurcs .

The RDA reaction can occur by stepwise or concerted
mechanisme. Based on the observed charge distribution between
butadiene and/or ethylene, a stcpwise mechanism  was suggest-
ed by Djerassi et al6 b’f. The first step in the RKDA frag-
mentation being allylic cleavage resulting in the formation
of ring opened intermediate ion, followed by other simple

cleavage resulting in the charged fragments. The abundance



of the two possible ions (butadiene and ethylene) (Chart 2,
reactlon 1) were found to correspond to the prediction of
charge distribution based on Stevenson rule and energy
considerationea. The concerted mechanism resembles thermal
electrocyclic RDA fragmentation (Chart 2, reaction 2). If
elcctron impact RDA process occurs via concerted mechani sit
and if it follows the steric requirements of the thermally
allowed process, then only cis-stereoisomers should be
reactive. Mandelbaum et al®® have found that cis-isomers

of tetra and pentacyclic diketones undergo RDA fragmentations,
while the trans-isomers do not, and thus suggest that RDA
process in these compounds occurs in one step by a concerted

mechanism (Chart 2, reaction 2),

RDA fragmentations could be preceded by allylic
isomerizationsa. The allylic isomerization occurs in the
molecular ion by 1,3-hydrogen shift or two successive 1,2
shifts. Unsubstituted and alkyl substituted cyclohexene
systems have been shown to undergo several slow migrations
of the double bond prior to RDA reactionsaa’Sb. Buchs
et ach have shown that in the mass spectra of alkyl
substituted 2-cyclohexene-1-0l, formal RDA reaction
opcrating from unrearranged molecular ion competes with
RDA reaction proceeding from double bond migration. The
competition between the two RDA processes has been reported

to be dependent on the size and position of the olefinic
moiety expelled™C (Chart 2, reaction 3).
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STEPWISE RDA FRAGMENTATION

CONCERTED RDA FRAGMENTATION

+ s

Ol —[al—[c]

————— (2)
ALLYLIC ISOMERISATIONS
+ * + e 4o +
ol oH | oH | oH |
1,3 hydrogen shift

X\ Formal or RDA <

-— , - — || +coH
z RDA two succesive reaction S

reaction 1,2 hydrogen shifts

CHART -2 (Contd.)
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Competition betweon RDA reaction and simple cleavage
proccesses has been reported in the mass spectra of 2-substi-
tuted~2,S-dihydro-éH—pyranslo. It has been reported that
glectron donating substituents favour RDA recaction whereas
electron attracting substituents like carbonyl in ester or
ketone inhibit thls reaction. This has becn aseribed to thE
localization of charge on carbonyl oxygen by removal of
non-bonding 'p' electron and weakening of 02—07 bond, the
cherge being carricd by %-cleavage products. In the
spectra of electron donating alkoxy ethers removal of zn
elecctron from ether oxygen strengthens C=0 bhond and both
RDA and <-cleavage products comuete in the ether series

(Chart 2, reactions 4 and 5).

The effeect of substituent on the relative ion
abundance of diene and zne fragments has bzen reportedsa’ll
and the results indicatec that the fragment of lower ioniza-

tion potentiazl cariies the charge.
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PRESENT WORK

The relative abundance of the characteristic
fragment ions in the mass spectrz of substituted dihydro-
1,3,2-0xazaphosphorinanes 1 to 20 (Chart 1) are reported

in Table 1., All the compounds show abundant molecular ioms.

One of the significant fragmentation modes of the

molecular ion is the loss of substituted phenyl vinyl ketone

(Rl—CLCH=CH2) by Retro-Diels Alder reaction resulting in

the formation of 'ene!'! fragment ion 4 (iminophosphorinanes).
o metastable peak is observed for this process. This RDA
fragmentation is illustrated for the compound £-chloro-6-
(p-chlorophenyl )-3-phenyl-3,4-dihydro~1,3,2-oxazaphosphorin-
-2-oxide (L)(Fig. 1) (Chart 3). The relative intensity of

this ter:! fragment veries within wide limits being the base
peck in the compounds 8,8,10,11 and 12 (which contain N-phenyl
substituent), whereas it is absent in the compounds 17, 18,

19 and 20 (Table 1) bearing N—CHZCHéCl substituent. The
higher stability of tene! fragment A containing N-phenyl
substituent could be due to formation of ylid ° (i.e.

5; - § - Cgllg) type of bond and/or formation of cyelic
intermediates formed by bond formation between phosphorus
and phenyl ringlz’la. Phenyliminophosphoranes are kinown
to be stable to electron impact exhibiting strong moleecular

dl4

ions. The stability could be due to yli type of

phosphorus-nitrogen bond which is known to be isoelectronic

2
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with phosphonium ylid bondl4. The propensity of phosphorus
to form phenylphosphonium cyclic intermediate ions has been
reported in the mass speectrazl fragmentation of substituted

12 and phosphochloridothioatels.

1,3,2-dloxaphosphorinanes
Formation of such type of cyclic intermediates is not
nossible in the compounds 17 to 20 and hence RDA fragmentation
is not observed. This RDA process mostly occurs by stepwise
mechanism. The initial step being the allylic cleavage which
ovens the ring followed by 'ene' fragment ion A. Observation
of significant substituted benzoyl ion by simple cleavage of

CE-C6 bond in the ring opened intermediate supports the

stepwise mechanism (Chart 3).

In the carbocyclic system there are several examples
of RDA fragmentation processes occurring after 1,3 hydrogen
shift. These non-classical RDi reections often compete with
classical nrocesses proceeding from unrearranged molecular
ions. The present heterocyclic system also shows thls type
of behaviour. The mass spectra of the compounds 1, 2, 3 and
4 show strong peak (base peak) corresponding to loss of
PO,CL from the moleculsr ion. This loss can occur directly
from the unrearranged molecular ion but most probably it
occurs as RDA fragmentation which is preceded by 1,3-hydrogen
shift (Chart 4) or two consecutive 1,2-hydrogen shiits.

The fragmentation is illustrated for the compound Z-chloro-

6-(2,4-dichlorophenyl)—3-pheny1-3,4-dihydro-1,8,2-oxaza—



cl cl
0 1,3-hydrogen shift o~
o8 - oSl
Cl/ T Ci/ T
MT(13)
m/z (373) (64 %) » | —PO,Cl

x

D - G
Cl N Cl N
ol f ol |
(C)

m/z (275) (42 %)

Cl

m/z (240) (100 %)

CHART-4 . RDA FRAGMENTATION PRECEDED BY
ALLYLIC REARRANGEMENT.



phosphorin-2-oxide &g (fig.2 ). The relative importance
o the two RDA processes was studied at different electron
energies in compounds 13 and 16. At  lower electron

energies (12 eV) the ratio,

40 % of Schiff base ion C
ZA % of 'ene' ion & ’

which is a measure of relative rate constants, was found

to increase from 0.5 to 2 in 2-chloro-3-(2,4-dichloronhenyl)
-6-phenyl-3,4-dihydro-1,3,2~-0xazaphosphorin-2-oxide 13

and from 2,7 to 3.8 in 2-chloro-6-(p-anisyl)-3-furyl-23,4-
dihydro-l,3,2-oxazaphosphorin-2-oxide 16. This-

shows that the RDA process producing Schiff base ion C

is 2 slower process requiring less activation energy than
that producing ion B. The observation of a broad metastable
peak for the formation of ion C also supports the contention

that the process is preceded by 1,3-nydrogen shift (Chart 4).

The further fragmentation of cycloreversion ion G
is of interest and occurs predominantly by metastable loss
ol hydrogen atom in all the compounds. In the spectra of
compounds 1 to 14, the «, B-unsaturated Schiff's base ion C
shows loss of chlorine atom and is most significant in
compounds 9 to 14, which contain chlorine atom in ortheo
and parg- positions, are involved in the further fragmenta-

tion of this ion and is supported by metastable peak. The



first step being the electrophilic attack by the imino-
nitrogen on the ortho-position of the phenyl ring
resulting in the rormation of dihydro-N-arylguinoline
intermediate followed by elimination of ortho-substituent

(Chart 5). QRecently, Griitzmacher et all5

have shown
operation of similar substitution-elimination processes
in the spectra of benzalacetone, o-substituted benzoyl
pyridine and stilbazole. Also in support of the above
nmechanism, it may be pointed out thet similar quinoline
ion structures have been ascribed to (M—H)+ ions in the

spectra of X, B-unsaturated oximesl6.

Another mechsnism which is conceivable is that
ortho-hydrogen of the N-phenyl ring is involved in the
fragmentation of ion C. This elimination of ortho-
hydrogen is favoured by electronhilic attack by the
carbonium ion centre resulting in the intermediate for-
mation of 4—aryi:§ihydroquinoline ion (e) (Chart 5).

This mechanism is similar to solution chemistry behaviour.

necently, Shono et all?

have described e versatile synthesis
of tetrahydroquinoline in which carbonium ions formed as
intermediates in the reactions of iminium ions with
electron rich nucleophiles like styrene, cyclise to

tetrahydroquinoline in the presence of lLewis acid.
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In order to goin more information on the mechanisms
of intramolecular cyclisation-elimin-tion reactions chloro
substituted (ortho, meta and para) «, B~unsaturated Schiff
bases were examined. (M-—Cl)+ ion was most significant in
the o=-chlorocinnamylidene aniline whereas it was less
significant in the corresponding meta and para isomer.
similarly, (M-C1)" ion was about 6% in the cinnamylidene-

o-chloroaniline and absent in cinnamylidenc-m-chloro-
aniline and cinnamylidene-n-chloroaniline. This indicates
that eyclisation is strongly favoured by charge localisation
on the imino nitrogen whereas it is of less importance when
electrophilic nttack takes placc by carbonium ion on the
ortho-position. This result is expected in view of the fact
that under electron impact, probability of the charge
being loecalised on nitrogen is much more than that on the

carbon.
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(B) NMR SPECTRAL ANALYSIS OF DIHYDRO-0XAZAPHOSPHORINS

Cl

6:

MMt spectra of all the dihydro-oxazavhosrnhorins on

(e 4) ahow 2 complex patiern and spectra could not
be znzlysed proverly. 80 Mz (Fix. 5) and 100 M7z spectra
recordcd on a Vurinn T 30A and Jeonl WY 100 IR anectromutﬁrsb
respectively, gove useful information and helred us to

analyse bhe snectra.

The multirlicity of signals in the region 4.0 to
6.0 § 1is susnected to be either due to two quasi chair

conformers A] and A- or due to phosphorus couplings. To rule
e L



out one ol the possibilities, the spectrum of compound
6 was recorded 2t different spectrometer frequencies
(60, 80 and 100 MHz). All the spectra did not show

any change in line positions of the signals which showed
that compound 6 does not have any conformers but the
multiplicity is due to phosphorus couplings. The
analysis of the PMR spectrum and 3%’ NM3I spectrum

(36.4 -~ MHz) confirmed the latter argument.

The signals in the region 4.4 to 5.6 belong
to a four spin system (ABRX) (#ig. 6). Methylene protons
in the region 4.4 to 5.2 § (show fifteen lines) consti-
tute the AB part, the vinylic proton (multiplet, centered

at 5.6 6 ) is the R part, and phosphorus is the il part.

Proton HA will couple with protons HB, HR and
with phosphorus through nitrogen. Similarly, proton HB
will couple with protons HA’ HR and with phosnhorus. AB
part in all should show sixteen signals but only fifteen
signals are observed which may be due to overlapning of
two signals. Irradiation at the centre of multiplet
around 5.6 & simplified the spectrum (i.e. the ABRX
system has now become an ABX system) (Fig. 7). AB part
showing eight signals, comprises of two AB type quartets
(1,2,4,7 and 3,5,6,8) from which J,, can be obtained.

Analysis has been carried out on this decoupled spectrum



according to a method given by Abrahamls and JAK’ Y A

and )/ g vere calculated. These values are given below:

Jig = 16.9, Ve 3.4, JBX = 24,1

Yy, T 344.8 iz and ¥ 5 = 327.7 Hz where
Y, = chemical shift of A4,

¥oqg = chemical shirt of B.

Multiplicity of HR (Fig. 8) can be explained
as follows. HPL couples with HA’ HB and phosphorus
through oxygen as in the case of dioxaphosphoraneslg.

an attemnt was made to find J by irradiating the AB

RX
part (Ffig. 9). This resulted in a doublet with
separation of 2,7 Hz which is in agrecment with the
obscrved J (P-0-C-CH). J,q and Jpp can be directly

obtained from the spectrum (Fig. 6).

31P NMR spectrum of compound € (fig. 10) was

recorded on a Birucker WH-90 spectrometer operating at

36.4 MHz for °F

P. The undeccupled spectrum shows two
broad signals. The fine splittings could not be
observed. These two broad signals after broad band

decoupling show singlet.

0f the two possible conformers 4, and hg, the
conformer Al may be more stable due to axiasl P=0 bond.

The large difference between the coupling constants J}



(2.4 Hz) and Jgyx (24.1 Hz) can be explained on the basis
of dihydral angle. The proton Hy, (as shown in Fig. 3, A1)
is anti to P-N bond which will have a large coupling

constant. Hy

i

will be gouche to P-N bond which will have

a small coupling constant.

The values of the coupling constants are given

in the Table 2,

TRBLE - 2
Protons___ - P B R X
H - 16.9 3.9 3.4
A
HB 16.9 - 4,4 24,1
HR 3.0 4,4 ~ Suit

e e e .  — — —— — — ———— ———— s e -

]
Interpretation of *°c MR spectra

Information obtained from PMR studics gncouraged
us to study coupling of phosnhorus with various carbons

in the dihydro-oxazaphosvhorin ring systems.

lBC MR spectra were recorded on Varian FT 80.
NMR spectrometer overating at 20 Miz frequency. All the

spectra were scanned in CDC13-

146



"
brozd band decourled ~"C spectrum of comnound 6

. . o . .1 -
Ls given in Meg. 11, Comparison of T broad band decounled

and oltr-resonunee spectrum gnve the following information.

Mebhyl earbon comes nt 700,72 ppm. Methylene
carbon (G=1) comes nt 50.46 vpm as a doublcl with counling

constunt 2.15 [z, Sindlarly vinylic carbon (C-5

LN

comes at

[

100.86 ppm 25 a doublet with sepnration of 10,072 Hz

(7 =10.22 Hz).

/
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Rest of the signals could not be assigned
oroperly due to complexity. To make unambi guous
assignments, % MMR of 3 (Fig. 13) anc 21 (Fiz. 14)

were studied, where the assignments are straightforward,

From the spectrum of compound 2l which does
not have any phenyl substituent on nitrogen, one can
easily assign (-6 carbon, position of which may not he
expected to change in comnounds 3 and 6. In compound 21
C-6 comes at 148,1 ppm as s doublet (J = 11.25 Hz).
Hence the signals at 147,235 ppm for compound 6 (J = 9,98
Hz) and 147,35 Ppin for compound 3 (J = 10.2 Hz) can be

assigned for C-6 carbon,

By comparing the spectra of compounds 3 and 6,
we could sort out the aromntic czrbons of the two nhenyl
rings. Chemical shifts of the carbons of the
chlorosubstituteq pheryl ring are exnected to be sanme,
Hience, the signals at 125,8 ppm, 128.7 »om, 130,35 ppm
and 135.43 ppm of compound €; can be assigned to
C-3", C-5'5 C-21, C-6'; C-1' (J = 8,68 Hz) and G-4!

Tespectively,

In the spectrum of compound 3 (Fig. 13) it
was observed that C-4" ang C-2", C=5" showed coupling
with phosphorus of the order of 2.15 Hz and 1.73 Hz

Tespectively. (C-4" hag g5 bronounced downiield shirt




158.76 ppm and C-3", C-8" have pronounced unfield shift
114.77 pom coimared to compound 6. 50 in compound 8§
doublet at 120,03 pom (J = 1.53 Hz) and doublet at
137.09 ppm (J = 2,01 Hz) can be assigned to C-3",

C-3". and C-4" resvectively. C-2" and C-B" come
together at 124,83 ppm as a doublet (J = 4,54 Hz). The
only remaining carbon C-1" can be assigned to a signal
at 136,80 ppm which shows smell splitting of 0.73 Hz.

A similar splitting is observed for C~1" in compound 2l.

The chemical shifts are given in Table 2 and

3 .
1 C-SlP coupling constants in Table 4.
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TABLE - 3

150

T - T e e e e T e e e e

2L

= - T

c-6
c-1t
c-21,C-6"
c-3', C-5¢
C-4?
c-1n
c-2",C-6"
C-3",C-5"
c-4n"
CH

3
OCH:3

50,95
100.88
147,36
130.41
128,70
125.80
135.44
131.94
126,84
114.77
158.76

55.32

50.46
100.86
147,38
130,36
128.69
125.81
135.43
136.80
124.83
130.083
137.09

20.72

124,34
129,16
43.66

28.91

%hemical shifts were measured with respect to
CDCl, signal which comes at 76.9 ppm for TMS.



TABLE - 4

13;_3p  COUPLING CONSTANTS IN HERTZ

e e e e e e e e e e e Ak e e e e e e e o e e e e e e

Carbon Compound Compound Compound
No. 3 3 21
Cc-4 2.81 2.15 1.94
C-5 10.16 10.23 11.79
c-8 10.2 9.98 11.25
Cc-11 8,75 8.68 7.79
c-1" - 0.72 0.74

C-2",C-6" 4.95 4,54 -
Cc-3",C-8" 1.73 1.53 -~

C-4' 2.15 2.01 -

e e e e e m e e m e e e e e e R e e R e e e e e e e -
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[c] X-RAY STRUCTURE OF DIHYDRO-OKAZAPHOSPHOHIN*

X-ray crystal structure of 2-chloro-6-
(p-chlorophenyl)-3-(p-tolyl)-3,4-dihydro-1,3,2~0xaza-
phosphorin-2-oxide 6, slong with torsion angles is given
in Chart 6. Bond lengths and bond angles of only
dihydro-oxazaphosphorin ring are given in Tables § and

6 respectively.

X-ray crystal structure revealed that the
dihydro-oxazaphosphorin 6 has half chair conformation
and exocyclic O and Cl connected to phosphorus are in

an axial and eguatorial position.

* The above X-ray structure has been
determined by Guru Row et al from NCL.
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Bond length AO Bond length n°
P_NS 1.602 06-01 1,430
NS_C4 1.509 P-Ol 1.564

TABLE - 6
Bond angle  Angle® Bond angle  Angled

01-—P-02 113.4 NB-—C4-C5 110.8
Ol—P-Na 105.4 C4-05'06 110.8
Ol-P—Cl? 101.4 C5-C6-0l 117.0
Clg"p—Nq 108.0 CG-Ol_P 12304

'
012-P O.2 111.1 Ol CG-Cl 110.8

"
02-P-N3 116.3 04-N3"01 115.4

- —— - T S e e
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CHAPTER I¥

SYNTHESIS OF SEVERAL DIMETHYL 2-AMINOTEREPH-
THALATE DERIVATIVES | COMONOMERS FOR SYNTHESIS

OF MODIFIED POLYESTER.
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INTRODUCTION

——— s 2 ot e

Polyethylene terephthalate (Dacron, Terylene)
a commercial man-made fibre was first synthesised by
British Scientists J. R. Whinfeld and J. T. Dickson in 1941,
Since then polyster fibres have taken a leading position in
the market among the synthetic textile fibres. This is mainly
due to the dimensional stability, good apnearance and easy
care-properties of fabrics made from these fibres. However,
limitations encountered in the development of polyester
fibre for élothing are due to the difficulty in dyeing,

the problem of pilling and the hard touch of clothing.

Poor hydrovhilicity and dye uptake pose
difficulties in dyeing polyester fabrics. Diffusion of
the dye into individual fibres and eventual dye adsorption
depends largely on the physics and chemistry of the fibre
structure and its ability to be modified before or during
dyeing. The two main structural features of fibres which
govern their dyeability are (1) permeability, or the ease
with which dye molecules diffuse into the fibre matrix
and (2) the presence of polar functional groups in the
molecular chains of the fibre. These two features mainly
depend on the crystalline and amorphous (non-crystalline)
regions in the polyester. The crystalline regions provide

strength and rigidity whereas amorphous regions provide
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flexibility and permeability for the dye molecules. The
ratio of crystalline to amorphous material has a signifi-
cant influence on the maximum draw ratio, dyeability and
other properties of man-made fibres. Polyester fibre
being a2 highly crystelline material has compact structure
(with very small interspaces in between the two linear
chains). This makes the dye difficult to difiuse into

the fibre matrix.

Copolymerisation offers a very useful means
of influencing the crystallinity of the polymer, altering
the erystalline-amorphous regions ratio. Since 1953,
many attempts have been made to copolymerise a number of
compounds along with terephthalic acid (or its dimethyl-
ester) and ethylene glycol to improve dyeability,
hydrophilicity and antistatic properties. Few of the

comuiercial fibres which were so developed are given below:-

Polyethylene terephthalate du Pont Dacron 64
sodium-5-sulfoisophthalate in 1958
Polyethylene terephthalate/ Beaunit  Vyecron or
isophthalate? in 1958 ‘Toyobo
polyester

Polyethylene -terephthalate/ Nitiray NRC
p-hydroxybenzoic acid3,4 in 1964 polyester

The above copolymerized polyester fibres were
prepared with a view to increase the dyeability for basic

dyes.
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When aliphatic long chain carboxylic acid was
employed as a third componentsﬁe the resulting copolyesters
showed better affinity for dispersc dyes and higher
resistance to abrasion. 1In particular instances, the
introduction of an acetal linkage to & side chain made the
polymer reactive to certain chemicalsT, or an acetal group
in a main chain made cross-linking by an after treatment
possibles. Copolyesters from a third component containing
sulfur and/or siliconc showed an excellent resistance to heat,
and when phosphorus was incorporated, anti-fnflammability was
imparted to the polymers. Covolycsters containing chlorine
showed good resistance against hydrolysis and the action of
bacteriag. Recently polyethylene glycol was incorporated in

the polyester to increase its hydrophilicitylo.

Attempts have been made to incorrorate amino
groups into copolymers to nrovide sites having affinity for
the sulfonic acid (direct and acid) dyes commonly used for
cotton and wooltts1Z, However, there are as yet no commercial

fibres of the above types on the market.

From the above literature survey, it was
observed that numerous compounds have been copolymerised
to increase dyeability, hydrophilicity and feel of the
polyester at the cost of mechanical properties of the fibre.

However, the monomers containing various functional groups
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which were copolymerised with dimethyl terephthalate (DMT)
were almost invariable derivatives of isopnthalic acid and
its dimethyl ester. Consequently the linearity of the
polymers which is the characteristic of polyesters derived
from DMT was affected by incorporation of isophthalic acid
(and its dimethyl ester) in the polyester chain. It was,
therefore, considered interesting to prepare monomers having
structure similar to dimethyl terephthalate containing some
functional groups, which may improve the dyeability of the

fibre without affecting linesrity of the polymer chain.

Further literature survey indicates that no
attempts have been made to cross-link polyesters derived
from DMT by copolymerisation of DMT and bis-DMT derivatives
where two DMT moieties have been linked by suitable bridges.

The present work makes one such attempt.

The present chapter describes the synthesis
of some monomers and copolyesters. However, the work was
handicapped by numerous difiiculties due to lack of
facilities. It has therefore not been found possible to
take it to its logical conclusion by carrying out studies
such as dyeability, antistatic properties, strength, etc.
on the synthetlic copolyesters prepared presently. This
aspect of the work will be undertaken later in this

laboratory.
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PRESENT WORK

Thermoiixation of the reactive azo dye,
2=hydroxy-5-methyl-4'-sulfonazidoazobenzene L with
polyester fibre led to chemical bonding of the
generated sulfonyl nitrene with the fibre substrate.
Tilak et alla’14 suggested that the nitrene insertion
in the polyester fibre was most likely to occur through
insertion in the aromatic ring of the polyester fibre

than in the aliphatic region of the fibre substrate.

Thermolysis of 1 with dimethyl terephthalate
yielded compounds 3 and 4. Dye 1 when thermolysed with
polyester and the dyed fibre subsequently hydrolysed gave
compounds A end B which after esterification gave
compounds & and 4. This showed that the dye 1 reacts
with polyester fibre with the formation of covalent

bonds (Chart 1).

In a similar manner in the model experiment
of thermal decomposition of p-toluenesulfonyl azidel5
5 (model for sulphonazido dyes) in dimethyl terephthalate
(model for polyester), dimethyl 2-p-toluenesulfonamido-

terephthalate 6

and 2,5-dicarbomethoxy-1-p-toluene
sulfonyl-lH-azepine 7 were obtained (Chart 2). Based on
the above observations it was thought interesting to
incorporate some functional groups like sulfonamido

in the polyester backbone.
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To confirm the formation of sulfonamido
derivative 6 earlier workers tricd unsuccessfully, to
prepare 1t by the reaction of p-toluecnesulfonylchloride
and dimethyl 2~ aminoterephthalate 17 in various acid

binding agents.

The above reaction did not go smoothly due to
weak basic character of dimethyl 2-aminoterephthalate.
The reaction was found to proceed in glacial acetic acid
medium using anhydrous sodium acetate as acid binding
agent. p-Toluenesulfonyl chloride and p~acectamido-
benzenesul fonyl chloridel6 on interaction with dimethyl
2-aminoterephthalate in glacial acetic 2cid in presence
of anhydrous sodium acetate gave dimethyl 2-p-toluene-

sulfonamidotecrephthalate 6 and dimethyl Z-p-acetamido-

benzenesulfonamidoterephthalate 10 respectively (Chart 3).

With a view to prepare cross linked polyesters
we preparcd two hitherto unknown comonomers, dimethyl
1,3-benzenedisul fonamido-bis-terephthalate 12 and dimethyl
1,8-naphthlenedisul fonamido-bis-terephthalate 14. These
were prepared by condensation of dimethyl 2-amino-
terephthalate 17 with 1,3-benzenedisulfonyl chloride17 11
and with 1,5-naphthalenedisul fonyl chloride.l8 13
respectively (Chart 4).
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Dimethyl B-acetamidoterephthalate19

15 was
prepared by refluxing dimethyl Z-aminoterephthalate 17

and acetic anhydride in benzene (Chart 5).

Dimethyl Z-aminoterephthalate 17, a precursor
for all these comonomers was prepared by the procedure
described by Ivanova et alzo. Dimethyl Z-nitro-
terephthalate prepared by nitration of dimethyl
terephthalate with fuming nitric acid (1.52 d) and
fuming sulfuric acid (1.9 d), was reduced with stannous
chloride and methanolic hydrochloric acid to give

dimethyl 2-aminoterephthalate (Chart 6).

The general volyester condensation resction
is carried out in two steps (1) ester exchange reaction
and (2) polycondensation reaction. In the first step,
intermediate bis-B-hydroxyethyl terenhthalate (BHET) is
formed along with methanol. Methanol is distilled out at
the end of the {irst step. In the polycondensation step
the temperature of the reactor is increased to 270-285°.
Excess ethylene glycol is distilled out under high

vacuum and molten charge (polyester) is taken out.

The standard polyester was first prepared
by the condensation of dimethyl terephthalate and ethylene
glycol for comparative study. Dimethyl Z2-p-toluene-
sulfonamido. terephthalate 6 and dimethyl Z-acetamido-
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terephthalate 1S were then copolymerised with dimethyl
terephthalate and cthylene glycol. The copolymers were
prepared by taking 0.5, 1.0, 1.5, 2.0 and 5.0 mol %
compounds 6 and 15 on the basis of dimethyl terephthalate
content in the initial reacter feed. The melting points
and inhcrent viscosities were measured (Table 1). It
was observed that as the percentage of third component
was increased, the melting points were decreased. The
viscosities were measured on Cannonfeld A 100 viscometer
is s-tetrachlorocthane :phenol &€0:40 mixture. The co-
polyesters above 0.5 viscosities werc selected, as polymers
having an B inherent above about 0.& may be melt spun or
pressed into textile films. The differential thermal
analysis (DTA) of these three samples indicates that
only the sample containing 2% of compound 15 shows a
significent drop in peak area indicating loss of
crystallinitygl which gives an indirect proof for the
change in fibre structure brought about by incorporation
of some functional groups. ©Such a copolymeric polyester

fibre may have better affinity towards acid dyes.
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TABLL - 1

MPS_AND YISCOSLTY MEASURGHENTS

e e e e e e e e e R e e e e e e A =

Viscosity o
N inherent M.P. in “C

- — = = = e e e e e . = =

Standard polycster 0.56 258
Copolyester with 0.54 1§ 0.55 251
Copolyester with 2% 15 0.52 245
Copolyester with 14 6 0,44 246

Copolyester with 24 6 0.54 242

e e ) e e e e R Ae = e M S e e e = e e
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EXPERIMENTAL

uynthosis of dlnethyl 2-p- toluene

S —— . e e e £ 5 e e

sullonamidotcruphthalate 6

B e e L r—————

Dimethyl Z-aminoterephthalate (4.18 g; 0.02 mol),
p-toluenesulfonyl chloride (4.95 g;.0.026 mol) and gl. acetic
acid (AR grade) (20 ml) were heated to reflux. Finely
powdered anhydrous sodium acetate was added in 0.82 g, 0.41 g,
0,205 g, and 0,205 g quantities at regular interval of 10
minutes. Final addition of 0.41 g was made and mixture
was poured over ice. The brown mass which separated out was
filtered, washed thoroughly with water and crystallised
from benzene when it gave & as colourless needles,

(6.16 g, yield 85%), m.p. 170°.(Found C, 56.3; H, 4.8;
Ny 3465 CyoH, N0S requires C, 56,25 H, 4.7; N, 3.9%).

NMR (CDClg,& ) ' P=CHy Cghy- 2t 2.4, s, 3p;
-0CHg at 3.95, d, 6p;
Aromatic protons at 7.2-8.3, m, 7p;

-ﬁﬂ (exchangeable) at 10.55, s, 1lp.

IR (nujol) |, 3000, 1750, 1600, 1590, 1500, 1440, 1400,

max
1380, 1340, 1300, 1250, 1200, 1180, 1120,

1100, 1000, 970, 950, 920, 900, 860 cm™ .

Mass M+ 363.
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Synthesis of dimethyl p-acctamido-
benzene-sulfonamidoterephthalate 10

D —— R —

Dimethyl 2-aminoterephthalate (4.18 g; 0.02
mol), p-acetamidobenzenesulfonyl chloride (6.0 gs 0.026
mol) and gl. acetic acid (20 ml) were refluxed. Anhydrous
sodium acetatec was adcded in 0.82 g, 0.41 g, 0.205 g, and
0.205 g quantity. On work up as above, the title compound
was obtained which on erystzllisation from ethanol gave
colourless plates (6.5 g, yield 80%), m.p. 176°. (Found
C,53.8; H, 5.0 N, 7.3; C,gH; gNo0-5 requires C, 53.2;
H, 4.4; N, 6.9%).

NMR (AsClg, & ) ~COCHy at 2.2, s, 3p;
—OCL-L_8 at 3.93 d, 6pj
~NHCOCI 4 at 8.1, s, 1lpy

Aromatic protons at 7.3-8.2, m, 7p;

~NHSOoR at 10.55, s, 1ps

In(mujol) y 3300, 3240, 2900, 1730, 1710, 1680,

1590, 1570, 1500, 1420, 1370, 1330,

1300, 1250, 1120 and 1080 cm™r.

Mass M+ 406,
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Synthesis of dimethyl 1,3-benzene-
disul fonamido-bis-terephthalate 12

To a stirred mixture of dimethyl 2~amino-
terephthalate (1.04 g3 0.005 mol) and gl. acetic acid
(10 ml) heated to 80° was added 1,3-benzenedisul fonyl
chloride (0,892 g; 0.0032 mol). The mixture was heated
to boil and anhydrous sodium acetate 0.2050, 0.1025,
0.0512, 0.0512 and 0.1025 g, was added at the 5-10 minutcs
time intervals. The mixture was further refluxed for 20
minutes. The mixture was then poured on ice and the brown
solid obtained was filtered snd dried. 4ifter two
crystallisations from ethanol, the above product gave the
title compound as a white solid (1.86 g, yield 60%), m.p.
163°% (Found C, 50.6; H, 4.1; N, 4.3; Coglogle0; 2S5
requires C, 50.3; H, 23.9; N, 4,5%).

NMR (CDClg, & ) -0CH4

sromatic protons at 7.1-8,3, m, 9p;

at 3.9, d, 12p;

-ﬁg(exchangeable) at 10.2, s, 2p.

IR(nujol) y ... 3000, 1700, 1670, 1550, 1500, 1430,
1400, 1380, 1340, 1290, 1240, 1200,
1170, 1140, 1120, 1000, 950, 900,
820, 760 cm"l.

Mass M+ 620.



Synthesis of dimethyl 1,5-naphthalene-

TS ——

disulfonamido~bis- mrwhﬁhhuel4

D TSI ————

To a2 bolling mixture of dimethyl Z-amino-
terephthalate (1.04 g; 0.005 mol), gl. acetic acid
(10 ml) and 1,5-naphthalenedisulfonyl chloride (1.05 g3
0.0032 mol) was adced 0,208, 0.1025, C0,0572, 0,0572,
0.1025 g of anhydrous sodium acetate as above. After
refluxing under stirring for 30-40 minutes, the mixture
was poured on ice, filtered and the residue dried

(1.84 g, yield 55%). The reaction product decomposes

0 Iy © 3 '3
at 250°.  (Found C, 52.95 H, 4.15 N, 4.3 Cg Hy 50, oS,
requires C, 53.73 H, 3.9, N, 4.2%).
MMR (CDClg, §)  ~OCH, at 3.9, d, 12p;

Aromatlc protons at 7.4-8.9, m, 12p;

|
-N‘;I’ :lt 10.5 9 S’ EDU

IR(nujol) 3200, 1700, 1670, 1560, 1500, 1460,

max
1400, 1370, 1340, 1300, 1240, 1180,

1160, 1120, 1080, 1000, 950, 920, 200,
840, 820, 760 cm™ L, '
Synthesis of polyethylenc terephthalate
and _copolyesters
A1l ingredients used for the reaction

were of high purity. Dimethyl terenhthalate was purified

by crystallisation from eth2anol. Ethylene glycol was



purified by refluxing it for one hour with 2% metallic
sodium and subsequent distillation. Antimony trioxide

and zinc acetate (AR grade) were used as such.

The polymerization reaction was carried out
in a hard glass polymer tube having one inlet for nitrogen
and other for distillation. The tube was charged with
dimethyl terephthalate (19.4 g; 0.1 mol), ethylene glycol
(14.2 g; 0.23 mol), zinc acetate (0.046 g) and antimony
trioxide (0.072 g). The tube was dipped half-way into
the dimethyl phthalate bath. The charge was kept nmolten by
heating to 1970, and nitrogen gas was introduced at the
bottom through a fine capillary tube. After one hour when
methanol evolution ceased, the temperature was raised to
200° and maintained for threc hours. The temperature was
then slowly increased to 283° (during this neriod excess
of ethylene glycol distilled over). Nitrogen flow was
then stopped and vacuum was applied slowly. The pressure
was brought down to 0.5 mm in about 15 minutes. After
three hours, thc tube was again filled with nitrogen and
then removed from dimethyl phthalate bath and allowed to
cool., The polymer (i.e. polyester) was taken out from the

tube and powdered,

The copolymers were prepared in a similar

manner. Dimethyl Z-acetamidoterephthalate 15 was added as
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0.5, 1.0, 1.5 and 2,0 mol % of dimethyl terephthalate
content in initial monomer feed. Dimethyl 2-p-toluene-
sulfonamido terephthalate 6 was added as 0.5, 1.0 and

2,0 mol % of dimethyl terephthalate content in the initial
monomer fecd. The various guantities of matcrials used

are given below in Table 2.

TABLE - 2

Mol %  DMT gms. Compd. Compd. 2Zinc Antimony
15(g) 8 (2) acetate(g) trioxide(g)

e e e e e T e T e e e e e e e e e e R e R o -

0.5 19.2695 0.1306 - 0.046 0.072
1.0 19.1390 0.2610 - 0.046 0,072
1.5 18,8780 0.5220 - 0.046 0.072
2.0 18,3560 1.0440 - 0.046 0.072
0.5 19,2185 - 0.1815 0.046 0.072
1.0 12,1370 - 0.2630 0.046 0,072

2.0 18,8740 - 0.5260 0,046 0.072

- e e e e S e = = - S e e e — = —
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The thesis is submitted in the following chapters,

CHAPTER-T

PAAT - A
A briefl review of earlier work, relevant to that

discussed in this Chapter, is presented.

2-Chloro-3,6-diaryl-3,4-dihydro-1, 3,2-0xaza-
phosphorin-€-oxides were obtained by the interaction of
phosphorus oxychloride and triethylamine with aminoketones.
These aminoketones were prepared by the condensztion of
different monosubstituted base hydrochlorides of wvarious
aromatic ketones such as acetophenone, p-chloroacetophenone,
p-nitroacetophenone, £,4-dichloroacetophenone, Z-acetyliuran
and Z-acetylnaphthalene. The synthesis of these, hitherto
unreported, £-chloro-3,6-diaryl-3,4-dihydro-1,3,24 oxaza-

phosphorin-2-oxides is exhaustively covered in this Chapter.

Synthesis of several new 2-chloro-23-alkyl-6-phenyle-
3,4-dihydro-1,3,2-0Xazaphosphorins is described in this

Chapter.

CHAPTER - IT
PART - A
Whereas a large number of cyclophosvhamides have

been reported earlier in view of the high anti-leukemic

activity of the comimercleslly important drugs Endoxan and



Ifosphamide, surprisingly, 3,6-diaryltetrahydro-oxaza-
phosphorins as well as compounds with substituents at
3 and 4 position with a fused saturated ring at 5,6

positions are unreported.

Aryl B-arylaminoethyl ketones were reduced with
sodium borohydride to give corresponding aminopropanols.
These aminopropanols, when treated with phosphorus
oxychloride and triethylamine, ylelded substituted
2-chlorotetrahydro-1,3,2-oxazaphosphorin-2-oxides. The
synthesis of these compounds is described in this Chapter.

PART - B

Various nucleophilic substitution reactions of
2-chloro-3,6-disubstituted-3,4-dihydro-1,3,2-0xaza~-
phosphorin~-2-oxides and the plausible mechanism for
apparent unreactivity of some nucleophiles with

dihydro-oxazaphosphorins is discussed in this part.

CHAPTER - III

fal Mass spectral fragmentation modes of
2-chloro-2,4-dihydro-1,3,2-0xazaphosphorin-2-oxides
with various substituents at 2,3 and 6 positions have

been discussed in this section.

[B] NMR spectra of all the dihydro-oxazaphosphorins
show a complex pattern and multiplicity of signals
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cannot be explained properly. 80 MHz spectrum gave useful
information and helped us to solve the problem. Chemical
shifts and various coupling constants vigz. geminal,
vicinal and phosphorus couplings as well as 3lP spectrum

13

is recorded in this scetion. C NMR spectra are also

studied in detail for three compounds and line positions

13, 31

for all carbons are assigned, P coupling constants

1

are also calculated. The analysis of these H, ap and

13; NMR spectra is described in this section.

{c] X~ray crystallographic structure of 2-chloro-
3—(p-chlorophenyl)-ﬁ—(p-tolyl)-S,q-dihydro-l,3,2-
oXazaphosphorin-2-oxide, along with bond angles, bond
lengths and torsion angles of only dihydro-oxazaphosphorin

ring, is given in this section.

CHAPTER - IV

Dimethyl terephthalate being one of the monomers
in polyester synthesis, various derivatives of dimethyl

2-aminoterephthalate were prepared.

The synthesis of these compounds as well as
the copolymerisation of these compounds is covercd in

this Chapter.
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