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ABSTRACT

Part I:

Several new phenylthio-esters designed tc be
selectively cytotoxic for tumours, have been synthesised,
by acylation of p-[di-(2-chloroethyl)aminol}thiophenol,
or the dibromo analogue, with a variety of a-N-acylamino-
acids in the presence of dicyclohexylcarbodi-imide. A
few 'liodel' compounds analogous to the aew mustards
were also prepared from thiophenol or from p~(diethy.i-
amino)thiophenol. as possible 'enzymic potentiators'
for the mustards. In all these preparations, the
amino group of the aminec-acid moiety was protected with
enzymically fissionable-groups such as formyl, acetyl
and methoxycarbonyl. The extent of hydrolytic fission
of the halogen atoms under standard conditiors revealed
that the deactivation of the mustard, brought about by
linkage of the thiol group to the amino-acid residues,
is approximately the sam=z as that caused by simple

acetylation,

Part I1:

2-(Phenylthio)propane~l,3-diol has been synthesised
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from 1,3-0~benzylideneglycerol. The alkylating
properties of the 1,3-dimethanesulphonate derived from
this diol, and of the isomeric 1,2-dimethanesulphonate,
were investigated in detail by a study of their reactions
with various nucleophiles. With dry acetic acid (a weak
nucleophile) the 1,3=-compound underwent molecular
rearrangement to give only the 1,2-diacetate, whilst
with methanol it gave a partly rearranged product;
identical products were obtained from the 1 ,2-dimethane-
sulphonate, indicating that the reactions proceed through
a common sulphonium intermediate. Attack of a powerful
nucleophile, such as the benzylmercaptide anion, pro-
ceeded normally on botbh dimethanesulphonates without
rearrangement. With a strong base (methoxide ion),
each dimethanesulphonate underwent elimination rather
than substitution. Unsaturated products were also
formed in the reactions with tetraethylammoniun acetate.
Nuclear magnebic resonance spectroscopy was
particularly useful for the identificatian of the
products and for establishing whether molecular
rearrangements involving cyclic sulphonium intermediates

had occurred,
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Part I

NITROGEN MUSTARDS



CHAPTER T

CANCER AND TITS CHﬁMOTHERAPY

'The degree to which a disease is open to
therapeutic attack is inversely related
to the number of remedies that we possess.?
Otto Volker.
CANCER is a covering term under which are grouped
a number of diseases which are characterized by fhe
invasive growth of normal healthy tissue by an abnormal
tissue, although they may differ in presentation. As
a disease it was recognized in antiquity and presents
perhaps the most serious challenge offered by nature to
science. ‘'Oncology' or !'research in the field of cancer';
requires a close coordination of many independent scientg;
fic disciplines viz. clinical medicine, surgery, patho— |
logy, radiation physics, geneti~s, immunology, endocr*no-
logy,and biochemistry, with the comunon object of control-
ling the neoplastic transformation. The disapboihtments,
so far experienced, in the practical_cpptrol of this
horrible disease, suggest that success depends only on
the basis of a deep and multifaceted understanding of the

nature of neoplastic cells.
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CHEMOTHERAPY is essentially a study of selective
inhibition or regression of a parasite speciss with
minimum damage to the host species, by chemical means.

The art of chemotherapy is as o0ld as civilisation,
but the science of chemotherapy is the child of today.
Ehrlich is regarded as the father of the science of
chemotherapy. The gquest for a medical, as opposed to
surgical, treatment is 2lso very ancient. Perhaps the
treatment of cancer began with the local application
of Arsenic, Zinc and various other caustics in ancient
India, Egypt and Persia. With the progress in surgical
skill, the use of caustics in cancer therapy hecam-:
less popular. rPerhaps on the principle of 'setting a
thief to catch a thief!, tumours themselves have :been
used for treatment. This sort of experimentation was
soon abandoned when found not only useless but
possibly dangerous and wholly unjustifiable from a
scientific point of view.

During the early part of the 20th century more
effective surgery was developed and the value of
irradiation in the treatment of cancer was discovered.
Since then surgery, radiation therapy and chemotherapy
came to be regarded as complementary to each other.

Special interest in chemotherapeutic investigations in



cancer was aroused when Von Wasserman and his associates
reported in 1911 the inhibitury effect of subcutaneously
or intravenously administered selenium and eosin on
certain animal tumours.

The problem of selective toxicity of a chemothera-
peutic agent towards a cancerous specles is particularly
difficult to achieve because of the marked similarity
between the cancerous species and its normal ancestor.
Any selective cytotoxicity arrived at, is frequently
overcome by the ability of the tumour to develop drug
resistance. Consequently it is desirable to make a wide
range of anti~cancer drugs so that if drug resistence
is noted with o¢ne, the treatment may be continued with
another.

Although Warburg1 concluded in a biochemical
investigation that all the known chemical constituents
of ncrmal tissues were also present in cancerous
tissues, certain quantitativs chemical differences
vetweernl hoSt and parasite are our real hope to be taken
into account in designing cherotherzpeutic agen+s,
Danie1112 has pointed that 'the larger the number of
cell variables concerned in determining a drug action,
the more selective will that drug be.' There are a

number of biological variables whica are concerned in
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determining the specificity of a drug, and these must
be exploited successfully to achieve the highest
possible degree of selectivity. The modern tendency
of workers in the field of cancer therapy has been to
elaborate a relatively simple chemical molecule of
known anti-cancer activity, with the object of increasing
the specificity, whilst leaving the active centre intact
(or reproducible in vivo).

As it is not possible fto present here in detail the
vast field of the chemotherapy of cancer, the reader is
directed to the =xcellent reviews by Stock3 an Parber

et al.%; the publications’’®

of the American Association
for the Advancement of Science; and Dye:r:"s'7 tabulated
compilation of data on clinical and experimental

investigations.
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CHAPTER 2

CHEMOTHERAPEUTIC AGENTS

The majority of the compounds, used for the
chemotherapeutic treatment of cancer, .are classified
into two main groups, viz. (A) the 'antimetabolites and,

(B) the 'biological alkylating agents?.

A, Antimetabolites

Antimetabolites may be further classified into two
sub-groups. The first group consists of antagonists to
folic acid, to riboflavin or pyridoxine. The second -
group comprises antagonists to purings, pyrimidines,
amino-acids etc.

Antimetabnlites are largely derivatives of the
parent metabolites. Their inuibitory effect is
specific for certain rezctions and probably depends vpon
their ability to block cercain metabolic processes for
which the parent cempourds are essential, and is

reversed by supplying a large excess of the meiabolite.

1. Folic Acid Antagonists or 'Antifolics!

The folic acid anvagonists prevent or obstruct the



transformation of folic acid to folinic acid which acts
as a co~factor in nucleic acid synthesis. Leuchtenberger
and his colleagues8 reported the significant tumour-
growth inhibitery effect of folic acid. Pteroylglutamic

acid opr folic acid i1s represented by (T).

OH
0
A }
N’/hjjy//'jiICngNH-.<( \ C.NH.CH.CO,H I
{
—_ CH,.CH,PO0LH
—_— peVioYYR
HZN/LQ§N ~y#
Pteridine p—aminoﬁenzoic acid glutamic acid

The follcwing 'aminopterins' are powerful inhibitors
of the enzyme dihydrofolic reductase. It is this group
of compounds that is mos¥t widely\used in cancer chemo-

therapy.
NH2 )

R
[
Za N\\CHT§Q~47 ‘%tﬁ

¢ —R T
\—/
I%%1§W.L\W// T

4-Aminoptercylglutamic acid ('Aminoptecin'). [R1 = H;

R, = glutamic acid]

4—Amino~N1O—methyl~pteroylglutamic acid ('A-methopterin!
or 'Metho%rexate! MTX).[R1 = Me; R, = glutamic acid]

4-pminopteroyl aspartic acid ('Amino-an—fol').[R1 = H;

R, = aspartic acid].



Aminopterin was reported to induce a high freguency
of remissions in acute leukemia, especially in children.

It was soon largely replaced by the ccmparatively less

toxic MTX and amino-an-fol, which showed greater activity.

2. Purine and Pyrimidine Antagonists

The division of a cell depends upon the synthesis
of DNA ('deoxyribose nucleic acid'). In this process
purines and pyrimidines are required as precursors.
Hence if the cell is fed with the antagonists of purines
and pyrimidines, they will interfere with the synthesis
of nucleic acid, and thus mitosis of the cell may be
hirdered or stopped.

6-Mercaptopurine (III) was found to inhibit growth
and sometimes to cause permanent regression of sarcoma
180. The activjty of thioguaniue (IV) is similar to that
of (III). The gastrointestinal side effects seriously
limited the usefulness of 2,6~diaminopurine (V) and it

is now only of historic interest.

N N
o H:N._.R/’ s /HN.| j,N_Hz _f jﬂHz
WAL et
N N— o \N_v N__\/
| ! i
H

N
SH SH . N o

ITI IV v
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Heidelberger gj_gl.g have synthesised a number
of 5-fluoropyrimidines and their 2-thio derivatives.
5~Fluorouracil (VI) and 5-fluoro-orotic acid (VII)
exert considerable anti-tumour ectivity against
transplantcd tumours in animals because of the

obstruction in the synthesis cf DNA,
; ;
7 ‘/F

Qi |
H(R \\J O Xy ~co,H
VI

VII

3. Amino-Acid Antagonists

T+ is said’®

that the syntheses ¢f proteins and
ribcnucleic acid go simultaneously during the growth,
and, generally, inhibitors of ribonucleic acid synthesis
produce simultaneous inhibition of protein synthesis.,
Various results suggested that somewhere in the

synthetic chain the compounds of aninc-acids with
nucleotides act as common precursors for both protein
and nucleic acid syntheses, Hence amino-zcid antagonists
merit investigation as possible chemotherapeutic agents.
It is also believed that a-methyl amino-acids are strongly
11

concentrated intracellularly. Thus Connors and Ross

were prompted to prepare a-methylated methionine,
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ethionine, cysteine etc. in an attempt to produce
antagonists for the naturally occurring amino-acids

but with no useful tumour inhibiting properties.

4. Carbamates

Ethyl-(VIII) and isopropyl-(IX) phenylcarbamates12

and simple urethane’ (X) produced inhibition in the

growth of the Walker rat carcinoma 256.

&

Ph . NH.CO,OEt Ph.NH.CO.OPri NH2.CO.OEt
VIIl IX X
It was observed13 that patients suwffering from myeloid
leukemia showed vndoubted response to simple urethane
in thet a dramatic fal: took place in the white cell-
count, but in cases of lymphatic leukemia the response
was less effective., 'he effect of urethane and deep
x-ray therapy are strikingly similar both in the differ-
ential count and the durativn of the time required for
the response.
For detailed information on the subject, the

reader is recommended to the works of Farber4 and

Delmonte14.
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B, The Biological Alkyvlating Agents

These compounds, which can function as alkylating
agents under physiological conditions of temperature and

pH, have recently been reviewed by Ross15

This group
includes methanesulphonyl esters of simple diols and of
sugars, polyepoxides, polyethyleneimines and the

nitrogen mustards.

1. Sulphonic Acid Esters

Extensive studies on the dimethanesulphonates of
dialkanolamines and simple aliphatic diols by Timnis16
resulted in the development of 'Myleran' (4, 4-
dimethanesulphonyloxybutane) (XI), which was found' ! to
be a powerful inhibitor of the transplanted carcinoma

in the rat and a useful drug for the treatment of myelcid
leukenmia,

MeSOz.O.(CH2) .0.50,Me XI

4°

2-Chloroethylmethanesulphonate18 (XII) and ethyl-
methanesulphonate19 (XIII) shcwed effective inhibition
oz the growth of the transplanted Walker rat carcinoma
256,
Me.SOz.O.qu.Cﬂ X e . SOZ.O Bt
XIT XIII
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This work was extended to synthesise Myleran~like
derivatives, and the first compound of the series, the

'mannitol myleran! (1,6-di~O-methane-sulphonyl-D-mannitol)

(XIV) was shown?? te possess powerful tumour-inhibiting
properties.
H . H. OH OH
| | 1
MeSOz.O.CH2 ! ! I | CPQ.O.SO2Me X1V
OH OH H H

Further work on rolyol dimethane-sulpnonates revealed
that both the methanesulphonyloxy grcups are required
to be present at the end of the chain21.

On the basis or structural similarity to myleran,
the synthesis end screening of certain bifunctional
alipheatic nitrososulphonamides22 ¢f the type XV, where
n =75, 4 and 5, were reported.

Me.N(NO).028. (CHz)n.SoziNO)N.Me XV

2. Polvetkvleneimines

The two factors which evoked the investigation of
a number of polyethyleneimino-compounds were:
(1) the suggestion that the mcde of action of nitrogen
mustards mighc involve an ethylencimine-type ion as an
intermediate, and, {(ii) the necessity for at least two

possible active centred for anti-tumour activity.
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The most extensively studied of the polyethyleneimines
is the so-called triethylenemelamine (TEM) otherwise
2, 4, 6-tris-ethyleneimino-1, 3, S-triagine’’°* (XVI),
a cross linking agent which was developed in the German
synthetic fibre industry. 2Although quite toxic, it had
found clinical application. It was found very useful in

inhibiting sarcoma 180 and Hodgkin's disease.

H,C H
.
’ \N“‘r/N \n-—N HOHzc.m\f--’/ NF, GH,,0H
/ T T CH N

H,C
NH.CH2OH

2 XVII

Trimethylolmeiamire (XVII) and several cther
polymethylolamides were also found25 active as fumcur
inhibitors.

Extension of these studies tc¢ the ethylenephosphoram-
ides has resulted in the vreparaticn of a nunber of com-

26 ¢f chemotherapeutic impcrtance, e.g. N, N', N

pounds
triethylenephosphoramide (XVIII); N, N', N!''-triethylene=

thiophosphoramide (XIX) and N. N-diethyl-N',N! -diethylene-
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phosphoramide (XX).

0 0 CH
Hzf\N ‘Ig N/i | Ne— P N/I Hﬁng-N<
Hy o \C‘H }i H, Hzc/ L CE,
XH H2 HZL.{_\CHQ Et/ \-Et
XVIII TFPA XIX Thio-TEPA kx DEPA

The phosphoramides were synthesised by the American
Oynamid Research Laboratcries and were found tn be
active against sarcema 180 in mice. Thio-TEPA has been
reported the most active compound in preventing

metastases of rat mammary adenccarcincma.

3. Bis-FEpoxides

Hendry et al.27 found that the bis-epoxides, such
as butadiene dioxide (XXI), were inhibitory for the

Walker rat carcinoma 256, but only at toxic levels.

CH CH

A O/ CH\)/ " XXT

In addition, the compounds w=2re frund to be carcincgeaic,

therefore it was concluded that thsy would be unlikely

to have any therapeuti~ application.
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4. Nitrogen Mustards
During the Second World War, the mustards HN2 (XXII)

and HN3 (XXIII) were primarily designed as highly toxic
vesicants suitable for tactical use in chemical warfare.
Their hydrochlorides were uced to study their physiological
action and clinical use in the treatment of neoplastic
disease. Quite stimulating results were reported by
Me.N(CH2.0H201)2 «es XXII N(CH2.0H201)3 ..o XXIII

28 and Rhoadszg,‘which gave great

Gilman and Philips
impetus to the search for effective cancer chemothera-
peutics in general and nitrogen mustards in particalar.
Ir the beginning HN2 was used almost exclusively for
extensive clinical trial, but its therapeutic application
has been limitedBO. Although many encouraging but
imperfect results were published from time to time, the
so-called 'nitrogen mustardas' as active inhibitors of
cell divisicn, are still in the process of extensive
study as possible anti-cancer agents. Their fundamental
chemical structure is (XXIV). The bis(p-chloroethyl)
group is apparently essential for the toxicological
characteristics of these agents. Although many c¢f then

have proved valuable in the treatment of certain

neoplastic diseases, the limiting factor in their
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CH2.CH201
R-N\ XTIV

- CH2.CH201
¢hemotherapeutic use has been their injurious effect on
certain healthy tissues, and thus their initial promise
as curative agents has not been fulfilled so far.

An account will now be given of the attempts which

have been made to make these compounds more efficient in

their action.

Some Approaches to Drug D=ssign

'If ne use is made of the labours of past
ages, ithe wcrld must remain alwvays in
the infancy of knowledge.'!
Cicero.
In the therapy of cancer, the aim is to arrest
the cell multiplication responsible for malignant
grcwth. Injury to the mitotic mechanism is one way
by which cell multiplication can be stcpped. Screening
of a great number of compounds and exploitaticn of the
differences between normsl and necplastic cells will be
a rational approach in modifying lhe structure of the
drug as an approach to the problem of selective actica

on a tumour. The problem is acute in the case of nitrogen
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mustards as they attack all proliferating tissue

31

indiscriminately. The biological variables” ', which
must be exploited, as far as possible, to attaian druge
of highest possible degree of therapeutic efficiency,
include (a) enzymic constitution, (b) permeability
proporties, . (¢) facilitated diffucion and (d)
adaptation and resistance.

The following are the principal methods for

obtaining selective activity.

1. Enzymic Activation

Liberation of cytotoxic compounds from non-toxic
compounds by the action of an enzyme in vivo, is
referred to as ‘enzymic activation'. This method has
been quite wicely exploited im an attempt to ircrease
she selectivity of the nitrogen mustards. To accomplish
this a nitrogen mustard is at first 'deactivat-zd! so
that 1little or no reaction vccurs in its passage through
normal cells, and then on arrival at the tumour site
the free active nitrogen mustard must be regererated so
as to attack the neoplastic cells, Hebborn and Danielli32
during their studiss cn p-{NN-di-2-chloroethyl)-aminophenol
(XXV) and p_-(N_l_\[-di-Z-chloroatnyl)--phenylenediamine(XXVI)

and their acylation products, Iaund that when a tumour
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contains an enzyme capable of splitting off the acyl
group, selectivity is increased., There is a complete
corvelation between the presence of an activating
enzyme in the tumour and the inhibitory action of the
drug.

B—HO.C6H4.N(CH2.CH201)2 XV

p-RHN.CgH, .N(CH,.CH,C1),

where, R = H XXVTs R = ,COEt XXVIII
R = Ac XXVII; R = Bz XXIX
Let us consider the nitrogen mustard (XXVI). ‘his

parent amine is knewn to be a substance of high toxicity
and powerful vesiéant acrion33. The introduction ef
electron-withdrawing acyl grcups causes a considerable
fall in the texicity as well as in the alkylating

nower, but the N-acyl compound (XXVIT) and the N-propionyl
derivative (XXVIII) retain significant effect on the
tumour, whilst the N-benzoyl derivative (XXIX) is
inactive, The tumour was found to possess an enzyme
which can deacylate an acetamido- but not a benzoylamido-
group, liberating the parent amine mustard (XXVI) from
(XXVII) but nut from the more resistant benzaate (XXIX).
Thus it can be seen that should a tumour possess enzymes

at levels higher than in the normal tissue, then they
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can be used to liberate an active nitrogen mustard from
its inactive derivative.

A large number of campounds have been prepared ?o
show selective acti@y by enzymic hydrolysis, reductien
or oxidation, In tumour growth inhibition tests, thé
O-acetate and O-benzoate derivatives of p-(NN-di-2-
chloroethyl)-amimophenol (XXV) were found to be more
active than the phenol itsell although the chlorine
atoms in them were shown t» be comparatively less
reactive. This may be due to the liberation »f the
phenol within c21ls int¢ which the free phenol could
not s» easily diffuse.

34 turned their attention to

Ross and Wilson
prepare some NN-di-2-chlorcalkyl derivatives of
aliphatic and aromatic nitrogen mustard carboxy-amides
of the type (XXX), wnich were expect=d to liberate
tumour growth inhibitory di-2-chlorcalkylamines by the
hydrolysis (enzymic action) in vivo of the amide linkage.
But this hope could'ntt be fulfilled due te the
rearrangement of the carboxyamides to the esters 2-acyloxy-
ethyl-2t -chlornethylammenium chlorides (¥XXI).

HQO

Cl)2 Acetone/HCl>
R.COQ.CHQ,CHz.NH(HCl).CHQ.CHzCl

XXXI

R.CO,N(CHQ.CHZ
XXX
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However, the succinic acid derivative (XXXII) and
the phthalic acid derivative (XXXIII) showed activity of
a low order.

HOZC CH CHZ.CO.N(CHZ.CHZCl)2 XXXII

0-HO,C.C.H, .CO.N(CH,.CH,CL), XXXIII

As the chemical activity and the biological potency
of the nitrogen mustard is presumed G0 depend n the
basicity of the nitrogen atom, it is expected that
N-phosphorylation might give a product significantly
less toxic than the parent mustard. NN-Di-(2-chloroethyl)

d35 and was found

phosphorotriamidate (XXXIV) was prepare
to have only a fracticn of the toxicity of the parent
bis(B~chloroethyl)—-amine. Phosphamidated mustard would
be expected to yield the parent mustard in cells of
tumours if the enzyme, phosphamidase, were present.
Ross gj_gl.36 prepared che diethyl (XXXV; R = Et) and
the diphenyl phosphoramidate (XXXV: E = Ph), related to
the amine (XXVI). It was found that only the diethyl

derivative was an active tumour-growth inhibitor.

0
H,N_ N

P - N(CH .CH Cl)2 XXXIV
HZN

B—(RO)ZPO.NH.C6H4.N(CHZ.CHzCl)2 XXXV
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Nitromin'® (XXXVI), an oxidation product of HN2
has causeda complete regression of the Yoshida sarcona,
presumably due te6 its reduction in vivo to the parent
amine HN2 by a reductase present at a higher level in
the sarcoma.

CH .&,(CHQ.CHQCZL)2 XXXVI

0

3

The moderate anti-tumour activity ef
p-(WN-di-2-chlercethylamine )-benzaldehyde XXXVII, in
spite of unreag¢tive chlerine atoms, is said to be due to
its oxidation37 by enzymic activation intc the amino-
bengzoic acid derivative (XXXVIII), which exists in the
more reactive anicnic form at physiological pH.

p-OHC.CgH, . N(CH,.Ch,C1), XXXVII
p-HOOC.CgH, . N(CH,.CF,C1), XXXVIII

Since the ago compound (XXXIX) and its 2!'-carboxy
derivative (XL) were kncwn to inhibit the growth ef
the transplanted Walker rat carcinoma, Ross and Warwick38
synthesised a large number of substituted 4—[di-(2-chloro—
ethyl)amino] azobenzenes. Among them 2!'-carboxy-2-methyl-
derivative (XLI) had the most promising bioclogical activity,

beinz 10 folng that of the parent azo compound (XXXIX),.
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4'<<i:j§>- W N;i// \\?—N(CHE.CHéCl)g XXX
5! B 2! PUSSIEEEY
</ )-N : N.-< \>—N(CH .CH201)2 XL
— CO,H

—N : N \\...N(CHE.CHECJ_)2 XTI
\002H Me —

The azo compound prebably owed its activity to a
reduction in vivo into the amine, e.g. (XXXIX) is
reduced to thz parent amine (XXVI), the active entity.
The compound (XLI) thus ranks as one of the most active
nitr@éen musterds.,

In view of the importance of thiol groups in
biological systems, the thiol mustards p-(NN-di=-2-
chloroethylamino)thicphenol (XLIIL), its bromo analogue

(XLIII) and thier derivatives were synthesised’?,

M.SF XLIT Mt ,5H XLITI
where M = p-C.H,.N(CH,.CH,C1), and
M' = p-CcH, N(CH,.CH,Br),

4,42 +to have

The thiophenol mustard M.SH was shown
rnly a moderate activity against euperimental tureurs

whilst its acyl (M.SAc, M.SBz) and carbamic acid
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(M.S.CONH,) derivatives were quite inactive. However,
2

M!,SH and M!'.SCN both caused a high proportion of
complete regressions and were non-~toxic.

Since a disulphide is subject to reductive fission
in vivo, some mixed disulphides4o, derived from +the thiol
mustard M.SH or M'.SH with other thiols were synthesised,
e.g. a-cholesteryl p-(lN-di-2'~chloroethylamino)phenyl~
disulphide (XLIV). It was founq\zgjie relatively inactive.

XLIV
M.S.S
Gompounds43 in which the nitrogen mustard unit was
linked to a molecule which was toxic by itself (e.g.
2,4-dinitrophenol), were quite interesting, because the
product, which might as such skhow diminished toxicity,
on fission in vivo would liberate two toxic substances
and thus was expected to show greater activity e.g.
M.S.5.(2,4-dinitrcphenyl) XLV

and M?,S,.5.(2,4-dinitrophenyl) XLVI

2. Pacilitated Diffusion or ACTive Tranrspor’d

It is known31 thet melecules of physiological
importance, such as those of natural amino acids or

sugars are able to pass more selectively than other
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molecules through cell membranes. The approach by
exploitation of this variable remains very limited
as not much is known about its mechanism.

Compounds of this type have been prepared, the
most outstanding beirg DL-p-di-(2-chloroethylamino)

phenylalanine (named !Sarcolysinc!) (XLVIL).

NHz
It was synthesised by Bergel and Stock44 and was
independently studied by Iarionov et al.45, who found

it to be particvlairly active against sarcomas.
'Melphalan', p-(NN-di-2-chloroethyl)amino~IL-

44, 47 of growth

phenylalanine, produced intense inhibition
of the Walker rat carcinoma (1 mg/kg. producing complete
inhibition of the tumours). I¢ is more active than its
racemic form sarcclysine. The yx_--isomer48 (XLVIII) of

sarcclysine has been synthesised both in California and

—CH .CH CO,H
2 2 XLVIIZX
IwH

(ClCHZ.CHé)EN
It was more than 4 times as effective as sarcolysire

Russia.

against adenocarcineme. and only twice as toxic.
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As melphalan also powerfully affects the blood-forming
organs and has o high general toxicity, Bergel and
Stock49 have prepared derivatives, which fall into two
main grcups: (1) simple derivatives including amides
and esters, and (2) di-,tri- and tetra-peptides. It was
found that the general toxicity, haemotoxicity and antie
tumour activity (with special reference to Walker rat
carcinoma 256) were exhibited to the highest degree in
those derivatives which possessed a free primary aminc
group.

A series of N-acetyl-L~ and -D-aminocacyl derivatives
of melphalan ethyl ester wes synthesised, and it was
noticed50 that large differences in anti-tumoural
activity exist between the IL-L and D-L stereoiscmeric

pairs; the L-L pair being more active than the D-L pair

1 extended

by a factor of up to 100. Johnson aad Stock5
this work to synthesise a pentapeptide of the arbitrary
sequence prolylglycylvalylphenylalanylmelphalan (XLIX)
(all the asymmetric centres having the L-configuration).
This compound markedly inhibited the growth of the Walker
rat carcinoma 256 at a single dose of 5 mg./kg., approxi-

mately one tenth of the toxic dose.
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CO.NH.CH,CO.NH. H.CO.NH.CH.CHE*

NH.[CH,],.CH.CO.NH.CH,.

{7y g )

' - pri CH,.Ph  CO,Et
~CgH, .N(CH,.CH,C1), XLIX

They also prepared54 another durivative,
I~arginylmeiphalan (L). This peptide cowpletely
inhibited the Walker tumour at a single dose of
2 mg./kg., appréximately one twelfth of the toxic dose.

H N.g.NH.[CH2]3.CH.oo.NH.CH.CHZ.06H4.N(CH2.CH201)2 L

i
H NH2 OQEt

2

The synthesis of the B-amino analogue of sarcolysine,
namely, p-(NN-di-2-chloroethyl)aminephenyl~Dl-B~alanine
(LI), has been reported52 both in England and Russia.

It was found to inhibit completely the Walker rat
carcinoma 256 at a dose of 20 mg./kg.

E—HOZC.CH .CH.06H4.N (CH2.0H2C1)2 IT

2
NH,
Interest in diazo derivatives of amino-acids has
been stimulated by the discoveries that 'azaserine',53
O-diazoacetyl-L-serine (LII) and 1DON' °4 6-diazc-5-0x0-
L-norleucine (LIII) showed potent antitumour activity
against sarcoma 180. It is not clear yet whether
azaserine will be useful againsthuman cancer. Two such

compounds, namely, 3—(R-dlazoacetylphenyl)propionic acid
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0
NQCH—5~O—CH2.QH.COZH LIT
NH2
2
NZCH—C~CH2.CH2.gH.COZH LITT
NH2

(LIV), and methyl 3-(p-diazoacetamidophenyl)-propionate

(LV) were synthesised55, and were evaluated agains<s

various tumours. The only positive activity observed

was a 37% life extension by the former on mice bearing

Ehriich ascites.

0
4‘
R-N20H~J-C6H4 ° Chg > CH2 L] COQH IJIV

0
_N.cH.B.NH.C_H,.CH..CH..CO..CH v
R=lo Grg e VHp e Uig  LUS . Llig

Vargha 33_51.56 prepared 1, 6-di-(2-chlcrcethylamino)
-1, 6-dideoxy-D-mannitol dilLydrochloride ('BCM!) (LVI)
which has shown strong cytoactive and tumour-inhibiting
activity. Also was prepared57 NN-di(2-chloroethyl)=-D-
glucosamine hydrochloride (LVII) but it gave
disappointing results Dbeing almcst as toxic as

nitrogen mustard HN2.



- 28 -

H2?-ﬁH2.CHé.CHé01
Ho——-?—eH
Ho——~~?~—H 201~
He—C—0 H

H——- ?—- 0 H

HéC NH CHgCl

+
VT H NH(CH, . CH.,C1)
WIT = et rerT2

41 synthesised isopropylidene derivatives

Creighton
of D-galactose of the type (LVIII) with the idea of
removing the ilsopropylidene gréups to give the free

sugar, which should be activated by the active transport

mechanism,

0,C0.8.C N(CHg.CH X)2

65 .

CH2 .

~B

where X = Br or Cl

N LVIII

O*—————-CMGE
p-(NN-di-2-chlorcethylamino)phenyl 2%, 3!, 4!, 6' -
tetra-O-acetyl-pg-D-gluccsylamine (LIX) did not show much

activity and was highly toxicBB.
CHEOAC ‘
0
H NH.C6 4,N(CH CH201)2 -p
0A
© LIX
AcO

-
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Ross gﬁ_gl.Sg prepared a number of derivatives (IXx)
of NN-di-2-chloroethylaniline containing carboxyl group.
Compound (ILX; n = 1) shows high activiiy, whildt p-(NN-
di-2-chloroethylamino )pvhenyl butyric acid 'Chlerambucil!

(IX; n = 3) was found6o

to be a powerful inhibitor of
the transplanted Walker rat tumour 256. This alkylating
agent is also most effective in Hodgkin's disease and
allied lymphomas.

_I_>~(ClCH2.CH2)2.N.36H4.[CHQJH.COZﬁ X
where n = 0 to 4,

61 instituted a programme to synthesise

Reist et al.
a variety of nitrogen mustards of amino sugars, but only
one (IXI) of them nameliy 6-[bis(2-chloroethyl)=-amino ]~6-
deoxy-D-glucose hydrochloride, derived from 6-amino-6-
deoxy~D-glucose, showed selective action by an active
transport mechanigm.

CH WM. (CH,.CH,C1)

>~\, OH,HC1 IXI

Tzumi® reported tha* N-bis(p-chloroethyl)alanine
(IXII) is predcminantly effective against a wide range

of neoplastic diseases. This compound has shown the
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HOQC.?H—N(GHQ.CHQCI)Q IXII
CH

LDso 30
most surpassing chemotherapeutic index (—ﬂﬁﬁ =508 = 600),

Its most predominant anti-cancer efficiency was presumed
partly due to the formation of an amphoteric ion in the

animal body.

Me  .CH..CHACl
{ / 2 2
HOOC , CH-N —>
CH,. OH, (1 '
Me OH,.CH,CL
— i / 2 2
50C ~ CH-1T
H\¢H, .0H.C1

2 2
It was thought that if the release of the active
nitrogen mustard is made dependent upén the successive
action of two or more enzymes, the selectivity of the
drug should be increased. Based upon this principle a
great number nf a-(acylamine)acyl derivatives (LXIII)
were prepared62’63 by the #bndensaticn of the amino
mustard (XXVI) with the appropriate a~§§a;ylamino acid,
The amino-acids used were glycine, DI~-methionine, DL—ethipnine
(E)—(CchQOHQ)QN.O6H4.NH.CO.?HY XTIz !
NHX
etc., the a-N-acyl groups 'X°' were formyl, acetyl, fluoro-

acetyl, dichloroacetyl, or methgxycarbonyl, The methoxycarbon

¢ -4
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group is of special interest because of the presence of
the -NH,CO0.OMe (urethane) grouping in the product, the
fission of which at the tumour site should be capable
of potentiation by prior administration of a simple
urethane (see the next section). It was presumed that
on administration of such derivatives (LXIII), the

acyl group 'X'! woruld undergo enzymic remcval first,
producing the intermediate (IXIII; X = H) which would
then be attacked by another enzyme (aminopeptidase),
when the active nitrogen mustard (XXVI) would be

released due to the fission of the amide linkage.

3. Adaptation and Resistance

The phenomena of drug resistance and depeudence
are among the most obescure in experimental therapeutics
and perhaps the most troublesome in actual practice.
For two reasons at least, namely, the toxicity of the
drug and the resistance develcped to them, neo agent has
been found as yet to be completely effective in the treat-
ment of cancer.,

Carbamates12

are known to possess cytotoxic pro-
perties, but tumours which are initially sensitive %o
such compounds generally soon tecome resistant to them.,

Danielli et al.42 suggested that this phenomenon is due
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to the formation of an 'adaptive enzyme'!, which can
destroy the urethane by fission of the ester or amide
linkage, and, if this is so, the formation of an adaptive
enzyme may then be used to activate a detoxicated
carbamate mustard. In favour of his hypothesis31 that
where a tumour becomes resistant to a urethane, it will
be hypersensitive to a 'urethane nitrogern mustard?!,

64

Danielll presented evidence that administration of

isopropyl phenylurethans (IX) alone induced only a small
Ph.NH. CO. OPr™ IX

decrease in the rate of tumour growth, and dosage with
(LXIV) alone caused growth inhibition but no regression,

However, if (IX) was administered first in a small
p-  (CLCH,.CH,), N.CcH,.NH.CO.0Pr" IXIV

dosage for several days and then discontinued before
treatment with the mustard urethaue (ILXIV) fcr 10 days,
complete and permanent regression of the Walker
carcinoma was recorded. Thus compound (IX) has proved
to be a highly effective potentiator Tlis princzple
has, however, been extended o other types of nitrogen
mustards. In the following table five compounds and

their potentiators are given,



Nitrogen Mustard

M! .NH.CO.OPr+
M!.S.CO.0PT+

M.NH.COCH3

M.NH.CO.NH.CHQ.CO H

2
M.S.CO.NH.CHQCOQH

M =.C6H4.N(CH2.CH201)2;

R! = EtZN.Ph ;

- 33 -

% CR
with
%CR poten-
with tiator

Potentiator mustard followed
alone by

mustard
Ph.NH.CO.OPr 0 75
Ph.S.CO.0PT 10 50
R'.NH,CO.CH3 20 >15
Ph,NH.CO.NH.CHg.COQH = ®
Ph.S.CO.NH,CHg,COQH 3 =

M! = .C6H4.N(CH2.CH2Br)2

CR complete regression

it

% Potentiation improves performance, but optimal conditions for

use not yet known.

With all the above five substances, there was a.

striking improvement in performance when c¢he appropriate

potentiator was used.

4. Miscellaneous Variables

If the 'rate of Lydrolysis! (as measured by the

extent of reaction after »0 minutes in boiling 5C% agueous
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acetone) of a nitrogen mustard is 20% or more65, it is
usually effective as a tumour-growth inhibitor, while a
compound with a lower rate of hydrolysis shows little or
no activity. Introduction of bromine for f~chloro atoms
in a nitrogen mustard, increases the rate of hydrolysis.
Benn 0 synthesised p-(NN-di-2-bromoethylaminc)thiophenol
(XLIII) and found that its rate of hydrolysis was 70%
while the value for *he chlcro analogue was just 15%.

The bromo mustard was also much more biologically active.

65 studied the effect of variation in the halogen

Ross
group on the rate of hydrolysis. There is an increase
in the reaction rate on passing from chlorine to bromine,
but in all examples of halogenoethyl compounds there is
a surprising decrease when the bromine is replaced by an
iodine atom. (See tabie on page 35).

The rate of hydrolysis also increases with the
substitution of electron donating groups, e.g. methoxy
or methyl on a benzene ring, while it decreases with
electron attracting groups, e.g. nitro and carboxyl.

An increase in the length of the reactive side chain
of the nitrogen mustard has the expected effect of reducing

the rate of hydrolysis. Thus the chlorine atoms in

N-di-(3-chloro-n-propyl)~ (IXV) and NN-di-{6-chloro-n-hexyl)-
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Type of Compound R.N:R'2

R R rate of hydrolysis
v
AN b -CHpoHCL 15%
=~ .CHy,. CH,Br 80%
2-naphthyl
.CHZ.CHZ.I 6 4%
— .CH,.CH,C1 256
6-methyl-2-nphthyl .CH,.CH,I T4%
aniline (IXVI)
Ph.N(CH2.0H2.0H201)2 XV
Ph.N(CHz,CHZ.CHZ.CHZ.CHz.CHZCl)2 LXVI

are not appreciably hydrolysed under the standard
33

conditions~”~, whilst (LXVII) is hydrolysed to the extent
of 20%4, Introduction of a methyl group such as in

(LXVIII) increased the hydrolysis to 90%.

Ph.N(CH2.0H201)2 Lxvil
Ph.N(CHZ.?HCI)2 LXVIIT
Me

Compounds with ounly one halogenoethylamino group

are generally much less biologically active, e.g.
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B~ (chloroethyl)ethylmethylamine, B~-(chloroethyl)diethyl-
amine and B~(chloroethyl)dimethylamine are 5 to 100 times
less potent than bis(B-chloroethyl)methylamine (HN2).

In any closely related series of monofunctional and
polyfunctional derivatives, those that are more

damaging generally possess reactive moieties at least

in duplicate66.

NN-Di-2-chloroethyl-g-aminobenzecic acid
(IXIX; R = H) and its methyl ester (LXIX; R = Me) were
synthesised67 and were found to be active growth
inhibitors, but monofunctional chloroethylamines (ILXX)
//CHQ;CHQCl

—N IXIX

N
CHQ.CHQCl

002R

and (IXXI), in spite of structural similarity with (LXTX)
both proved inactive. This again emphasises the
dependence of maximum cytotoxic activity upon the
presence in the molecule of at least two chloroalkylamino
groups. However, increasing the number of alkylating
//CHQ.CHzcl
—N

N
CHZ.CHQOH

LXX

~
002H
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CH
7/
N

2.,CHZG.'L

ﬂHz LXXT
~co X
N - CH,
groups beyond two does not seem to cause any corresponding
increase in effectiveness. Thus HN3 (XXIII) was no
more effective than HN2 (XXII). In the non-arowatic
series of chleroethylamines, the two halegencethylamino
groups need not be situated on the same nitrogen aton,

33

e.g. NN'-di-(2-chlecroethyl)piperazine”’ is an effective
compound.

Generally a drug which is soluble at physiological
pH shows more activity than one which is insoluble;
however, when it is required to be released slowly,
injection in an o0il tecomes preferable.

68 was of the opinion that if we

In short, Bergel
know (1) all about the mechanism of carcinogenesis,
(2) every detail of cell and tissue composition, (3)
every shade of difference between normal and abnormal
material, and (4) the exact nature of in%eraction between
a drug and the c~2llular couscituents, then we could sit

down at a desk and devise the most perfect remedies

for all forms of malignarecy.
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CHAPTER 3

PROTECTION OF a-AMINO GRQUPS

AND
THi, TFORMATION OF PEPTIDE LINKAGES

Although the synthesis of a peptide requires only
the establishment of amide (peptide) linkages by
condensation of the respective component amino-acids,
this cannot be achieved directly with free amino-acids.
The non-reacting functional groups are protected to avoid
unwanted side reactions. It is essential that the
protecting group must be capable of easy removal by
reactions which do not lead tc rupture of the amide
bond after it has been established.

Since the a-N~acylamino acids (i.e. the N-protected
amino acids) were used by the writer in the synthetic
work that will be described in the forthcoming chapters
of this thesis, 1t will not be out of place to give a
brief account of a few methnds which are generally
employed for the protectinn of a-amino groups, and also
of some coupling methods, well-known in peptide

synthesis.
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1. Benzvloxycarbonyl (!Carbobenzoxy!) and related

derivatives

The introduction, in 1932, by Bergmann and Zervas®®

of benzyloxycarbonyl chloride, as a reagent for the
protection of a-amino groups in peptide synthesis,
opened a new era in this field and enabled the preparation
of a wide variety of peptides.
N-Benzyloxycarbonyl derivatives (LXXII) are
prepared under Schotten-Baumann conditions by the
action of benzyl chloroformate69’7o (obtained by the
)71

action of phosgene on benzyl alcohol , on amino-acids.

R.?H.CO H R.?H.COZH IXXII

2
NH2 + C1.C0.0.CH,Ph —> NH.CO.O.CHZPh.

2
The benzyloxycarbonyl group can be removed Ly
catalytic hydrogenoly81869, or by acid catalysed fission

72,73 in acetic acid, or by using

with hydrogen bromride
sodium in liquid ammonia. Birkofer et al.74 have

recommended the use of triethylsilane for this purpose.

P4cl o
R.CH.COOH + EtBSiH 3 2 H, + R.('}H.CO.O.QJ.E’G3
NH.CO.O.CHZPh Et3N NH.CO.O.CHZPh

R.?H.C0.0.Slbt

3 + 002 + PhCH3 ¢ J
NH.S1Et,
l 2MeOH R.GH.CO.0H 2Bt5510Me
NH2
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Carpenter and Gish75’76 investigated the application
of p-nitrobenzyl chloroformate in peptide synthesis and
reported the preparation of p-nitrobenzyloxycarbonyl
derivatives of several amino-acids. These derivatives
were characterized by the ease with which they were
crystallized.

Although the wide applicability of the carbobenzoxy
method is now well established and the advantages of
using this protecting group are well known, it has
certain disadvantages, and side reactions are sometimes
encountered. The group is not very stable to alkali

and it may cyclize to the substituted imidazolidine

derivative.
X 0 X 0
Y/ P
NoH—C < Ne—d (
nH Alkali } W —
NH—C —O0.CH.Ph NH—C
0 ? NS

2. PFormyl Derivatives

Although the use of the formyl group as an amino
protective function in the synthesis of peptides was
known to a number of earlier workers77’78’79’80, it

did not gain wide acceptance :mtil it was thoroughly
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81 in 1958,

studied by Shechan and Yang
Amino-acids and peptides are best formylated by

treatment with formic acid and acetic anhydride78, the

formylating agent probably being the mixed anhydride:

H.CO0.0,CO,CH, + HQN.CHR.COQH \

3

H.CO.NH.CHR.COZH + CH,.CO,H.

3 2
This potential peptide protective function cffers many
valuable advantages.
(i) It can be introduced readily without racemization
of the parent amino acids.
(ii) With the introduction of the carbodi-~-imide
method of peptide bond formation, it becomes feasible
to employ the N-formyl grouping in conjunctiin with the
carbodi-imide procedure, when the optical integrity
is maintained.
(iii) This group can b~ removed smoo*hly and selectively
by treatment of the formyl peptide with a slight excess
of 0.5 N HC1l in methanol. In the examples swvudied,
peptide bond fission does not occurBO.
(iv) The formyl group is very resistant to the
alkaline conditions employed for the remcval of ester
groups by saponification.

Its main disadvantages are:
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(1) Racemization of N-formylamino acids did occur
when the mixed carbonic-anhydride procedure or agide
method of coupling was used.

(ii) Substantial decomposition of many N-formylamino
acids by interaction with such reagents as thionyl

chloride and phosphorus pentachloride was recorded,

COUPLING METHODS

Although a variety of coupling methods pertaining
to peptide chemistry have been described in the
literature, only a few of them which gave fruitful
results will be reviewed here.

1. Acid Azides

This method was first introduced by Curtius, and
is still one of tne best and most popular. The
following are its characteristic features.

(1) It is a multi-stage process.

EtOH/HC1
H X S

5 3 N.CHR.CO

£ N.CHR.CO Et

2 2

HNO5  y N.CHR.CO.N

X o —25 X 3

2N.CHR.CO.NH.NH

H,N.,CHR'.CO

2

2Et\

XQN.CHR.CO.NH.CHR’.COQEt.

(ii) It is necessary to carry out this process quite

rapidly, in the cold, because of the somewhat unstable
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nature of the azide, which decomposes to form the
isocyanate and finally gives ureido-compounds as by-

products,

-, x.N.CHR.NCO

Z)(zl\T.CHR.,CON.5 > X5

H2N.CHR'°CO
> 2

N.CHR.NH.CO.NH.CHR'.002Et.

(iii) This is the only coupling method which has
cause

never been known tokracemization of either of the two

amino-acid residues involved in the coupling.

2. Mixed Anhydrides Derived from Carboxylic Acids

The development of this method of formation of the
amide bond is the result of the pioneering work of
Wieland and his colluboratons®2. They, in 1950,
prepared mixed anhydrides of N-protected amino-acids
and benzoic acid, by treatment of the furmer with
benzoyl chloride and a tertiary amine in an inert solvent
and showed that tuey reacted with amino-acid esters to

form protected dipeptide esters,

X2N.CHR'.CO H + ¢1.C0Ph ;‘X2N.CHR'.CO.O.COPh

2

H N.CHRQCOzEt

2 Et + Ph.CO,H

. XZN.CHR'.CO.NH.CHE’CO

2 2

Shortly it was found83 that mixed anhydrides derived
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from ethyl chloroformate also could be used to form the
peptide.

C1.C0,Et
X,N.CHR, COH 5. X,N.CHR.CO0,0.C0. O+
H,N.CHR'.CO,Et

> Lo

N.CHR.CO.NH.CHR'.CO,Et + CO2 + EtOH,

The superiority of isobutyl chlorofcrmate over
ethyl chloroformate has been reported by Vaughan and
Osat084.

This 'mixed carbonic anhydride' procedure has
proved very popular and succegsful. One of the
disadvantages is tha* racemization is quite prevalent.

85,86

Many examples can be found in the literature and a

review is given by Reuberger87. Convincing evidence was
advanced that azlactone formation caused the racemization,
although the azlactones were not isolated from the
reaction mixtures86. Racemization increases with the
time and temperature used for the anhydride forming
step. OSolvent aleco plays an important part88. When
chloroform was used, complete racemization occurred, but
with dioxan or tetrahydrofuran there was practically
none.

Another disadvantage is the instability of the

anhydride, which results in disproportionation. It is
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favoured by long reaction times during the anhydride
forming step.
2Y ,NH.CHR.CO.0,CO, OR ! s e
(Y.NH,CHR.C0),0 + (R'0),00 + CO,
The loss of carbon dioxide from the mixed anhydride
sometimes brings abouv the formation of an ester.
Y,NH,CHR.CO.0.CO.0R' =’
Y.NH,CHR.CO.OR' + CO,
These and other spurious side reactions can be
prevented by the right selection of alkyl chloroformate,

the time required for the formation of the mixed anhydride,

the nature of the solvent, and the temperature.

3. Carbodi~imides

NN'-Dicyclohexylcarbodi-imide (hereafter abbreviated
to DCC) (LXXIII) was introduced by Sheehan and HessS) in
1955 as a direct coupling or condensing agent in peptide
synthesis, Its ready availability, simplicity of use
under mild conditions with frequent good yields of peptides,
and the apparent lack of racemization in the formation of
optically active peptide derivatives has resulted in its
widespread populerity. In this method, the two components,
one containing a free carboxyl function and the other a

free amino group, couple directly and rapidly, on treatment
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with DCC in an inert solvent like methylene chloride,

tetrahydrofuran or acetonitrile, .

X, N.CHR, COH + O -O LXXIII

+ H N.CHR'.CO,Et s X N.CHi,CO.NH. CHR'.CO,Et LXXIV
-+//—— §>NH.CO.NH LXXV
_ _/

Khorana’® used dioxan, tetrahydrofuran, chloroform
or ether as solvents. Anderson and Callahan91 have
reported that this method is not entirely free from the
danger of racemization, which actually depends upon the
temperature and the nature of the solvent. The reaction
is not sensitive to moisture and indeed it may be carried
out in agueous medium. The co-product NN'-dicyclohexyl-
urea (IXXV) has a very low solubility in most organic or
aqueous solvents, and can usually be separated without
any difficulty. The possible formation of the N-acylurea
(ILXXVI) may be regarded as one of the disadvantages of
this method.

XQN.CHR.CO.N.CO,NH LXXVI

In certain instances e.g. the synthesis of high

molecular weight peptides, the co-product (LXXV) and the
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peptide derivative (IXXIV) may have similar solubility
properties, thus rendering separation of the products
difficult. Sheehan and Hlavka92 therefore prepared several
new acid-soluble and water-soluble carbodi-imides, bearing
tertiary or quaternary amine substituents. The most pro-
mising for general peptide bond synthesis are 1-cyclohexyl-
3~ (2-morpholinyl-4-ethyl)carbodi~imide (LXXVII), the cor-
responding metho-p~toluenesulphonate (LXXVIII) and 4-cyclo-
hexyl-3-(4ediethylaminocyclohexyl)carbodi~imide (IXXIX).

/N

N =0C= N.GH2.GH2,N\\ O IXXVIT
— — ¢ +/ T I
N =0¢C=N. H2.0H2°N O H‘GHg'C6H4°803 TXXVITI
AN
Me
N =0C=N (G2H5)2 LXXIX

Besides these, some other new acid-~ and water-

soluble carbodi-imides were described by Sheehan and his

collaborators93. The most generally useful compounds are

1-ethyl-3-(3~dimethylaminopropyl)carbodi~imide (IXXX) and
the corresponding hydrochloride salt,
Et-N = C = N-CH

CH GHQ.I\T(CHB)2 XXX

2r7res
From these carbodi-imides, peptides have been

synthesised in high yields and in very pure form.
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CHAPTER 4

SYNTHESES OF SOME POTENTIALLY CYTOTOXIC

S0 ( ACYLAMINO Y ACYL—p-[Di~(2-HALOGENOETHYL)

—AMINO JTHIOPHENOLS

The synthetic studies undertaken by the present
writer are a continuation of the research programme that
was begun in 1954 in this Department, with the objective
of synthesising drugs which were expected to show selective
action on tumours either by en-symic attack at the site
or by selective transport within the body.

A great majority of the aromatic 'mitrogen mustards',
reported so far are derivatives of NN-di-2-chloroethyl-p-
phenylenediamine (XXVI) or p-(¥N-di-2-chloroethylamino)-
phenol (XAV).

Eg(C1CH2.CH2)2N.C6H4.NH2 XXVI

p-(CLCH,.

CH2)2N.C6H4.OH XXV
Amino-acid derivatives of the above 'nitrogzn
mustards' were descrived by Bergel and Stockg4 in 1959,

95 were claimed to be of a

but those prepared by Johnson
novel type. Johnson synthesised a large number of N'-[a-

(acylamino)acyl }-NN-di-2'-chloroethyl~p-phenylenediamines
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(LXIII; x = acyl) by scylation of the amino-group in the
amine mustard (XXVI), with a variety of N-acyl-a-amino-
acids.

p-(C1CH,.CH

5)

5 2N.C6H4.NH.CO.?HY LXIIT

NHX

Various principles which motivated the synthesis
of such compounds are:

(1) Acylation of the free amino group in the
parent amine (XXVI) deactivates the 'nitrogen mustard!
resulting in a fali of general toxicity.

(i1) The principle of facilitated diffusion applies
to amino-acids, which are actively transported through
cell membranes.

(iii) The release of the active nitrogen mustard (XXVI)
from such derivavives (LXIII) requires the successive
action of two enzymes. The acyl group 'X' undergoes
enzymic removal first, and then the enzyme 'amino-
peptidase! is atle to split the peptide linkage
between the amino-geid and nitrogen mustard and release
the free alkylating agent (XXVI).

Because of the importance of thiol groups in
biological systems, a study has now been made of the
synthesis of some derivatives (LXXXI) from p-(NN-di-2-

chloroethylamino)thiophenol (XLII) and also of analogues
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from the corresponding dibromo compound (XLIII). Such
products are of additional interest becéuse they would
be 'phenylthiocesters', a class of compound (‘active
esters!) from which the parent thiol is usually very
readily liberated under mild conditions by virtue of the

ease with which the acyl group is transferred to ether

acceptors,
3-(&10H2.CH2)2N.C6H4.SH XIIT
3—(BrCH2.CH2)2N.C6H4.SH XLIII
2~(ClCH2,CHQ}QN.C6H4.S.CO.?HY LXXXI
NHX

As has been seen (Chapter 3), it is necessary to
protect one of the {unctional groups of an amino-acid in
order to form a peptide bond with the other. Similar
considerations apply if a thiolester is to be formed.

In the present series the N-acetyl, N-formyl and N-
methoxycarbonyl groups have been used. The condensation
with the thiol group of the appropriate nitrogen mustard
(either the chloro-mustard XLII or the bromo-mustard
XLIII) was carried out at rcom temperature in the
presence of NN'-dicyclohexylcarbodi-imide in various
solvents. Sufficient time (14 to 18 hours) was allowed

for the completion of the reaction, The mixed anhydride
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method of preparation was tried in a few cases, but was
generally not so good. The products obtained by the DCC
method were not only far cleaner but were also formed

in good yield. All the reactions were performed in an
atmosphere of nitrogen to minimise the oxidation of the
thiol into its disulphide. The presence of the disulphide
rendered the purification of the products very troublesome.
Their chromatcgraphic purification on alumina or on

silica was not effective, possibly because of the
sensitivity of the thiol ester group. Fractional
crystallisation was the only effective method for the
removal of the contaminants. In almost all the reactions,
the condensation product was obtained initially as an

0il, but fourteen ‘'thiolesters' were eventually obtained
in pure crystalline form when a suitable solvent system

was found,

Derivatives of Glycine

Glycine is knovm to be the precursor of a wide
variety of nitrogeneus compounds of great physiological
importance and is believed to be converted into serine,
glutathione, proteins, porphyrins, uric acid and nucleic

acid purines during certain metabolic pathways, the
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most important being the one in which glycine is
converted into serine by an active form of folic acid.
Because nitrogen mustard derivatives of it may be
actively transported across cell membranes, a number of
glycine derivatives have been prepared. The use of
various N-substituents on the a-amino groups was to
confer more specificity to the drugs, as explained above.
N-Acetylglycine (LXAXII) was prepared by the
Ac.NH.CH,.COH LXXXTII

method of Herbst and Shemin%° It was then condensed
with the thiol chlorc-mustard, suspended in dichloro-
methane, using NN'-dicyclohexylcarbodi-imide as
condensing agent. The product, E—(Eﬁ-di-z—chloroethyl-
amino)phenyl (acetamido)thiolacetate (LXXXIII; I.C. 203)

was obtained in 80% yield.

B—(ClCHz.CH2)ZN.C6H4.S.CO.CH2.NHAC ILXXXIIEL
O30 OO0
H§? — +q§_ —
C—CH2 ? = 0
“ l CH
0 NHAe l 2
NHAc



0 0
R + I -
M~§flg=c> —_— M7ﬁ~?~0 ——
H ?HZ H ?H2
NHACc NHAc
Q=m0 O Lo
+
C?Q\_ N H Qf) —
H M.8— (%0
. & + M.5.C0,CH,.NHAc.
.
NEHAc
<::>~NH—~ﬁ—ﬁNH—<::> + M,S.C0.CH,.NHAc
0 IXXXIII

The condensation of N-acetylglycine with the
bromo-mustard under similar conditions gave
p~(NN~di-2-bromoethylamino)phenyl (acetamido)thioi-
acetate (IXXXIV; I.C. 202). The yield was 38%,

g-(BrCH2.0H2)2N.C6H4.S.CO.OH2.NHAC LXXXIV

N-Formylglycine (LXXXV) was prepared by the method of

81 frem 88% formic acid and acetic

Sheehan and Yang
anhydride, the formylating agent probably being the

mixed anhydride (IXXXVI),.
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CH
g ?H3 H ﬁ 5 é 35
/} n—— ——— —— —
57 N0 N e Z0 AN
I'{ \O —_— 0
< ézzo >
0= 0 ]
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CH
a2 «! t
He—C—0—04%0 H—C — 0 —C —CH
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. , ——> CHy.CO,H + —
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! |
CHg COOH
TXXXVI
0 0
9 g ] [
H—C— 0—C—CH, e (3 - G CH
ey 2
HY— B — NE g ;
?H2 ?Hz
COOH COOH
CH, ., CO. 1
oo + CHy.COOH
LXXXV

The N~-formylated derivative was then used for
coupling with the chloro-mustard using DCC as a coupling
reagent. The oily product crystallised to give p-(NN-di-
2-chloroethylamino)phenyl (formamido)thiolacetate (ILXXXVII;

I.C. 204) in 80% yield.



- 55 ~

p=-(CLCH CHQ)ZN.C6H4.S.CO.CH NH.CHO LXXXVII

2° 2°
The condensation of N-formylglycine with the bromo-
mustard was attempted by the DCC method as well as the
mixed anhydride method, but in both cases the product
was an o0oil which could not be induced to croystallise,
An attempt was made, using lithium bromide in boiling
isobutyl methyl ketone, to convert the dichloro
derivative (IXXXVII) into its dibromo snalogue, but
this alsc gave an o0ily product. However, the
infrared spectrum of <he product in each case showed
absorption bands at 3450 cm’ ] (:NH), and 1690 cm? ]
(2cO, -CONH).
N-Methoxycarbonylglycine (ILXXXVIII) was prepared97

using normal Schotten-Baumann conditions, by the action

of methyl chloroformate on glycine in seodium carbonate

solution
CO.H co., co- cos
I | 2 [ 2 | ¢
CH, OH CH,, , CH, ————> CH, + gt
l > | .9 | >
WH NH NH—-H NH
2 $ e 0 - o
Me.O.S——Cl Cad.0Me + C1l C0O.0OMe
0& F ) " ?OZH
P2 Hy  <—
?H?? NH.COQMS
Me0.C—C1 IXXXVIII
0
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The suspension of N-methoxycurbonylglycine in
dichloromethane when treated with the chloro-mustard
in the presence of DCC, produced p-(lN-di-2-chloro-
ethylamino)phenyrl (methoxycarbonylamino)thiolacetate
(IXXXIX; I.C. 205) in 35% yield. Its dibromo analogue
could not be obtained in crystalline form by a similar
method, but the infrared spectrum, recorded with the
0ily product, showed absorption bands at 3350 cmT
(:NH) and 1720 - 1680 cm. ( :b = 0; —CONH).

B—(ClCHz.CHZ)ZN.C6H4.S.CO.CH NH.COZMe LXXXTIX

20

Derivatives of DL-phenvlalanine

N-Acetyl-DL~phenylalanine (XC) was prepared in
92,5% yield essentially by the method described in the

literaturegs. It was then condensed with the chloro-
Ph,.CH,.CH.CO,H
2"y 2 XC
NHAc

mustard using DCC as the condensing reagent; because

of the insolubility of N-acetyl-DL-phenylalanine in
dichloromethane, a mixture of NN-dimethylformamide and
dichloromethane (4 : 1) was used. Crystalline p-(NN-di-
2-chloroethylamineo)phenyl 2-acetamido-3-(phenyl)thiol-
propionate (XCI; I.C. 207) was attained in 32% yield.
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Condensation of N-acetyl-DL-phenylalanine with the

p-(C1CH,.CH

2)2N.C6H4.S.CO.?H.CH2.Ph XCIL

2

NHAc
bromo-mustard under similar conditions did not give a
crystalline product.

N~Formyl-DL-phenylalanine (XCII) was prepared by
the Vigneaud-Meyer methndgg as weil as by that
described by Overby and Ingersolll®C the yield in the
former case was better. Its condensation with the
chloro~mustard thiol gave no crystaliine dichloroethyl

Ph.CHzp?H.COQH

NH.CHO

XCII

analogue of (XCIII),
although its formation was indicated by the infrared
spectrum. However, 2—(gﬂ—di-z—bromoethylamino)phenyl
2-formamido-3~(phenyl)thiolpropionate (XCIIL; I.C.210)
was obtained by the condensation of N-formyl-DL-phenylal-
anine with the bromo-mustard thiol by the DCC method.
This reaction was carried out in a mixture of NN-dimethyl

E—(BrCHz.CHz)zN.C6H4.S.CO.?H.CH2.Ph XCIII
NH.CHO

formamide and dichloromethane (1 : 2). The crude residue

did not crystallise immediately, but when the impurities
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(especially the disulphide) were removed by passing a
solution in dichloro-methane through a layer of
decolourising charcoal, the product could be crystallised,
although in poor yield (27%).
N-Methoxycarbonyl-DL-phenylalanine (XCIV) was

Ph,CH CH.COQH

2'l
NH.COZMe

XCI1V
prepared by the method described by Petri and Staverman101.
At first it was obtained as a viscous colourless oil as
reported by these workers, but on leaving at room
temperature for about four months, it crystallised.

Chibnall and Spahr!0?

also reported in 1958 its eventual
solidification on storing at room temperature. Even in
the viscous oily form, it was apparently pure and gave
clean condensation products. The condensation with the
chloro mustard thiol was carried out in dichloromethane,
whereas a mixture of NN-dimethylformamide and dichloro-
methane in equal proportions was used when the reaction
was done with the bromo mustard thiol. In both cases
DCC was the coupling reagent. The products were
E—(gﬁ-di-2-chloroethylamino)phenyl 2-methoxycarbonylamino-
3~ (phenyl )thiolpropionate (XCV; I.C. 208), and

Eu(Cchz.CHQ)ZN.06H4;S.CO.?H.GHQPh YoV
NH.CO,Me
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p~(NN=-di-2-bromoethylamino )phenyl 2-methoxycarbonylamino-3-
(phenyl)thiolpropionate (XCVI; I.C. 209) respectively.
Their respective yields were £5% and 92%,
E—(BrCHZ.CHZ)2N,C6H4.S.CO.CH.CH2.Ph XOVI
NH.COzMe

Derivatives of DL~Methionine

It is known that methionine is an 'essential!
amino-acid. Not only it is indispensible but both the
D~ and the L- form can be utilized by the rat. Thus it
would seem reasonable that if a nitrogen-mustard attached
to DL-methionine, was given to a tumour~bearing rat
which had been fed on a diet deficient in DL-methionine,
then the chances of the drug being utilized and of
reaching the requircd sites should be greater.

N-Formyl-DL-methionine (XCVII) was prepared from
DL~methionine by the method of Sheehan and Yang®'. It
was then linked with the chloro mustard thiol by the DCC

CH .S.CHZ.CH CH.CO,H

2" 2 XCVII
NH.CHO

3

method. p-(NN-di-2-Chloroethylamino)phenyl 2-formamido-
4~(methylthio)thiolbutyrate (XCVIII; I.C. 206), was thus

obtained in crystalline form. The yield was poor (35%).
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p-(CLCH, . Olfp) N Ogl, . 8.CO. CH. OFp. CHp . 5. Ol yoypry

e
NH,CHO

However, p-(NN-di~2-bromoethylamino)phenyl 2-formamido-4-

(methylthiv)thiolbutyrate, the condensation product of

the N-formyl-DL-methionine and the bromo mustard thiol

was not sbtained in crystalline form, though the oily

product showed an infrared spectrum consistent with the

presence of the required product.

MODEL COMPOUNDS

On page 32 it has been explained that isopropyl
phenylurethane (IX) has been used as a potentiator for
the mustard urethane (IXIV). A few model compounds have

therefore been prepared from thiophenol and from
i i
Ph,NH,CO.OPx R—(ClCHz.CHQ)QN.C6H4.NH.CO.OPr

IX LXIV
p~(diethylamino)thiophenol by the present writer, as

possible potentiators for the thiol mustards.

A, From Thigphgnol

The condensation of N-acetylglycine with thiophenol
in dichloromethane was carried out in the presence of

NN!'-dicyclchexylcarbodi~imide and gave §—(H—acetylglycyl)
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thiophenol (XCIX; X56) in 57% yield.
Ph.5.CO.CH,.NHAC XCIX

The product of the reaction between N-formylglycine
and thiophenol in dichloromethane was S-(N-formylglycyl)
thiophenol(C; X55). The yield was 78% when NN'-dicyclo-
hexyl~carbodi~imide was used as the condensing agent.

Ph.5.C0.CH,.NH.CHO C

2.
S-(N-Methoxycarbonylglycyl)thiophenol (CI; X57) was

Ph.5.C0.CH .NH,COZMe CI

2
obtained in 74% yield by condensation between
N-methoxycarbonylglycine and thiophenol under similar

conditions.

B. From p-{(NN-Diethylamino)thiophenol

NN~Diethyl-p~thiocyanatoaniline (CII), which was

R~Et,N.C H, . SON CII

prepared from Ni-diethylaniline by the method described

103 yas converted into p- (NN~

by Brewster and Schroeder
diethylamino )thiephenol (CIII) by two methods. The
B—EtZN.C6H4.SH CIII

lithium aluminium hydride method described by Benn et et al. 40

gave the reduction product (CIII) in better yield (83%)
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than the Zinc dust-HC1l method described by Montgomery
et al1o4

p-(N-Acetylglycylthio)-NN-diethylaniline (CIV; X59)
was then prepared from (CIII) by two methods. In one
method N-acetylglycine was converted into the mixed
anhydride (CV) by reaction with ethyl chloroformate and
a linkage was then established with the thiophenol (CIII)
in NN-dimethylformamide to give the desired compound (cI1v).

i
?HZ.COOH ?H§—-C—~O—-C——0Et
NHAc + C1.CO0.0Et __, NHAc
cv

O
—0— C**OEt

(fo

i I
CH§-C——O-C——OEt CH§——
l s
NHAc ‘7 NHAc
PN

T
CH—~—C O—~C——0Et

+
t—CgH, . NEt,-p

0N
m—-m——c~c>

E | 2 g + H e

Ac.NH.CHz.CO.S C6H4 NEt -p CIV
The second method for the preparation of p-(N-acetyl-
glycylthio)-NN-diethylaniline CIV) was based upon the use

of DCC as a condensing reagent between N-acetylglycine

and p-(NN-diethylamino)thiophenol., A far cleaner
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product was obtained by this method.
In a separate experiment N-formylglycine was
dissolved in NN~-dimethylformamide-~dichloromethane.
(1 : 1) before it was condensed with the p~(NN-diethylamino)
thiophenol in the presence of DCC to give p~(N-formyl-
glycylthio)~NN-diethylaniline (CVI; X58).
E-EtzN.06H4.S.CO.CH2.NH.CHO CVI

Although both the mixed anhydride and the DCC
procedures were attempted for the coupling of N~
methoxycarbonylglycine and 3—(§§-diethylamin3)thiophencl,
neither process gave p-(N-methoxycarbonylglycylthio)-
HN-diethylaniline in crystalline form. However, its
presence in the crude o0ily product was indicated by
the characteristic absorption bands in the infrared

spectrum,

QUANTITATIVE HYDROLYSIS

Ross105

prescribed a standard procedure for the
determination of the extent of hvdrolysis of the
derivatives of nitrogen mustards.

The same standard conditions were employed and the
extent of hydrolysis un three of the thiol mustard

derivatives was determined.
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+ -
CH,. CH,C1 OH, . CH,C1
/ N yd
R—1X RN H,0
NOH. . CH.C1 NeH..CcH.CL T
o+ CHy o+ CHy
CH, . CH,0H //OHQ,OHQOH
HY + R—-N\ —_ Rf—Ng\ . - H,0
-2
CH, . CH,C1 | CH,.CH,C1
CH,, . CH,,OH
gt o+ R——N\
CH, . CH,OH

0.5 m.mole of the chloro mustard derivative (0.25
m.mole in case of trromo mustard derivative) was
dissolved in AnalaR acetone; water was added and the
solution was raised as rapidly as possible to its
boiling point (660) under reflux for 30 minutes. The
solution was then ceoled quickly in ice and the
liberated hydrogen ion determined by the use of
standard N/1O notassium hydroxide employing phenolphtha-

lein as indicator.
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M = p-CgH, .N(CH,.CH,C1),
M! = p-CcH, . N(CH,.CH,Br),

Compound wt. taken | vol. of |vol. of | H'%
(g.) acetone water .
(ml.) (ml.)
M.S.CO.CH.CHZ,CHZ.S.CH 0.2045 25 25
| 3
NH.CHO
M.S.CO,CHZ.,NH,COCH3 0.1730 25 25
M'.S.CO.CH?_,NH,COCH3 0.1096 12.5 12.5 28

Benn gz_g;?o reported a value of 3% for the S-acetyl
derivative, M.S4c, of p-(NN-di-2-chloroethylamino)thiophenol
while a value of 26% was reported by Creighton
EEQQ;TOG for the S-acetyl derivative, M'.SAc, of the

40 for the free

bromo-analogue. The respective values
thiols themselves were reported to be 15 and 70%4. The
closeness oI the present values to those of the acetyl
compounds clearly shows that the deactivatiocn brought
about by linkage of the thiol group to the amino-zcid

residues is about the same as that caused by simple

acetylation,

BIOLOGICAL RESULTS

The following data are the results of the biological
o & Seﬂechon cf The compounds
testsAcarried out in the Department of Biochemical
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Pharmacology of the State University of New York at

Buffalo, under +the direction of Professor J.F. Danielli,

P.R.S.
Code No., Formula of the Drug ID LD TT
mouse rat ED90 50
I.C.202 M'.5.C0.CH,.NHAc 200 150 90 1.7
1.C.20%3 M,S.CO.,CH, . NHAc 51000 90 >90 <1.0
I.0.206 M.S.CO.?H.NH.CHO 1000 ca. 400 200 o
CH,.CH,.S.Me
I.C.208 M.5.C0.CH.NH, COOCH, >1000 >800 >800 1
CH,.Ph
1.C.209 M!.5.CO.CH.NH. COOCH, 480 >400 50 58,0
CH,.Ph
®1.0.211 Ph.S.CH(CHZO.SOQCH3)2 12.5 12 >12 <1.0
®1.0.212 Ph.S.CH,.CH.0.50,CH, 38 35 535 <1.0
CH, . 0.50,CHy

EDhese compounds will be described in Part II of the
thesis,

From the study of the above data, 1.C.209 appears
to be considerably better than I.C.202 or 206.
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d1o7 employed foxr

A brief account of the metho
obtaining the above data is given below.

Male Holtzman rats, weight 160 to 4180 g., were
fed a controlled diet and housed in special cages at
74-76°F. Walker carcinosarcoma 256 was implanted
subcutaneously; on the next day a single intraperitoneal
injection of various dose levels was administered, and
carcinostatic effects of the drugs were assessed.
When the rats were killed, tre tumours were dissected cut
and weighed. The therapeutic index was obtained from

the ratio ID , Where ED90 is the dose corresponding

SO/ED90
to a T/C ratio of 0.1. T/C is the ratio of the mean
weight of treated tumeurs to the mean weight of control

tumours.
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CHAPTER 5

EXPERIMENTAL

Numerals in brackets following sub-headings refer
to page numbers in the original laboratory notebooks.,

All concentrations of solutions were performed
under reduced pressure.

Infrared spectra were run on a Unicam S,.P.200
spectrometer, and ultra violet spectra on a Unicam S5.P.800
instrument. Nuclear magnetic resonance (N.M.R.) spectra
were measured by Mrs. A,I. Boston using a Varian A.60
spectrometer.

Melting points were determined on a Kofler block
and are uncorrected.

In the following text R—(gﬂ—di—2~chlor1ethylamino)
thiophenol will be designated as nitrogen mustard A,
and Em(§ﬂ~di-2-bromoethylamino)thiophenol as nitrogen
mustard B, and their formulae will be abbreviated to
MSH and M'SH respectively.

The nitrogen mustards A and B that were used in
the present investigations were kindly provided by the

Wellcome Foundation. They contained 12.4% and 8.2% of
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thiol~S respectively (estimated volumetrically);

calculated, 12.81% and 9.50%.

NN-Diethyl-p-thiocyanatoaniline. (5,7)

It was prepared from NN-diethylaniline by the
method1o3 described for the NN-dimethyl analogue, and

had b.p. 140-145°/0.5 mn., and n°2*> 1.5932. (113,198
b.p. 138 /1 mm.). Vax (liquid film), 2200 (-SCN),

1365 (=N-) cm™ .

p-(NN-Diethylamino)+thiophenol. (30,32; 36,50,58,71)

It was prepared by two methods.
(2) Zinc dust- HOl method,’0%
NN-Diethyl~p-thiocyanatoaniline was reduced by
zinc dust and aqueous hydrcchloric acid (1 : 1)
essentially as described by Edna M. Montgomery ELJEL.1O4
to give p-(NN-diethylamino)thiophenol as a colourless

0il, b.p. 85-90%0.05 mn., n'$? 1.6010. (11t.%0 b.p.

97-98/0.06 mn., n°Q 1.5942). (Found: thiol-S, 17.61.

Calc. for C NS: thiol-S, 17.74%).

1045
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(b) Tithium aluminium hydride method.
JIN-Diethyl-p-thiocyanatoaniline was reduced
with lithium aluminium hydride by the method described

40 4o give p-(NN-diethylamino)thiophenol

by Benn et al.
as a colourless oil in 83% yield, b.p. 9¢°/0.03 mm., and

106-108°/0.4 mm. v___ in chloroform, 2550 cm' (-SH).
(Found: thiol-S, 17.70. Calc. for C,~H,.NS: thiol-S,

10™15
17,70%) .

DERIVATIVES OF GLYCINE

N-Acetylglycine. (9)

It was prepared from glycine and 95% acetic anhydride
by the method described by Herbst and SheminZ®. It
had m.p. 208-209°, (1lit. 207-2089),.

S=(N-Acetylglycyl)thiophenol. (92)

N-Acetylglycine (0.585 g.) was suspended in
dichloromethane (20 ml.) to which was acdded a solutibn
of thiophenol (0.55 g.) in dichloromethane (15 ml.).

Then a solution ef NN'-dicyclohexylcarbodi-imide (1.1 g.)
in dichloromethane (5 ml.) was added to the mixture

which was then shaken for 16 hours. The precipitated
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urea was filtered off and the clear filtrate treated
with acetic acid (ca. 1 ml.) and left for 3 hours at
room temperature, It was then washed with water

(3 x 15 ml.), dried (MgSO4) and concentrated to give
S-(N-acetylglycyl)thiophenol (0.6 g., 57%) as a white

solid which was recrystallized from benzene-petroleum

(b.p. 40-60°) and had m.p. 99-99,5°, Vpayx. in chloro-

form, 3490 (>NH), 1690-1680 (doublet; ~SAc and -CONH)

em?! (Pound: C, 57.50; H, 5.41; S, 15.26. C, oy 4 NOLS

requires C, 57.39; H, 5.30; S, 15.32%).

p-(N-Acetylelycylthio)-NN-diethylaniline. (39,41,54,67)

It was prepared by two methods.
(a) Ethyl chloroformate (0.99 ml.) was added to an
ice cold solution of N~acetylglycine (1.17 g.) in dry
JN-dimethylformamide (7.5 ml.) and triethylamine
(2.86 ml,) and the mixture was left for 20 minutes in
an ice bath. A cooled solution of p-(NN-diethylamino)
thiophenol (1.81 g.) in NN-dimethylformamide (15 ml.)
was added to this mixed anhydride solution, which was
then left for 4 hours at room temperature and then for

4 days at gg.Qobefore the precipitated triethylamine
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hydrochloride was filtered off. The filtrate was
concentrated to give an 0il which was taken up in chloro-

form and washed with water (3 x 25 ml.), dried (MgSO4)

and concentrated to give a viscous pale yellow 0il which
crystallized on trituration with ether. This p-(N-

acetylglycylthio)-NN-diethylaniline (1.68 g., 61%) was

recrystallized from chloroform-petroleum (b.p. 40-60°)

(nujol), 3325 (>NH),
1

o)
and had m.p. 99-100", Vinax.
1690 (>C0) and 1680 (~CONH) cm.
H, 6.98; S, 11.70. C14H20N 0,5 requires C, 59.96;

272
H, 7.19; S, 11.43%).

(FPound: C, 60.39;

(b) N-Acetylglycine (0.585 g.) was suspended in
dichloromethane (20 ml.) to which was added a dichloro-
methane solution (15 ml.) of NN-diethyl-p~aminothiophenol
(0.905 g.), followed by a solution of NN'-dicyclohexyl-
carbodi-imide (1.71g.) in dichloromethane (5 ml.). The
mixture was shaken for 16 hours; filtered and the
filtrate was treated with acetic acid (0.5 ml.).

After 2 hours it was washed with water (3 x 15 ml.),

dried (Na2804) and concentrated to give p-~(N-acetylgly-

cylthio)-NN-diethylaniline, which was recrystallized
from chloroform-petroleum (b.p.40-60° (0.55 g., 42%)
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and had m.p. 100-101°, v (nujecl), 3325 (ONH), 1690

max.
(>C0) and 1680 (-CONH) cm>! (Pound: C, 59.66; H, 7.24;
S, 11.76. ‘014H20N202$ requires C, 59.96; H, 7.19;

S, 11.43%).

p—(NN-Di~-2~chloroethylamino)phenyl (acetamido)thiolacetate.
(110)

To a suspension of N-acetyiglycine (0.585 g.) in
dichloromethane (20 ml.) was added a dichloromethane
solution (45 ml.) of the nitrogen mustard A (1.25 g.)
followed\by a solution of NN'-dicyclohexylcarbodi-imide
(1.24 g.) in dichloromethane (5 ml.). After shaking
for. 16 hours, it was worked up as described above to

give p-~(NN-di~2-chloroethylamino)phenyl (acetamido)thiol-

acetate (1.44 g., 80%) which was recrystallized from
benzene-petroleum (b.p. 40-60°) and had m.p. 119-420°,

Vmax. (nujol), 3325 (>NH), 1700 (>C0) and 1645 (~CONH)

-1 . ] 3
cm, (Found: C, 48.56; H, 5.07; C1, 20.26. C14H18012N2028

requires C, 48.14; H, 5.19; Cl, 20.30%).
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p=(NN-Di-2-bromoethylamino)phenyl (acetamido)thiolacetate
(124,136)

N-Acetylglycine (1.17 g.) was suspended in dichlcro~
methane (40 ml.). To this suspension was added a
solution of nitrogen mustard B (3.39 g.) in dichloro-
methane (30 ml.), and then a solution of Eﬂ'—dicyclohex&l—
carbodi-imide (2.5 g.) in dichloromethane (10 ml.).
Shaking for 16 hours and then working up as usual gave

a yellow oil which crystallized as p-(NN-di-2-bromo-

ethylamino)phenyl (acetamido)thiolacetate on trituration

with ether. It was recrystallized from benzene-
petroleum (b.p. 4C-60°) and had m.p. 125-127° (1.66 g.,

38%) . Viax. (nujol), 3300 (>NH), 1685 (>C0) and 1645

1

(-CONH) cm. (Found: ¢, 38.90; H, 4.18; Br, 36.46.

C, 4H,gBroN,0,8 requires C, 38.37; H, 4.14; Br, 36.48%).

N-Formylglyvcine. (14)

This was prepared by the action of 88% formic acid

and acetic anhydride on glycine following the general

81

procedure described by Sheehan and Yang It had

m.p. 154% (1it. m.p. 1609
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S—(N-Formylelyevl)thiophenol. (96)

A solution of thiophenol (0.55 g.) in dichloromethane
(15 ml.) was added to a suspension of N-formylglycine
(0.515 g.) in dichloromethane (20 ml.), followed by
NN'-dicyclohexylcarbodi-imide (1.3 g.) in dichloro-
methane (5 ml.). The mixture was shaken for 16 hours

and then worked up as usual to give S-(N-formvlglvcyl)-

thiophenol (0.76 g., 78%). It was recrystallized from

0
chloroform~petroleum (b.p. 40-600) and had m.p. 105-106
Vmax, int chloroform, 3450 (>NH), 1700-1688 (>C0; ~CONH)

em.~1  (Found: ¢, 55.29; H, 4.79; S, 16.62. CqHgNO,S

requires C, 55.36; H, 4.65; S5, 16,42%),

p-(N-Formylgiyeylthio)-NN-diethylaniline., (45,60,74,81,89)

J-Formylglycine (0.515 g.) was dissolved in NN-
dimethylformamide-dichloromethane (20 ml., 1 : 1) to
which was added a solution (40 ml.) of p-{(NN-diethylamino)
thiophenol (0.905 g.), using the same solvents in the
same proportions. To this mixture was added NN'-
dicyclohexylcarbodi-imide (1.3 g.) and the solution

shaken for 16% hours at 180. The precipitate was

filtered off, and the filtrate treated with acetic acid
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(0.5 ml.) and left for 2 hours at 18°. The precipitate,
formed again, was filtered off, and the filtrate
concentrated to give an 0il which was dissolved in
chloroform, washed gquickly with water (3 x 10 ml.),

dried (MgSO4) and concentrated to give an o0il which

crystallized out as p-(N-formylelycylthio)~-NN~diethyl-

aniline (0.83 g., 63%) on trituration with petroleum
(b.p. 40-60°). It was recrystallized fror. chloroform-

petroleum and had m.p. 108°. Vhax, in chloroform, 3475

(>NH), 1690 (>CO, -CHO) cmT'| (Found: C, 5£.87; H, 6.91;
S, 11.71. C13H18N2028 requires C, 58.62; H, 6.81;

S, 12.04%).

0-(iN-Di-2-chloroethylamino)phenyl Formamido)thiolacetate.
(114,153)

N-Formylglycine (1.03 g.) was suspended in
dichloromethane (40 ml.) to which was added a solutioh
of nitrogen mustard A (2.5 g.) in dichloromethane (30 ml.)
followed by a solution (10 ml.) of NN'-dicyclohexyl-
carbodi-imide (2.65 g.) in dichloromethane. The
mixture was shaken for 16 hours and then worked up as

usual to give a light yellow oil which crystallized out
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as p~(NN=-di-2-chloroethylamino)phenyl (formamido)thiol-

acetate (2.7 g., 80%) on trituration with benzene-

petroleum (b.p. 40-60°), and nad m.p. 92-94. Vnax.,

chloroform, 3320 (>NH), 1700 (>C0, -CHO), 16€0 (-CONH)
om.! (Pound: C, 46.97; H, 5.02; C1, 21.13. O,H, C1,N,0,8

requires C, 46.57; H, 4.81; Cl, 21.15%).

Attempted Prepsration of p~(liN-~di-2-bromoethylamino)

phenyl (formamido)thiolacetate. (128,131,140,155,156)

(a) N-Formylglycine (0.515 g.) was dissolved in }FN-
dimethylformamide~dichloromethane (20 ml,, 1 : 1) %o
which was added a solution (410 ml.) of the nitrogen
mustard B (1.695 g.) followed by a solution (5 ml.) of
IN'-dicyclohexylcarbodi~-imide (1.3 g.) using the same
solvents in the same proportions. The mixture was shaken
for 14 hours at 22° and then worked up to give a viscous
yellow o1l which could not be induced to crystallize.
Vpay, in chloroform, 3450 (>NH), 1690 (>CO, -CONE) cm?’

(Pound: Br, 40.36. 013H16Br2N2023 requires Br, 37.68%).

(b) p-(¥N-Di-2-chloroethylamino)phenyl (formamido)-
thiolacetate (0.49g.), prepared by the method described
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before, was dissolved in isobutyl methyl ketone (6 ml.).
To this solution was added lithium bromide (0.675 g.)

and the mixture refluxed for 1% hours. It was then

diluted with chloroform (25 ml.); washed quickly
with ice water (3 x 25 ml.); dried (MgSO4) and

concentrated to give a yellow oil which could not be

induced to crystallize. in chloroform, 3450

\Y
max.

(>NH), 1690 (>30; —-CONH) cm?

(c¢) N-Formylglycine (0.515 g.) was dissolved in dry
NN-dimethylformemide (5 ml,) and triethylamine
(1.43 ml.). The solution was cooled to 4° and ethyl
chloroformate (0.5 ml,) was added. After 20 minutes,
a cooled solution (7.5 ml.) of nitrogen mustard B
(1.695 g.) in NN-dimethylformamide was added to the
mixture, whicn was stirred for one hour and then left
at ca. %% for 24 hours. The precipitated triethyl-
amine hydrochloride was filtered off and concentrated
to give an o0il which was taken up in chloroform
(25 ml.), washed quickly with ice water (4 x 20 ml.),

dried (MgSO4) and concentrated to give a pale yellow

oil. v .. in chloroform, 3450 (>NH), 1685 with
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shoulder at 1670 (>CO, ~CONH) em’ ]

N--Methoxycarbonylelycine., (17)

It was prepared by the action of methyl chloroformate
on a mixture of glycine and aqueous sodium carbonate,
according to the method described by Leuchs?7

It was recrystallized from ether-petroleum (b.p. 60-80°)

and had m.p. 94-95° (1it. 95-96°). Vmax. B

chloroform 3450 (>NH), 2950-2500 (a group of bands,

—COCH), 1755-1690 (—-COOE, —CONH, —~COOMe) cm |

S—(N-Methoxyecarbonyleglyeyl)thiophenol., (100)

To a suspension of N-methoxycarbonylglycine
(0.665 g.) in dichloromethane (20 ml.) was added
a solution (1% ml.) of thiophenol (0.55 g.) in

dichlorcmethane followed by

(continued on page 80)
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a solution of NN'-dicyclohexylcarbodi-imide (1.3 g.)
in dichloromethane (5 ml.). The mixture was shaken
for 16 hours and then treated as described earlier to

give S—(N-methoxycarbonylelveyl)thiophenol (0.83 g.,

74%)., It was recrystallized from benzene-petroleum

{(b.p. 40»600) and had m.p. 78-79°. Vogy, B chloroform,

3500 (>NH), 1730-1710 (>CO, —-COOMe) cmT' (Found:C,
53.14; H, 4.92; S, 14.44, C1OH11NOBS requires C, 53.32;
H, 4.92; S, 14.23%%).

Attempted preparation of p—{N-~methoxycarbonylglycylthio)-

NN-diethylaniline., (61,78,85)

(a) To a cooled solution of N-methoxycarbonylglycine
(0.665 g.) in dry NN~dimethylformamide (5 ml.) and
triethylamine (1.43 ml.), was added ethyl chloroformate
(0.5 mi.). After 20 minutes a cold solution (7.5.ml.)
of p-(NN-diethylamino)thiophenol (0.91 g.) in
NN-dimethylformamide was added to the mixture which was
kept stirred at ca. o° for 4 hours and then stored in
the refrigerator ror 48 hours. On treating the mixture
by the usual method a yellow oil was obtained which

in

could not be induced to crystallize. Vimax

chloroform, 3490 (>NH), 1750-1740, and 1670 (>C0, -CONH,
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~-C00Me) em?? '
(b) N-Methoxycarbonylglycine (0.665 g.) was dissolved
in NN-dimethylformamide~-dichloromethane (15 ml., 1 : 1).
To this solution was added a dicnloromethane solution
(20 ml.) of p~(NN-diethylamino)thiophenocl (0.897 g.)
followed by a solution of NN'-dicyclohexylcarbodi-imide
(1.1 g.) in dichloromethane (5 ml.). The mixture was
shaken for 16% hours at the end of which it was worked
up as usuval to give a pale yellow oil, whizh could not
be crystallized. v ) (1iquid film), 3390 (>NH), 1730-

max

1650 (>C0, ~CONH, -CO0Me) cm’

p=(NN-Di-2-chloroethylamino)phenyl (methoxycarbonylamino)

thiolacetate. (118)

To a susrension of N-methoxycarbonylglycine (0.665 g.)
in dichloromethane (20 ml.), was added a dichloromethane
solution (15 ml.) of nitrogen mustard A (1.25 g.),
followed by NN'-dicyclohexylcarbodi-imide (4.3 g.) in
dichloromethane (5, ml.). Shaking of the mixture for
48 hours and then working it up as described previously
afforded a viscous pale yellow oil, which, on trituration

with ether gave crystalline p-(NN-di-2-chloroethylaming)w
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phenyvl (methoxycarbonylamino)thiolacetate. It was

recrystallized from benzene-petroleum (b.p. 40—66’)

(0.5 g., 35%) and had m.p. 92-93°, Vmax. (nujol mull),
1

3375 (>NH), 1710 and 1698 (>CO, —CONH, ~COOMe) cm.,
(Found: C, 46.15; H, 5.05; Cl, 19.66, 014H18012N203S

requires G, 46,03; H, 4.97; Cl, 19.42%),

Attempted preparation of p-—{NN-di-2-bromoethylamino)-

phenyl (methoxycarbonylamino)thiolacetate. (133)

The condensation of N-methoxycarbonylglycine
(0.665 g.), with the nitrogen mustard B (1.685 g.) in
the presence of NN'~dicyclohexylcarbodi~imide (4.3 g.),
using dichloromethane as solvent according to the
method described before, gave a viscous yellow oil,

which could not be induced to crystallize. Vinax

(liquid film), 3350 (>NH) 1720-1680 (>C0, ~CONH, -COOMe)

cm.,

DERIVATIVES OF DL-PHENYLALANINE

N-Acetyl~DL-phenylalanine. (158)

It was prepared in 92.5% yield by the action
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of acetic anhydride on a suspension of Dl-~phenylalanine
in 25% acetic acid, essentially by the procedure
described in the literature?8 It was recrystallized
from hot water and had m.p. 147-148° (lit. m.p. 148°).

Vinox (nujol mull), 3375 (>NH), 2700-2300 (a group of

bands, -COOH), 1700 and 1620 (>CO, ~CONH)cm? '

p={NN-Di-2-chleoroethylamino)phenyl 2-acetylamino-—3—

(phenvyl)thiolpropionate. (160)

A solution of N-acetyl-DL-phenylalanine (1.04 g.)
was prepared in dry NN-dimethylformamide-~dichloromethane
(15 ml., 1 : 1), to which was added a solution (40 ml.)
of the nitrogen mustard A (1.25 g.) followed by a
solution (5 ml,) of NN'-dicyclohexylcarbodi-imide (1.3 g.)
using the same solvents in the same proportions. The
mixture, after having been shaken at 20° for 16 hours,
was worked up as described earlier to give a yellow oil,
which, on treatment with acetone-petroleum (b.p. 40-6CF)

crystallized out as p=(NN-di-2-chloroethylamino)phenyl

2-acetamido-3-(phenyl)thiolpropionate (0.682 g., 32%),

It was recrystallized from benzene-petroleum (b.p. 40-66’)

and had m.p.133.5-134.0°% v_ (nujol mull), 3325 (>NH),

axX.

1700 and 1650 (>C0, -CONH) . (Found: C, 57.63; H, 5,44;
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Cl, 16.14. 021H24012N2028 requires C, 57.40; H, 5.51;
Cl, 16.14%).

Attempted preparation ofAp4NN~di-2—bromoethylamino)phenyl

O—acetamido-3—(phenvl)thiolpropionate. (164)

The preparation was attempted by the method
described above for the chloro analogue., The
resulting yellow oil could not be induced to crystallize.

in chloroform, 3450 (>NH), 1820 and 1685 (>CO,
1

Vmax,
-Ac, ~-CONH) cm.

N~Formyl-DL-phenylalnine., (166,168)

(a) It was prepared from DL~phenylalanine, 90% formic
acid and acetic anhydride according to the method described
by du Vigneaud and Meyer99 in 87% yield and had m.p. 171.5-

172,59 (11t97 91%; m.p. 168-16°). v___  (nujol mull),

3275 (>NH), 2800-2400 (a group of bands, ~COOH), 1740
(-CHO), 1620 (-CONH) cm?

(p) N-Formyl-DIL-phenylalanine was also prepared by the
action of 90% formic acid on DL-phenylalanine at reflux
temperature according to the method described by Overby

and Ingersoll!oo It was recrystallized from hot water
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and had m.,p. 170-171° (1it100 MePe 165~1660).

Attempted preparation of p-—(NN-di-2-chloroethylamino)phenyl

2-formamido~3~(phenyl)thiolpropionate. (170)

To a solution (15 ml.) of N-formyl-DL-phenylalanine
(0.965 g.) in dry NN~dimethylformamide-dichloromethane
(1 + 1), was added a solution (10 ml.) of the nitrogen
mustard A (1.25 g.), followed by a solution (5 ml.) of
NN!~-dicyclohexylcarbodi-imide (1.4 g.) using the same
solvents taken in the same proportions. The mixture was
shaken for 16 hours and then treated as described
previously to give a yellow o0il which could not be

crystallized. in chloroform, 3450 (>NH), 1700~

Vmax,
1680 (>C0, ~CONH) cmT!

p-{(NN-Di-~2-bromoethylamino ) phenyl 2-formamido-3-(phenyl )~

thiolpropionate. (173)

N-Formyl-DL-phenylalanine (0.965 g.) was dissolved
in dry NN-dimethylformamide-dichloromethane (18 ml.,
1 ¢ 2). To this solution was added a solution (18 ml.)
of the nitrogen mustard B (1.695 g.) and then a solution
(4.5 ml.) of NN'-dicyclohexylcarbodi-imide (1.3 g.)

using the same solvents in the same proportions. The
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mixture was shaken for 16 hours and treated in the
usual way to produce an oil which at first could not
be induced to crystallize, but when a solution in
dichloromethane was passed through a layer of
decolorising charcoal and the filtrate treated with

petroleum (b.p. 40-60°), cooled with acetone-CO,, and

the sides of thz contairer scratched with a glass rod,

p-(WN~-di-2~bromoethylamino)phenyl 2-formamido-3~(phenyl)-

thiolpropionate (0.69 g., 27%) crystallized out. It

was recrystallized from benzene-petroleum (b.p.40-60°)

and had m.p. 147-%49°. Yoy, 1B chloroform, 3450 (>NH)

1690 (>C0) cm;! (Found: C, 46.70; H, 4.31; S, 6.23.
CoglooBrolN,0,8 requires C, 46.62; H, 4.21; S, 6.34%).

N-Methoxycarbonyl-DL-phenylalanine., (4176)

A mixture of DL-phenylalanine (40 g.), N sodium
hydroxide (60 ml.), methyl chloroformate (6 ml.) and
agueous sodium carbonate (3.2 g.) was treated in the
same way as described by Petri and Stavermanjo1 The
product, a viscous colourless oil (I/.5 g., 85 %) (1it.
77.5%), was left at room temperature when after 3 months

20 days it crystallized out as a white mass and had m.p.
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102

75—~76° « Chibnall and Spahr also reported that the

0il solidified on standing at room temperature. Vnax

in chloroform, 3450 (>NH), 2800-2400 (a group of bands,

—COOH), 1740-1690 (>C0, -CONH, —-COOMe) cm '

p={NN-Di-2-chlorcethylamino)phenyl 2-methoxycarbonylamino-

3~ (phenyl)thiolpropionate. (179)

To a solution of N-methoxycarbonyl-DL~phenylalanine
(1.115 g.) in dichloromethane (10 ml.), was added a solu-
tion (410 ml.) of the nitrogen mustard A (1.25 g.) and
then a solution (5 ml.) of NN'-dicyclohexylcarbodi-imide
(1.3 g.) using dichloromethane as a solvent in both
cases. After shaking the mixture for 16 hours, it
was treated in the usual manner to give a glass, which
crystallized out with dickloromethane~pztroleum (b.p.

%30-40°) to give p—(NN~di-2-chloroethylamino)phenyl

2-methoxycarbonylamino-3-(phenyl)thiolpropionate (1.27 F- 3

56%). It was recrystallized from dichlcromethane-

petroleum (b.p. 30-40°) and had m.p. 132-4133°. Viax., i

chloroform, 3450 (>NH), 41720-4700 (a doublet, >CO, -CONH,
~C0O0Me) cm?! (Found: C, 55.38; H,5.76; Cl, 15.92.
Coy 24012N o3s requires C, 55,38; H, 5.31; Cl1, 15.57%).
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p-(N~Di-2-bromoethylamine)phenyl 2-methoxycarbonylamino-—

3. (phenyl)thiolpropionate. (182)

EuMethéxycarbonyl-DL—phenylalanine (1.115 g.) was
dissolved in dry NN-dimethylformamide-dichloromethane
(10 ml., 41:1) to which was added a solution (15 ml.)
of the nitrogen mustard B (1.695 g.) followed by a
solution (5 ml.) of NN'-dicyclohexylcarbodi-imide (1.3 g.)
using the same sclvents in the same proportions. The
mixture was stirred for 16 hours and the usual procedure
was followed for its work-up te give a pale yellow oil
which crystallized when treated with dichloromethane-

petroleun (b.p. 30-40°) te form p-~(NN-di-2-bromoethylamino)-

phenyl 2-methoxycarbonylamino-3-(phenyl)thiolpropionate
(2.5 g., 92%) and had m.p. 136-137°. (Found: C, 46.36;
H, 4.69. 0Oy H,,Br,N,058 requires C, 46.33; H, 4.44%).

DERIVATIVES OF DIL-METHTIONINE

N-Formyl-DL-methionine, (239)

It was prepared from DL-methionine (7.45 g.), 88%
formic acid (125 ml.) and acetic anhydride (42.5 ml.)
at ca.60° according to the method of Sheehan and Yang®!

in 75% yield (after two crystallizations) and had m.p.
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103~104°,  (1it.103-104°),

p~{NN-Di-2-chlorcethylamino)phenyl 2-formamido-4—(methyl-

thio)thiolbutyrate. (144,150,242)

N-Formyl-DL-methionine (0.885 g.) was dissolved in
dry NN-dimethylformamide-dichloromethane (15 ml., 1 : 1)
to which was added a solution (410 ml.) of the nitrogen
mustard A (1.25 g.) followed by a solution (5 ml.) of
NN!'-dicyclohexylcarbodi-imide (1.28 g.) using the same
solvents in the same proportions. The mixture was shaken
at 229 for 14 hours. The usual treatment of the mixture
produced a yellow o0il which crystallized out when
treated with acetone-petroleum (b.p.40-60°) to give
p~(WN-di-2-chloroethylamino)phenyl 2-formamido-4-(methyl-

thio)thiolbutyrate (0.7 g., 35%). It was recrystallized

from benzene-netroleum (b.p.40-60°) and had m.p. 96-97.5°.

Vpax, (nujol mull), 3340 (>NH), 1690 (>CO), 1660 (-CONH)

em>!  (Found: ©, 46.91; H, 5.30; C1, 17.57. G, gHppCL,N,50,5,

requires C, 46.94; H, 5.42; €1, 17.32%).



- 90 -

Attempted preparation of p-(NN-di-2-bromoethylamino)phenyl

2-formamido~4-(methylthio)thiolbutyrate. (148,152)

To a solution of N-formyl-DL-methionine (0,885 g.)
in dry NN-dimethylformamide-dichloromethane (15 m1., 1 : 1),
was added a solution (15 ml.) of the nitrogen mustard
B (1.695 g.), followed Ly a solution (5 ml,) of NN!-
dicyclohexylcarbodi-imide (1.3 g.) using the same solvents
in the same proportions. The mixture was shaken for 14
hours and treated as above to give a yellow oil which

could not be crystallized, Vipax. in chloroform, 3450

(>FH), 1775 and 1690 (>CO, -CONH) cm?’
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SULPHUR MUSTARDS
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CHAPTER I

INTRODUCTORY REVIEW

SULPHONIUM INTERMEDIATES AND MOLECULAR

REARRANGEMENTS

In part I, the nitrogen wustards and their
derivatives, which were designed to exhibit cytotoxic
activity, have been described. It has beeg seen that
in the so-called nitrogen mustards of the type (I), the
reactivity can be varied by structural modifications in
the benzene ring, thus affecting the chemical reactivity
of the halogen atoms and the biological activity of the
compound. The structural requirements for activity in

\\ //CHZ.CHZCI
7/ N 1

pm— \\CHZ.CH Cl

2
the nitrogen mustards suggested that two alkylating

groupings, capable of reacting with functional centres
of biological systems, were required for the compounds
to be effective as cytotoxic agents. The vesicant War

Gas, BB'-dichlorodiethyl sulphide (Mustard Gas) (II),
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also is cytotoxic and although prior to 1939 it was not
regarded as particularly reactive under physiological
conditions, work done since that time has shown that
it is capable of direct reaction with many functional
groups.,

As sulphur is divalent in the mustard gas (II),
it cannot carry an additional phenyl substituent, and
hence its structure cannot be modified as is possible
with the nitrogen-mustard (I). But because the reactivity
of the nitrogen- and sulphur- mustards is associated with
the fact that the halogen atoms are in the B-position vo
a nitrogen or sulphur atom, a structure (III) would

allow the usual variables to be made in the benzene ring.

CH,X
//GHZ‘CHZCl ,/ 2
5 -3 -=CH
AN \
CHZ.CHECl CHZX
II JIT

Since structure (III) might undergo rearrangement
under the influence of certain nucleophiles, it will be
relevant first to consider the formation uf sulphonium
ions and their subsequent molecular rearrangements.

The remarkable chemical reactivity of pﬁ'-dichloro-
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diethyl sulphide must be attributed to the influence of
the sulphur atom upon the two chlorine atoms. A high
degree of reactivity is generally shown by the chlorine
atoms in compounds of the general formula R.S.CHZ.CHZCI.
The chlorine in the isomeric «aa'-dichlorodiethyl
sulphide is also in a reactive condition. Yyy'-Dichloro-
dipropyl sulphide is decidedly less reactive than
BR'—dichlorodiethyl sulphide and B8'~-dichlorodipropyl
sulphidef The high reactivity of chlorine in the a-
and B- positions was originally attributed to a

general polar effect of the sulphur atom, which by
repelling electrons increased the negative charge on
the chlorine atoms, the effect being greater in the

a- than in the p- position owing %o the smaller

distance of chlorine from sulphur in the former case?

ClCH2.S CHZCl
+_
(._...
ClCHZ. S CHQ.CHQCI

This simple type of inductive effect is no
longer considered adequate %0 explain the high
reactivity of such compounds.

As a result of their studies on the hydrolysis

3

of mustard gas, Price and Wskefield” postulated a
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cyclic ethylenesulphonium salt (IV) as an intermediate.

‘(””“:+ +/,CH2
R.S.CH2.0H2 3 R.5
CH2
v Iv

It appeared4 that this intermediate must be the result
of the stabilization of the carbonium ion (V) initially
formed. Thus it was considered that the formation of
the ion precedes cyclization. On the basis of this
primary ionigzation to yield a carbonium ion, it is
certainly possible to interpret the reactions of
mustard gas, but more recent work has led to a modified
mechanism,

The ability of certain sulphur moieties to
participate as neighbouring groups has heen ably

5 in a kinetic study

demonstrated by Bartlett and Swain
of the hydrolysis of mustard gas and 'mustard chloro-
hydrint, It was recognized that the ethylenesulpihonium
ion (IV) offered an attractive explanatinn of the first
order displacement reactions of mistard gas (II), but
these authors attributed the rapid solvolysis of
mustard gas to the fact that the »eighbouring sulphur

accelerates the ionization of the carbon-chlorine hond

by direct participasion as an internal displacing
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reagent, as shown in (VI). The three membered ring

sulphonium intermediate (VII) is highly susceptible6
e CH
GlCHZ.GHZ.?. S 2 _
GHQ——CHQ 5 ClGHZ.CHZ.S Cl
Ci CH2
M01 "
Vi VIii
s
,/CHZ
C1CH,. CH,.S |
e
Y

to nucleophilic attack. Reaction occurs rapidly with any
available nuclecphilic species Y . The reagent Y may
attack7 the sulphonium ion at either of the ring
carbon atoms, and if an agueous medium is used, water6
can act as nucleophilic agent.

This concept of an intermediate cyclic sulphonium

ion has been appliel in many other cases. The

extremely rapid hydrolysis of C1CH,.CH,.SE% (VIIT)

in contrast to C1CH,.CH,..OEt (IX) under the same

2° 772
conditions is thoughtto be due to the rate~determining
formation of a cycli: sulphonium salt (X), which being

highly strained undergoes extremely ready and rapid
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hydrolysis®
.f—\\\ﬁq /y + -
EtS ;~CH2——Cl rate— . BtS CH2 Cl
N g determining AN
CH2 CH2

VIII ‘ X H2O

very rapid
EtS H,-OH
2
\‘CHQ"""D +HY

The oxygen in the ether (IX) veing more electronegative,
does not part with its unshared electrons so readily as
sulphur, hence no cyclic salt is formed and the chlorine
undergoes hydrolysis by a normal displacement reaction.
The hydrolysis of similar compounds containing nitrogen
proceeds less rapidly than that of the sulphur compounds,
reflecting the greater stability of the cyclic nitrogen-,

as compared with the cyclic sulphur-~ intermediates.

! r ! _
Me é*\\\‘*BCHZ-Cl rate~ Me N ——wswsm OH cl
N >t > Me, \\CH‘//Q 2
2

CH2 determining”

I OHT
v rapid

Mezﬁ CH,,-OH
L
CH,

The reaction® of either 2-ethylthio=1~propanol. (XI)
or 1-ethylthio-2~propanol (XII) with hydrochloric acid
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or thionyl chloride yields the same product, 2-chloro-
n-propyl ethyl sulphide (XIII). The rearrangement of
the isopropyl to the n-propyl structure is readily

explained by the suggestion that nucleophilic replacement
CH

3
CZHS.S.EH.CHZOH
XI \ o
e CZHS.S.CHZ.CH.CH3
9H /// XITT
CZHS.S.CHZ.CH.CH3
XIT

reactions in p-thioalkyl radicals may occur through a

cyclic sulphonium intermediate (XIV). The formation

/CH.CH3
rs’ |
HOCH,, \\ & /TH.CH3
HOCH,CH —> \C
RS 3
\C’}H T XIV
2
l +C1”
a1
R.S.CHZ.C'!H.CHB

of (XIII) requires attack by a chloride ion at the
secondary carbon atom in preference to the primary.

These results can be compared with those obtained

“a,

5
£
e
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on a comparable nitrogen—mustardjo Basgic hydrolysis of
1-diethylamino-2-chloropropane (XV) yields 2-diethylamino-

1~propanol (XVII), and the neutral hydrolysis of
(a)
//N.CH2.CHCl.CH

3 —— o \\
CoHs C Hs CH.CHy
XV (b)

N.CH.CH20H

XVII
2-dibenzylamino=-1-chlnrobutane (XVIII) yields +-dibenzyl-

amino-2-butanol (XX). Both reactions undoubtedly proceed11

(a)

Oglis-CH, iyl OgHs CHy O,
N.CH.CH,CL //N\\
Cefge CHy CgHg . CHy CH.C,H,
XVIII XIX (6)
leo
C6H5.GH2\ " o
W.CH, . CH. CpH,

C6H50h2 i
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through the same analogous intermediate (XVI or XIX)
which reacts with hydroxide ion at (a) but with

water at (b).

12 studied the

More }ecently, Havlik and Kharasch
acetolysis of diastereoisomeric compounds of the type
(XXI) and (XXII) and concluded that this must involve
a cyclic sulphonium ion (XXIII) as an intermediate so
as to account for the formation of identical racemic

mixtures from each stereoisomer.

C1 HyC._ _H clL HBC\\ ,/H
/C\\ ‘ and /C:::‘*’""|
H0 H SAT H CH; SAr
XXI XXII
o =
Ar
é* Ars H.C H
HOAc+ /h\bxc//H C1™ 3" Ngr
2Z : +01”
/C\ /ﬂ\.
HyC H HyC H OAc
XXITI

Rothstein'? claimed to have prepared oo-bis(ethylthio'w
prop-2~ene (XXIV) from By-dibromo-ao~bis(ethylthio)propane
(XXV). A re-examination of the structure (XXIV) revealed'?
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¥ ) .
Br--—CHZ.T‘H,CH(S.CZHS)2 zinc dust,
:iBr XXV CH2 = CH.CH(S.C2H5)2
B XXIV

that the product was actually 1,3-bis(ethylmercapto)-
prop-i~ene (XXVI). The following mechanism was

C2H5.S.CH2.CH = CH.S.02H5 XXVI

proposed14 to account for the migration of one ethyl-
mercapto group, which involves the formation of an
ethylenesulphonium intermediate.

Br.CH CH.CH(S.02H5)2~——-—-—->BI'.CH CH—CH.S.C,H

2'l < 2'\\§/ ) 275
Br Br
Ls,

'3
\ ' D —— )
+

£ 5
S BrBr S.C2H5 r

d
I

25
CH.CH,S.C

C H5.S.CH2.I 1 5

o H Zn, C I S.CHZ.CH = CH,8.C,H

5 ey U250 275
Br Br XXVI
Rothstein and Whiteley15;pr0posed the formation of

ketenemercaptals (XXVIi) after a spontaneous elimination

of hydrogen halide from a-halemercaptals. But there is
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a greater probability that such elimination reactions
lead directly to the formation of 1,2-bis-(alkylmercapto)-
ethylenes (XXIX) by molecular rearrangement involving a

sulphonium intermediate’? (XXVIII).
> R.CH = C(S.C,Hg),

. XXVII
R.?H.CH(S.02H5)2 ]

Br
-——~—5R.CH~—-—CH.S.C2H5

-+ .
? Br XXVIII
$2H5
R.? — ?H
? ? XXIX
C g CoHs

Parham and Heberling16 described a syﬁthesis of
the aldehyde (XXX) by a route which provides convincing
evidence that molecular rearrangement, involving sul.phonium
intermediates, occurred during the reaction of (XXXII)
with pyridine.

Bordwell and Pitt17 prepared phenyl chloromethyl
sulphide (XIXV), by the action of thionyl chloride on
phenyl methyl sulphoxide and one of the intermediates
in their precposed mechanism was a chlorosulphonium

chloride (XXXVQ.
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+
(02H5O)20H.CH.CH(OCZH5)2 + 206H5SH H_

Br
XXXT
(C,Hg0) ,CH, CH. CH(S . C.Hy) 5
Br XXXIT
5. CgHs ?6H5
(C,H50) ,0H.C = CH.S.CgHy pyridine st Br
XXXIV
1H o (C,H0) ,CH.HC CH.S.CgH,
3
XXXIII
06H5.S.? = CH.S.CH,
CHO XXX
* +S0C1 B i
06H5.?.CH;] 2 C6H5.?.CH3 i
o ? c1
0=28 = 0C1 -l
<3 " o T .-
06H5.T.OH2 (—HCL 06H5.|§.0H3 o1 + so,
Cl c1
CoHs - §<——0H2 XXXVI
+

XXV
Finally it may be mentioned that acyclic sulphonium

salts are also of biological interest. The physiological
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effects of mustard gas are the conseguence of chemical
processes which the agent initiates by its reaction with
body constituents. The reactions given below indicate
the importance of sulphonium salts as intermediates when

mustard gas i1s hydrolysed in the presence of moderate

quantities of water18.
CH2.0H201 CH2.0H201 CH2.CH20H
H,O H,0
S 2 S S 2 s S
\\CH CH,C1 \\CH CH,OH \\CH CH, OH
2' 72 2°72 2° 72
™
+ TG
(i.e. thiodaiglycol)
+ TG +H20
o1 H2.CH20H o1 CHQ.CHQOH
CH,.CH.,.5 120 H,.CH,.S
20 2! \ /C 21 2.
S CHQ.CHQOH S CHQ.CHZOH
CHQ.CHQCI QHQ.CHZOH
l+ TG /HQO
QE:,/CH2‘0H2OH
//QHQ.CHQ.S

CH2.CH20H
\\\ ////CHQ.CHQOH

CH CH2.§\:\
Cl CH2.CH20H

XXXVITI
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The formation of sulphonium salts during the
hydrolysis of mustard gas is of physiological as well
as chemical interest, since these salts possess a
relatively great toxicity ©. The toxicity of (XXXVII)
is destroyed only when its solubtion is heated at 100°
for 1-2 hours. It is established that the tendency to
form sulphonium salts is much greater with the group
S,

HO.CH2.CHQS—~ than it is with the group C1CH,.CH

272

Stein and Moore19 reported in 1946 the first
example of transthiomethylation or methylmercapto
migration, It was found that mustard gas reacts with
methionine~sulphur more readily than it does with
either the amins or carvoxyl groups. From ene mole~ule
of mustard gas and two molecules ol methionine, on
treatment in 0,34 N hydrochloric acid, the sulphonium
base (XXXVIII) has been isclated by formation of its
crystalline azobenzene sulphonate, which is analogous
in structure to the sulphonium salt (XXXVII).

CH NH

2
CH,COOH

5
CH2.CH2,§.CH2.CH2.
S XXXVIII

CH,.CH.COOH

2',
NH

CH2.CH2.$.CH2.
CH

3 2
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This is interesting since methionine is a protein
constituent and plays an important role in biological
transmethylation reactions. It is also well established
that ATP plays an essential role in the transmethylation

reactions which utilize methionine as the methyl donorgo.

Many other examples can be found in the ILi‘cerza.ture'21
where the formatien ef suibhonium intermediates has been
postulated to account for the products obtained during
the reactions concerned, but these do not differ in

principle from those discussed above.
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CHAPTER 2

Discussion

It has been stated in the preceding chapter that
compounds with structure (III) might exhibit cytotoxic
activity, and also allow structural modifications to be
made by substitution in the benzene ring. Hence a
research programme was undertaken which involved synthetic
and reactivity studies of compounds cf the type (III).

An essential stage of this programme was the synthesis

of 2-(phenylthio)propane-1,3-diol (XXXIX).

CH2.X CH2OH

/ \ -—-S.CH\ Pr.s5.CH
CH2.X CH2OH
ITT XXXTX

While attempting to prepare the sulphur mustard
(XIL), it was found convenient to synthesise the
dimethanesulphonate decivative (ILI) and it was
expected that this might act as an alkylating agent.
During the investigations of its alkylating properties,
the effect of the attack of various nucleophiles on it

was thoroughly studied.
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CHZ,Br CH,.0.50,Me
Ph.S.?H Ph.S.?H

CH2.Br CHZ.O.SOQMe

XL XLI

The data available in the field of nuclear magnetic
resonance spectrography on organic sulphur compounds
were insufficient to be of any immediate help in solwing
the rearrangement problems that arose during the present
investigations, and hence a good deal of information
on this subject had to be recorded during the course
of the present studies, The programme also included a
parallel study on 3-(phenylthio)propane-1,2-diol (XLII)
and its derivatives.

PL.5.CH,

f
CHOH

XLIT

CH20H

2~ (PHENYLTHIO) PROPANE-1, 3~DIOL

AND _ITS _DIRIVATIVES

Synthesis of 2-(phenylthio)propane—-1,3-diol.

It was presumed that the following synthetic scheme
might lead to the production of the desired 1,3-diol.
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(5H2(002Et)2 5 Br.CH(COZEt)Z : J?h.s.cH(co?_Et)?_———
XLIII XLIV
Ph.S.CH(CH,OH), ¥
XXXIX

The ethyl bromomalonate (XLIII) was prepared22 in
72% yield by wrominatiéen of diethyl malonate. (XIIII)
was then converted into the diethyl (phenylthio)malonate
(XTIV) by the acti;n of sodium thiophenate in dry ethanol
but the yield was poor and so the next stage for the
synthesis of (XXXIX) was not attempted,

During the course of studies on the preparation
of various thianaphthene derivatives, Huntress and
Olsen23 prepared the Koelsch and Whitney intermedia'cez4
which Huntress and Olsen23 preferred to designate as
diethyl oxalo~phenoxyacetate (XLV). Upon heating, the
ketonic tautomer (XLV a) suffered a loss of czrbon

monoxide with consequent formatinn of diethyl phenoxy-

malonate (XLVI).



- 119 -

HO_
o C~CO,Et
Bt Na0R
CH,~CO Et002 e o
- C-CO,Et
X o/ 2 % +00,.Et o2
XLV b
N\
COLEt  peat (7 S0 CO, Bt
cﬁ/ l éH CO,Et
07 00, Bt XN 2
XLVI XLV &

The same workers also reported the preparation of
Giethyl (phenylthio)malonate (XLIV) according to the
following scheme,

Ph,3.CH.CO,Et

5 —s
Et0 VH

XLVII )

EtOH + Ph.S.EH.CO2Et
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0 = ?-- OEt 0 = ? — OEt
¥\ = &
0 = C — OFEt ; m_%—om
Ph.S.EH.COzEt Ph.S.CH.CO,EY
CO.Et 0 =0 — OFt
,// 2 ~-C0 |
Ph.S.CH - 0 = %
\COzEt Ph,S.CH.CO,Et
XLIV XLVIII

The present author also has followed the latter
scheme. Ethyl (phenylthio)acetate (XLVII) was
prepared in 63% yield from ethyl chloroacetate
(ClGHg.COQEt) by the action of sodium thiophenate
in ethanol. The acetate (XLVII) was then converted into
diethyl oxalo(phenylthis)acetate (XLVIII) in 90% yield
23

using Huntress and Olsen's method with certain
modifications. The oxaloacetate (XLVIII), however,
could not be distilled without decomposition and was
used directly. On heating this (XILVIII) at 170° and
50 mm, pressure, carbhon monoxide was readily evolved
to give diethyl (phenylthio'malcnate (XLIV) in fairly
good yield. The reduction of 1he maionate (XLIV) was

expected to give the desirced final product viz.

2~(phenylthio)prupane-1,3-diol (XXXIX).
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The conversion of esters {to primary alcohols
represents a very important application of lithium
aluminium hydride (LAH) reductions. The reduction
consumes one-~half mole of the hydride for each mole of
mono ester reduced. This method has been widely used
for the synthesis of monofunctional as well as
difunctional compounds. It gave satisfactery yields

with malonic esters®” of the type RR'C(COzEt)2 where

R was hydrogen or alkyl and R! was alkyl or aryl
producing 1,3-propane diols, The succinic esters are

converted to 1,4~butane diocls. Yields were poorer when

R.COOR! LAH R.CH20H

—~LAHS
COOR! CH,, OH
(cHy),  LaHy (CHp)y,
coor? CH,,0H
R _-COOE% R - CH,OH
TAH ~c
RY  NCOOEt —> Rt \CHQOH

the ester was of the type R@'@C(CozEt)2 or R@’@C(COQEt)Z.

All the pres=nt efferts to reduce diethyl
(phenylthio)malonate (XLIV) to the 1,3«diol (XXXIX)

under various conditions by using LAH in ether or THF,
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or by Bouveault and Blanc's method, were disappointing.
The best results were 5Sbtained under mild conditions
(at 19° over 96 hours) with LAH, which gave the
desired 1,3-diol (XIXIX) in 15% yield (still rather
impure), It was characterized as its bis-p-nitro-
benzoate, Yale et al®” have reported similar
discouraging results; after alkylation of diethyl
ethylmercaptomalonate (L) with ethyl bromide to
obtain diethyl ethyl-ethylmercaptomalonate (LI), they
subjected the latter to LAH reductions, which appeared
to proceed normally, but no material was obtained
boiling above 400° probably due to degradation to

volatile products.

COzEt Et\\ //COzEt
Et.5.CH alkylation, ;K\ LAH; ?
CO,Et Bt.S COLEt
2 2
L LI

As the yield and the purity of the 1,3-diol (XIXIX)
obtained by the scheme mentioned earlier was not
satisfactory, a third route was planned which can be
claimed as of a novel type. (See page 123)

26

Hibbert et al, reported in 1928 the preparation of

1,3=0-benzylideneglycerol (LII), the starting material
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CH,;OH CH, =0 CH,=0
CHOH  Ph.CHO. ?HOH CHPh . CH.OTs CHPh -—
CH,OH CH,—0 CH,.—0
2 2 LII 2 LIII
?Hon ?Hz——o\\
Ph.S.?H . Ph.S.CH //CHPh Lo
CH,0H CH,=—0
XXXIX LIV

of the present series of reactions, by the condensation
of glycerol with benzaldehyde in an atmosphere of
carbon dioxide, Then in 1929, Hibbert and Cartero! \
repeated the above condensation reaction in the presence
of concentrated hydrochloric acid and found these
conditions to be better than the former one. Evans

and Owen28 claimed to have improved the yield of the
product by maintaining a slow stream of the hydrogen
chloride gas through the mixture of glycerol and
benzaldehyde during the course ¢f the reaction.
Consequently the method described by Evans and Owen

was followed in the present case also. A mixture of

1,2- and 1,3- compounds was obtained as an oil from
which the solid 1,3-isomer was separated and

recrystallised from benzene-light petroleum (b.p.60~80°).

It melted over a wide range of 69-76° presumably owing
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to the existence of the two forms, m.p.s 63° and 83.50,
already described in the 1iterature29.
143=0-Benzylideneglycerol (LII) was also prepared30
by the condensation of glycerol and benzaldehyde in
the presence of 60% perchloric acid. This method
gave a cleaner product in better yield. It required
great care for recrystallization, as the presence of
traces of perchloric acid catalyses the re-establishment
of the 1,2—;;:i 1,3~ equilibrium, with consequent heavy
loss of the 1,3-isomer, This loss was kept to its
minimum by not allowing the temperature to rise above
50° during recrystallisation and by cooling the warm
solution immediately.

The nuclear magnetic resonance spectrum in
deuterochloroform showed a complex pattern, the
shielding values, based on the 7 scale, being 2,55
(5H; aromatic), 4.33 (41H; >CHPh), 5.88 (3H), 6.33 (2H),
7.22 (44, -0H). These values were comparable with those
recorded by Baggett et al. for cis- and trans- 2-0~

acetyl-1,3-0-benzylideneglycerol as shown.
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He
H2 Ph
Ph RGP AN A
0
Hy
AcO /H/\o
4
Hs
trans- form cis- form
(complex coupling pattern) (no resolvable coupling pattern)
T, 2.65 (5H; aromatic) 2.65 (5H; aromatic)
4.58 (1H; H,) 4.51 (1H; H,)
5.0 %o 7.0 (5H; Hg, Hy, o» 5.37 (1H; Hg)
H6a,e) 5.82 <4H; H4,6)
8,04 (3H; CH3CO) B 7.88 (3H; CHECO)

The tosylation of 1,3-0-benzylideneglycerol (LII)
was carried out according to Matheson and Angyal's
method32 which gave 1,3-benzylidenedioxy-2-toluene-p-
sulphonyloxypropane (LIII) in 75% yield. It was treated
with sodium thiophenate in NN-dimethylformamide to give
1,3-benzylidenedioxy-2-(phenylthio)propane (LIV) in
71% yield.

Hibbert and Car‘ter27 found that 2-0-benzoyl=-1,3-0-
benzylideneglycerol (LV) readily undergoes hydrolysis of
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its acetal ring under the influence of a trace of acid,

to give glycerol monokenzoate (LVI).

CH,=—-0 CH,0H
| |
?HOBZ CHPh S ?HOBZ
Cszwwmo CHZOH
LV ILVI

Therefore, the hydrolysis of 1,3-benzylidenedioxy-
2-(phenylthio)propane (LIV) was carried out with normal
sulphuric acid at 50-55°. Neutralization of the
reaction uixture with ammonia gave 2-(phenylthio)propane-
1,3-diol (XXXIX) in excellent yield (92%). The nuclear
magnetic resonance spectrum was consistent with its
structure. Its bis~p-nitrobenzoate derivative did not
show any depression in melting point when admixed with

the previous sample,



Synthesis of derivatives of the 1,3-diol.

It has already beon stated in the oneginning of this
chapter that the dimethanesulphonate derivative (XLI)
might act as an alkylating agent. In part I of this
thesis, the alkylating agents have been shown to be very
effective in +their injurious action on the mitotic
mechanism and thus arresting the cell multiplication
which is responsible for malignant growth. Consequently

the 1,3-dimethanesulphonate was regarded as equivalent

CH2,O,SOQMe CH2.Br
Ph.5.CH Ph.S.?H
CH2 oO .SO2MG CH2.BI‘
ALI XL

to the sulphur mustard (XL). This supposition led to

the synthesis and detailed investigation of the alkylating
properties of the l,3-dimethanesulphonate (XLI), It

was synthesised by the action oi methanesulphonyl chloride
on the 1.,3-diol (ZXXIX) in dry pyridine at low temperature.
The yield of crystalline product was 75 to 91/ with
various batches. It was found to be unstabie and
decomposed gradually on being stored, and hence for each
reaction a freshly prepared and purified sample was used.

Authentic samples of the diacetate and the dimethyl ether
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of the 1,3-diol were prepared as follows.

It is known that ithe hydroxyl groups of a polyhydric
material react readily with acetic anhydride in the
presence of an acidic catalyst (zinc chloride, hydrogen
chloride, sulphuric acid or perchloric acid) or a basic
catalyst (p ridine)?6 In the present case it was
advisable to avoid acid conditions, which might cause
rearrangement, and the 1,3-diol was therefore acetylated
with acetic anhydride and pyridine to produce the

diacetate (ILVII) in 80/ yield.

?HE,OAC ?H2.O.Me
Ph.S.CH Ph.S.CH
| ] ]
éHEOOAc CHZ.O.Me
il LvIiTt

Prior to 1915, the methylation of a hydroxyl group
was usually based upon the use of the exvensive reagents
methyl iodide and silver oxide?7 Later, in a search
for a suitable solvent for methylating sugars, W.N, Haworth58
discovered that more satisfactory initial methylations
could be accomplished in aqueous solution with the less
expensive reagent dimethyl sulphate., Iliethylation with
dimethyl sulphate and pulverized sodium hydorxide in

tetrahydrofuran solution was first reported by Falconer
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and Adamsag? and this latter procedure proved most
suitable in the present studies for the preparation of
the dimethyl ether derivative (LVIII) of the 1,3-diol.
It was obbained in £3/ yield and showed well defined
characteristic absorption bands in the region

: -1
L%axp 3060-2810 cm,

An attempt was made to prepare the mustard 1,%-
dichloro~2~(phenylthio)propane (LIX) directly from the
1.,3-diol by treatment with thionyl chloride in chloro-
form. It resvlited in the formation of a mixture of a
dichioro derivative and a cyclic sulphite (IX. in almost

ecual proportions. The product gave a positive Beillstein

?chCl O---(?H2
PhGSQ?H OS\\ ?H.S.Ph
CHgoCl O-—CH2
LIX LX

test for chlorine, and the presence of the cyeclic
sulphite was indicated by the amnalytical results (a high
value for S) and confirmed by the presence of strong

absorption bands in the region Dmax 1250-1200 cmTt for

S = O stretching vibrations characteristic for sulphites

(RO)ESO, To provide further evidence for the formation
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of the cyclic sulphite, the product was hydrolysed with
dilute hydrochloric acid, but the liberation of sulphur
dioxide could not be detected as it was masked by the

smell of thiophenol also produced during the hydrolysis,
probably due to the cleavage of the S5-C bond under acid

conditions., Jones and Wilson4o

also reported the
formation of a cye¢lic sulphite, i.e, 2-amino-2-methyl-
propane-~1,3-diol sulphite hydrochloride (IXII), when
they treated the amino glycol (IXI) with thionyl

chloride in chloroform, Similar cyclic sulphites have

HD.HéC Me O*~CH2 le
MO

N
XTI LXIT
been reported4l from other 1,3-glycols, e.g., pentaerythritol,

S hesis of 3-(phenylthio)propane-~1,2-diol

and its derivatives
3-(Phenylthio)propane-1,2-diocl (XLII) was synthesised

by the method described by Hutchison and Smiles o

» DY
refluxing a mixture of sodium thiophenate and glycerol
a-monochlorohydrin in ethanol. Its dimethanesulphonate

(IXIIT), diacetate (LXIV), and dimethyl ether (IXV)
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Ph.S.CH2 Ph.S.CH2
|
CHOH CH,0.30, e
i | 2
CH?OH 2.O S10) Ne
XLIT IXITIT

derivatives were prepared in exactly the same manner
as has been described for the 1,3%-analogues., These

were obtained in excellent yields.

Ph.S.CHé | Ph.S.CH2
CH,CAc CH,O.Me
|
CHE.OAC CH2.O bie
XTIV XV

The 1,2-dimethanesulphonate (LXIII) was found to
undergo gradual decomposition when stored and so
whenever it was required for a reaction a freshly

prepared and purified sample was used.

Other authentiC ceompounds

As has been pointed out on the earlier pages, due

to the lack of information in the field of nuclear
magnetic resonance spectroscopy on organic sulphur
compounds, it was necessary to provide more data on
this subject,

Samples of 1,3-bisbenzylthiopropan-2-ol (IXVI),
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2-acetoxy-1l,3-bisbenzylthiopropane (IXVII) and 2,3-
bisbenzylthiopropanol (LXVIII), which were

?HQ.S.CH2.Ph ?HQ.S.CH2.Ph

?HOH ?H.OAO

CHE.S.CH +Fh CHZ.S.CH .Fh
IXVI LXVII

prepared by N,S, Joharyao

in this department, were
available., 2,3-Bisbenzylthiopropyl acetate (IXIX)
was then prepared from the alcohol (IXVIII) using the

nethod of Johary el 1.0

OHp 5 4CHy . Ph CHLy. 5.0l - Ph

H.S.CH,.Ph CH.S.CH,.Fh

CH,, OH CH,.OAc )
LXVIII IXIX

Allyl phenyl sulphide (LXX) was prepared ' by the
action of sodium thiophenate on allyl bromide., It was
then brominafed in dry carbon tetrachloride to give
1,2-dibrcmo~-3-(phenylthio)propane (TXXI).

Ph,35.CH CH::'CH2 PhaS.CHe.CHBr;CﬁeBr

2.
LXX LXXT
The nuclear magnetic resonance spectra were

recorded on all the authentic samples described so far,
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and were used for a comparative study to decide the
structure of the reaction products, that will be
described on the forthcoming pages of this thesis.

The n,m,r. spectrum on cinnamyl acetate (ILXXII) wasg also
recorded, because it has some structural similarity to
certain unsaturated products which were obtained.

Ph.CH::CH.CHQ.O.COCH5 LXXTT

Reactions of the dimethanegwplphonates

of
2=(phenylthio)propane-1l,3~-diol
and

3~(phenylthio)propane-1,2-diol

The reactivity studies involved investigation
of the effect of various nucleophiles on the above
dimethanesulphonates, under various conditions, to
determine whether any rearrangement occurred; this
might be expected to take place via an ethylene
sulphonium intermediate of the type (LXXIII),

CH
Ph.g::féHg IXXIII

I
CHyWX
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The results obtained, and the evidence for the

structures of the products, will now be described.

(a) Reaction with drv acetic acid

The solvolysis of the 1,3-dimethanesulphonate
with acetic acid in the presence of acetic anhydride
afforded only the rearranged product, i.e., the
diacetate of 3-(phenylthic)propane-1,2-diol
identified conclusively by its n.m.r. spectrum,
similar to that of the authentic compound and quite
different from the 1l,3-diacetate. Solvolysis of the
1,2-dimethanesuvulphonate undgr similar conditions gave

the same l,2-diacetate.

(b) Reaction with potassium acetate in acetie

anhydride

When the reaction was carried out with freshly
fused anhydrous potassium acetate in acetic anhydride,
both the 1,3~ and the l,2—dim¢thanesulphonates gave a
nixture of the 1,3~ and the 1,2-diacetates which, as
judged from the n.m.r, spectrum, were formed in almost

equal proportions.
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(¢) Reaction with tetraethylammonium acetate in acetone

Roberts, Young and Winsteing4 in their studies on
the replacement reactions of the butenyl chlorides,
found that anionotropic rearrangement was inhibited with
tetraethylammonium acetate in acetone, reaction occurred
exclusively by the SN2 mechanism to give the normal
acetates, In the present experiment when the solvolysis
with acetic acid or the reaction with potassium acetate
in acetic anhydride failed to produce 1,3-diacetate
from the 1,3-dimethanesulphonate, it was thought that
tetraethylamnmonium acetate in acetone might behave
differently. Tetraethylammoniun acetate was therefore
prepared by the method of Steigman and Hammettlf5
and its action on the 1,3~ and the 1,2-dimethanesulphonates
was studied separately in dry acetone. However, in
both cases an unsaturated ethylenic compound was the
main product, accompanied by the 1,3- and.the 1,2-
diacetates in small amounts., This conclusion was
derived ocn the basis of the n.m.r. spectrum. The
mechanism which has been proposed for the production of
the methoxy propenes (see below) also holds good to
explain the formation of 3-0-acetoxy-2-(phenylthio)-
propene (ILXXIV) and 3-O-acetoxy-l-(phenylthio)vronene
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(IXXV) from the 1,3-dimethanesulphonate and 1,2~
dimethanesulphonate respectively, by the action of

tetraethylammonium acetate in acetone.

CH Ph.8S.CH
V= I
Ph.S.C CH
CHE.OAc éHa.OAc
IXXTIV ineeY

(d) Reaction with dry methanol

Both the 1,3~ and the 1,2-dimethanesulphonates
when solvolyzed in dry methanol produced a mixture of
1,3- and 1,2~dimethyl ethers in almost equal proportions,

as shown by the n.m.r. spectrum.

(e) Reaction with sodium methoxide in methanol

It was expected that reaction of the 1,3~dimethane-
sulphonate with sodium methoxide in methanol would
produce the normal 1,3-dimethyl ether and/or the
rearranged 1l,2-dimethyl analogue, But it was surprising
to find that the nuclear magnetic resonance spectrum of
the reaction product could account for only 12 instead
of 16 protons., The molecular formula calculated on

the basis of the analytical data was 010H12os and therefore
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the structure (IXXVI) seemed likely. To explain the
formation of 3-methoxy-2-(phenylthio)propene (IXIVI),

the following mechanism is proposed.

CH+s—0.,8041kie CH~— 0,90, Me
2 2 ‘6? 2
Ph.5.CH — Ph.S.C-H£’~%Me
Q$é-0.802Me CHé——OMe
MeO l
4¢§H2
Ph,sS.C
CHE.OMe
IXXVI

The strueture (IXXVI) was confirmed by reaction
with acidic 2,4-dinitrophenylhydrazine to give
nethylglyoxal bis-(2,4-dinitrophenyl)-osazone (IXXVII),
It was presumed that the propene (IXXVI) would undergo
hydrolysis first to give a ketonic compound (IXXVIII)
which would then react with 2,4~dinitrophenylhydrazine
to give the osazone (IXXVII), (See the next page).

Similarly when the 1l,2-dimethanesulphonate was
treated with sodium methoxide in methanol, an unsaturated
compound, 3-methoxy-l-(phenylthio)propene (LXZIX) was
obtained, the structure being based on analytical and

n.m.r. evidence. Its formation can be explained by
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CH CH
/A - g c
Ph.S—-*C/ ——> Ph.S + C/
' CHg.OMe +!) CH2.OMe
7\ N\
H H H H
GH5 /CH2 gt
244=DNP =0 G IO -~
' AN
CI—I2 «OlMe CH2 . Olle
IXXVITI
CH CH
3 | 3
?:N.I\TH;CGHB(NOQ)2 E,LL-DNZPE (3:..~~-1\T.1\IH.061*15(1\T02)2
CH2 . Ole CH==N,NH, CGHB (1\702)2
IXXVIT
the following mechanism.
i
Ph.S. CH2 Ph.S. ? ‘-)--Hf\b'l\{le
(¥
CH-O, 802Me — CHE-—O, S02Me
_"\x | (v ]
MeO CH2-——O .802Me CHé-w- OMe
Ph.S.CH
il
?H
CH2.OMe
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(#) Reaction with sodium thiophenate

With this reagent, in methanol, the 1,3~
dimethanesulphonate and the 1,2-analogue both produced
the same expected product, i.e. 1,2,3-trisphenylthio-
propane (LXXX). Rearrangement, even if it occurred,
would not be detected in this system, but there was
no evidence of any unsaturated product. The trisulphide
thus obtained was oxidised to 1,2,5—tr§%henylsulphonyl—
propane (IXXXI) by the action of 30/ hydrogen peroxide
and acetic acid. The trisulphone (IXXXI) was obtained

in SOZ yvield. The trisulphone was also completely free

CHE.S.Ph ?HE.SOE.Ph
Ph,S5,CH Ph.SOe.CH
t
H2.S.Ph CH2.802QPh
IXXX IXXXT

from any contamination with unsaturated compound as

evidenced by its n.m.r. spectrum,.

(g) Reaction with benzyl sodium sulphide
The nucleophilic attack of benzyl sodium sulphide

in wmethanol on the 1,3~ and the 1,2-dimethanesulphonates
gave trisulphides. Both were oily products and their

n.m.r. spectra did not give a clear indication about
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their structure., Hence their crystalline trisulphones
were prepared by oxidation with hydrogen peroxide and
acetic acid. Although the n.m.r. spectra of these
trisulphones also failed to throw any clear light on
their exact structure, they were undoubtedly two
different compounds; their melting points were sharp
and different from one another. The trisulphone obtained
from the trisulphide which was itself derived from the
1,3-dimethanesulphonate melted at 170-1720 whereas the
one prepared starting from the 1,2-analogue had m.p.
250-2550. One most important feature of the n.n.r.
spectra of these trisulphides and their oxidation products
was the complete absence of the absorption bands at low
field specific for unsaturated protons. In the light
of the above facts it is meaningless to think that the
1,3-dimethanesulphonate would have produced the
rearranged 1,2-bisbenzylthio~3-(phenylthio)propane and
the 1,2-dimethanesulphonate had given the rearranged
1,3~bisbenzylthio-2~(phenylthio)propane, Therefore it
ié most reasonable to conclude that the nucleophilic
attack of a powerful nucleophile like benzyl sodium
sulphide proceeded as a straightforward nucleophilic

digplacement reaction without formation of any cyeclic
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sulphonium intermediate. Thus the action of benzyl
sodium sulphide on the dimethanesulphonates almost
certainly afforded the normal expected. trisulphide;,
the 1,3-bisbenzylthio-2-(phenylthio)propane (LXXXII)
being produced from the 1,3-dimethanesulphonate and
the 1,2-bisbenzylthio~3-(phenylthio)propane (LXIXIII)

from the 1.2-dimethanesulphonate. Their oxidation

CHz.S.CHg.Ph Ph.S.CH2

Ph,S.CH CH.S.CHZ.Ph
HZ.S.CHgPh CHZ.S.CHZ.Ph
IXXXTIT LXXXTITT

with 30/, hydrogen peroxide and acetic acid furnished
1,3-bisbenzylsulphonyl-2-phenylsulphonylpropane (LXXXIV)
and 1,2-bisbenzylsulphonyl-3-phenylsulphonylpropane
(IXXXV) respectively.

SO CH?.Ph Ph.SOZ.CH2

?Hg. o

Ph.SOg.CH CH.SOZ.CHZ.Ph
CHZ.SOZ.CHZ.Ph CHZ.SOZ.CHZ.Ph
IXXXTIV LXXXV

(h) Reaction with ethyl sodiuwm sulphide
As was expected, 1,3-bisethylthio-2-(phenylthio)-

propane (LXXiVI) was formed as a result of the reaction
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between ethyl sodium sulphide and the 1,3-dimethane-

sulphonate. The n.m.,r, spectrum was consistent with

?Hg.S.CH .CH3 ?H2.802.CH2.CH3

Ph.S.%H Ph.SOZ.CH
CHE.S.CHg.CH5 CH2.802.0H2.CH5
IXXXVT IXXXVIT

its structure, When it was subjected to oxidation

by hydrogen peroxide and acetic acid, a trisulphone
was obtained, & well resolved n.m.r. spectrum of which
was in complete agreement with the structure of
1,3-bisethylsulphonyl-2~(phenylsulphonyl)propane
(ILXXXVII), On the other hand, treatment of the 1,2«
dimethanesulphonate with ethyl sodium sulphide gave a
mixture of 1,2-bisethylthio-3-(phenylthio)propane gnd
a small proportion of an ethylenic compound. The
formation of this unsaturated compound was indicated
by the appearance of a weak absorption for olefinic
protons at low field in the nuclear magnetic resonance
spectrum and by the low analytical value found for

sulphur.
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(1) Reaction with lithium bromide in dry acetone

When the 1,3~dimethanesulphonate was refluxed
with lithium bromide in dry acetone the 1,2-dibromo
derivative (ILXJII) was obtained, having an n.m.r.
spectrum identical with that of the authentic compound
described earlier, The same product was also obtained
when the 1,2-dimethanesulphonate was treated with
lithium bromide in anhydrous acetone. Hydrolysis of
the dibromide with sodium hydroxide in aqueous acetone
gave an elimination product (IXXXVIII) containing
hydroxyl and ethylenic groups which from n.m.r.

evidence constituted about 507 of the reaction nroduct.

Ph.S.?Hg Ph.S.%H
?H.Br ?H
CHe.Br CH20H

XTI IXZXVITT

Summary of the reactions of the dimethanesulphonates

The reactions of the 1,3-di-QO-methanesulphonate
(4) and of the 1,2-di~QO~methanesulphonate (B) are
summarised below.

(a) Reaction with dry acetic acid in acetic anhydride.
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Ph.S.?H2
A ——— ?H.OAC &——— B

CH?.OAC .

(b) Reaction with potassium acetate in acetic anhydride.

CHE.OAG Ph.S.CH2
A —~—Ph,3.CH + CH,O0Ac &—B
|
CHg.OAc CH2.OAC
50/ 507,
(¢) Reaction with tetraethylammonium acetate in acetone.
CH
/ 2 small amount
A~—Ph.5.C +
of diacetates
CH2.OAC
rh.S.CH
] small amounts
B—> CH +
| of diacetates
CH2.OAC

(d) Reaction with dry methanol

CH, .OlMe Ph.S.CH
! 2 2
A~ Ph.S,.CH 3 CH,OlMe &—3B
|
CH2.OMe CHé.OMe

507, 507,
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(e) Reaction with sodium methoxide in methanol.
45}CH2

A—e—3Ph,.S8,.C,
CHE.OMG
Ph.S.ﬁH
B— CH
éH . Olie
(£f) Reaction with sodium thiophenate.
o
A ?H.S.Ph ¢&—— B
CH,.S.Ph

2.
l/H202/HOAC

S.Ph

CH.SOE.Ph
CH2.802.Ph

(g) Reaction with benzyl sodium sulphide,

Cliy.5. Cliy BB ?ﬁg.soe.CHg.Ph
A—3Ph,S.CH H2°2/HOAC> Ph.S0,.CH

I

CH,.S.CH,.Fh CH,.50,.CH,.Ph
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Ph.S.C;)Hg Ph.SO0,.CH,
B —> (’JH.S.CHE.Ph H,0,/HOAC S CH.50,.CH,.Ph
CH,.5.CH,.Fh H,.50,.CH,.Ph
(h) Reaction with ethyl sodium sulphide,
CH,.S.E% (!)HE.SOE.Et
A——>Ph.S.CH H,0,/HOAc Ph.S0,.CH
CH..S.Et CH,.50,.Et
Ph.S.CI)Hg E% PL.s. cH
& I
(!Hg.s.Et W CH,.SEL
(major)

(i) Reaction with lithium bromide in acetone,
Ph.S.C‘)H2
4 ————— ?H.Br & B
CH?.Br

Brg/CCl4

Ph.S,CHg.CH:ZCHé

The most significant feature of the above reactions
is the way in which the nature of the products

depends on the variety of the nucleophiles used. Some
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of them were solvents (WeaMyacidic or neutral) acting as
weak nucleophiles, e.g. acetic acid and methanol; some
were strong bases, e.g. sodium methoxide; and others
were very powerful nucleophiles, Ph,87, Ph.CHQ.S- and
2t.87, The selection of nucleophiles for the purpose of
the reactivity studies was such that there was a gradual
gradation from weak nucleophiles on one side to the
very powerful nucleophiles on the other. It was
expected tha?t with the use of weak nucleophiles, the
solvolysis of the dimethanesulphonates would proceed
according to the SNl type of mechanism via the formation
of the cyclic sulphonium ion intermediate, hence leading
to the possibility of rearranged reaction products. The
powerful nucleorhiles were also to play an important
role in the above reactions. It was thought that their
attack would be more likely to follow the SN2 type of
route. Direct nucleophilic substitution reactions were
thus expected, with the least possibility of rearrangement,
and this in fact is what was observed.

It has been found during the course of the present
studies that the direct acetylation of the 1,3-diol
gave the normal 1,3-diacetoxy derivative, but when the

solvolysis of the 1,3-dimetbanesulphonate was carried
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out with dry acetic a€¢id in the presence of acetic
anhydride, molecular rearrangement occurred resulting
in the formatiow of the 1,2-diacetoxy compound. In
order to provide information on the relative stabilities
of the two diacetates under equilibyating conditions,
the solvolysis of the 1,5~diacet0x& compound (derived
by the direct acetylation of the 1,3-diol) was performed
with acetic acid and acetic anhydride in the presence
of a strong acid, i.e. methanesulphonic acid. (The
experimental conditions were essentially the same as
were maintained during the solvolysis of the 1,3%-
dimethanesulphonate with dry acetic adid and acetic
anhydride, in which, of course, methanesulphonic acid
was liberated), The 1,3-diacetoxy compound underwent
couplete moleculer rearrangement, producing the 1,2-
diacetoxy derivative, the structure of which was
established by compara?ive study of its nuclear magnetic
resonance spectrum and infrared spectrum with those of
the authentic 1l,2-diacetoxy compound (ILXIV) (derived by
the direct acetylation of the 1,2-diol).

It is clear that the molecular rearrangement is
preceded by the formation of a sulphonium ion inter-

mediate (ILXXIII) which could be attacked at either (a)
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or (b). The attack at (b) would give the normal product

whereas the attack at (a) would give the rearranged

product.
ool o) o
2 ¢ 2
Ph—S—CH —_— Ph—"S——(‘-CH
a
CH2—~*OAC Héd——OAc
TXXIT1
H
N, S §+\/
CH 0 CH——/0
gr\ 2 \\ 2 \\
+//& Ac I Ac
Ph--S*—(‘)H 2 Ph—S5 —-——(t)H
CHE"'-—OAC CHE](—T_ OAc
CH2~—~OAc
Ph—S—CH
CHE——-—— OAc
CH2 . CH2 g\
ﬁ//l s ‘ + 7
Ph—S—CH ,.0 <2 Ph—3 CH——O
l'\J e | Ao
CH2--——OAC i ;H2~—OAG
Ph—3S —-—-—CH2
CH-— OAc
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It can be seen that under the acidic conditions
all these transformations are reversible, so that
eventually an equilibrium is established between them.
It is possible that as position (b) is more exposed
than position (a) for nucleophilic attack, the 1,3-
diacetate mizht be formed more easily, but, if the
l,2-diacetate is thermodynamically more stable, the
equilibrium would finally result in conversion into
the 1,2-diacetate.

In the light of the above results, it has become
apparent that the reactivities of the dimethanesulphonates
are not governed by any one specific principle. Arising
out of these investigations, is the fact that compounds
having the structure (ILXXIIX) are, in general, thermo-
dynamically more stable than those which are represented

by the structure (III),

Ph.S.C‘)H2 CH,.X
CH,X PhS.CH
! .
CH,.X CH,.X

LXIXXIX IIT
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Significance of W.Ii.R, Method

In many of the cases of rearrangement through
sulphonium ions which have been described in the
literature, the structures of the products were based
on further chemical transformations, but such methods
are not always free from criticism because it is
conceivable that rearrangement could occur again.
Lvidence of structure based upon physical methods
would in such cases be more authentic and dependable
than those of a chemical type. Nuclear Liagnetic
resonance spectroscopy was considered to be the best
choice because it was expected to decide between isomeric
structures nuch more clearly than other spectroscopic
methods., Its application in the present work appears
to be the first time it has been used in settling problems
of molecular rearrangement involving sulphoniun
interuwediates, and it turned out to be most satisfactory.
rhe results on all the compounds examined during the
present research are tabulated in the following pages.
They are given as tau values (tetramethylsilane, T 10.0,
as internal reference).

Abbreviations: s for singlet

d for doublet
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t for triplet

gr for quartet

gn for guintet

m for mulbtiplet

The integral curve for the aromatic protons

(corresponding to 5H; 10H or 15H in various compounds)
provided a check on the accuracy of this measurement.
The integrals for the other protons are not quoted
when they were in satisfactory agreement with the
groups present; they are recorded only for mixtures
or when assignments were not conclusive., Assignments
to free hydroxyl groups were confirmed by disappearance

of the particular peak in the presence of deuterium

oxide.



AUTHENTIC COLPOUNDS

Spec. C
Compound Solv.iArom|-CHX {ry ¢ (4 X K- cay | Y Groups
No, ) in X |7 X, Y
?Hz.OH 2.72 6.2316.75 B.45
3 ?H.S.Ph CDCl5 d qn | s X = OH
CH,.OH 5H
(|JH2.O.SOE.CH5 2.62] 5.57 16.41 6.97
4 ?H.S.Ph CDCl5 d qu | s X = O.SOE.CH3
CHZ.O.Soz.CH3 SH| 4H 6H
: S}H2.0.COCH3 2.72] 5,82 }6.54 8,02
13 (l‘JH.s.Ph CC1, a qn | s X = Ode
CH2.O.COCH SH | 4H 6H
3
?HZ.O.CH3 2.70,6.50{6,30 16.70
17 ?H.S.Ph CClu d thump| s X = Olie
CH2.0.CH3 5H| 4H 6H
?HE.S.CH2.06H5 2,71 7.44 6.3116.316.73
38b ?H.OH CDCl5 X = S.CHé.?h
CHE.S.CHQ.CGHB 10H 4H 4H 1H {Y = OH
?HQ.S.CH2.06HS 2.80] 7,48 6.32815.0518,00{X = S.CH?.Ph
24 ?H.O.COCH CCl4 d S qn | s
CH2.S.CH2.C6H5 10H | 4H 4H 3H |Y = OAc

- £G6L ~



. £UTHENTIC COLPOUNDS

Specd . Unsatu- Grou,
Compound solv.icor, CHX $CHX 2 sof, X | rated I:fiscel- P

No., P protons aneous X
GHyoS.Fn 2.72]  6.35 16.98]7.32

7 C‘)H.OH CT)Cl3 m a s OH
CH,.0H SH 2H

9, ?Hé.S.Ph 2.7015.20{5.5516.70{6.98

. d s

14 EH.O.Soa.C:f3 CDClj m t 6.80 0.802.GH5
H2.0.302.UH3 S5H d 6H
(‘)HE.S.Ph 2,72 {4.95|5.8016.9518.02s

12 (i)H.O.COCHa- cCl, m t |'d [8.08s OAe¢s
CH2‘.O.COCH§- SH 6H
CHE.S.Ph 2.78 (6.35{6.6216.98|6.65s

21 éH.O.CHE, CCl4 m m |6.72s Olie
CH2.O.CH3 5H 6H
?HE.S.Ph

6 (,IH.BJ:' 2.70 5.86, 1Hm
CHQ.BI' 3C1, 6.15, 1Ht|Br
from allyl 6.30, 2Hd
phenyl sulpuiide 5H 6.54, 1§d

43 1Ph,CH = 2.75 5.37 8.01 3.21~

m
. 5H 3H .

- st -



fPACTIONS OF THE - DIMETHANES ULPHONATE
Spec.| Reaction Xl &t UnsatMisc< Group
Solv. Arom.>CHX-CH2X <9 ] X Jjuratedella-
No. product/s AN P protonsi{neous X
(Dry HOAc) 2.7015,00{ 5.80 6.95 8.03s
16 CCl4 OAc
1,2-Diacetave S5H { qn { & da |8.09s
6H
(Solvolysis of 2,72 |4,98!5.80 6.95| 8.02s
1,3-diacetate) CC1,) OAc
44 8.08s
1,2-Diacetacc 5H | m t da 6H
(KOAc ia Ac,0) 2.70 {5.00]|5.83|6.54|6.93| 8.03s
19 1 1,2- + 1,3-diac=tates 0014 qn | m qgn |} 4 }8.09s OAc
50/ eack sg {t/em| »m |Y/2m| 18 | em
(Et4N.OAc in Me?CO)
2 4. *
6 Y CH, o6t ; 29
Ph.S.C 2.71 5.8% {6.42 8.02 1H /2H
N\CH,.0tc CCl, Ohc
+ n S m
small amount of 4,814 [5.48
1,2- ani 1,3~ SH /21 |Y/3m 38 | 1H |1%E
aiacetaSes
22 CCl, m |6.73s q Olie
1,2- and 1,3- n
dimethyl eothers S5H 1H | 6H 4H
50/ each

- 4G4 -



Spec. | Reaction ‘GZ; é“w Unsat. CH2 in broup
Sclv. Arom>CHX CH XY o | & X
No. | kroduct/s TR protons|{Group ¥ X
(CHBONa in leOH) 2.70 6.15 6.75] 4.55%
23 %CHa 01, 1H
01:[2 .Olile 5H 3H 1H
(Ph.S.Na)
28 2.85 6.81
CHE.S Ph CClq_ S.Ph
CH S.Ph S
H2.S Ph 150 S5H
oxidation
2.2415.62{5.91
36 (!JHE.SOE «h CFBCOEH
CH SOE.Ph 11} m SOE.Ph
2 . 502 +Ph 15H 1H 45
(Ph.CH,.8.Na)
22 CH2 oD CH .Fh 2.82 7¢5316.86 641
CCl, S.CH,.Fh
CH S.Ph d | an t +Otlpe
[ 15H 4K 4H
CH2 Se CHE «Ph
\Loxida’cion
39| 0550, . CH, o Ph 2.55 5];[95 5.45 5.45
CH‘S(’e'Ph CF5C0,H| 45y 20 | % t | 80,.CH,.Ph

2H

- 9G4 -



Spéc. Reaction \‘z_‘(‘H2 :’Ln};‘ﬁ3 ixi!Unsat. kiscel- Group
©nlve| Arom, CHX | 9
No. Product/s T Jer. X jgn Xprotons| laneous X
(Et.S.Na)
31 :
CH2.S.C..{2.CH3 CC.L4 2,711 7.15 |6.70 | 7.47 18.78 S.Et
CH.S.Ph agm o |t
CHE.S:CHE.CF% S5H 4H 4H oH
loxidc.'cion
1088“‘
45 CH2.802.0H2.0H5 0”315 5,34 6.32 {5.76 | 6.85 [|8.65 80,.Et
CH.S0,.Fh ¢ e | oar |t
CH2 . 802 . CH2 . CH5 S5H 4H 4H 6H
(LiBr in le,CO) o1 | 2.68 2..89, 15 m
5 oCl, 15, 1H tln
' 6.29, 2H d
1,2-Dibromide 5H 6.54, 1H2d
|
ihydrolysis
10 Ph.S. CH Cul, | 2.73| 7.95 [5.98 4,45~ | 7,62 m
CH m g 4,90 OH OH.
i
O, OH 5H m 5.12 s
1H weak
absorption

- LG} -



REACTIONS OF 1 ,2-DINETHANESULPHONATE

Spec{ Reaction TN QY Unsat. iliscel- |Group
Solv. | Arom.| >CHX |.CH.X| %-| Y | X
No.| Product/s v Q protons|laneous | X
(Dry HOAc) 2.70 | 4,96 | 5.80 6.94 |8.04s ‘
15 CC1, m t a 8.07s Ohc
1,2-Diacetate 5H 6H
oo | K0k in ~epl) 2.72 | 5.06 | 5.83| 6.52|6.97 |8.03s
1,2- + 1,3~ CCL4 OAc
diacetates n m m d 8.09s
50/ each sg | Y/or| zm | l/2m| 1 | em
(Et4N.OAc in MeaCo) weak
Ph.S.CH %.55 |absorptions
27 l 2074 m for
CH CCL,, 5432 8.03
1 & . M IPn.s.om,
} CH,.Ohc 24 Ohc
5.50 Ph.S.CH
+ small amount S5H 4,26 CHé.OAc
of 1,2~ and 1,3%- d 3H m
diacetates 2H 1H CH,OAc
(Dry MeOH)
2,79
2411,2- + 1,3- 3014 6.55] 6.30 | 6,98 |6.68s
dimethyl ethers t weak| m 6.73s Olie
50/. each 5H 4H 1H 6H

- 84L -




Specd Reaction C& \(ﬁ Unsat. [iisc- CH2 Group
Solv. Arom, | >CHX -CHEX & o | X ella- in
No. | Product/s ' & < protons meous|gr.X | X
(1eONa in MMeOH) %480~
25 Ph.S.ﬁH 2,78 6.5% 6,00
CCl, m gcomplex Olie
EH i 3 5H . 6.70
«Olia 3 31 m
K L/oH
(Ph.S,Na)
29 ([JHE.S.Ph 2.85 6.79
GH.S.Ph 001, 8 SFh
CH2 5. Ph 15H 5H
“{(Ph.CH,.S.Na)
27 |oH, .5 . Ph 2,82 7.32 16,89 G 42
| ~ .
CH.S.CH,.Ph CCL, m n & |S.CHy.Fh
15H 3H 4H
CHE.S.CHE.Ph
jloxidation
CH,+.50,+FPh 2.0~ 5,15—5,65 5 .80~
s1f} e e cF.coH 2% 6.30
?H .50,.0l, . Ph 52 5y hump - 50,.CHy Ph
CH?.SOE.CHE.Ph 2.55 uH
10H SH

- 654 -



Specd Reaction | | CH, {Unsat.|CH, |[iiscel- Grou
Colv, | Arom.| >CHX -CH2X Q? il in2 pro- in P
No.| Product/s N N gr.X| tons gr.X |laneous X
(Et.S.Na)
30
?He.S.Ph
CH S. CHIZ.CH5 274 5.00
weak 6.80{ 6.523 7.48 4,30 | 8,78
CI SN CH .CH CCl absorp- two | weak | 50,.CH,.CH
{2 3 “ tion m gr |absorp- 272" 3
+ 1 1 tion
SH.S.Ph 5H 7514 17/2] ©/28 .4H 6H
?H
CH,.8.CH,.CH, 3H
(LiBr in MeECO) 5.84,1Hn
6.14,1Ht
11 2470 6.30,20d | OF
€01, 6.55,1H24
S5H
1,2-Dibromide

integration was not

satisfactory

=~ 09+ =
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CHAPTER 3

Experimental

2-({ PHENYLTHIO ) PROPANE-1,3~-DI0L
AND ITS DERIVATIVES

Synthesis of 2-(phenylthio opane-1,3-diol

Ethyl bromomalonate (186)
22

This was prepared from diethyl malonate, by
bromination in carbon tetrachloride. The yield of pure
ester was 72%; b.p. 72-760/0.2 mm. (1it.73=75%; b.p.

132-136%/33 mm., 121-125°/16 mm.). v, (liquid film),

1740 cmT! with a shoulder at 1760 cmT (-COQEt).

Diethvl (phenylthio)malonate from ethyl bromomalonate

(189,195)
Freshly cut sodium (0.766 g.) was dissolved in

anhydrous ethanol (25 ml.), to which was added thiophenol
(3.85 g.) followed by ethyl bromomalonate (7.96 g.). A
reaction took place immediately, The mixture was

refluxed gently for about 2 hours and then evaporated.
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The residue, after mixing with water, was extracted

with chloroform (100 ml.), washed with 5% sodium
carbonate (3 x 20 ml.), and water (3 x 20 ml.), dried
(MgSO4) and concentrated to give a light brown oil. This
was distilled and the fraction with b.p. 110-118°/0.075
mm. was collected. On standing, colourless needles
separated and had m.p. 55-58°. (c.f. diphenyl
disulphide, m.p. 61°). These were removed and the
residual oil was redistilled to give a 1liquid, b.p.

20 4 5254, (11t%0 b.p. 203-205°/23

D
mnm., , n%4‘5 1.5207). The yield was poor.

116-148°/0.05 mm., n
Vnax. (1iquid

£ilm), 1750-1720 cm?’ (~CO,Et).

Ethyl (phenylthio)acetate (498)

Freshly cut sodium (6.9 g.) was dissolved in
anhydrous ethanol (140 ml.) to which was added
redistilled thiophenol (37.4 g = 34.5 ml.) followed by
redistilled ethyl chloroacetate (36.75 g., 31.7 ml.).

The mixture was refluxed in an atmosphere of nitrogen

for one hour, at the end of which the ethanol was

removed. The residue was mixed with water and extracted
with chloroform (250 ml.), washed with 5% sodium
carbonate (3 x 50 ml.), water (2 x 50 ml.), dried (MgSO4),
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and concentrated to give a yellow o0il. The distilled

pure colourless acetate (63%) had b.p. 100-106°/0.7 mm.,

n3%+7 1.5445. (11427 b.p. 265°/754.4 mn., n3’ 1.5429.

1it2% b.p. 147.6°/42 mm.).

Diethyl oxalo(phenylthio)acetate. (204,220)

23

The method described by Huntress and Olsen™™ was
followed with modifications.

To a cooled solution of 50% sodium hydride (11.54 g.,
0.24 mole) in dry ether (4100 ml.) and anhydrous ethanol
(3 ml.), was slowly added a solution of diethyl oxalate
(30 g. =% 28.7 ml., 0.2 mole) in dry ether (50 mi.).
The mixture was refluxed for 20 minutes. Maintaining
gentle reflux, a solution of ethyl (phenylthio)acetate
(30 g., 0.153 mele) in dry ether (100 md.) was added
dropwise during 5 hours. The mixture was then refluxed
for a further 17 hours, at the end of which anhydrous
ethanol (3 ml.) was added and refluxing continued for
a further 90 minutes. The resulting mixture was then
poured onto ice (125 g.), the aqueous layer separated,
and the ether layer extracted with water (3 x 20 ml.).

The combined agueous extracts were acidified, under
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fresh ether (4150 ml.), with concentrated hydrochlzrio
acid (15 ml.). The ether layer was separated and the
aqueous phase extracted with ether (3 x 25 ml.). The
dried (MgSO4) combined ethereal solution was evaporated
below 40° to give a light brown oil, which was heated
(0oil-bath at 80~90°) under 0.15 mm. for 30 minutes, and
the resulting oil (40.5 g., 90%), n%9'5 1.5365 was used
directly for the next stage without being distilled.
(11£.2% 91%, ni* 1.5353).

Diethyl (phenylthio)malonate from Diethyl oxalo(phenylthio)-

acetate (208, 223)
This compound was prevared essentially by the
method described by Huntress and Olsen®  The yield of

the pure diester was 87%, b.p. 129-130°/0.25 mm., n§1

1.5223. (1it. 90%, b.p. 203-205°/23 mn., nd*> 1.5207).

. . . -1
Vnax. (liguid film), 1730 cm. (—COzEt).

2-{Phenylthio)propane=1,3-diol from diethyl (phenylthio)-

malonate {242,225,231,250)
(a) A solution of diethyl (phenylthio)malonate
(3.142 g.) in dry ether (30 ml.) was added slowly during
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40 minutes to a well stirred slurry of powdered lithium
aluminium hydride (0.9 g., large excess) in ether

(30 ml.) and refluxed gently for a further hour. Then
it was worked up to give a pale yellow oil, b.p. 130°%/
0.2 mm., n5%*? 1.5639, v___ (liquid film), 3500 (-OH),

.1

max

1730 (~-CO,Et) cmi' The oil was found, by gquantitative

saponification, to contain 62.6% unchanged diester).

(b) When the reduction of diethyl (phenylthio)malonate
was carried out with lithium aluminium hydride in dry
tetrahydrofuran at reflux temperature during 5 hours, the
product was an oil, a major portion of which crystallized.
Recrystallization from ethanol gave diphenyl disulphide,
m.p. 55-58%, not depressed on admixture with an authentic
specimen of m.p. 60-61°. The remaining oil had b.p.
96-98°/0.2 mm., and was a mixture of the diol and the
diester. v . (liquid film), 3450 (-OH), 1725 (—COZEt)

max

em??

(c) Diethyl (phenylthio)malonate (5 g.) in dry ether
(75 ml.,) was added dropwise to a slurry of powdered

lithium aluminium hydride (3.12 g., 4.4 moles for each
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mole of the diester) in dry ether (75 ml.) during 3 hours.
The mixture was maintained at 19° and kept well stirred
for 96 hours, at the end of which, the excess of the
reagent was decomposed by cautious addition of water.

The precipitated complex was then decomposed by cold

6N hydrochloric acid (65 ml.). The ether layer was
separated and the aqueous phase extracted with ether

(3 x 25 ml.). The combined ether layer was washed

with sodium bicarbonate and then with water, dried (MgSO4)
and concentrated to give a pale yellow oil (1.3 g.,
38.2%), Distillation gave a lower-boiling fraction,

b.p. 24-28°/0.15 mm. with a smell of thiophenol, and

then impure 2-(phenylthio)propane-1,3-diol (0.5 g.,

15%), b.p. 132-136°/0.15 mn., n3’ 1.5831. v in
carbon tetrachloride, 3450 cmT' (-OH). (Found: S, 19.29.
09H12028 requires S, 17.40%). It was characterized by

reaction with p-nitrobenzoyl chloride and pyridine to

give the bis-p-nitrobenzogate which was recrystallised

from methanol and had m.p. 95-96°. (Found: C, 56.79;
H, 3.47; N, 5.75. 023H18N2083 requires C, 57.25;
H, 3-77; N’ 5-81%)¢

(d) The reduction of diethyl (phenylthio)malonate
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by Bouveault and Blanc's method gave the diol as a
yellow olil in very poor yield. v in chloroform,

max.
3400 cmT) (-OH).

1,3~0-Benzylideneglycerol. (268,277,462,583)

This compound was prepared by two methods.

(a) The method described by Evans and Owen?8 in
which glycerol was condensed with benzaldehyde in the
presence of hydrogen chloride, gave an oil (mixture of
1,2- and 1,3- isomers), b.p. 140°/0.6 mm. (1it.139-142°%/
0.6 mm.), n22*7 1.5388. The solid 1,3~ compound which
crystallised out was separated and recrystallised from
benzene-light petroleum (3:4) in 77% yield. It melted
over a &ide range 69-76° (1it. m.p. 65-75°). The
nuclear magnetic resonance spectrum in deuterochloroform

showed T, 2.55 (S5H; aromatic), 4.33 (4H; >CHPh), 5.88

(v) In the second method, 1,3-0-benzylideneglycerol
was prepared ess=ntially by the method described by
Johary and Owen?O A mixture of glycerol, benzaldehyde
and 60% perchloric acid was heated at 75-87° under

55-75 mm., to give a mixture of 1,2- and 1,3~ isomers.
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The 1,3- isomer was separated from the oil and
recrystallised from benzene~light petroleum (3:4) and

had m.p. 70-78° (1it. m.p. 65-67°).

1,%~Benzyvlidenedioxy~2=toluene~p-sulphonyloxypropane

(254,284,349,482)

This compound was prepared by the tosylation of
1,3-0~benrylideneglycerol in dry pyridine, using the
method of Matheson and Angyal?2 When recrystallised from
methanol, shining colourless prisms in 75% yield were
obtained and had m.p. 125-127° (1it.62.0%, m.p. 125%;
Iqba135 gives m.p. 117-122°).

Vmax. in chloroform,
1380 with shoulder at 1405, and 1240-1180 cm.  (-OTs).
Mpgx, 0 ethanol 225 mu (Emax. 141052).

1,%~Benzylidenedioxy-2~(phenylthio)propane. {256,289,353,484)

To a solution of sodium ethoxide (prepared by the
action of ca. 1.9 g. freshly cut sodium on 30 ml. dry
ethanol), was added a solution of thiophenol (12.91 g. =
12,0 ml.) in ethanol (20 ml.). The solvent was then
removed and the dry residue thus obtained was mixed with
1,3~benzylidenedioxy-2~toluene~p-sulphonyloxypropane
(25 g.) and dry NN-dimethylformamide (70 ml.). The
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mixture was kept at 95-100° for 417 hours in an atmosphere
of nitrogen. It was then cooled and NN-dimethylformamide

was stripped off to give 1,3-benzylidenedioxy-2~(phenylthio)-

propane., It was purified by recrystallisation from methanol
(charcoal) when colourless shining needles (14.5 g., T1%)
were obtained, m.p. 92-92.5°, The nuclear magnetic
resonance spectrum in deuterochloroform showed T, 2.60

(10H; aromatic), 4.55 (1H; >CH.Ph), 5.60 (2H; -CHZ-),

6.20 (1H; Ph.S.CH), 6.33 (2H; -CH2—). (Found: C, 70.29;

H, 5.62; S, 11.60. C,gH 6055 requires C, 70.56; H. 5.92;

Sy, 11.77%).

2-{Phenylthio)propane-1,3~diol from 1,3~benzylidenedioxy-

2-(phenyithio)propane. (315,320,357,486)
To a well stirred and hot (50-55°) solution of

1,3-benzylidenedioxy-2~(phenylthio)propane (35 g.) in
methanol (6410 ml.), was added N-sulphuric acid (525 ml.,
preheated to 55°) in one lot. Stirring was continued and
the temperature maintained at 50—550, when after one

hour the mixture became homogeneous; 90 minutes later

it was quickly cooled to 0°. The cold solution was
neutralized with ammonia, filtered and concentrated to

a small volume., It was then extracted with ether
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(5 x 150 ml.), dried (MgsS0,), and concentrated to give
2-(phenylthio)propane-1,3~diol (21.5 g., 92%), b.p.

144°/10™% mn., nl® 1.5928.

Viax., B chloroform, 3500

(-0H), 1100, 1080, 1050 (—CH20H) em>!  The nuclear
magnetic resonance spectrum in deuterochloroform
showed T, 2.72 (5H; aromatic), 6.23 (4, 4H; two -CHZ-),
6.45 (s, 2H; two -OH), 6.75 (q, 1H; Ph.S.CH). The n.m.r,
spectrun was also run on another sample after mixing
with D,0 and showed 7, 2.72 (5H), 6.22 (4, 4H), 6.70
(¢, 1H). (Pound: C, 58.57; H, 6.44; S, 17.40.
Cngzoas requires C, 58.66; H, 6.56; S, 17.40%).

The bis-p-nitrobenzoate had m.p. 94-960, not

depressed when mixed with the previous sample (page 4166).
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Derivatiyes of 2-(phenylthio)propane=l,3-diol

Dimethanesulphonate (364,380,391,501,53%%,566,574,621,
638,656,680)

An lce=coo0led solution of methanesulphonyl chloride
(3.72 g = 2.6 ml.) in dry pyridine (14.5 ml.), was
added to a cold solution of 2-(phenylthio)propane-l,3-
diol (2 g.) in 13.5 ml. dry pyridine, and the mixture
was stored in the refrigerator for 16 hours, at the end
of which it was poured onto 200 ge crushed ice and stirred.
The solid dimethanesulphonate of the 1,3-diol was thus
obtained (yield 75/ to 91/ with various batches), it
was recrystallized from ether-petroleum (b.p. 30-40°)

and had m.p. 55-56°,

nax, 0 chloroform 1375, 1370 and

1180 cm.”+ <R1'O'Sog'32)' The nuclear magnetic

resonance spectrum in deuterochloroform showed T, 2.62

(5H, aromatic), 5.57 (d; 4H, two -CH,-), 6.41 (an; 1H,
”

Ph.S5.CH), 6.97 (s3 6H, two - 0.502.0H5). (Found: C,

38.723 H, 5.033 S, 28.14. CllH16O6S5 requires C, 38.81;

H, 4,743 S, 28.26/).
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Diacetate (455)

An ice-cooled mixture of acetic anhydride (3.5 ml.)
and dry pyridine (5 ml.), was added to 2-(phenylthio)-
propane-1,3-diol (1.674 g.) at 0°, On shaking the
mixture, a clear solution was obtained which was left
at ca. 20° for 191/2 hours, at the end of which it was
poured onto crushed ice (40 g.), extracted with chioro—
form (3 x 25 ml,), washed with cold 2N gulphuric acid
(2 x 15 ml.), saturated sodium bicarbonate (3 x 15 ml.)
and water (4 x 15 ml.), dried (MgSO4) and concentrated.
Distillation gave the diacetate of the 1,3-diol as a
colourless oil (1.95 g., 807), b.p. 114-116°/10"% mm.,

nSl 1.5262, 3} in chloroform, 1745, 1390, 1375 and

1275 cm. "1 (~0Ac), The nuclear magnebtic resonance
spectrum in carbon tetrachloride showed T, 2.72 (5H,
aromatic), 5.82 (d; 4H, two -CH,-), 6.54 (qng. 1H,
Ph.S.Cé), 8.02 (s 6H, two —COCHB). (Found: C, 58.42;

H, 6.27. Cy;H,.0,8 requires C, 58.19; H, 6.01/).

Dimethyl Ether (552)
To a solution of 2-(phenylthio)propame-1,3-diol

(2 g.) in dry tetrahydrofuran (35 ml.), was added
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pulverised sodium hydroxide (ca. 3 g.), To this mixture,
stirred at ca. 30°, was added a solution of dimethyl
sulphate (6.9 g.= 5.2 ml.) in tetrahydrofuran (2 ml.)
during 95 minutes. The mixture, after being stirred

at 50-450 for a further 1S hours, was cooled to roonm
temperature, sufficient water was added and tetra-
hydrofuran expelled in a stream of nitrogen at 650.

It was then neutralized with 2N sulphuric acid at roon
temperature, extracted with chloroform (100 ml,),

washed with water (3 x 50 ml.), dried (MgSO4) and
concentrated to give 1l,3-dimethoxy-2-(phenvlthiolpropane.
The pure colourless oil (1.9 g., 83/) had b,p. 86-88°/

-4

107 mm., n§'*? 1.5340, in carbon tetrachloride

”’max .

3060, 2960, 2910, 2860, 2810 (Ph=~, ~CH5, >CH2, fC—H,
~0.CHy), 1130 and 1070 (~CH,.0.CH,~) cuTt  The nuclear
magunetic resonance spectrum in carbon tetrachloride

showed v, 2,70 (5H, aromatic), 6.30 (hump; 1H, Ph.S.CH),
6.50 (d; 4H, two -CHy-), 6.70 (s; 6H, two —O'CHE)'

(Found: C, 62.81; H, 7,68, S, 15.04, CllH16O2S requires

C, 62.23; H, 7.60; S, 15.10/).
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Attempted preparation of 1.3-dichloro 2-(phenylthio)—
propane (331)

A solution of redistilled thionyl chloride (3 ml.=
4,9 g., ca. 3 times in excess) in chloroform (5 ml,)
was added to a solution of 2-(phenylthio)propane-1,3-
diol (0,976 g.) in chloroform (2 ml.,). The mixture was
gradually heated to 70-750 in 30 minutes and maintained
for a further 90 minutes. Chloroform and excess of
thionyl chloride were then distilled off to give a light
yellow oil (1.18 g.). It was purified by refractionation

to give a colourless oil which had b.p. 94-1020/10"4 mm, ,

n%9’5 1.5819 and gawe a positive Beilstein's test for

halogen. umax in chloroform, 1590 (Ph-) and 1250-1200
cmit [S =0 stretching vibration for sulphite

(RO),80]. (Found: S, 21.06. 09H100128 requires S,
14,50/ and the cyclic sulphite C9H100382 requires S,

27.85/). The product was probably a mixture of a
dichloro-derivative and the cyclic sulphite in almost
equal proportions. On hydrolysis with 2N hydrochloric
acid the characteristic smell of smlphur dioxide could
not be detected as it was masked by the smell of

thiophenol, produced during the hydrolysis.
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Solvolysis of the l,3-diacebtabe with dry acetic acid

in presence of a strong acid (761)

A mixture of the authentic 1,3-diacetate (C.54 g.),
acetic acid (10 ml.), acetic anhydride (1.5 ml,), and
methanesulphonic acid (ca. O.4 g., i.e. 2 mole equivalents),
was heated under nitrogen at 120° for 7 hours and then
left overnight at room temperature. Acetic acid and
acetic anhydride were distilled off when a dark brown
viscous oily residue was obtained. It was chromatographed
[silica gel, ether - petroleum (40-60°), 1:1]. The
first component which was eluted was concentrated to give
a yellow oil which was further purified by distillation,
and had b.p. 150-160° (0il-bath)/1072 ma., n'Y 1.5348.

... in carbon tetrachloride, 1745 and 1240 zm '

(~OAc), and 1588 cuTd (Ph~). The nuclear magnetiz

resonance spectrum in carbon tetrachloride showed T,
2,72 (5H, aromatic), 4.98 (m; 1H, >CH.OAc), 5.80 (t;
2H, -CH,0Ac), 6.95 (d4; 2, Ph.S.CH,~), 8.02 and 8,08

(two s3 6H, .O.CO.CHB). It was identical with that of

the authentic 1l,2-diacetate.



- 176 -

%= (PHEYLTHIO ) PROPAIT =1 ,2-DIOL

AND ITS DERIVALTIVES

3-(Thenylthio)oropane-1,2-diol (421,628)

This compound was prepared, in 704 yield, by
refluxing a aixture of sodium thiophenatve and glycerol
a-monochlorohydrin in ethanol. It had m.p. 70-71°
(benzene). The method used was essentially the same

as that described by Hutchison and Smileslf2

who give
MePa 65—670. (Centre d'études pour l'industrie and

o 4 . .
Inichel Roussons}6 give m.pP. 69.5-700). Uﬁax in chloro-

form, 3625-3475 (-OH), 1090, 1070 and 1030 (-CH,OH

and >CHOH) cm?l The nuclear magnetic resonance spectrun
in deuterochloroform showed T, 2.72 (5H, aromatic),

6.35 (m; 3H, -CHOB~CH,OH), 6.98 (d; 2H, Ph.S.CH,.),

7.32 (s; 2H, two -OH).

Dimethanesulvhonate (426,468,543,585,591,631,648,666,674)
To an ice-cooled solubtion of 3-(phenylthio)propane-

1,2-diol (4 g.) in dry »yridine (10 nl.), was added a

cooled solution of methanesulphonyl chloride (7.44 g.=

5.2 ml.) in pyridine (29 ml.), and the mixture was stored
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in the refrigerator for 16 to 1C hours. It was then

poured onto 400 g, of crushed ice and stirred when

(yield 96/ to 98/ with various batches). It was
recrystallized from benzene-petroleum (b.p. 40-60°) as

fine silky needles, n.p. 60-61°, in chloroform,

Unax,

1

1375, 1228, and 1183 (Rl.O.SOE.RE) cm,” The nuclear

magnetic resonance spectruiln in deuterochloroform showed
T, 2.70 (5H, aromatic), 5.20 (u; ., 1H, :CHOMs), 5.55
(t; 24, CH,.Olis), 6,70 and 6.80 (two d; 2H, Ph.S8.CH,.),

6.98 (8; 6H, two ‘O'SOE'CHB)‘ (Found: C, 38.62; H, 4.52;

5, 28.13. CllH16O6S5 recuires C, 38,81y H, 4.74;
S, 28.26/).
Diacetate (448)

3~(Phenylthio)propane-1,2~diol (3.68 g.) was added
to an ice-cooled mixbture of acetic anhydride (8.25 g.=
7.6 ml.) and dry pyridine (10 ml.) and the solution was
left at ca. 20° for 17 hours, at the end of which it
was poured onto 60 g. of crushed ice, extracted with
chloroform (3 x 25 ml,), washed with 2N sulphuric acid
(2 x 25 ml.), saturated sodium bicarbonate (4 x 25 nl.),

water (3 x 25 ml.), dried (LgSO4) and concentrated to
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give the diacetate of the 1,2-diol (4.7 g., 83/),

b.p. 124-126°/107% mm., o 1.5268. y)___ in

chloroform, 1750, 1380, 1270 (-OAc) cm7l The nuclear
magnetic resonance spectrum in carbon tetrachloride
showed 7, 2,72 (5H, aromatic), 4,95 ( m; 1H, >CH,0Aic),

5.80 (t; 2H, -CH,0Ac), 6.95 (d; 2H, Ph.S8.CH,-), 8.02
and 8.08 (s; 6H, two .O.CO.CHB). (Found: C, 58,49;

H, 6,04, ©y;H (0,8 requires C, 58.19; H, 6.01/).

Dimethyl ether (559)

Pulverized sodium hydroxide (ca. 2 g.) was added
to a solution of 3-(phenylthio)propane-1,2-diol (1.3 g.)
in dry tetrahydrofuran (25 ml,) and the mixture was
kept well stirred at 50—550. To this was added dropwise
a solution of dimethyl sulphate (ca. 4.5 g.= 3.4 ml,)
in tetrahydrofuran (2 ml.) during one hour. The
pixture was stirred at 50—400 for 7 hours and then at
ca. 20° for 13 hours, at the end of which sufficient
water was added and excess of tetrahydrofuran expelled
in a streawy of nitrogen at 650. The mixture was then
neubralized with 2N sulphuric acid, extracted with

chloroform (125 ml.), washed with water (3 x 50 ml.),



- 179 -

dried (MgSO4) and concentrated to give 1,2-dimethoxy-

3-(phenylthio)propane (1.19 g., 80/), b.p. ’76-—‘78?/10"4 M. ,

2372 1.5381. V

max. 0 carbon tetrachloride 3040, 2960,
.

2890, 2865, 2790 (Ph-, -CH,-,

1130, 1105 (-CH,.0.CH5) cm™'. The nuclear magnetic

~CHy-,

= C-H, —OCH5),
resonance spechrum in carbon tetrachloride showed T, 2.78
(5H, aromatic), 6.35 (m3 1H, >CH.Ole), 6.62 (t; 2H,
-CHE.Ohe), 6.65 and 6,72 (two s; 6H, two _CH5)’ 6.98

(my 2H, Ph.S.CH,-). (Found: C, 62.50; H, 7.76; S,
15.16. C,,H 0,8 requires C, 62.23; H, 7.60; S, 15.101).
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OPHER AUDHENTIC COMPOUNDS

The first ©two of the following compounds were
prepared by N.S. Joharyao in 1954 in the Arnstrong
Laboratory of this department. These samples were

kindly provided by Professor L.¥N. Owen.

1,3-Bisbenzylthiopronan-2-01 (691)

It was purified by redistillation and the pure oil

had b.p. 182-185°/10"% mm., n%° 1.6116, The nuclear

magnetic resonance spectrum in deuterochloroform showed

1, 2.71 (10H, aromatic), 6.31 (5H, 4H of two .CH,.Fh
group and 1H of >CH-), 6.73 (1lH, ~0i), 7.44 (4H, two

2-Acetoxy-1l,3-bisbenzylthiopropane (689)

This compound was purified by redistillation and

had b.p. 180-186/107" ma., n%’ 1.5849. The nuclear

magnetic resonance spectrum in carbon tetrachloride showed
1, 2.80 (10H,aromatic), 5.05 (gn; 1H, >CH.OAc), 6.38 (s
40, two —CHZ.Ph ), 7.48 (4; 4H, two _CHZ")’ 8,00 (=3

3, -0.00.CHy).
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Allyl phenyl sulphide (405)
It was prepared essentially by the method of Hurd
and Greengard45. It had b.p. 44-46°% 2 x 107% WG,

nat+9 1.5732 (156.%7 b.p. 48-49°/0.43 ma., nY 1.5732.)

2,3=Dibromo 1-(vhenylthio)oropane (411)

A solution of bromine (1,1 ml., previously washed
with concentrated sulphuric acid) in dry carbon tetra-
chloride (10 ml.) was added dropwise to a cooled,
vigorously stirred solution of allyl phenyl sulphide
(3 g.) in dry carbon tetrachloride (20 ml.,) during
21/2 hours, Stirring was continued for one further
hour allowing the solution to warm up to room tempera-
ture. It was then washed guickly with ice water
(3 x 50 ul,), dried (thOQ) and concentrated to give
2,3~dibromo 1-(phenylthio)pronane (3.6 g., 60/), b.p.

118—1200/10'4 mi, , n%? 1.6255. The nuclear magnetic

resonance spectrum in carbon tetrachloride showed T, 2.70
(5H, aromatic), 5.86 (mj; 1H), 6.15 (t; 1H), 6.30 (d;
2H), 6.54 (two ds; 1H).
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Cinnamyl acetate (767)
After purification by refractionation, it had

b.p. 90%2 mm., nl? 1.5461 (1it. o 1.54415). V)

mazl,.

in carbon tetrachloride, 1735 cmi® (Ohc). The nuclear
nagnetic resonance spectrum in carbon tetrachloride
showed T, 2.75 (5H, aromatic), 3.21 - 4,09 (m; 2H,

CH = CH), 5.37 (&; 2H, -CH,0Ac), 8.01 (s3 3H, .O.COCHE).
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REACTIONS OF THE DILiidATsSULPHONATE

OF  2-(PUEslYITHI0)PROCANE-] , 3-DI0L

The freshly prepared dimethanesulphonate derivative
of 2—(phenylthio)propane—1,B-diol was used in all the

following experiments.

(a) Reaction with dry acetic acid (519)
The 1,3-dimethanesulphonate (3.2 g.) was mixed
with acetic acid (%7.5 ml.) and acetic anhydride (1.5
nl,) and slowly heated to 120° (oil-bath) and maintained
at this tenperature for 7 hours. HAcetic acid was removed
by distillation and the residue was taken up in chloro-
form (80 ml.), washed with saturated sodium bicarbonate
and then water, dried (MgSO4) and concentrated to give
the rearranged product, the diacetate of 3-(phenylthio)-
propane-1,2-diol (0.91 g., 58/), b.p. 120-124°/10~% mm.,

ny 1.5270. 1, in chloroform, 1740, 1383 and 1275

(-0Ac) cm."l The nuclear magnetic resonance spectrum
in carbon tetrachloride showed T, 2.70 (5H, aromatic),
5,00 (gqn; 1H, >CH,OAc), 5.80 (ty 2H, —CH2.OAC), 6.95
(d; 2H, Ph.S.CH,-), 8.03 and 8.05 (two s; 6H, two
-OCOCHB).
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(b) Reaction with potassium ascetbate in acetic anhydride (535)

A mixture of the 1,3-dimethanesulphonate (2.77 g.),
anhydrous potassium acetate (4 g.), and redistilled
acetic anhydride (15 ml.) was gradually heated to 140-
150° (o0il bath). It was naintained at this temperature
for 4 hours and then left at room temperature for 13
hours. It was then cautiously diluted with ice-water,
extracted with chloroform (100 ml.), washed with
saturated sodium bicarbonate and then with water, dried
(MgSO4) and concentrated to give a dark brown oil,

The distilled oil (1.8 g., 8%/) was chromatographed
(silica gel, ether-light petroleun 1:1), and redistilled

to give a light yellow oil with b.p. 120-124°/10~% mm.,

n%? 1.5268. Y in carbon tetrachloride, 1740, 1378

nax.

and 1260 — 1210 (-Oic) cm7l The nuclear magnetic
resonance spectrum in carbon tetradhloride showed 7T,
2.70 (5H, aromatic), 5.00 (qn., 1/2i), 5.83% (not well
resolved, 3 6.54 (qnj l/2H), 6.9% (d; 1H), 8.03% and
8.09 (two sy 6H), The product was thus a nixture of
the 1,2~ and the 1l,3-diacetates in approximately equal

proportions.
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(¢) Reaction with tetraethylaumonium acetate in acebtone (622)

(i) Preparation of silver oxide: It was prepared47
in 99/ yield by the action of aqueous sodium hydroxide
on agueous silver nitrate.

(ii) TFreparation of tetraethylammonium acetate:
This was prepared, essentially by the method of Steigman

and Hammett'” as its monohydrate Et,N.OAc, H,O by the

action of silver oxide on an agueous solution of
tetraethylammonium bromide and then neutralising the
product with acetic acid.

(iii) To a suspension of tetraethylammonium acetate
(2.5 g.) in dry acetone (10 ml.), was added dropwise
a solution of the 1,3-dimethanesulphonate (1.58 g.)
in 10 ml. dry acetone during 290 minutes. The mixture
was maintained at ca. 50° for 6 hours and then left
at room teuperature for 12 hours, at the end of which
it was concentrated, diluted with ice-water (100 ml.),
extracted with chloroform (3 x 50 ml.), washed with
saturated sodium bicarbonate (50 ml.), water (3 x 50
ml.), dried (1ig80,), and concentrated to give a dark
brown oil, Distillation gave a pale yellow oil (0,57 g.),

b.p. 85-90°/107% mm, 159> 1.,5551. V (1iquid film),

max.
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1740 (~OAc), 1643 and 1618 (unsaturated), 1375 and 1225
(-OAc). The nuclear :agnetic resonance spectrum in
carbon tetrachloride siowed v, 2.71 (5H), 4.56 (t;

1H), 4.81 (d; 1H), 5.29 (Y/2d), 5.48 (1/2H), 5.8%

(m; 1/2H), 6.42 (53 l/5H), 8.02 (m; 3H), (Found: C,
60.273 H, 5.70. The diacetate 015H1604S requires

C, 58.19; H, 6.01/ and the elimination product
C,1H,50,5 requires C, 63.43; H, 5.81/).

(d) Reaction with dry methanol (568)

The 1,3-dimethanesulphonate (2.43 g.) in dry
methanol (25 ml.) was boiled under reflux for 91/2
hours and then left at room temperature for 12 hours.
liethanol was then distilled off and the residue taken
up in chloroforw (75 ml.), washed with saturated sodium
bicarbonate (30 ml.) and then with water (3% x 50 ml.),
dried (MgSO4) and concentrated to give a light brown oil
which on distillation gave a colourles oil (1.5 g.,

26/), DD ’740/10"A‘L mm. in carbon tetrachloride,

male

3060, 2980, 2925, 2900, 2825 (Ph-, -CH,, -CH,-, =C-H,

3? 2
~0CE), 1130 and 1105 (~CH,=0-CHy-) cw>l The nuclear

magnetic resonance spectrum in carbon tetrachloride
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showed 7, 2.75 (5H, aromatic), 6.33 to 6,60 (m; 4H),
6,68 (s; 3H, —CHB), 6.73 (s 3H, -CH5), 7,00 (m; 1H),
indicating a mixture of the 1,2~ and 1,3-dimethoxy
conpounds in almost equal proportions.
(e) Reaction with sodium methoxide in methanol (576)
To a solution of sodium methoxide, prepared by
dissolving sodium (ca. 1.6 g.) in anhydrous methanol
(30 mnl.), was added the 1,3-dimethanesulphonate (2.282
g.). The solution, which became dark, was boiled under
reflux for 30 minutes and then maintained at ca. 500
for 7 hours. It was then cooled and concentrated. The
residue was diluted with water (100 ml,), extracted
with chloroform (% x 50 ml,), washed with saturated
sodium bicarbonate (50 ml.), water (3 x 50 ml,), dried
(MgSO4).and concentrated to give a dark brown oil.
Distillation gave colourless 3—methoxy-2=(phenylthio)-

propene (0.5 g., 42/, b.p. 92°/0.3 mm,, n%} 1.5591.

gy, in carbon tetrachloride, 3060, 2990, 2925, 2680,

2825 (fh-, -CH;, -CH,-, =C-H, O—CHB), 1615 (-C=C-),

1 ghe

1590 (aromatic), 1195 and 1115 (—CHE.O.CHE—) cm,
nuclear magnetic resonance spectruam in carbon tetra-

chloride showed =T, 2.70 (5i), 4.55 (&3 1H), 4.88 (s;
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1H), 6.15 (43 2H), 6,75 (my 3d). (Found: C, 67.02;
H, 6.933 0, 9.03; Lol, wt,, 182.4, GlOHlEOS requires

C, 66.63%3 H, 6.71; 0, 8.87/ and kol. wt., 180.3).

Methylelvoxal big-(2 4-dinitronhenyl)-0sazone from

3-methoxy-2-(phenylihio)nrosene (%97,601)

3-liethoxy-2-(phenylthio)propene (63.8 ng.) was
added to a nixture of 2,4~-dinitrophenylhydrazine (338.5
mg.), concentrated sulvhuric acid (0.2 ml.) and ethanol
(7 ml.). The uixbure was refluxed under nitrrgen on a
stean-bath for % hours. The suell of thionhenol became
more and more prowinent and an orange~red material
crysbtallized out. The crystals were filtered off, and
washed several times with ethanol and then with water
to give methylglyoxal bis~(2,4-~dinitrophenyl)-osazone
(0.14 g., 93/). It was purified by washing repeatedly
with a hot wixture of ethanol and ethyl acebtate (10:3)
and then with ethanol and had m.p. 303-305° (decouposed).
(Swobodat® gives m.p. 300-302° (d)). (Pound: C, 41.90;

H, 3.01; W, 25.3%. Calc. for CgH,lig0g: C, 41.66;

H, 2.79; N, 25.92/).
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(f) Reaction with sodium thiovhenate (640C)

To a solution of sodium methoxide (prepared by
dissolving 1.0l g. sodiuwm in 25 ul. dry methanol), was
added thiophenol (5.9 g.= 5.5 ul.) followed by the
1,3-dinethanesulphonate (1.5 g.). The mixture was
slowly heated and wmainbtained at ca. 55° in an
atmosphere of nitrogen for 4 hours and then at room
teuperature for 18 hours. I+t was then concentrated;
the residue was diluted with water (75 ml.), extracted
with chloroform (3 x 50 nl.), washed with saturated
sodium bicarbonate (50 ml.), and water (3 -~ 50 ml.),
dried (thO4) and evaporated to give a brownish oil.
Distillation gave at first a lower-boiling oil, b.p.
960/]_0_5 mn., which crystallized out, melting at 58-55°
(c.f. diphenyl disulvhide m.p. 61°) and later the

higher-boiling oily 1,2.3-trisphenylthiopropane (0.945 g.,

59/), b.p. 195°/107F ma., ni) 1.6535, U __ in carbon

tetrachloride, 1587, 1487, 1445, 1420 (aromatic) cmTt
The nuclear magnetic resonance spectrun in carbon
tetrachloride showed 7, 2.85 (15H, aromatic), 6.81
(sy 5H), (Found: C, 68,153 H, 5.33; S, 26.13.
CopHooS5; Tequires C, 68.43; H, 5.47; 8, 26.10/).
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1,2,3-Trisphenylsulphonylpropane (743)

30/ Hydrogen neroxide (2.5 ml.) was added to a
solution of the trisulphide obtained above (0.4 g.)
in acetic acid (2,5 ml,). The nixture was shaken and,
after 5 minutes, more peroxide (1 ml.) was added, and
heated on a steam~-bath for 25 minutes, Some solid had
then appeared, and more was precipitated on cooling and
dilution with water. The solid was collccted and

washed with water. The trisulohone (0.4 g., 80/) was

recrystallized from a&acetonitrile as fine needles, m.p.

O
227-230%, ...

(nujol mull), 1585 (aromatic), 1310
with shoulder at 1290, and 1150 with shoulders at 1170
and 1135 (sulphone) cmTl The nuclear magnetic resonance
spectrum in trifluoracetic acid showed T, 2.24 (15H,
aromatic), 5.62 (m; 1H, >CH.802Ph), 5.91 (m; 4H, two

-CH,-). (Found: C, 54,89; H, 4.25; O3 20.18.
CoyHpa0g85 Tequires G, 54.29; H, %.343 0, 20.66/).

(g) Reaction with benzyl sodium sulphide (658)

Sodium (1.15 g.) was dissolved in dry methanol
(3C ml.). To tnis was added benzyl mercaptan (7.40 g.=
7.0 ml,) followed by the 1,3-dimethanesulphonate (1.70 g.).
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Maintaining an atmosphere of nitrogen, the mixture was
heated at 50-55° for 21/2 hours and then left at room
temperature for 20 hours at the end of which it was
concentrated, the residue diluted with water (75 ml.),
and extracted with chloroform (3 x 50 ml.). The extract
was washed with ¥ sodium hydroxide (4 x 50 ml,), water

(3 x 50 ml,), dried (Na2804) and concentrated to give

an oil, DBenzyl mercaptan and dibenzyl disulphide were
removed by distillation and the residuvual oil was
chromatographed (silica gel, L..F.C., benzene) to give
1,3-bisbenzvlthio-2-(phenylthio)propane (0.95 g., SOX),

nﬁz ZI_.5’765,\)]11&,X in carbon tetrachloride, 1585 cm?l

(aromatic). The nuclear magnetic resonance spectrum in
carbon tetrachloride showed T, 2.82 (15H, aromatic),
6.41 (t3 4H, two -CH,Ph), 6.86 (qn; 1H, >CH.8Ph), 7.33
(ay 4H, two —CHg—). (Found: 5, 24,54, 025H24S5
requires S, 24,25/).

1l.3-Bishenzylsulphonyl-2~phenylsulphonylpropane (747)
30/ Hydroger vneroxide (2 ml.) was added to a

solution of 1,3-bisbenzylthio-2-(phenylthio)propane

(0,266 g,) in acetic acid (2 ml.). After shaking
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for 5 minutes a further quantity (1 ml.) of peroxide

was added and the mixture heated on a steam-bath for 30
minutes when a crystalline substance had appeared,
Dilution of the mixture with water on cooling resulted in
the precipitation of some more, The crystals were
collected and washed with water. The irisulphone

(0,25 g., 76/) was recrystallized from ethanol as

small needles, m.p. 170-172°, The n.m.r. spectrum

was recorded in trifluoracetic acid but the integration
was not good (see the tables, spec. no. 39). (Found:

C, 56,%03 o, 4.79; 0, 19.45, 025Hé40685 requires

C, 56.073 H, 4,913 0, 19.49().

(h) Reaction with ethyl sodium sulphide (682)

A solution of sodium methoxide was prepared in
methanol by dissolving sodium (1.15 g.) in 25 ml. dry
methanol, Ethanethiol (5.84 g. = 7 ml,) and then the
1,3-dimethanesulphonate (1.65 g.) were added and the
mixture was heated at 40-50° for 7 hours and then
left at room temperature for 15 hours, The solvent was
then distilled ofl, the residue treated with ice-water
(100 ml.), extracted with chloroform (3 x 50 ml.), washed
with N sodium hydroxide (4 x 50 ml.), water (4 x 50 ml.),
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dried (Na2804) and concentrated to give an oil,

Distillation of the oil gave 1,3-bisethylthio=2-(phenyl—
thio)provane (0.7 g., 53/), b.p. 1220/10'4 mi. , n%?
1

1.5888. V___  in carbon tetrachloride, 1590 cum:

(aromatic). The nuclear magnetic resonance spectrum in
carbon tetrachloride showed t, 2,71 (5H, aromatic),

6,70 (m; 1H, >CH.SPh), 7.15 (43 4H, two -S.CH,.le),
747 (qry 4H, two —CH2—)’ 8.78 (ty 6H, two _CHB)'
(Found: C, 57,423 H, 7.11; S, 34+.98, Cl§H2OSB requires

C, 57.203 H, 7.40; S, 35.30/4).

1,3=-Bisethylsulphonyl-2-phenvlsulphonylprovane (756)

A mixture of 1,3-bisethylthio~2-(phenylthio)propane
(0.282 g.), acetic acid (5 wl.), and 30/ hydrogen
peroxide (5 ml,) was evaporated on a steam-bath until a
white s0lid residue was obtained, The residue was
washed several times with small quantities of water
and the crystalline material was recrystallized from

ethanol (0.29 g., 75/) and had n,p. 158—1590. ))max

(mujol mull), 1300, 1128, 1123, 1148 cusl (R,S80,).

The nuclear magnetic resonance spectrun in deuterochloroform
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showed T, 1.88 - 2.38 (m; 5H, aromatic), 5.76 (an;
1H, -CHSPh), 6.32 (dy 4H, two ~CH,.8.2t), 6.85 (qr;

4, two —CHg.Me), 8.65 (ty 6H, two —CH§)' (Found:
C, 42,413 H, 5.45, 015H12006S3 requires C, 42,37,

H, 5.47/).

(1) Reaction with lithium bromide in dry acetone (385,396)
Lithium bromide (19,15 g.) was dissolved in

anhydrous acetone (100 ml,) at reflux temperature and

the solution thus obtained was added dropwise but

fairly rapidly to a solution of the 1,3-dimethanesulphonate

(5 g.) in anhydrous acetone (ca. 10 ml.). The mixture

was refluxed for 30 minutes and then cooled. The

acetone was distilled off and the white residue was

extracted with chloroform (150 ml.), washed quickly

with ice-water (150 ml,), dried immediately over 11gS0,, ,

and concentrated to give a light yellow oil. Distil-
lation gave the 1,2-dibromide (4.1 g., 90/), b.p. 116~

120%/107% mm., p%8 1,242, Vor. (liquid £ilm), 1585

cmyt (aromatic). The nuclear magnetic resonance
spectrum in carbon tetrachloride showed T, 2.68 (5H,

aromatic), 5.89 (m; 1H), 6.13% (%3 1H), 6.29 (d; 2H),
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6,54 (two dy 1H). (Found: C, 35.16; H, 3.37; Br,
52.19. 09H103r28 requires C, 34.86; H, 3.25; Br,

51.55/).

Ovdrolysis of 1,.,2~dibromo-3-(phenylthio)propane (432)

A mixture of 1,2-dibromo-3-(phenylthio)propane
(0,99 g.), N sodium hydroxide (16.6 nl.), and acetone
(16.6 ml.) was refluxed for 8 hours and then left at
room temperature for 151/2 hours, Acetone was distilled
off and the aqueous solution was neutralized with N
hydrochloric acid, It was then extracted with ether
(3 x 20 ml.), washed with wat>r (2 x 20 nl.), dried
(MgSO4) and concentrated to give a pale yellow oil

(0.43 g., 747), n5t71.5670. V), 3500 (-0H), 1670,

maxz,

1620 (G=C), 1590 (aromatic) cmi+

The nuclear magnetic
resonance spectrum in carbon tetrachloride showed %, 2.73,
(5H, aromatic), 4.45 - 4,90 (m; 1H), 5.98 (g3 1H), 7.62
(m; 1H, -OH), 7.95 (m3 2H), 5.12 (&; weak absorption),
indicating that the product of hydrolysis was an

elimination product containing hydroxyl and ethylenic

groups.
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SEACTIONS _OF THE DILE[IANESULCHONATE

OF 3=(PHINYLITMIO)PRC. ANE-1,2-DI0L

The freshly vprepared dimethanesulphonate derivative
of 3-(phenylthio)propane~l,2-diol was used in all the

following experiments,

(a) Reaction with drv acetic acid (473)

A mixture of the 1,2-dimethanesulphonate (2.2 g.),
acetic acid (25 ml.) and acetic anhydride (ca. 1 ml.)
was heated slowly up to 120° (oil-bath) during 2 hours,
uain’ained at this temperature for 11 hours and then
left at ca. 18° for 1% hours. It was then concentrated
and the residual oil taken up in chloroform (75 ml.),
washed successively with saturated sodium bicarbonate

(3 x 25 ml.), water ( %x 25 ml.), dried (1:g80, ) and

concentrated to give the 1,2-diacetate (1.5 g., 85/),

b.p. 118-119°/107" mm., n3?*? 1.5272, J___ in chloro-

form, 1740, 1380 and 1265 cuT+ (-Oic). The nuclear
magnetic resonance spectrum in carbon tetrachloride
showed v, 2,70 (5H,aromatic), 4.96 (m; 1H, >CH,OAc),
5.80 (%3 2H, -CH,.04c), 6.94 (d; 2H, Ph.S.CH,-), 8.04,
and 8.07 (28; 6H, two —O.CO.CHB). Th2se physical
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constants are essentially the same as those described
for the authentic 1,2-diacetate obtained by the

acetylation of the 1,2-diol.

(b) Reaction with potassium acetate in acetic anhydride (545)

A mixture of the 1,2-dimet anesulphonate (2.1 g.)
freshly fused anhydrous potassium acetate (3.7 g.) and
redistilled acetic anhydride (30 ml.), was heated slowly
to 140-150° (oil-bath) and maintained for 3% hours. The
teuperature was then lowered to 120° and naintained
for 2 hours at the end of which the mixture was left
at rooﬁ temperature for about 15 hours. Acetic anhydride
was then distilled off, Ice-water (100 ml.) was added
to the residue and, after stirring vigorously for one
hour, the mixture was extracted with chloroform (3 x 50 ml.),
washed with saturated sodium bicarbonate (50 ml,.,), water
(4 x 50 ml,), dried (MgSO4) and concentrated to give a
dark brown oil, The oil was distilled, chromatographed
(silica gel, ether-light petroleum 1:3) and redistilled
to give a mixture of the 1,2- and 1,3-diacetates in
almost equal proportions (1.1 g., 66/), b.p. 112-116°/

4 20

10 mm. , Ny 1.5252. \} in carbon tetrachloride,

mazx,

1740, 1380 and 1250 cmTt (-OAc). The nuclear
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nagnetic resonance spectrum in carbon tetrachloride
showed 1, 2,72 (5H, aromatic) 5.06 (m; l/2H), 5.8%
(not well resolved, 3H), 6,52 (m; ~/2H), 6.97 (d; 1H),
8.0% and 8.09 (2§; 6%),

(¢) Reaction with tebraethylanmopnium ascetate (633)

The 1,2-dimethanesulphonate (1.8 g.) in dry
acetone (10 ml,) was added drop by drop to a suspension
of tetraethylammonium acetate (4.4 g.) in 20 ml. dry
acetone during 2 hours. The mixture was heated to 58°
maintained there for 7 hours and then left at room
teuperature for 151/2 hours. The residue, obtained
on concentration, was treated with ice-water (100 ml.,),
extracted with chlorofora (3 x 50 ml.), washed with
saturated sodium bicarbonate (5C ml.), water (3 x 50 ml.),
dried (Nagso4) and then concentrated to give a brown o0il.
Distillation gave a mixture of the 1l,2-diacetate and
the unsaturated elimination product in almost equal
proportions (0.72 g., 517/), b.p. 92-96°/10"*mn.,

nd 1.5615. V___ (liquid film), 1735 and 1230 (-Ohc),

X

1

1630 and 1610 (C = C) cu, The nuclear magnetic

resonance spectrum in carbon tetrachloride showed =T,
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2,74 (5H, aromatic), 3.55 (mj; 1H), 4.26 (m; 1H),
5.%2 and 5.50 (2d; 2I), 8.0% (2d; 2%H). There were also
weak absorptions for Fh.S5.CH,-, ¥n.S.CH, .CH,.OAc and

>CH,OAc. (Found: C, 61,01; H, 5.60. 015H160

48
requires C, 58.19; H, 6.0lZ and 011H12OZS requires

C, 63.43y H, 5.81/),

(d) Reaction with dry methanol (587)

The 1,2-diuwethanesulphonate (1.79 g.) in dry
methanol (25 ml.,) was gently refluxed for 7 hours and
then left at room temperature for 151/2 hours.
l.ethanol was then distilled off and the residue was
taken up in chloroform (60 ml.), washed with
saturated sodium bicarbonate (25 ml.), water (3 x 25 ml.),
dried (MgSO4) and concentrated to give a light yellow
oily nixture of the 1,2- and the 1,3-dimethyl ethers
(0.51 g., 46/) in almost equal proportions; it had
b.p. 110-112°/0.15 mm., Vpay, i carbon tetrachloride

3090, 3000, 2950, 2900, 2840 (Ph-, -CH;, -CHy-, =C-H,
-0.CH,), 1590 (aromatic), 1198, 1180, 1125, 1103, 1093

(—CHé.O.Cﬂg—) cmTl The nuclear magnetic resonance spectrua

in carbon tetrachloride showed, T, 2.79 (5H), 6.55
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(ty 4H), 6.68 and 6.7% (283 6H, two -CHB), 6.98 (1H),

6.30 (weak absorption).

(e) Reaction with sodium methoxide in methanol (593)

To a solution of sodium methoxide, prepared by
dissolving sodium (ca. 1.2 g.) in anhydrous methanol
(25 ml.), was added the 1,2-dimethanesulphonate (1.77 g.).
The mixture was maintained at 50° for 6 hours and then
left at room temperature for 1% hours. It was then
concentrated and the residue was diluted with water
(75 ml.), extracted with chloroform (3 x 50 ml,),
washed with saturated sodium bicarbonate (50 ml.),

water (3 x 50 ml.), dried (MgSO4)

and concentrated to give a dark brown oil, Distillation
gave a colourless oil 3-methoxy-1-(phenylthio)propene

(0.48 g., 52/), b.p. 86-88°/0.3 mn., np?*” 1.5705.

Vpax, in chloroform, 3025, 2975, 2825 (Ph-, =C-H,

—OCHB), 1650 (C=C), 1585 (aromatic), 1140, 1115 and

1090 (—CHE.O.CHE-) cm'.'1 The nuclear magnetic resonance

spectrum in carboen tetrachloride showed T, 2.78 (5H),
3.80 - 6.00 (complex; 3H), 6.53 (m; 3H), 6.70 (m; /2H),
(Found: C, 66.363 H, 6.55; 8, 17.61l. Cq5H;,03 requires
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C, 66.633 H, 6,713 8, 17.79/).

Atteupted preparation of 2. 4~dinitrophenylhydrazone

derivative from 3-methoxv-l-(phenylthio)propene (607)
A mixture of 2,4-dinitrophenylhydrazine (0,27 g.),

concentrated sulphuric acid (gca. 0.2 ml.), anhydrous
ethanol (6 ml.) and 3-methoxy-l-(phenylthio)propene
(0.48 g.) was refluxed in an atmosphere of nitrogen

on a steanm~bath for 3 hours. It was then worked up as
usual to give a brown solid (0.2 g.). It was chromato-
graphed (uixture of bentonite and Xieselguhr 28 g. :

7 €.y alcoholfchloroform 1 : 4) when an oranse red
crystalline material was collected (0,124 g.), but

this was unchanged reagent. No reaction product could

be found.

(f) Reaction with sodiun thiophenate (650)

Sodium tl.22 g.) was dissolved in anhydrous mevhanol
(25 ml.). To this solution of sodium methoxide, was
added thiophenol (7.3 g = 6.8 ml.,) followed by the 1,2-
dimethanesulphonate (1.81 g.). The mixture was
maintained under nitrogen at ca. 550 for 7 hours and then

at room temperature for 15 hours. Concentraticn gave



- 202 -~

a solid residue which was treated with water (75 ml,),
extracted with chloroform (3 x 50 ml.), washed with N
sodium hydroxide (4 x 50 ml,), water (4 x 50 ml.),

dried (Na2804) and then evaporated. Distillation of

the residue yielded at first a lower-boiling oil (b.p.
ot — 108°/10% mm.) identified as diphenyl disulphide

and then 1,2,3-trisphenylthiopropane (1.3 g., 67/),

b.p. 192°/107F mm., nl® 1.6543,

1

v in carboh tetra-
mnax. n carbon

chloridé;‘H588“(aromatic) cm,  The nuclear magnetic
resonance spectrum in carbon tetrachloride showed =T,
2.85 (15H, aromatic), 6.79 {3S; 5H) and was identical with

the spectrum of the same compound described on page 189.

(g) Reaction with benzyl sodium sulphide (676)

Benzyl mercaptan (8.1 g. =7.65 ml.), followed
by the 1,2-dimethanesulphonate (1.85 g.), was added to
a solution of sodium methoxide, prepared by dissolving
sodium (1.25 g.) in dry methanol (30 ml,). The mixture
was maintained at 50-55° for 51/2 hours and then at room
temperature for 17 hours. The residue that was obtained
on concentration, was treated with water (75 ml.),
extracted with chloroform (3 x 50 ml.), washed with N
sodium hydroxide (4 x 50 ml,), water (4 x 50 ml.),
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dried (Mg804) and then concentrated to give a brown oil,.

On distillation, benzyl mercaptan (b.p. 42-42°/10"% mm,)

was followed by dibenzyl disulphide (b.p. 118—1220/10"4 mm, )
and finally l.2-bisbenzylthio-3-(phenylthio)propane

(1.22 g., 5770, b.p. 224°/107F mm., n%d 1.6390. ..

in carbon tetrachloride, 1590 cm'.':L (aromatic). The
nuclear magnetic resonance spectrum in carbon tetra=-
chloride showed t, 2.82 (15H, aromatic), 6.42 (t; 4H),
6.89 (my 2H), 7.32 (my 3H). (Found: S, 24.23,
025H2485 requires S, 24.25/).
2.3-Bisbenzylsulphcenyl-l-phenvlsulphonylpropane (751)
30/, Hydrogen peroxide (2.5 ml.) was added to &
mixture of 2,3—bisbenzylthio-l-(phenylthio)propane
(0.3 g.) and acetic acid (2.5 ml.). The mixture was
shaken for 5 minutes, mixed with a further quantity
(1.5 ml.) of peroxide and heated on a steam-bath.
After 20 minutes a white crystalline substance had
appeared which increased in gquantity when cooled and
treated with water. The crystals were collected and
washed with water. The_ trisulphone (0.28 g., 76/) was

purified by recrystallization from ethanol and had m.p.

250-2550. The nuclear magnetic resonance spectrum in
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trifluoracetic acid showed 7, 2,0 - 2,40 (5H, aromatic),
2,55 (10H, aromatic), 5.15 - 5.65 (hump; 5H), 5.80 -
6.30 (hump; 4H), (Found: C, 56,223 H, 5.04; O, 19.55.
025H240685 requires C, 56.073 H, 4.91; 0, 19.49/).

(h) Reaction with ethyl sodium sulphide (668)

To a solution of sodium methoxide which was
prepared by dissolving sodium (1.22 g.) in anhydrous
methanol (30 ml.), was added ethansbhipl (5.8 g. =7 ml,)
and then the 1,2-dimethanesulphonate (1.8 g.). The air
of the reaction vessel was replaced by dry nitrogen,
and the nmixture was heated at 50—350 for 6 hours and
then left at room tewmperature (100) for 13 hours.
Solvent methanol was removed, the residue was dilubted
with water (75 ml,)sand extracted with chloroform
(3 x 50 ml,), which was washed with Il sodium hydroxide
(4 x 50 ml.), water (4 x 50 ml.), dried (Na,80,) and

concentrated, Distillation of the crude o0il gave diethyl
disulphide (b.p. 64°9/0,8 mm. ), and then 1,2-bigpthylthio-
Z{phenylthio)provane (0.8 g., 55/), b.p. 1280/10'4 mm, ,
1

n%5’5 1.5889. ’Jmax in carbon tetrachloride, 1588 cm.

(aromatic). The nuclear magnetic resonance spectrum in
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carbon tetrachloride showed t, 2.74 (5H, aromatic),
4430 (weak absorption), 5,00 (weak absorption);

6.80 (m; 11/20), 6,52 (L/2H), 7.14 (s3 3H), 7.48

(two qry 4H), 8.78 (t; 6H). There was weak absorption
for olefinic protons at low field., (Found: S, 34,10,

Cy5H,0S5 Tequires S, 35,30/ and the elimination product
C11H148, requires 8, 30.47/)., The properties of the
reaction product agree with those expected for a
mixture of 1,2-~bisethylthio-3-(phenylthio)propane

(nain product) and an ethylenic compound (in small

proportion).

(i) Reaction with lithium bromide in dry acetone (441)

o . S R b

Lithium bromide (19.15 g.) was dissolved in dry
acetone (100 ml,.,) at reflux temperature and added %o
a solution of the 1,2-dimethanesulphonate (5.8 g.) in
dry acetone (10 ml.). The nixture was refluxed for 6
hours, then cooled, and the acetone was distilled off,
The residual solid was extracted with chloroform (200
ml,), washed quickly with ice-water, dried (NgSO,)
and concentrated to give a light yellow oil (4.24 g.,
80/). Distillation gave the 1,2-dibromide, b.p. 116~
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120°/10™* mm. , n*? 1.6238. Vpay, 1585 cmi’ (aromatic).

The nuclear magnetic resonance spectrum showed 7, 2,70

(5H, aromatic), 5.84 (m; 1H), 6.14 (t3 1H), 6.30

(a3 2H), 6.55 (two d; 1H), The integration of the spectrun
was not good, and the values quoted are approximations.

(Found: C, 34,95, H, 3.29. CngOBrES requires C, 34,86,

Hy, 3.25/).
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