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ABSTRACT

In the introduction, the chemistry of compounds of
the nitrogen mustard type has been reviewed with particular
reference to their use in the chemotherapy of cancer.

The tirst part of the work described in this thesis
concerns the preparation of some potentially cytotoxic nitrogen
mustard carbamates obtained i) from the reaction of
p~{bis~2~chloroethylamino)phenol with some substituted vhenyl
isocyanates and ii) from the reaction of a range of subsiituted
phenyl chlovoformates with NN-bis-(2-chloroethyl)-p-phenylene~
diamins {(and, in one case, its m-isomer). A new method of
preparation of gﬂ}bis~(2—chloroethy1)gg-phenylenediamine is
dcseribed and the new secondary mustard amine, Egrbis—(Z-chlcro—
ethyl)ﬁE'—methylgg—phenylenediamine, is reported.

Biological results (provided hy Dr. P. Hebborn ) are
tabulated end beiefly discussed. Some of the carbamate compounds
have remarkably high chemotherapeutic indices.

In Part 2, the preparations of the dimethanesulphonaies
of 2-N-methylanilinopropane-1l,3-diol and 3-N-methylanilino-
propane-1,2--diol are described. The mechanism.of the alkylating
reacticns of these dimethanesulphonates was investigated by a
study of their reactions with various nucleophiles, The resulis

nrove that 2ll of these reactions involve an intermedizate



aziridinium ion, although in the reactions with sodium thio-
phenate some direct disvlacement of methanesulvhonyloxy was
observed, without participation by nitrogen. With methanol

the aziridinium ion reacts only at the secondaxry vosition

giving rise exclusively to 1,2-dimethoxy-3-N-methylanilino-
propane irrespective of which dimethanesﬁlphonate i1s ured in

the reactions with sodium methoxide and with potassium acetate
mixtures of products are obtained, resulting from attack both

at the secondary and the primary positions of the aziridinium

ion, The course of the alkylating reaction is therefore influenced

by the nature of the nucleophile.
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THE CHRMCTHERAPY OF CANCER

The past two decades have seen much scientific
resecarch directed to the examination of the causes and treatment
of the group of diseases known collectively as cancer. As an
adjunct to surgical and radiation treatments, a search has been
made for chemicals which will selectively destroy cancerous
tissue while causing as 1little damage as possible to normal cells,
Unfortunately, cancer cells are very similar to those of normal
tissue and selectivity of action is difficult to achieve,

Many vplant products and antibiotics have been examined
for their potential as anii-cancer dfugs and some have proved
effective., Similarly, hormone therapy is of value in the
treatment of certain tumours but it is not proposed to review the
large field of anti-cancer drugs. Excellent reviews have been
published1’2 and these give a detailed coverage of this subject.:

Certain tumogrs have been found sensitive to the
enzyme L—asparaginése3. This is because of their inability fo
synthesize asparagine and their consequent dependence on the
blood as a source of this amino acid. The therapevitic value of
L~asparaginase is rather limited but this rare excmpie of a
fundamental differsnce hetween tumiour and normal cells is wor%h
noting.

Mti-metabolites are esgsentially anti-growth agents

and as such have proved effeclive in the treatment ol some



forms of cancer in which the cells are rapidly proliferating.
However side effeéts have proved hard to avoid.

As their name implies,the anti-metabolites act by
interfering with the metabolism of compounds essential for
cell growth. Usually the anti-metabolite has a structure which
recsembles that of the compound with which it interferes. This
is illustrated by the case of methotrexate (la) which is an- analogue
of folic acid (1b) with which it interferes by blocking the

active site of the enzyme responsible for its reduction.

R
CHZk // \\ O—KHCH——-COZH

H .
HéN C 2CH2002H
la R= E‘Z 3 R' = He
b R=0H 3 R'=H

Some anti-metabolites which interfere with purine

and pyrimidine are also known to be effective anti-tumour agents4.
Possibly the largest group of compounds that has

been examined for anti-tumour properties are those known as

biological alkylating agents, Ethylene imines, epoxides and

methanesulphunates all come under this hezding and the chemistyy



and biological proverties of these znd other alkylating agents
are discussed in great detzil by RossB.

Sulphur mustard gas has long been known as a chemical
warfere agent and the related nitrogen mustards, of general
formula 2, were extensively examined during the war. The nitrogen
mustard known as HN2 (2,R=Me) was found to have some value in
the treatment of leukemia and a search was made for more effect-
ive nitrogen mustards for the itreatment of cancer. The similar
effects of nitrogen mustards and Z-rays caused the former to
be called 'radio-mimetic agents' but Alexander6 has now called
for the abandonment of this concept.

Hany modifications of the structure of nitrogen mustards
have been made in the search for more effective drugs and most
of those prépared have been of the so-called two-armed type -
that is with two reactive 2-chloroethyl groups attached to
nitrogen, as in 2. The lack of selectivity of these compounds
and their high toxicity have proved to be great obstacles and
the number of c¢linically useful comvounds remains low. However,
the design of selectively acting nitrogen mustards by suitable

structural modifications is an interesting challenge.

Rs-N(CHchgu)z

(2)
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THE CHEMISTRY OF NITROGEN MUSTARDS

Preparations;

The usual method of preparation of nitrogen mustards
involves the chlorination of the corresponding ethanolamine

7510 Phosphorus oxychloride

using conventional chlorinating agents
and phosvhorus pentachloride are the most commonly used such
reagents although DeGraw et. al.8 report the use of methane-—
sulphonyl chloride in pyridine for the preparation of the compound
(3) from ﬁhe.corresponding diol. The use of thionyl chloride is
also quite usual but the formation of cyclic sulphites is then
possibleg.

The diols required for these preparations are usually

prepared by the action of ethylene oxide on the parent primary

anmine uging aqueous acetic acid as solvent.

032-? (CozEt ) 5

(C1CH,CH,) B~ A\ NHAc
v
ot

(3)

A recent reportl2 concerns the preparation of some
aromatic nitrogen mustards by the hycrolysis of the corresponding

substituted morpholines, fig. 1.
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The bromo analogues of these.compounds may be
prepared by similar methods bul the exchange of bromine for
chlorine using lithium bromide has been reported’>, The
displacement of toluene-p~-sulphonate by fluoride was used to

prepare some ary1—2—f1uoroethylamineszg.

Pig., 1

= —

180°

>  RN(CH,CH,C1)
conce. Hul-—ZnGl2 2272

R= 4,---BrC6H4 s 4-tolyl ,

l-naphthyl.



Reactions with nucleonhiles;

14

The work of Hanby and Rydon
showed that simple alkyl-di-2-chloroethylamines, when dissolved
in water, rapidly cyclized to give aziridinium ions of general
formula (4), fig.2. The instantaneous thiosulphate titre of such
soluticns showed the presence of free chloride ion- nearly one

15

equivalent -~ and Golumbic succeeded in isolating the picryl
sulphonate (8) from a solution of methyl—di—2—ch1oroethylaming.
N.m.r. speciroscopy has shown the presence of a cyclic ion in
the deuterium oxide solution of diethy1—2—chloroethylamine17.
In wnbuffered solution, alkyl-di-2-chloroethylamines
give a half hydrolysis product (5) which is presumably
stabiiized as the hydrochloride. The use of bicarbonate buffer
causes the hydrolysis to go to completion;[5 with the formation

14

of the diol (6). Dimerization can also occur resulting in the
formation of piperazinium dichlorides (7). In 4ilute solution
however, the hydrolysis products predominate.

- Although the formation of three or four membered
rings is energetically unfavourable, the entropy reguirements
are less than those necessary for bimoleculzar disvlacement

. s . . 16
reacticns in which two separate molecules are involved .

It is generally accevted then, that the reactions of zlkyl

nitrogen mustards proceed with the formation of an intermediate



Fig;?.
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aziridinium ion (4). In principle +this ion may react by collapse
to a carbonium ion which can then react with a nucleophilic

17

species but Price doubts the intermediacy of carbonium ions
in the reactions of either alkyl or aryl nitrogen mustards.
When the intermediate aziridinium ion is of an
wsymnetrical nature a mixture of products or a rearranged
product may be formed devending on the site(s) of attack by

18 found that 1-diethylamino-

| the nucleophile. Thus, S.D. Ross
2-chloropropane (9) reacted with agueous base to give the
rearranged product (10). This resulted from attack at the
primary cacrbon atom (a) of the intermediate, see fig.3l.

The rates of hydrolysis of alkyl nitrogen mustards
have been found to increase with their basicitylé. Although
greatly reduced, the basicities of aromatic nitrogen mustards
also pazrallel their rates of hydrolysis as measured by the
standard method of Rosslo. However, fhe mechanism of reaction
of aromatic nitrogen mustards has been considered 1o involve
a carbonium ion intermediate as shoﬁn in scheme A, fig. 4. The
formation of the carbonium ion is considered to bes rate
detefmining and the following evidence was advanced in suzport
of this schemelo:

i) the hydrolysis reaction followed first

order kinetics.



Fig.4
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ii) added chloride ion reduced the deéree of hydrolysis,.
iii) there was an approximate ccrrelation beiween the basicities
of the parent amines and the ease of hydrolysis of the
mustards.
iv) chloride snd hydrogen ions were liberated simultaneously.
Other authors-have criticized this scheme and

17’19. The observation

suggested scheme B, fig, 4, in its place
of first order kinetics does not distinguish between these
possibilities if one considers that k2>-k1. For the same reason
onc would exvect simultanecous liberation of chloride and
bydrogen ion to result from either mechanism. The observed
common ion effect would only be indicative of an SNl mechanism
if a simple displacement reaction were wnder consideration
and it seems more reasonable to correlate the basicity of the
nitrogen atom with the rate of reaction on the basis of scheme
B, fig. 4, which involves participation by the lone pair of
electrons of the nitrogen atom.

Certainly ithe difference between the basicities of
alkyl and’aryl nitrogen mustards appears to have an effect on
the reactions of these compounds., It secems reasonable, however,

to suprose that this will greatly decrease the rate of cyclization

of aromatic mustards thereby causing a situation in which kf’kl'
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The fact that bis~(3-chloro-n-propyl)aniline and bis-(6-chloro-
n-hexyl)aniline underwent hydrolysis at rates slower than
2-chloroethylani1inesll also lends support To a mechanism
represented by scheme B, An increased number of carbon atoms
between the chlorine and nitrogen atoms would be expected to
nake the entropy requirements for cyclization very high and
thus meke cyclization a less favourable processlé, so that

cn the basis of scheme B one would now expect a slower reaction,
since participation by nitrogen would at least be diminished
and probably non-existent,

In a detailed study of the reactions of aromatic
nitrogen mustards with water and with 4-(p-nitrobenzyl)pvridine
(¥8P), Bardos et. al.2o considered that both reactions passed
through the same intermediate (11), fig. 5, whick they likened
to the tranzition state necessary for aziridinium ion formation.
However, with water, this intermediate reacted in an 'SNl type
reaction?, via, a solvated carbonium ion —nitwrogen dipoie (12),
to give tke product of hydrolysis., On the other hand, with
NBP an 'S;2 complex! (13) was formed which gave the product
of alkylation. Such a mechanism is in agreement with the previous
proposals regarding the intecrmediacy of a cyelic species, the
only difference being the depth of treatment given to the

subject. It seems reasonable to believe that the nature of the



Arll\Tf-CHZCHZOH /
R

R CH
! 2
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(s)
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intermediate, whether aziridinium ion or transitional complex
(11), will depend on the nature of the nucleophile involved.

The fact that the aryl-2-chloroethylamines (14) and
(15) underwent hydrolysis in agueous aceione without
rearrangementll, may be explained by assuming the solvolysis
of the cyclic intermediate to be SEI in character. Thus, positive
charge is localized on the secondary carbon atoms giving rise
to wrearranged producis. Reactions with agueous sodium hydroxide,
on the other hand, might proceed by an SN2 type mechanism
giving rise 1o a mixed or rearranged product as was the case
with 1—diethylamino-Z-chloropropane18 (see above).

The scrambling of label found upon hydrolysis or
acetolysis of the deuterium labelled nitrogen mustards (16)
provides excellent evidence for the intermediacy of aziridinium

2L, At the same +ime it is suggzested that

ions in the reactions
the reactiou with powerful nucleophiles {such as thio-cresolate)
proceeds by direct displacement of chloride with no ﬁaiﬁicipatian
by nitrogen. CGertzinly a clearer, more detailed understanding
of the mechanism of the reactions of nitrogen mustards is now
emerging. .

Ali of the work so far described relates to the more

usual mustards in which the halogen is chlorine, The so-called

bromo-mustaris are less common but they are in genmeral more
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Et | (IH-
T G e (3 Hame
N-CH, TH CH3 | N(CH2 CH CH3)2
c1
C1
(14) ' (15)
T {
(oH,0D,C1), N(CH,CH.F)
X 2"toT /o
R
/
(16) R= H; p-leO; (17) R= m- and p-Cl;
2,4 (1\102)2 . p-1e0s
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readily hydrolyzed than their chloro coﬁnterpartszz’s. Fluorine
containing mustards (17) have been reported and they appear %o
. be less effective anti-tumour agents and quite resistant to
solvolysis with methanole.

Nitrogen mustards are efficient aikylating agenis,

reacting with primary amines to givc substituted piperazine323

and with thiols and thioethers at wvarious pH values24

. However,
it is the resctions which occur within the narrow pH range
found in biological systems that are the most important when

considering the mode of action of nitrogen mustards as cytotoxic

compounds.



23

Reactions in biological systemss

A multitude of nucleophkilic

centres exist in living cells but at physiological pH not 211
will be equally reactive, Some tumour cells, because of increased
lactic =2cid production, tend to be more acidic than norm3126 cells
but the normal pE of the biological medium is 7+5. Under these
concditions not all of the functional groups of amino-acids,
proteins and nucleic acids will be in a reactive, ionised forms.
The fraction of such functional groups that are ionised is
devendent on the pKA value and Table 1 shows the fraction (f)
of some of the more common groups that are in an ionised form.
Sterols and carbohydrates will not be ionised while heterocyclic
nitrogen bases such as purine and pyrimidine should be hignhly
reactive?

Thus, many nucleopLiles, including water, are able
to react with nitrogen mustards but it is impcrtant fo consider
with which centre gignificanit biclogical reaction occurs.
Alkylating agents in general, and nitrogen mustards in particular,
are known to affect cells in three ways;

i) delay or prevent cell divisica (mitosis).

ii) cause mutations.

iii) cause irreparable cell damage and so exhibit a

cytotoxic effect,
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Table 1.
Group Pk, f at pH 7-5
Proteins; o ~carboxyl 3:0-3-2 09999
carboxyl (aspartyl)| 3:0-4:7 0+9999~0- 999
phenolic OH (tyrosine)}| 10+4 0-001
sulphydryl {cysteine~ | 7+9-8:5 0-01-0-06
terminal)
o —ammonium ‘ 76~8:4 0<44- 0-11
Kucleic acidss
primary phosvhoryl 2.0 09999
hydroxyl (guanine) 10-1 0: 0025
amine (guanine) 23 09999
sugar hydrozyl 13 10."5
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In order to exnlain such facts it was proposed by

27

Goldacre et.al. that the mustards linked strands of DNA
with receptor sites in the same, or vossibly different, molecu12338
This cross-linking hyvothesis has been of major significeance
and it is easy to see how the process of mitosis would be
affected and how mutations could occur,
Evidence for the validity of this hypothesis has
come from many quarters, By the prevaration of the series of
nitrogen mustards (18), in which n and m were varied, Kon and

Robertsz9

strikingly demonstrated tho dependence of the biological
properties on the presence of two 2~chloroethyl groups atiached %o
nitrogen. Few monofunctional nitrogen mustards have in fact
shown any snti-tumour properties although cases have been
reportedBl.

In vitro studies of the reaction of DNA with different
mustards have provided the most direct cvidence in support of

32

the cross-linking theory. Eniman™ demonsirated that HN2 caused

the cross-linking of INA strands while Alexander and Lett3o

demonstrated the same effect in the case of the mustard (19)

and other aromatic nitrogen mustards., Th> failure of the one-—

armed mustards (21) and (22) to cause cross-linking of DNA was
30

also revorted” 3 the two—armed =2nalogues of these compounds

are the drugs chlorambucil and melphalan, (19) and (20) respectively.



Ar~N—(CH2)n—Cl
(ca,) . (18)

AraN—(CHz)n~Cl

N(CH20H201)2 '

(CH2)3~C02H.

(19)

Et-N—CH20H201

( H2)3—C%H

N(CHZCHéCI)Z

CH2—?H—CO2H

NH2

(20) L-isomer

T — “T—
Et-N CH2CH201
®

CHZ—CH—002H

(22)

26,
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In more detail it has been suggested that the N-7
position of the guanine moiety in DNA ic alkylated by nitrogen

17

mustards™ . The isolation of N-7 alkylated products from the

reaction of guanylic acid with HH2 is of some significance in

33

this respect””. However, the reaction of phosphoryl groups
‘might also be important and it has been suggested that this
could be followed by trensalkylation of the N-7 position of
guanine moietiesl7.'

While there is much evidence that cross-linking of
DNA might be the significent biological reaction of nitrogen
mustards, some further process could be of great importance6.
Other 'targets' might alse undergo reaction with mustards in a
significant way and some authors have suggested that blocking
of enzyme sites can occur. Thus it has been sveculated that
the activity of the L-~vhenylalanine mustard (20) and of
chlorambucil (19) is due to the blocking of enzymes involved

34

in protein synthesis~'., The unusual toxic effects displayed by

the sulphonanide mustard>? (23) have also been attributed to

the alkylation of an enzyme site, possibly one concerned with

. . . . 36
folic acid metabollsmj -



N (CH20H2}31~) 5

0, NH

(23)

28
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Some quantitative differences between normal and
tumour cells are known to exist (e.g. enzyme levels) and one
approach ito the design of drugs attempis to exploit such
differences in order to achieve selectivity of action. It has
been suggested that simultaneous exploitation of several such

40

variables will increase the selectivity of drugs™ . In the search
for more effective nitrogen mustards for the treatment of cancer
many approaches to drug design have been made and some are

outlined briefly below,

Kodification of reactivitys;

The highly reactive nature of the
alkyl nitrogen mustards, such as HN2, can make their

5

administration a somewhat hazardous procedure”., Aromatic nitrogen
mustards are generally less reactive and their structure is
easily modified by substitution. Ross examined some musiards
derived from substituted anilines and found their reactivity

to vary in relation to the ability of the nitrogen atom %o

d;nate its lone pair of electrons. There also appeared to be

a correlation between the raies of hydrolysis of these compounds

in agueous acetone and their anti-tumour activity‘o’41.
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Solubility and charges;

In order to examine the effect of
increasing water colubility, Everett et. a1.42 prepared the
series of compounds (24), n= 1-4, and from this work the
clinically useful drug 'chlorambucil', (24) n= 3, resulted. An
extension of this study was made in order to examine the
phenoxy-alkyl acids (25), n= 1-4, of which the propionic acid
derivative (25), n= 2, showed outstanding anti-tumour activity43.
It is interesting to note that this is an isostere of
*chlorambucil?,

The anionic character introduced into the molecule
by the carboxyl group of compounds such as (24) and (25), will
affect their reactivity as well as their solubility. Thus, one
would expect the anionic forms to be the more reactive as
alkylating agents while the undissociated forms will diffuse
more easily through cell wa11s45. On the other hand, amino
derivatives suck as (26), prepared by Bergel48, would be
protonated at physiologicai pH and thus inactive, while the
wncharged form would diffuse more easily and be more reactive,

A recent report44 correlates the anti-tumour activity
of some substituted aniline mustards with the appropriate
Hammett suﬁstituent congtant and the partition coefficient of
the comvound between water and l-octanol (a measure of

lipophilicity). This mathematical relationship between easily



meagured physical constants and the chemotherareutic value
of a compornd could be of great use in the future screening of

votential drugs.

N(CH20H201)2 N(CH20H201)2

~
,///

( H2)n—CO2H : —(CHE)R—CozH

(e4) (25)

H(CH2CH201)2
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Active transports

The incorporation of nitrogen mustard functions
into 'carrying structures' based on bioclogically significant
compounds hag been extensively examined. It is hoped that by
so doing, the transport of the alkylating functions to their
sites of action inside the cell will be facilitated. With this
aim in mind Bergel and Stock46 prepared the I~phenylalanine
mustard (20) which was also described by Larionov?!. This
compound proved to have a very high anti-tumour activity but
rits D-isomer was not as good. The o- and m-isomers of this
compound (20) have given favourable biological results34’5.
Nitrogen mustards have &lso been described in which

49

. - . .. 58
amino acids such as serine and tyr051ne5 have been

incorporated but the success of the I—-phenylalanine compound
has not been repeated. Similarly the examination of sveroidal
nitrogen mustards has not met with great successso’5l’22.

The mannitol derivative (27) was shown to display

ugeful anti~tumour proper'!:ies52 and other carbohydraie—~

cérrying mustards, such as (28), have been reportea22:52.
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CHE-NHZ-CHZCH2CI

HO~-CH

HO~-CH
HC-OH
HC—Oﬁ

+

CHE—NHE-CH CH201

2

(27)

‘(28) Hd<OH

7\
2 S/ J(CHECHZCI)E

33
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Latent activitys

The slightly different enzyme content of tumour
cells mekes it possible to design compounds that, by chemical
transformation in such cells, will be changed from an inactive
to an active form. This is the vrinciple of latent activity
and much effort has been directed to thé development of drugs
that work in this way.

Reports that phosphorzmidase activity in malignant
fumours was higher than in normal tissue prompted the
investigation of compounds that depended for their action on
priocr hydrolysis by such enzyues., Thus, the relatively non-—
toxic mustard (29), preparéd by Ross and Harwick53 would be
sclectively activated in vivo to give the potently active

v-musterd amine (30).

1%(0}120}1201)2
Zt0 0
P—NH N(CH20H2CI) 5
Et0

(29) . (30)
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Some amides of the p-mustard amine (30) provide
an interesting demonstration of the principle of latent
activity. The electron-withdrawing nature of the amide function
decreases the activity of the mustard group in both (31) and
(32) vut only the N-acetyl compound (31) proved effective
against the Walker 256 tumour in test animals., Hebborn and

Danie11i’4

attributed this to the presence of an enzyme capable
of hydrolyzing an acetamido but not benzamido function. Simlarly,
acylation of the p-mustard phenol (33), zs in the compounds

(34), was shown to increase the selectivity and this was also

54,59

attributed to enzymic activation

N(CH20H201) 5 N(CH20H201) 5
l AN
o
NH-CO-CH , NE--CO-C/H;
(31) (32)
I@(CHQ_CHZCI)Q N(GH26H2C1}2
| X
P |
OH 0-CO-R

(33) ' (34) B= CH, 3 aryl
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Carbamate compounds of the general formula (35)
would be less toxic than the parent amine (30) in much the
same way as the amide compounds discussed above. Some non-
mustard carbamates have long been known to inhibit tumour

growth but resistance develops because of the formation of

55

adaptive enzymes capable of hydrolyzing them”’”. It was reasoned,
therefore, that prior administration of a suitably designed
carbamate such as (36), followed by the corresponding muétard
compound {37), would bring about selective release of the toxie
p-mustard anmine {30) inside the tumour. The administration of
(37) alone was found to cause no ccmplete regressions of

tumours whereas after prior potentiation by (36), 75% complete

regressions were recorded5.

RO —CO ~WH / \ N(CHZCH2CI)2

——n

(35)

et

i~PrO-CO-NH \ /\

(36)

A-Pr0-C0-NH n( CH20H2CI)2

(37)



The four nitrogen mustard carbamates (38) and (39)
all showed'a high degree of anti~-tumour activity as measured
by their chemotherapeutic indices.. (Chemotherapeutic index,
or C,I., is the ratio of the median lethal dose to the minimum

dose required for 90% tumour regressions i.e, LD§0 ).
ED
. 90
The non-alkylating analogue (40) of the compound (38) daid
not, however, disvlay any anti-tumour zctivity. The compounds

(38) and (39) were originally designed56’62

to be activated

by enzymic hydrolysis in vivo, thus giving rise to the cytotoxic
mustards (33) and (30) respeciively, but no evidence for such

a reaction could be foﬁnd39. Hebborn37’39 proposed, therefore,
that the high degree of selectivity displayed by the four
compounds (38) and (39) arose from their alkylation of specific
recéptor sites in tumour cells, Much of the work described in
this thesis was directed to the examinalion of some nitrogen
mustard carvemates which might act in a similar way to the
compounds (38) and {39).

In a further development of the above ideas
concerning the princinle of latent activity, Pring1e61 and Owen
and Sridhar56 prepared somé carbamates derived from aming
acids such as the DL serine derivative (41). It was hoved
that svch compounds would benefit from an zctive transport

mechanism as well as enzymic activation but the resuvlts proved

to be disappointing.
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o
N 0
ISR UL
HO,,C

N(CH2CH201)2
0 o C.Il
(39) a R= c-CO,Me 126
HN b R= p-CO.Me 137
R [
¢ R= 2"0025 46
(CH2CH201)2

Sl

\:I;O (40) C.I; =1

Hop
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Ross”' examined a range of phenyl-substituted
- compounds related to the azo-benzene mustard (42) and some
promising results were obtained. The biological action of these
azo~benzene derivatives was attributed to their reduction in
vivo to the p-amino mustard. In a related case, the selective
deactivation of the mustard thiol (43) by oxidative enzymes
in normal tissue (giving the less active disulphide), has been
suggested as the reason for its biologiczl activity60.

For a very detailed account of the factors involved
in the desgign of selectively acting nitrogen mustards the

5

reader ig directed to the excellent work of Rocs”.



(42)

i

N(CH203201)2

(41)

ﬁH—CO-O—CH?CH—COQMe

i,

\\ / N::N-——<i::::>}-N(CH20H201)2

N(CHZCH201)2
\.

/

SH

(43)

40
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Part 1: Some Carbamates Derived from Aromatic Niitrogen Mustards.

The remarkably high chemotherapeutic indices of
the carbamates (38) and (39) have already been mentioned (P.37 )
In view of the suggestion37’39 that this might be due to
the alkylation of specific receptor sites in tumour cells,
it was thoughit desirable to examine a wider range of compounds,
(44), derived from the p-mustard phenol (33) and the reversedv

carbamates (45) derived from the p-mustard amine (30).

0

, g | 0
R! \KO R! \f

(44) (45)

R= p~C.H g(cnzcgzcz.)z
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p—(Bis-2-chloroethylanino)phenol.

p—(Bis-2-chloroethylamino)phenol ~ the p-mustard
phenol - was prepared from p—aminophenol by the known

procedure61’62

shown in fig, 6. The condensation of the p-mustard

phenol with o-, m—- and p-tolyl isocyanates in the presence

of tristhylamine, afforded the series of compounds {44), R'=lNe.
The reaction of o- and m-chloroaniline with phosgene

yielded the corresponding isocyanatess3 which, with commercially

available p-chlorophenyl isocyanate, were condensed with the

p-mustard phenol to give the three carbamates (44), R'= C1.
m-Aminoanisole was prepared from m-aminophenol by

scetylation, methylation with dimethyl sulphate and removal of

64

the N-acetyl group by acid hydrolysis ', The reaction of this
amine with phosgene gave m-methoxyphenyl isocyanate65 which, with
o~ and p-methoxyphenyl isocyanates, reacted with the p-mustard
phenol to give the three carbhamates (44), R'= MeO.

The nitrogen mustard sulphonamide (23) (see P.28)
36

displayed unusual toxic effects on test animals” and so it
was thought worthwhile examining the effect, if any, of the
sulphonamide group on the activity of a mustard carbamate.
p~-Sulphonamidophenyl isocyanate66 was prepared by the reaction

of sulphanilamide with pvhosgene in ethyl acetate solution and

reaction of the crude isocyanate with the p-mustard phenol



OH

44

Pig. 6
;4 o I>1(c:Hchon)2
, /7 \
NaOEt CH, -CH
_ S —_—2 2
PhCH B H
OCH,Ph OCH,Ph
PC1
5
\l
rd
1»1\032(:1@1201)2
HC1/HOAc
G
OH

(33)
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yielded a sample of the desired carbamafe (44}, R'=.2—502NH2 ’
which was purified by column chromatogravhy.

The mustard chloroformate {(46) has an obvious
- potential as an intermediate in the preparation of carbamates
in cases where the approypriate isocyaznate is wmobtainadble or
difficult to prepare. The chlorothiciformate (47) has already
been desoribedl3. The p-mustard phenol reacted with phosgene
in the presence of quinoline to give the chloroformate (46)
as an oil which, by reaction with éulphanilamide, afforded a

second, more pure sample of the sulphonamide carbamate (44),

[P
R'= p-50,H,.

H(CH20H201)2 ﬁ(cH20H201)2
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Nitrogen mustard carbamates of the type (44) were
originally designed to be activated by enzymic hydrolysis in
3239?2. Although this is not now considered to be the cases! 739
it appeared worthwhile examining the tertiary carbamate (48)
which is ¢w» Nemethyl énalogue of the compound (38) (see P.38).
Such a tertiary carbamate ﬁight be expected to act differently
from its secondary analogue especially if enzymic hydrolysis
is in fact important for its activation. The reaction of methyl

Ermethylaminobenzoate67 with the mustard chloroformate (46)

afforded ~the tertiary carbamaie (48).

Me0,C
R = p-C.H 4N(CH20H201) o

(48)
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Nii-Big-(2~chloroethyl)~p-vhenylenediamine and its m- isomer.

N-Bis-(2-chloroethyl)-p~phenylenedianine (30) was
prepared from NN-bis-(2-chloroethyl)aniline by the method of
Rossll. Samples prepared in this way were invariably contaminated
by coloured impurities arising from the intermediate nitroso
compound {(49) and the successful preparation of the secondary
mustard amine (50) (see below) prompted the investigation of a
similar route for the preparation of the primary amine, It was
hoped, in this way, to prepare a colourless product.

The diol (51), which has been described by DeGraw et.
al.68, reacted with thionyl chloride in dimethylformamide to
give a 25% yield of the N't-acetyl compound (52). This was shown
to be identical to a sample prepared by acetylation of the
v-mustard amine, (The use of the thionyl chloride — dimethyl-
formamide chlorinating agent is discussed in detail ir the nexti
section). Acid hydrolysis gave the p-mustard amine (isolated as
the hydrochloride) as a white solid and although the overall
yield was low (12%) the purity of the vroduct justified the use
of this method.

In order to prepare the series of carbamates (45),

R: He, MeO and Cl, it was necessary to prepare the nine

corresponding aryl chloroformates., Without exception these were



N(03203201)2

(49)

H(CHZCHZOH)2

Hi-Ac

(51)

48

ﬁ(03203261)2

Me NH

(50}

«
N\CHECHZCl)Z

H(CHQCH2CI)2
l AN
A

NH, (isolated as hydrochloride)

(30)
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obiained by the reaction of the substituted phenols with
phosgene in the presence.of guinoline. All have been described
before ( see Experimental section) except m-methoxyphenyl
chloroformate; this compound was characterized as the _I_\T_-phenyl-
carbamate derivative because it could not be adequately
purified by distillation.

Condensation of the substituted phenyl chloroformates
with the p-mustard amine then afforded the series of compounds
(45), R'= Me, MeO, C1 (o=, m~ 2nd p- ).

Freliminary biological results suggested further
modification of the p- .substituen'b of these carbamates (45) and
the compound in which R!' = p-tert-butyl was prepared from

69

p~tert-buiylphenyl chloroformate

70

+ Also, p-nitrophenyl
chloroformate = was prepared and from it the carbamate (45),&'=i.1q02,
Diazotization of p-aminophenol followed by reaction
with potassium ethyl xenthate and base hydrolysis, yielded
g—hydroxy'bhiophénol'n from which B—hydromthioanisole'ig"i:)’ wag
prepared by reaction with sodium hydroxide-methyl iodide in
ethanol, Thus, ﬁ-(me'bhyl'bhio)phenyl chloroformate was obiained
end from this the carbemate (45), R' = p-She,
The rezaction of m—dimethylaminophenol with phosgene

afforded m-dimethylaminophenyl chloroformate in the form of a

istilleble o0il which rapidly darkened and decomposed when stored.,
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“he reaction of this chloroformate with the p-mustard amine
gave the carbamate (45), R'= n-le,.
The series of nitrogen mustards (24), described by

42, has already been mentioned (see P, 30 ). It appeared

Ross
worthwhile exanining a similar modification of the compounds
(39) b and ¢ which, of course, had prompited this programme of
work. It was intended, therefore, to prepare the carbamates
63), n= 1, 2 and 3, R= H and Ne.

74 was prepared by hydrolysis

p-Hydroxyphenylacetic acid
of p-methoxyphenylacetic acid {commercially available) with
hydrobromic acid. The methyl es’r-er75 of this acid reacted with
phosgene in the presence of quinoline to give the chloroformate
(54), n= 1, and from this chloroformate the carbamate (53), n= 1,
R= Me, was obtained.

Methyl 3—(B—hydroxyphenyl)propionate76 was used to
prepare the chloroformate (54), n= 2, Distiilation of this
compound left a so0lid residue which was purified by colum
chromatography and identified as di~(p-(2-methoxycarbonylethyl)-
phenyl)carbonate, (55), on the basis of its analysis and ir.
spectrum. The p-musiard amine reactéﬁ with the chloroformate to
give the desired carbamate (53), n= 2, R= Me.

17

The method of Kharasch and Khalfaysn ' wzs used 1o
prevare 4m(g-hydroxyphenyl)butyric acid, fig., 7. The methyl ester

(56) of this acid could not be obtainedin an snalytically pure
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form although the n.m,r, spectrum and thin layer chromatography
showed no impurity. This compound was characierized by
conversion to the p-nitrobenzoate ester (57). Similarly, the
chloroformate (54), n= 3, could not be obtainéd as an
analytically pure liquid and it was characterized by reaction
with aniline to give the N-phenylcacbamate derivative. The
reaction of the chloroformate with the p-mustard amine

furnished the desired product (53), n= 3, R=MNe.

(? 2)n

Y .
CO_R N (CH,CH,C1]),,

(53)

o\ﬁy
0=0]-0 (cH,)500 e
c1 “
{CH

‘ 2)11 - =
0, Me

(55)

e
L0
=
~
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Pig. 7
Me OMe OMe
AC1, Zn/Hg _
HC1
0 ) | O//C—CHZCHQCOZH | CH,,CH,,CH,,C0,H
50% HBr
\4
0H CH
MeOH
o+
H
:
H, CH,..CH.CO Me
i e St CH,,CH,,CE,CO,H
(56)
\ ,_
/\‘c o,
0
(57)
CH..CH,.CH,,CO, He

2727272
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[N

Hydrolysis of the above esters in a 1:1 mixture of

56

acetic and hydrochloric acids”  , furnished the éeries of acid
compounds (53), n= 1, 2 and 3, R= H, These three compounds showed
a remarkable tendency to occlude solvent whether recrystallized
from benzene~-petroleum or ether-petroleum, The n.m.r. specira of
two of the acids are reproduced below, fig. 8, and the resonances
attributeble to diethyl ether are clearly visible. Drying under
high vacuum could not remove the solvent of crystallization

which considerably affected the analytical results obtained,

The mono-substituted carbamate (39)a was described
by Owen and Sridhar56 and it was thought that further substitution
in the phenyl ester ring, for example by methyl, might increase
the selectivity of what was already an active anti-tumour agent.
To this end 2-methoxycarbonyl-4-methylrhenyl chloruformate (58)

was prepared Sfrom methyl S5-methylsalicylate and from this

(39) a BR= o=CO_le

SN 0 0 5
R I b R= p-CO,le

& R= B?COZH

/ IV (CH,,CH, 1),



Pig. 8

ARonaTic, NH,

N (CH;( chpl

cH,
CH,
COH
DIETHYL
ETHER in CDC1,-
: | 3-DISO
Moa_.
! L '
1
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T

N(eHgH,l)

°l-c

P o ‘ Kv b
. CH,
: W‘\,’\M . é”)_
] )? lco,f_*
| /——— in CODC1,
. DIETHY L
A / ‘ mgp\\ offset 6 and
| w J ’ 100 Hz
14 L{\ i ,
M A TV " \}M LL'AW
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chloroformate the carbamate (59) was obtained in the usual way.
Another potentially interesting disubstituted mustard
carbamate was (60), R= Me. Both the o- and p~ monosubstituted
compounds, (39)a and b respectively,‘are known anti-tumour agents56
and combination of the two substituents might have a favourable
effect.
4-Hydroxyisophthalic acid {61) was prepared by

permanganate cxidation of 2,4~dimethylanisole followed by hydrolysis

CO,Me
0 0
Me = 1
CO,Me
0. 0 (58)
D
RN~ HH
1»-:(011203201)2
{59)
€O, e
O\f‘o
RO,C HY
2 AN

{

7 1 (on,0m,01),,
(60) -



with hydrobromic acid, essentially as described by Jacobsen

56

102

In another apvroach the permanganate oxidetion of methyl 2-methoxy—

5~methylbenzoate103 (62) gave a mixture of the two acids (63) and

(64) from which 4-hydroxyisophthalic acid could also be obtained

by the action of hydrobromic acid. Methyl 4—hydroxy150phthalatelo4

reacted slowly with phosgene to give the chloroformate (65) as

a crude oil which could not be purified but which reacted with

anilinme and the p-mustard amine to give the corresponding

carbamate coupounds (66) and (60), R= Me, respectively.

OH
(61)
COH
OMe
Z co e
S IR
'cozﬂ
49020

o H

GO Me

0,\\T¢9
Cl

(65)

QOle
GO He
(62)

e

(64)
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Unfortunately, attempts to selectively hydrolyse
the p-ester function of the carbamate (6C), R= Me, to obtain
the half ester (60), R= H, were not successful. Sridhar56 found
the o~ester (39)a resistant to hydrolysis in a mixture of acetic
and hydrochloric acids while the p-ester (39)b was readily
bydrolyzed. When the disubstituted carbamate (60), R= Me, was
treated in a similar way a mixture of products was Tormed.

In order %o prepare the sulphonamido-carbamate (67)
(c.f. the previous section) an attempt was made to prepare
EréulphonamidOphenyl chlcoroformate. p-Hydroxybenzenesulphonamide,

prepared by the method of Kermack and Spragg78

, Was reacted with
phosgene in the presence of gquinoline in the usual way but the
crude products so obiained could not be purified or identified
and the attempts were abandoned.

in alternative method for the preparation of this
compound, (67). involved the preparation cf the mustard isocyanate
(68) from the p~mustard aminesz. Unfortunately, when this
isocyanate was treated with p-hydroxybenzenesulphonamide in

ethyl acetate containing a litile pyridine, none of the desired

product could be isolated.



CO_ He

o\\r,o 6

¥e0,.C NHPh

O\fo
H,H0,5 HN: S (67)

|

4 W {CH,CH,C1),

§(CHZCH201)2
(68)

NGO

58
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The carbamate (69), derived from the m-mustard

amine (70), has not been described before but is of some intercst
because it is an isomer of the known anti-tumour agent (39)'b

(see P.38 ). In order to prepare this carbamate the nm-mustard
amine was prepared essentially as described by Degutis and.Bieksa9
with the exception that the éiol (71) was chlorinated by reaction
with thionyl.chloride using dimethylformamide as solvent. An
excellent yield of the chloro compound (72) was obtained in this
way and the use of thionyl chloride-dimethylformamide is discussed
in detail in the next section. Stannous chloride reduction of

the nitro compownd (72) gave the m-mustard amine which reacted

with p-methoxycarbonylphenyl chloroformate to give the desired

carbamate (69).
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0\\149
Me 02(} @ HN

N(CH20H201)2
(69)
E(CH2CH201)2 _ | N(CHZCHZOH)Z
FH, NN NO,,
(70) (11)
N(CH2CH201)2
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NN=Big=(2-chloroethyl )=} '~methyl-p-phenylenediamine.

The deésirability of preparing some tertiary nitrogen
mustard carbamates has already been mentioned in the context of
the compound (48) derived from the p-mustard phenol (P.46 ).
Tertiary carbamates of the type (73) might also be expected to
show a different biological activity from their secondary
cowmterparis and so it was proposed to examine some carbamates
derived from the secondary mustard amine (50), This compound has

beeu: reported in the literature ut this now appears to have
beenn a mistake and i% has not in fact been prepared befcre.so
Although the primary p-mustard amine is readily
available it was not thought that mono-methylation of this compound
could be easily achieved and the route shown in fig., 9 was examined
for the preparation of this secondary amine.
Reduction ofi;:g;g¥oacetanilide with stannous chloride
in conc. hydirochloric acid gave a produci of guperior quality
to that obtained by the use of iron-formic acid zs described
by HMorgan and Grist81. The resulting subsitituied phenylenediamine
(74) reacted with ethylene oxide in dilute acetic acid to give
the diol (75) in high yield as a thick oil, apvarently quite

pure {(n.m.r. and t.l.c.). It was characterized by preyparction of

the crystalline dibenzoate (76).
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>

Hell

, N(CH20H201)2

(713)

It was anticipated that chlorination of the diol (75)
would present difficulties, Conventional chlorinating agents
such as thicnyl chloride, vhosphorus oxychloride and phosphorus
ventachloride are known to react with amides 82 and undesirable
side reactions seemed inevitable,

83 suggested that the thionyl

The Bosshard group
chloride -~ dimethylformemide reagent might rezct with sulphoniec
and carboxylic acids by way of %he intermediate (chloromethylene)-
dimetbylammonium chloride (78) which they were able to isolate.
They did not, however, discouvnt the poseibility that reaction
was by way of the chlorosulphite {79). It has subsequently been
reported that the chlorosulphite (79) has been isolated and that
it reacts with alcohols to give high yields of alkyl chloridese4a

84b

and with acids to give acid chlorides .
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Pig, 9
0
E(CH2CHé)-C_Ph)2
(76)
IvIeNAc
/ng2 N(CH OH)
U\j SnC1, © CH2-GH
~ ’
HCL fr“
HelAc HeNAe
(74) (75)
S0C1,,
N(CH 01) I\I(CHZCHzCl)z
© conc HC1
<____—
HeN.H

(50) 77)
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It was proposed, therefore, to allow the reaction
of thionyl chloride and a slight excess of dimethylformamide
to tzke place and to react the resulting intermediate, whether
(78) or (79), with the diol (75). The charred product obitained
in this way gave, after chromatography, a 20% yield of a
compound identified as the cyclic culphite (80) on the basis
of its elemental analysis. This suggests that the reaction
proceeded by way of the intermediate (79), as Qroposed by

84a

Palomo y with cyclization 6f the resulting ester (81)

occuﬁ;ng instead of displacement by chloride. The possibility
remains, however, that the sulphite resulted from reaction of
the diol with thionyl chloride itself although it seems unlikely
that any would remain after the prior reaction with dimethyl-

83 84a,b claim that this

formamides both Bosshard -~ and Palomo
rezction is facile.

It must be pointed out that it is not proposed that
the zeactions of the diols (51) and (71) (see Pp. 47 and 59)
necesgarilv proceeded by the same mechanismlas that discussed
here. In these cases no attempt was made to react thionyl
chloride with dimethylformamide before addition of the diols
end also, the dimethylformamide was used in largs excess as a

solvent and not in ‘'reagent quanitities?,

The chlorination of the diol (75) was eventually



U

C1

(78)

CHZCHZO‘\

/
N\CHQCHZO

MeNic

(80)
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achieved by reaction with thionyl chloride in boiling
chloroform. A little of the sulphite (80) was also formed
and the yield of chloro compound (77) was ca. 20%. Removal
of the l~acetyl group of (77) by acid hydrolysis gave the
desired secondary mustard amine (50), isolated in the form
of a white, crystalline hydrochloride.

The tertiary carbamate (73), R= p-CH,CH,CO e, was
prepared by'reacfion of this secondary amine with
gn(2-methoxycarbonylethyl)phenyl chloroformate, but it
could not he obtained in a crystalline form. Acid hydrolysis
furnished the acid compound {(73), R= 3—032032002}1, but this

was also obtained only as an oil.
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Biological Results.

Many of the nitrogen mustard carbamates described
in this thesis were tested for their activity against the
Halker 256 tumour. The results, expressed as chemotherapeutic

index ( ¥P50 ) were kindly made available by Dr. P. Hebborn,

EDgy

State University of New York, Buffalo.

Some of the compounds, eg. I.C. 286, 290, 292 and 296,
have high chemotherapeutic indices but no obvious structure -
activity relationship can be seen. In general the compounds
in Table 1 are less active than those in Table 2 and this
probably reflects the relative reactivities of the p-mustard
phenol and the p-mustard amine from which they were derived,

Comparisons with other compounds prepared in these
laboratories are interesting. In Table 4, I.C. 301, derived from
the m-mustard amine, is isomeric with the compound I.C. 220,
derived from the p-mustard amine, but it has a considerably
lower C.I. (but see note on P. 68 )., The compownd I.C. 294 has
aIC.I. similar to the related compound I.C. 221 but I.C. 298
is remarkably less effeotive than the two related compounds
I.C. 220 and I.C¢, 221.

Perhars the most interesting trend is that shown by
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the compounds I.C. 280 end 293 (Toble 2) and those in

Table 3., The presence of a carboxyl group at the para position
(c¢f. I.C. 213) has a great effect on the chemotherapeutic
vindex even when it is separated from the phenyl ester ring.as
in I.C. 303, 297 and 305. The similarity of these compounds

to the drug 'chlorambucil' ( see P, 30) is worth noting.

Notes

In the following Tables, the results recorded,
were determined using the Walker 256 tumour in rats except

where marked by an asterisk in which cases mice were used.



Table 1,

H
0
- \F R= p-C H 4}I(CH2CH2CI)2
OR
1.C.¥o, Y . Idg, EDg Gl
278 o-Me 9omg/fkg 6-5ug/kg 14
277 m=Me 140 8 17
276 p-HMe 45 : 5 9
285 0-C1 8o 245 35
286 m=Cl 800 15 52
287 p-C1 500 110 45
282 =He0 56 ' 20 2:8
283 n-MeO 200 75 26
284 p-MeO 800 120 65

299 -E—SOZNHZ 1000 1000 1%
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0 0
Y‘©/ E R= p-C.H 4N(CH20H201)2

I.C.No.
281
279
280
288
289
290
292
296
291
293
367
306
308

Y
o~le
n-le
p~Ne
o~C1

n~C1

m-He
——- 2

LD50
> 300mg fkg

170

170

60

140

140

140

600

700
500

80
800

ED90
50mg/fkg.

5

7
20
15

2

1

5
35
50

300
2:2

600

C.I.

ca.l2

146

120

17
14
ng, 1%
36%

ca.l*
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Table 3-
6] \FO
R p=CI 4£-T(CH20H201)2
Y HER
T oloe
I.C.No. Y IDg, EDgy c.I
302 CH,CO e c2.500mg/kg ca.400nmgfkg ca. 1%
303 CH,COH ' 80 5 16%
J
295 CH2CH2C02I-e 500 15 33
297 CH,,CH,COH 140 1 140
ca,100 243 ca.30%
_ . M
305  CH,CH,CH,CO,H 125 2:5 50
Table 4.
I.C.No. LD5O ED9O - ¢,I.
0 0
+
220 110 mg/ke 08 mg/ke 131
Heozc NHR
Cozﬁe .
0. _0O .
221* | N \f 115 ca-1 ¢2.100
i
= NHR
, -0 0
213" \f 58 1.2 46
HO,C ¥R

56

+ described by Owen and Sridhax” .
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Table de ont,

IOCQNOO LD

50 EDgy c.I.
e
!
N
300 1000mg ke 1000mg/kg  ca.1*
Me0,C OR
2
0
301 500 400 ca,l*
Me0,C HNR(m)
G0, Me .
27 5 o | .
294 \f 500 5 100
HER
He
OzMe
0 0 :
298 \\T? 310 300 ca.l*
MeO2 HNR

In the above Table, R= p~C/H 4I€(GH20H201)2 except
Tor the compound I.C.301 which is derived from the m-mustard amine,

* See note on P, 68,
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Part 2: Studies on the Mechanism of the Alkvlation Reactions

of Compounds of the Nitrogen Mustard Type.

The Dimethanesulphonates of 2-N-methylanilinopropane-1,3~diol

and 3=-N-melhylanilinopropane-~l,2-dicl.

Aminodichloropropanes such
as (82) and(83), X= Cl, are of interest as potentially cytotoxic

85,86 and their similarity to the more usual nitrogen

compounds
mustards is evident. The unsymmetric nature of such compounds
makes it possible for rearranged products to arise from reactions
with nucleophiles if such reactions proceed by way of a cyclic
intermediate, In this respect these dichloropropanes resemvle
the compouwrids (14) and (9) which.have already been mentioned (P.2G,15).
It was proposed, therefore, to prepare the dichloropropanes (82)
and (83), X= Gl, and to study their reactions with different
nucleophiles,

Unfortunately, the preparation of the 1,2-dichloride
(82), X= €1, from the corresponding diol (82), X= OH, proved to
be Qifficult. The use of phosphorus pentachloride and thionyl
chioride has already been reported as bheing unsuccess:f‘uls7 but,a
low yield of the 1,2;dichloride could be obtained by the use of

methanesulvhonyl chloride in pyridine (cf. DeGraw8), as esbablished

by Mr. G. Durrant of this Departmento..



%Ie
Ph-N-CHz-(l}H-(liHé
X X
(82)
Ilﬂt ?1
Ph-N—CH2~CH-CH3 :
(14)
0—CH
/ q P
0=5 n\
A"

0——C

jad]

N

{84)

Isie ICH2~X
\‘n;cH
Ph// |
CH-X
(83)
Et\\ ?1
N-CH5CH-CH,
jou
(9)
HO —CH,.
S om
A5
AN
NH,
HO -— CH,,
(85)
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The difficulty of converting 2-azminopropane-l,3-~diols

and 3-zminoprcpane-l,2-diols to their dichlorides has been reported

85

by Cromwell and Hassner - while Jones and Hi1s0n88 isolated

the cyclic sulphite (84) from the rezction of the diol (85) with
thionyl chloride.
Because of these facts, attention was turned to the

more eagily prepared dimethenesulphonates (82) and (83), X=0S0_Me

2

The value of methanesulphonates in general, as anti-tumour agents

is well es‘!;a‘blished5 and some 'mustard-like! compounds, such as

89,

(86), have been reported 25. In their reactions with nucleophiles,

the dimeihanesulphonates (82) and (83). X= 0S0,.Me, would be expected

2

to behave in a similar mermer to the dichlofides of the same
type with the possibility of rearranged products arising from any

cyclic intermediate.

3ﬁ§—ﬁethylaniiinopropzne-l,2—d10190 reacted with

methanesulpnonyl chloride in the presence of triethylamine to

give the dimethanesulphonate (82), X= 030 Me, as -a clear, viscous

2
0il which could be stored indefinitely {(at 0°) without decomposition.
The preparation of 2-N-methylanilinopropane-l,3-diol
(83), X= OH. has already been described91, The reaction of
w-methylaniline with diethyl bromomalonate gave a good yieid of
diethyl 2-N-methylanilinomalonate (87). This compound has been

92

descrilied by Nradi and Weng’© as a crystalline solid of m.p. 105°,



N(CHZCH osozr«ze)2

2
(86)

No

Ye C02E‘L',
N

¥ =CH

co ZE‘t

(87) (88)

(I)OzE'b

NH~-CH
-~

ozt

(89) R= H, Mo (90)
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In several preparations the present author obitained this compound -
as a pale yellow liquid which was chromatcgraphically and
spectrally (n.m.r.) pure and had the correct molecular weight
(mass spectrum).

Prolonged heating of the ester (87) during distillation,
caused the formation of a white crysialline solid which was also
formed when the ester was heated in refluxing xylene or nitrobenzene.
This unknown compound showad four aromatic protons, one ethoxy
group, one N-methyl group and a one proton singlet {+ 1-30) in
the n.n.r. spectrum and two carbonyl apsorptions in its i.r.
spectrum., The molecular weight (mass spectruﬁ) was 219 and analysis
Pigures suggested a formula of 012H13N03 and on this evidence
the compound was formulated as 2-ethoxycarbonyl-i-methylindoxyl (88).
The thermally induced cyclization of the malonates (89), to give
the corresponding 2-ethoxycarbonylindoxyl compounds {(90), has
been reported uvy Blank93.

Diethyl 2~N-methylanilinomalonate (87) proved resistant
to Bouveault-Blanc reduction, which compares with the resistance
of the ester (91) to rcduction by this aethodl, The reduction
of the ester (87) with lithium aluminium hydride in boiling
tetrehydrofursn gave a low (18%) yield of the 1,3—-diol91 (83) ,X=0H,

The formation of wnwanted products in the LAH reduction of

94 96

1,5~diketones” 'and malonate esﬁer395isknown and Yale et, al,
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report poor yields in the LAH reduction of malonates of the

type (92), ¥= 0 or S.

foznt ?ozmt
mmzi:—?ﬁ " R-Y~-C-R!
Co, Bt , Co Bt
(1) (92)
A fHQOH
Ph |
CH,,0H
(93) ‘ (94)

Khan®! and Baig98 used the mixture of cis and trans-
toluene-n—sulphonates (93), obtained from the tosylation of
1,3ﬁg-benzylideneg1ycerol,Afor the preparation of the 2-arylihio-
propane-1i,3-diols of the type (94). However, the cis-form of the
toluene-p-sulphonate (93) was often recovered unchanged after

reaction with various thiolsg7. It was decided, therefore, to
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examine the use of some 5-substituted m~dioxans (95), X= C1, OTs,
for the prepvaration of the 1,3~diol (83), X= OH. The sbsence of
any cis-trans isomerism, with its apparent effect on the reactivities
of the isomers, makes the 5-substituted m-dioxans (95) more

attractive intermediates for the preparation of such 1,3-diols,

X//YC::zziX

(95)

5-Hydroxy-m-dioxan (56) was prepared by the well
established procedure of Hibbert and Carter’’, fig. 10. The mixture
of alcohols (96) and (97) , from the acid catalysed reaction of
glycerol with sym. trioxan, was benzoylated and then crystallization
from ether yielded pure 5-benzoyloxy-m~dioxan (95), X= 0Bgz. Base
bydrolysis of this compound gave 5-~hydroxy-m-dioxan (96) and
thence, by tosylation, the required tosylate (95), X= OTs.
Alternatively, tosylation of the mixture of alcohols (96) and (97)
gave a mixture of tosylates from which 5-toluene=p-sulphonyloxy-

m=dioxan (95),, X= OTs, could be separated by crystallization



Fig., 10
O ~ OH OH
w, Y e N o I
D
OH 0 0
. (96) (o7) |
'
PhCO-C1 /py.
He-CGH4SO c
0Bz
Bzo/i_:-——o 0\
+
0
QTS - ~
) A\ '
3]
L~
Ts0’§:\~—~
. ‘—-—O& * crystallization
0
(. J
v
crystallization BZO/E'—O
J/ O“

Tso/v C : ot
0‘43
<

S " 0H
I%ie*06H4SOQCI/py. 7 {: —0
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from chloroform-petroleum, The tosylate prepared in this way
was identical to that prepared Trom pure 5=hydroxy-m~dioxan and
its n.m.r. spectrum was identical to that recorded by other
authorsloo who did not, however, describe any other properties
or the preparation of the compound.

¥hen S5-toluene-p-sulphonyloxy-m~dioxan and ¥N-methyl-
aniline were heated together in dimethylformamide at 105° or in
refluxing dioxan in the presence of sodium hydride, none of
the desired product could be detected,

Tsa'bsaslo1 reports the preparation of 5-ciiloro-m-

dioxan (95), X= C1, from the reaction of the alcohol (96)

with thionyl chloride in pyridine. Using this method an 8% yield
of the chioride was obtained but when the reaction was carried out
using chloroform (containing a 1liitle pyridine) as solvent, a
sulphur cortaining product was isolated in 70% yield; this
product was identified as the sulphite (98). Because of the
difficulty of preparing the chloride (95), X= Cl, its examination
as an intexmediate for the preparation of the 1,3-diol (83), X=O0H,
was discontinued; the only source of this diol remained the

LAH reduction of the ester (87).
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m=0

/

\0
{//J\\W (98)

0
0\\v//0 0‘\//0

1,3~Dimethanesu1phony1oxy—ZfErmethylénilinopropane
(83), X= 0S0,Me, was prepared from the 1,3-diol by reaction with
meinanesulphonyl chloride~in the presence of friethylamine. Unlike
its 1,2-isomer, this compound could not be purified by preparative
thin layer chromatography but a 'crude! sample proved to be of
adequate analytical purity. Surprisingly; the four methylene
vrotons of this compound appearved as a sherp singlet in fthe n.m.r.
spectrun {see P.93 )3 however, the methine proton could not be
ceen as a singlet probably becsuse it was masked by signals
resulting from the small amounts of impurity present. The 1,3-
dimethsnesulphonates was, however, of sufficient purity for a siudy
to he made of its reactions‘with different nucleophiles., In order
to identify the vroducts of these reactions it was necessary o
orepare, from the 1,3-diol, the 1,3-diacetate (83), X= OAc,

(with aceiic anhydride—pyridine98) and the 1,3-dimethyl ether (83),
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X= OMe, (with dimethyl sulphate - sodium hydroxide in THF%). '
The corresponding compounds derived from the 1,2-diocl were.
already aﬁailable, heving been prepared by Hr. G.DurrantsT.

The n.m.r. spectra of the compownds (82) and (83),'
X= Ole, OAc and Osozﬁe, are recorded on Pp., 92 and 93. Producis
of the displacement rcactions of the two dimethanesulphonates
were icdentified on the basis of these authentic spectra while
the ratios of isqmeric’productg (when a mixture was obtained)
were estimated Trom the relative strengths of the N-methyl

signals vhich were always well separated for pairs of isonmers.
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Reactions of the dimethanesulvhonates of 2-N-methylanilino-

Propane—l,3~diol and 3-H-methylanilinopropane-1,2~diol,

i) with methanols;

Solvolysis of the two dimethane—
sulphonates in methanol, buffered with calcium carbonate, gave

exclusively 1,2-dimethoxy--3~-N-methylanilinopropane in both cases.

ii) with sodium methoxides

Both dimethanesulphonates
reacted with sodium methoxide in boiling methanol to give a
mixture of the 1,2-and 1,3-dimethyl ethers (82) and (83), X= OMe,

in the ratio 1:1.

iii) with potessium acetates

Both dimethanegtilphonates
reacted with potassium acetate in acetic anhydride at 100° o give
a mixture of the 1,2— and 1,3-diacetates (82) and (83), Z= OAc, in

the ratio 3:2.

iv) with sodium thiophenates

The 1,2-dimetharesulphonale

reacted with sodium thiophenate in boiling methanol to give a
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mixture of the 1,2 and 1,3-bisphenylsulphides (82) and (83),
X= SPh, in the ratio 7:3. These isomeric products were
separated by preparative thin layer chromatography and
examination of their n.m.r. spectra (Pp. 92 and‘93) enabledi
the individual isomers to be identified. In all other authentic
conpounids the N-methyl resonance appeared at higher field for
the 1,3-isomer and so the 1,3-bisphenylsulphide (83), X= SPh,
was identified as that with the I-methyl resonance at 1t 7-26,
the 1,2~-isomer as that with. the N-methyl at ¢ 7-00. The complex
splitting pattern of the methylene pﬁotons of the 1,2-~isonmer
and distorted AB system of the methylene protons of the
1,3-isomer are in agreement with this assignment,

The 1,3-dimethanesulphonate reacted with sodium
thiophenate to give a mixture of the 1,2~ and 1;3~bisphenyl—-
sulphides in the ratio 2:3.

Control reactions established the siability of the
1,3-dimethyl ether and tﬂe l,é~diacetate to the conditions of
i) and ii) above and by heating both of the dimethenesulphonates
in boiling aceitone it was shown that they were not inter—~

“convertible.
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It was found, then, that the two dimethanesulphonates
reacted with sodium methoxide and with potassium acetate to
give, in each case, products of identical composition and this
can be interpreied on the basis of‘a scheme involving common
internediates which are best formulated as aziridinium ions (99)
and (100), fig. 11. The direction of ring opening of such oyclic
intermediates will depend both on electronic and steric factors
and the latier appear to dominate the course of the reactions
with sodium methoxide and potassium acetate, If the primary and

secondary positions of the ions (99) and {00) were attacked
| equally by nucleophiles then a product ratio of 3:1 (1,2~ to
1,3~ disubstituted product) would result. The observed product
ratios are nearer to unity and the conclusion must be that acetate
and methoxide ions preferentially attack the less hindered
primery positions thus increasing the proportion of the 1,3~
disubstituted product.

In contrast to the zbove, the two dimethanesulrhonaies
reacted with methanol to give only the 1,2-dimethyl ether while
the 1,3~dimethyl ether.wés shown to be stable to the reaction
conditions, This indicates either that the aziridinium ion {99)
is opened only at the secondary position or, that if any of the
aziridinium ion (1C0) is formed. tuen it reacts with methanol

exclusively at the secondary position. (It is wnlikely that
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Fig. 11
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Ph N—CH
050,,Me / |
/ CH,050,tle
'.e +
I\T osozwe
CH 050, e
(99) \
He 050 Me . e cy 0S0, e
N\
N T _
k%) !
th My Ph CHZNu
(101)
He_ . sin2
N
/N 00, He
Ph \TH
Nu
CH.Nu \
1'% Nu Hu GH u
He Nu (100) e, N
AN L-CH
/H—CH ~CI~CH,, -
Ph ' CH_Ifu

Hu



88

methanol would react with the monosubstituted intermediate (101)
excevt by way of the cyclic ion (100). The stronger nucleophiles
methoxide and acetate gave no evidence of such direct displacement
reactions with the two dimethanesulphonates, as shown by the
observed product ratios). It is proposed, therefore, that the
selective opening of the aziridinium ions (99) and (100) by
nethanol, occurs by means of an SNl type méchanism involving
vartial localization of cﬁarge at the secondary position, as

in (102). The stabilization of charge at this position would be
greater than at the primary position although its exteat would
be affected by the inductive and hynerconjugative properties of

the function CH.R in (102).

2
The situation described above is not unlike that

proposed by Bardos et.al.zo in their study of the solwclysis

reactions of some aromatic nitrogen mustards. They suggested that

these were 'SNI type reactions' involving a solvated carbonium

ion - nitrogen dipole, the collapse of which gave rise to the

solvolysis product (see P.18 ). It does not seem unreasonable to

expept that in an wnsymmetrical system, such as thai examined

here, the electronic effectis zszociated with any rocalizaition

of charge will exert a directing influence on the site of nucleophilic

attack., This, of course, will apply mainly when the nucieophile is

weak, as in the case of methanol; stronger nucleophiles may react
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N:/’l 2
Ph/
b+ OH
CH,R
(102)
?SOzﬁe fﬂzosozme
Ars-CHz-?H;CHZ ApSCH
OSO?Me
CH, 050, e
(103) (104)
N(CHéCDZCIJQ
R-

{16) R= H; p-lkeO; 2,4(E02)2.



directly with the aziridinium ions (SH2 typé reaction) and be
influenced by steric factors as in the case of reactions with
methoxide and acetate.

The reaction scheme proposed here is direcily related
to that suggested to explain'the reactions of the methanesulphonates
(103) and (104) in which episulphonium ions are involvedi®?, That
these similar types of compound react with nucleophiles in a |
similar way is not surprising although it should be emphasized
that some differsnces do exist. This is demonstrated particularly
vy the ccurse of the reactions of the two dimethanesulphonates

(82) ana (83), X= 0S0.Me, with sodium thiophenate. Although

2
rearranged products were obtained from both the 1,2- and 1,3~
dimsthanesulphonates, the product ratios were different showing

that significant reaction occurred without the intervention of

a cyclic intermediate. In conirast, the dimethanesulphonates of

type (103) and {104) reacted with sodium thiophenate and other
powerful nucleophiles without giving rise to any rearranged
pruductslo5. This indicates that the tendency to form an aziridinium
ion in systems such as (82) and (83), X= 080,He, is greater

than the tendency for formation of episulphonium ions in the
compormnds (103) and (104).

Direct displacement of chloride from the aromatic
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nitrogen mustards (15), by thiocresolate, was reported by
Bern et.a1.21 whereas weaker nucleophiles rezcted by way of
a cyclic intermediate, This also corresponds with the results
reported here and it seems clear that the character of the
nucleophile has an important influence on the mechanism of
the alkylation reactions of compounds of the nitrogen mustard

type.



Nem.r. specira of authentic comvounds;

92

Me
J .
Ph-I-I—CHz-CH-('}HZ (in CD013)
X X
aromatic N—CHQ— -CH2— =CHe- N;CHg X Group X
2¢6=3 47 ca. 6+3t | ca. 561 | ca.5'01 706t 7+00¢ OSOZCHé
m i n m s and 6.93
5H 2n 2H 1H 3H two B
61
ca, 32 ca. 6+8 710 gee 6+8 OCH3*
prr two g superimposed on m s '
5H 11H 3H
cas, 3°2 66 59 48 T-07 8+05
m g % m s and 792 | OAc
5H 2H 2H 1H 3H 6H
two s
2'6—3'5 590 - 6'95 7+00 in’ SPh
n m s aromatics
15H 5H 3H

*

and the snectrum recorded in 0014.

This compound was prepared by Mr. G. Durrant
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N.m.r. specira of authentic comvoundss

He |2t
N-CH (in cpC1,)
" | 3
. CH2X
aromatic —CHQ- =CH~ N—CH3 X Group X
25=3 3¢ 551 ca. 637 7-11<¢ 7+04¢ 08020H3
m <] several s 8
peaks.
5H 4H ca,1H 3H 6H
2460-3.25 641 . 583 T+15 ” 667 ) OCH}
m a m s 8
S5H 4H 1H 3H 6H
2¢50=325 ca. 566 716 8+03 OAc
m ~ broad s - s
5 5H 3H 6H
2+6=3+5 .75 595 7-26 in aromatics SPh
m i : m s
15H I 4H 1H 3H
distorted
AB




Reactions of 1,2-dimethanesul phonyloxyei-N-methylanilinopronane.

n.nm.r. spectra in CDC1

94

3
reagent aromatic —CH2~CH-CH2— N;CH3 X Group X
(product)
YeOH 2:5-3+41 ca. 661 T+0t see 6°6t OHe
(1,2-di- n two 8 and m 8
methyl ether) 5H 11H 3H
Nallle 2:¢T=34 5+8~6-6 7-0s see 66 ONe
(1,2-and m two 8 and m 1%
1,3-dimethyl SH 11H 7+15s
ethers) 1%
KOAc 2:¢T=3¢4 4+6-6:5 7:05s T-92s
(1,2-2nd m 5H 2H and 0OAic
1,3~ 5H 718z 8:05s
dizcetates) 1H 6H
RaSPh 2636 4+0=7+0 7¢0s see
(1,2~and m m 2+1H aromatics SPh
1,2~big~ 15H 5H 7288
phenylsulphides) 0-9H
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Reactions of 1,3~dimethanesulvhonyloxy-2-l-methylanilinonropane.,

N.Mm.Te spectra in CDClB

reagent
(product) aromatic —CHZCH—CHZ— N-CH 3 X Group X
MeOH 2+6=3 41 ga 6+61 70t see 6761 Olle
(1,2~ di- m two s and m 8
methyl ether) 5H 114 3H
NaOlfe 2:6-3+4 5:8-6+6 7-Cs | see 66
(1,2~ and m twe s and m 138 Olfe
1y3~dimethyl 5H 11H T l4s
ethers) . 154
KOAc: 2:6=3+4 46765 7-03s T+92s
(1,2- and m 5H oH and OAc
1,3-diacetates 5H 7163 8:04s
1H oH
NaSPh 2:6=3r4 4+0=7+0 7+0s SPh
(1,2 snd m m 1-2H in gromatics
1,3-bls— 15H EH 7+28s
1-8H

phenylsulphides)
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EXPERIMEETAL SECTICN

The figures in varentheses, shown throughout this
section, refer 1o pages in laboratory notebooks.

Infra~-red spectra were recorded on Unicam SP 200 and
Perkin—Elmer 700 instruments; n.m.r. spectra were recorded on
Varian A 60 and HA 100 instruments using tetramethylsilane as
internal reference.

Thin layer chromatograms were carried out using
Kieselgel GF254_(E.Merck Ltd.) and colum chromatography was with
silica gel M.P.C. (Hopkins and Williams Ltd.).

Melting points were determined using a Kofler block
and are uncorrected., Organic solutions were dried with magnesium

sulphate except where staled otherwise. Petroleum refers to the

fracticn b.p. 60-80° unless otherwise stated.
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Some carbamates derived from p—{bis~2-chloroethylamino)phenol.

p—(Bis—2-hydroxvethvlanino)vhenol (35).

p-Aminophenol (92 g) was
suspended in water (200 ml) and glacial acetic acid (75 ml).
Ethylene oxide (ca. 100 ml) was added with stirring at 0° ana
the reaction mixture was allowed to stand overnight when t.l.c.
(chloroform) showed no starting material, Neubralization with
solid sodium carbdnate.precipitated the triol (111 g), mep. 135-

138° (from acetone) (11%.53, 140°)..

Benzyl p-{bis—P-hydroxyethylamino)vhenyl ether (37).

Sodium metal (13-1 g)
was dissolved in ethanol (800 ml) and the above triol (112 g)
added. Benzyl bromide (97 g) was added dropwise with stirring
and the mixiture boiled mmder reflux for 3 hours. The resultant
red solution was concentrated and poured into excess water (1 litre)
and the ether (137 g) filtered off and recrystallized from

ethanol-water. I* had m.p. 51-94° (lit.62, 93-94),
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Benzyl p—{bis-2-chloroethylamino)phenyl ether (39).

The diol (137 g),
from the previous sitage, was dissolved in chloroform (750 ml)
and phosphorus pentachloride (135 g) added. When the initial
reaction had subsided the solution wes refluxed for 2 hours,
cooled, poured into water (300 ml) and washed with agueous sodium
carbonate. The dried chloroform solution was concentrated to
300 ml and the product precipitated by addition of ethanol.
Yield 77 g; m.p. 101-104° (from ethanol—pefroleum) (lit.ée, 105-

106°).

p{Bis—2-chloroethylamino )phenol hydrochloride (42,134 ).

The above benzyl
ether (43 g) was dissolved in a 1:1 mixture (300 ml) of glacial
acetic acid and conc. hydrochloric zcid and boiled under reflux
for 1% hours., The solution was cooled, neutralized (sodium carbonate
and a iittle water) and extracted with chloroform {(7x10C ml). The
dried extracts were ccroentrated and an ethanolic solution of
hydrogsn chloride (8 g) was added. Evaporation of solvent gave an
0il which rapidly solidified. The hydrochloride (309 g) was

recrystallized from ethanol-peiroleum and had m.p. 136--141O (lit.?3

61

1680, 1it., " 180-181°), vmax(nujol) 3300, 2410 and 1600 ci} identical

to that of an authentic sample.
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p—(Bis—2-chloroethylamino)vhenyl N—p-tolylcarbamate (26).

The p-mustard
phenol hydrochloride (1'3S‘g) was suspended in dry benzene (20 ml)
and triethylamine (0-514 g) added, followed by p-tolyl isocyanate
(0-673 g). The mixture was sti:red and refluxed for 3 hours, waéhed
with water (2720 ml) and dried. Evaporation of solvent under

reduced pressure gave the title comvound (1-44 g), m.p. 126+5-128-5°

(from benzene-petroleum), vmax(nujol) 3350, 1710 and 1610cm™
(Founds G,58:98; Hy5-475 C1,19+11; N,7-62;5 CpgH, C1 N0, Tequires

C,58-84;5 H,5-49; €1,19-303 N,7-53%).

p={Bis~2-chloroethylamino}phenyl N-m—tolylcarbamate (27).

| This was
prepared from the p-mustard phenol hydrochloride (2 g) and m-tolyl
isocyanate (0+993 g) in a similar manner %o that described above
for the p-isomer. The carbamate (2:23 g) had m.p. 101-103° (from
tenzene-petroleun), vmax(nujol) 3330, 1705 and 1610cm7t (Pound:

,58-955 H.5:465 €1,19-10; N,7-48%).

= (Big—~2-chloroethylanino)phenyl N-o—tolylcarbamate (28).
This was

prepared from the p~mustard phenol hydrochloride (2 g) and o-tolyl
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isocyanate (0-99 g) in the samc way as the previous isomers.
The carbamate (226 g) had m.p. 92—949 {(from benzene—petroleumj,
Vo (ud0l) 3400, 1730, 1605 and 1585 cm.™  (Found: C,58-86;

H,5:48; €1,19-21; N,7+60%).

o—Chlorovhenyl isocyanate (49).

o~Chloroaniline (6-4 g) in dry benzene
(20 ml) was added to a solution of phosgene {ca. 5 g) in benzene
(70 ml). A vhite so0lid was precipitated and the mixture was
boiled under reflux for 5 hours when the solvent was removed by
distillation. The residue was distilled giving the isocyanate (1-44¢g),

bep. 80-81° at 15 mmilg (1it.53 114-115%t 43 mmbg), n%l 1+ 5560,

-1
vmax(0014) 2270 cm.

m~Chlorovhenyl isocyanate (53).

| A solution of m~chlorocaniline (5-4 g)
in dry benzene (50 ml) was added to a stirred solution of excess
vhosgene in benzene (70 ml) while a sitrezm of the gas was
bubbled through, The mixture was then boiled under reflux for
3'Hours and the solvent removed. Distillation of the resulting
0il gave the isocyanate (55 &), b.p. 82° at 15 mullg, (lit.§3 113~

114%% 43 mmilg), n§3 1:5558, vmax(0014) 2260 om.
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p-(Bis=2=-chloroethylamino)phenyl N—o—chlorophenylearbamate (54).

The p-mustard phenol hydrochloride (2 g) was
suspended in dry benzene (100 ml) and triethylamine (0-81 g) added, |
followed by o-chlorophenyl isocyanate (1-15 g). The mixture was
stirred and refluxed for 3 hours when t.l.c. (benzéne) showed one
majo? product. Triethylamine hydrochloride was filtered off, the
solution washed with water and dried. Evaporation of solvent gave

the title compound (2-42 g), which when recrystallized from

petroleum (b.p.80-100°) had m.p. 109-110°, v, . (nujol) 3400, 17400m7™
(Found: €,52-843 H,4-653 $1,27-333 N,7+39; Cl7Hl7013N202 requires

C,52+605 Hy4:423 C1,27-45; N,7-22%).

p-(Bis—2~chloroethylamino)pheny? N-—m—chlorophenylcarbamate (55%

This was prepared from m-chlorophenyl isocyanate (1-15 g)
in the same way as described above for the o-isomer. The carbamate
(1:89 g) was obitained as a white solid, m.p. 133-134° (from cc1,),
vmax(nujol) 3300 and 1710 emz™ (Found: C,52-653 H,4f39; C1,27+323

N,7-39%).

p—-{Bis~2—chloroethylemine )phenyl N-p—chiorovnhenylcarbamate (43)
In a similar way to that described above for the o-isomer,

p-chlorophenyl isocyanate {1'1 g) reacted to give the title compound
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(147 g)y mep. 173-175° (from benzene—petroleum),vmax(nujol)3360,

1710 en.”t (Found: €,52<785 H,4-573 C1,27+243 N,7-24%).

p-{Bis—2~chloroethylamino)phenyl =~o-methoxyphenylcarbamate (45}

The reaction of o-methoxzyphenyl isocyanate (1+15 g)
and the p-mustard phenol hydrochloride (2 g) in the presence of
triethylamine (0'81vg), essentially as described for preceding

carbamate compounds, gave the title comvound (2 g), m.p. 108~

109° (from vetroleum b.p. 80-100°), VmaXCnujol) 3380 and 1730 emst

(FPound: C,56+22; H,5.40; €1,18:533 N,7-20. 018H20012N203 requires

C,56- 413 Hy5+275 C1,18503 1,7.31%).

N-~Acetyl-m—aminophenol (50, 58).

m—iminophenol was acetylated with acetic
anhydride in acetic acid golution as described by Reverdin and

de Luc64, tc give the acetyl compound, m.p. 147—148°(litf¥11433.

N-Acetyl-m—aniasoanisole (50, 61, 65).

The azbove phenol (5:8 g) with dimethyl
sulphate (5°2 g) in agueous sodium hydroxide, was shaken vigorously
for 6 hours., The product {337 g) precipitated from solution and
64

when recrystallized from aqueous ethanol had mep. 79~80° (1it.,
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m—Aninosnisole (68).

N-Acetyl-m-aminoanisole (6 g) was dissolved in
water (30 ml) and conc. hydrochloric acid (30 ml) and the solution
refluxed for 30 minutes, cooled and neutralized with conc. aqueous
ammonia. The solution was extracted with chloroform (2x5o ml)
and the dried exiracts evaporated to give m—aminoanisole (3-8 g),.
bop. 117-118° at 15 mmHg (1i%.54 243° at 755 nnig) , n§4 1 5777,

vmax(cc14) 3500, 3400 and 1620 oms~

m-Methoxyphenyl isocyanate (70).

m-Aminoanisole (3-8g) was dissolved in
dry bénzene (50 ml) and added dropwise to a solution of excess
phosgene in benzene (100 ml) %hile a stream of the gas was bubbled
throvgh. The mixiture was then refluxed for one hour when a clear
soiution was obtainedy removal of solvent gave the isocyanate as
an almost colourless oil (3:9 g), b.p. 95-96° at 15mmHg (1it.§5 94 +6m

2 . -1
94-8%% 10 mmig), nD4 1-5410, v, (€C1,) 2295 cn’

p=(Bis~2=chloroeihylamino)phenyl N-m-methoxyphenylcarbamate (71).

The rcaction of the avove isocyanate with the p-mustard
phenol hydrochloride in the manner (and quantities) described

for the g-chlorophenyl compound, gave a 70% yield of the carbamate,
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m.p. 78=79° (from a large volume of petroleum),vmax(nujol) 3300,

1705 cmst (Founds C,56+48; H,5.363 C1,18-23; N,7-19%).

p~(Bis~2-chloroethylamino)phenyl N-p-methoxynhenylcarbamate (44).

p-Hethoxyphenyl isocysnate (1-13 g), p~mustard phenol
hydrochloride (2 g) and triethylamine ( 0:82 g) reacted in the

usual way to give the title compound (2:4 2), m.p. 146-5-148° (from

petroleum b.p. 80-100°), vmax(nujol) 3350 and 1700 em7t (Found:

G,56+543 H,5+28; €1,18-49; W,7-30%).

p—Sulphonamidophenyl isocvanate (195, 205).

| This was prepared in 80% Field by the action of
phosg;ne on gulphanilamide in boiling ethyl acetate., The solution
obtained after 2 hours was filtered and concentrated; addition of
petroleum precipitated the crude isocyznate as a white solid,
mop. 147-150° (11+.80 156-157°), which was used withont Tfurther
vurification. The isocyanate had vmax(nujol) 3350,3250, 3100, 229

and 1780 omrt (impurity).

Eﬂ§g§-2-ohloroethylamino)§ha;yl chloroformagg_(l47, 167, 261).

The mustard phenol (obtained by treating 5 g of the
hydrochloride with agueous sodium bicarbonate) and quinoline (2.5g)

in chloroform solution, were added to a cooled solution of phosgene
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(ca. 5 g) in dry benzene (50 ml). The mixture was left overnight,
filtered and washed with water. Drying and evaporation of solvent

gave the crude chloroformate (4 g). A sample was purified by

distillation and had b.p. 140° at 1-35x10‘4mmHg, Vmax(C014) 1775cm71

{Found: C,44:513 H,4-19; €1,35-983 N,4-64. 011H12015N02 requires

C,44+53; Hy4:085 C1,35:8635 N,4:72%).

n—(Bis—Q-chloroéthylamino)phenyl N—p-sulvionamidophenylcarbamate,

i) from p-mustard phenol hydrochloride {198),

The mustard
phenol hydrochloride (2 g),‘pfsulphonamidophenyl isocyanate (16 g)
and triethylamine (90 mg) were dissolved in AnalaR ethyl acetate
(80 ml) and the mixture stirred and boiled under reflux for 2
hours. The solution was decanted ffom precipitated solid, washed
with water and dried. Evaporation gave a crude solid which was
purified by column chfomabography (acetone-petroleumn, 1:1). The
carbamate (Rf 0+5; 1 g) had an ill-defined m.p. ca. 180°,
vmax(nujol) 3300-3200 and 1725 om7t (Founds C,47-043 Hy4.59; C1,13-56,

Cl_ N.0,S requires C,47:22; H,4-49; C1,16 <403

13+863 §,9-62. C ") (C1 1.0,

N,9.72%).

ji) from mustard chloroformate (262, 168).

Sulphanilamide (400 mg)

and pyridine (200 mg) were dissolved in dry acetone (20 ml) and
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the mustard chloroformate (700 mg, freshly prepsred and distilled)
vas added dropwise at room temperature. After 1% hours the solution
was poured into water, extracted with ethyl acetate and the

exiract dried. Evaporation of solvent gave the carbamate (0°4 g),
m.p. 185-202° (from ethyl acetate-carbon tetrachloride), vmax(nujol‘)
3300-3200 and 1725 om: ', © (ds-acetone) 0-5(1H,s, NH-C0-0),

2.1 (4H, d, aromatic), ca. 3+0 (4H, q, aromatic), 6-2 (8H, s,
N(CH203201)2 )y 684 (oH, s, SOZNH2). (Found: C, 47223 H, 4:45;

01,16 +33; N,9:85%).

Methyl p—(methyl-amino)benzoate (137).

| p-(Methylamino)benzoic-acid (6 g),
methanol (150 ml) and conc. sulphuric acid (1 ml) were boiled
under reflux for 20 hours when t.l.c. (chloroform) showed no acid
to be present. The solution was concentrated to 50 ml and poured -
into water (50 ml). After bésification with aqueous sodiur hydroxide
this solution was extracted with chloroform (50 mlx 3),the extracts
dried and evaporated giving the ester (2;5 g)y, mep. 94—950 (from

aquéous ethanol) (11%.?7 95.5°),

p~{Bis-2-chloroethylamino )phenyl N'!-p-methoxycarbonylphenyl—N/ ..

methylcarbamate (149).

Freshly prepared mustard chloroformate {see
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s

abovey 1°7 g) was dissolved in ethanol-free chloroform (30 ml1)

and a solution of the preceding amine»(0'94 g) end pyridine (0-5 g)
in éhloroform was added with stirring. After | hours refluxing,
the reaction mixture was washed with dilute hydrochloric acid,
agueous sodium hydrcgen carblonate and water. Drying and evaporation
of solvent gave an o0il which was crystallized from c'ar‘oon
tetrachloride~-petroleum, Recrystallization from benzene-petroleum

(3.p. 80-100°) afforded the title compound (123 g), m.p. 92-93°,

vmax(nujol) 17zocm71 (Fownds €,56-413 H,5-373 €1,16-68; N,6-43.

¢ C1,H,0, requires C,56 <455 Hy5-213 C1,16°675 N,6+59%).

20822
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Substituted phenyl chloroformates.

- Unless otherwise stated, the general method of
preparation described below for p-tolyl chloroformate was used
in the preparation of all substituted phenyl chloroformates

reporied here.

p-Tolyl chloroformate (36)..

p~Cresol (54 g3 0:05 mole) and quinoline
(6+5 g3 0°05 mole) were dissolved in dry benzene (50 ml) and
the solution added dropuise to an ice-conled solution of excess
phosgene in beﬁzene {ca., 50 ml) with stirring. After a tutal of
2% hours (the reaction was followed by t.l.c.) the guinoline
hydrochloride was Tiltered off, the solution was washed with aA
1itile water, dried aﬁd the solvent removed by distiilation.
This gave the chloroformate as a yellow oil {3:67 g)s b.p. 82°

at 15 mug (134.1°0 108° ot 30 mmfig), a5- 1:5100, v__(£ilm)

1775 em.”t ,

m-Tolyl chloroformate (31).

This was obtained in a 45% yield from

u~cresol and it had b.p. 87-89° at 15 mmig (1ito%06 10

1

3° at

21+ oy - -
22 maflg), no' 2 15100, v __{filn) 1760 cn.



109

o-Tolyl chloroformate (32).

o~Cresol gave a 35% yield of the chloroformate,

b.p. 81-82%at 15 mmbg (1it.1%6 1

1

10-120° at 28 mnHg), n§3 15100,

vmax(fllm) 1780 cm,

o~Chlorovhenyl chloroformate (69).

This was obtained from o~chlorophenol
and phosgens in the presence of quinoline, the yield being 43%.
The chloroformate had b.p. 940 at 15 mmHg (1it.%07 113o at 27 mmHg),

2 -
n23 105238, Ve (51,) 1780 om7t

m-Chlorovhenyl chloroformate (59).

This was prepared essentially as

described for the o-isomer (yield 58%) and had Db.p. 104—1050 at

108

20 maflg (11.37° 98-100° at 13 moHg), n5' 1+5300, v___(2ilm) 17750m> "

p~Chloronhenvl chloroformate (74).

4 64% yield of this chloroformate
was.obtained from p~chlorovhenol using the general method. The
compound had b.p. 97-98°% at 15 mmHg (lit.}o7 114°% at 20 ralg),

n§6 15306, vmax(cci4) 1785 éna 1770 o7t {shoulder).
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o-Methoxyvhenyl chloroformate (82),

The general method gave a 67% yield
of this chloroformate, b.p. 110-112° at 15 mmHg (1it.107 110° at

2 R -
10 mmHg), nD4 1+5170, Vmax(0014) 1785 cmt

m-Methoxyvhenyl chloroformate (118).

The reaction of m-methoxyphenol
(335 g) with excess phosgene in the presence of quinoline (3:89 g)

in the usval way, gave the chloroformate (2 g), b.p. 128-129o at

25 mmfg, Vmax(0014) 178O,cm71 The compound was characterized as

the H-phenylcarbamate derivative described below.

m~lethoxyphenyl N-phenylcarbamate (119).

The above chloroformate (200 mg)
was dissolved in dry benzene (10 ml) and aniline (220 mg) added.
The mixture was stirred and heated under reflux for 20 minutes,
filtered, washed with dil. hydrochloric acid, ag. sodium hydrogen
carbonate and water and finally dried. Evaporation gave the
derivative {170 mg), m.p. 123-124° (from benzene-petroleunm),

Vmax(CHcl ) 3420 and 1745 cm:1 (Found: €,69-12; H,5-47; N,5-59,

3

C14H13N03 requires C,69-133 H,5:393 N,5:76%).
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p-Methoxyvhenyl chloroformate (81).

This was preparned ffom
p-methoxyphenol (6:2 g), quinoline (6-5 g) and phosgene in dry
benzene in the usual way. The product was obtained as an oil

(6°9 &), bup. 118-119° at 15 nmig (1it.112 49° at 0-27 mmHg),

1 _
ngl 15225 (Lit.;™2 ny® 1-5237), Vmae(CC1,)1780 om. 1
(Found: €,51-17; H,3-78; C1,19-20. 08H701°3 cale. C,5150;

H,3+783 €1,19:00%).

p-tert-Butylphenyl chlorformate (92).

The reaction of p~tert-butyl-

phenol with phosgene in the usual way gave a 63% yield of

the chloroformate; it had b.p. 121-123° at 15 mmllg (114,59 124°

at 12 mmHgz), ngl 1+ 5035, vmax(0314) 1775 em. ™t

p-Nitrovhenyl chloroformate (334).

p-Nitrophenol (7 &) was %reated
with phoscene in the usual way. The chioroformate was obtained
as a pale yellow solid (8+1 g) which had m.p. 69-790(1it5§)8o,
‘él°), Vmax(CH013) 1780 cmet The chloroformate was used withoub

further purification.
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m— (N-Dimethylamino)phenyl chloroformate (342,347).

| | m~{¥N-Dimethylamino)phenol
(8°8 g) in dry benzene (100 ml.containing a little chloroform to
aid solubility) was added to a cooled, stirred solution of excess
phosgene in benzene (80 ml). After 3 hours the s§lution was
filtered and the solvent removed to give the chloroforma'tello (4-7 g)
which was distilled under reduced pressure and had b.p. 70-80° at
10 OnnHg, Y o (CHC1 ) 1760 en.”t (Pownd: €,53-37; H,4-89; C1,17-82.

calc, for C H1001EO

9

5 ©€,54¢165 H,5-05; C1,17-76%).

p=Hydroxythiovhenol (251,332).

p~-Aminopkenol (10 g) was dissclved in water
(100 ml) and conc. HC1 (20 51) and a solution of sodium nitrite
(6:5 g) in water (20 ml) added dropwise with stirring. The
temperature was maintained at avproximately 50.

The solution of the diazonium salt so obtained, was
neutralized with solid sodium hydrogen carbonate and then added
to a solution of ethyl potassium xanthate (20 g) in water (25 ml)
which was heated to 60u70°. The crude xanthate ester separated as
a thick oil which was dissolved iﬁ 2N scdium hydroxide (50 ml)
and boiled under reflux in an atmosphere of nitrogen for 2% hours.
The solution was then acidified with conec. HCl, extracted with
chloroform (50 mlx2) and *he extracts dried. Evaporation of solvent

then gave a yellow oil which was suspended in dilute HCl containing
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some zinc and refluxed for 30 minntes after which further extraction
and drying gave p-hydroxythiophenol (4 g), b.p. 72-74° at ld'4mmHg

(lit.zl 133-137° at 11 mmHg), vmax(film) 3350 (broad) and 2560 omyt

p—-Hydroxvythioanisole (258,335).
The above thiol (4+4 g), sodium hydroxide

(1:4 g) and methyl iodide (5.5 g) were dissolved in ethanol (50 ml)
and the solution refluxed for 13 hours in an atmosphere of nitrogen.
The solution was then concentrated, poured into water (100 ml)

and the product (2:85 g) filtered off and dried; wher recrystallized
fronm carbon~tetrachloridé-petroleum it had m.p. 83—840 (lit.z2 83~

84°, 1it.!3 84-85°).

p{Methylthio)ohenyl chloroformate (320, 337).

p-Hydroxythioanisole reacted

with phosgene in the usual way to give a 72% yield of the

chloroformate, b.p. 65-67° at 1074 mmHg, n%o 1-5750, v, (oHeL,)
1780 and shoulder at 1760 oms® (Found: C,47.25; H, 3+41l; C1,17-463

$,15+76. CgH 010,5 requires C,47+425 H,3-483 C1,17-49; S,15-79%).

Methyl S-—methylsalicylate (102),

S5-Methylsalicylic acid (30 g) was dissolved

in methanol (200 ml) containing conc. sulphuric acid {5 ml) and
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concentrated, poured into excess water and extracted with
chloroform (100 ml and 50 ml % 2). The dried extracts were
evaporated to give the ester (265 g), b.p. 120-121° at 18mmHg

(1it.;M! 120-121° at 18 maflg), n5° 15330, Yoy (061,) 3200 and 1675 cm7t

2-Me thoxycarbonyl-4-methylohenyl chloroformate (107).

The gbove phenol
(10 g) was treated with excess phosgene in the usual way for a

period of 6 hours. Work up gave the chloroformate (56 g) as an

0il, b.p. 96-98° at 0.3 mmlg, no> 1-5191, Vnae (C61,) 1780 and
1725 cut (Found: C,52.73; H,4-093 €1,15¢72. C10Hg010, wequires

C,52:53; H,397; C1,15-51%).

p-Hydroxyphenylasetic acid (236).

p-Me thoxyphenylacetic acid (17 g} was
suspended in aqueous hydrobromic acid {45%, 80 ml) and ihe mixtuﬁe
boiled under reflux for 7 hours. After standing overnight, the
mixture was filtered and the product was washed with water. When

recrystallized from water it had m.p. 153-155° (Lit. 4 147-149°).

¥ethyl p-hydroxychenvlacetate (239).

The above acid (11 g) was dissolved in

dry methanol (200 ml) containing conc. sulphuric acid (2 mi) and
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the solution refluxed for 15 hours. The solution was then
concentratcd to 50 ml, poured into water (100 ml) and neutralized
with sodium hydrogen carbonate solution. Extraction with
chloroform (50 mlx3), drying and evaporation of solvent gave

the ester (8:4 g), b.p. 104-106° at 1-3x10“4 mnHg (1it.35 310° at

760°5 mmHg) , vmax(CH013) 3600—3200 and 1730 omst

p-{ethoxycarbonylmethyl)phenyl chloroformate (250,271).

Methyl p~hydroxy-

phenylacetate (4 g) and quinoline (3-14 g), in benzene solution,

reacted with phosgene in the usual way to give the title Compound
o - 20
(32 &), bep. 92-96° at 1074 mnHg , ns’ 1:5245, vy, (cc1,) 1785
and 1740 cmi® (Found: C,52-82; H,4.18; C1,15-40, €10 €10, Tequires

€,52.533 H,3.97; €1,15.51%).

Kethyl 3-{p-hydroxyphenyl)vropionate (101, 106).

3~ (p-Hydéroxyphenyl)propionic
acid (20 g), conc. sulphuric acid (3 ml) and methanol (150 ml)
were heated under refluxz for 40 hours. The solution was cooled,
concentrated to 50 ml and poured into water (200 ml). Extraction
with chloroform (100 and 50 ml), drying and evaporation gave the
ester (14:5 g), b.p. 129—132o at O3 mmig (lit.z6 186-1870 at

17 mnHg). The ester was crystallized from ether-petroleum (b.p. 40~
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60°) and had m.p. 37-39°(1it.!° 40-41°).

p~(2-Nethoxycarbonylethyl)phenyl chloroformate (110).

l The reaction of
the zbove phenol with phqsgene in the usual way gave the
chloroformate (71%), b.p. 124-126° at 0-5 muig, n§3 1-5100,
vmax(0014) 1780 and 1738 cm'.'1 (Found: €,54-29; H,4-65; Cl,14-62,

c,.H .Cl0

11811 recuires C,54+44; H,4:573 C1,14-62%).

4
The residue from the distilistion of this compound
was purified by chromatography (chloroform) to give

di-(p—(2-methoxycarbonylethyl Jphenyl )cerbonate (200 mg), m.p.112-

114° (from petroleum (b.p. 80-100°)), Vmax(nujOI) 1770 and 1720 cmy L

{(Found: €,65-5035 H,5-98. C requires C,65+265 H,5-74%)

2182207

Bf(b-Anisoyl)nropionic acid (240,270).

Mnisole (20 g) and succinic anhydride
(185 g) were dissolved iu dichlorcsthane (200 ml) and
nitrobenzene (50 ml). Aluminium trichloride (50 g) was added,
with stirring and cooling in ice, over a veriod of 2 hours. The
nixture was stored in the refrigerator for 3% days and then pouredv
into water {400 ml). The crude so0lid so obtained was dissolved
in agueous sodium hydroxide and the solution washed with small

portions of chloroform and then filtered. Acidification of the clear
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solution with conc. hydrochloric acid gave 3-(p-anisoyl)propionic

acid {27-9 g), m.p. 147-149° {from ethanol) (11t.}12 146-147°).

4~(p-Nethoxyphenyl Jbutyric acid (244, 275).

Reduction of the preceding anisoyl
acid (1576 g) using the procedure described by Iviartinll3 gave
. . o
the title compound (104 g), m.p. 58-59-5 (from ether-petroleum)

(1it.113 60-629).

4—(r=Bydroxyphenyl)butyric acid (245, 277).

4~ (p-Hethoxyphenyl)butyric acid
(10-3 g) ana.hydrobromic acid (50%; 60 ml plus 10 ml water) were
boiled under reflux for 6 hours. The red solution was poured into
water (150 ml) and the produ;t filtered off, dried and recrysitailized
A

from benzene containing a little chloroform., The phenol-acid (7-3 g)

had m.p. 108 5-109+5° (1it.!! 107-108°).

Methyl 4-(p=hydroxyphenyl)butyrate (248, 286).

_ A solution of the above acid
(7-2 g) and conc. sulphuric acid (1 ml) in dry methanol (130 ml)
was refluxed overanight, concentrated to 20 ml and poured Into
water (50 ml). Extraction with chloroform (50 mlx2) and drying

gave the ester (6736 g), b.p. 135° at 10> mnHg, ngo 1- 5300,
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v ax(CH013) 3550, 3330 (broad) and 1725 cm?l,
x(oD013) ca. 3-1 (4H, g, aromstic), 3-54(1H, s, OH), 6-31 (3H, s,
COZMe), 7+2~8:2 (6H, m, CH20H20H2). (Found: C,67°17, 67-27;

H,7-22, 7-19. C requires C,68:033 H,T7-27%).

11H1403
This eslter was characterized by preparation of the

p-nitrobenzoste derivative from p~nitrobenzoyl chloride. The

derivative had m.p. 103-104° (from methanol), vmax(nujol) 1735 em7L

(Found: €,62:83; H,5-193 N,3:85, C..H.  NO, requires C,62-98;
18%177%

E,4+99s N,4-08%).

p={ 3-Methoxycarbonylpronyl )ohenyl chloroformate (295,274).

Methyl 4-(p~hydroxyphenyl)butyrate was treated with
phosgene in the usual way excepi that the time of reaction was

increased to 12=24 hours. The chloroformate (40-50% yield) had
1

b.p. 102-106° at 107 mnig, v, (CHC1,) 1775 ond 1725 om:

{(Found: C,56-71; H,5-38; C€1,1335. C 010 requires $,56°143

12413
H,5-113 €1,13-81%).

The N-vhenylcarbamate derivative of this chloroformate .

was also prepared, essentially in the same manner as that
described for the derivative of m~methozyphenyl chloroformate.

p={3-Kethoxycarbonvlpronyi)phonyl N-phenylcarbamate had m.p. 111°

(from carbon tetrachloride~pctroleun), Vi (CHCl J1730 em.” (broadl

(Fhund: €,68°75; H,6+01; N,449. 018H191\TO4 reguires €,69-00;
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H,6°11; N,4-47%).

2,4~Dimethylanisole (1704 173).

2,4—Dimethy1§henol (89+7 g) was dissolved in
agueous sodium hydroxide (2N , 400 ml) and dimethyl sﬁlphate
©7 g) addea dropwise with cdoling. The solution was then refluxed
for 1% hours and excess sodium hydroxide solution was added. The
cooled reaction mixture was extracted with chloroform {200 ml),
the extracts washed with watef and dried, Evaporation of solvent
gave the product (76 g), b.p. 80° at 15 mnHg, n§4 15200,

(1it.31% bop. 73-74° at 13 mmilz).

Methyl 2-methoxy-5-methylbenzoate (200, 207, 210).

5-Hethylsalicylic acid (15 g)
wes dissclved in dry acetone (200 ml) and votassium carbonate (35 g)
and dimethyl sulphate (32 g) added. The mixture was stirred and
refluxed under nitrogen for a total of 20 hours during which
time more dimethyl sulvhate (24 g) and potassium carbonate (15 g)
vere added. After this time, t.l.c. (chloroform) showed only one
component and no starting material. The solid was filtered off and
the solvent evaporated to give an o0il which was distilled to give

2
the product (14 g), b.p. 146-149° at 15 mmHg (].i‘t.%oJ 128-130° at

> s
14 mafig), n_ 315363, Ynax(061,) 1730 and 1715 on,
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4-Fethoxyisophthalic acid.

i) from 2,4-Dimethylanisole (171, 175, 185).

244~Dimethylanisole (15 g)
was suspended in. water (350 ml) and finely ground potassium
vermanganate (80 g) added over a period of 1% hours whiie
the mixture was heated on a steam bath. After a further 2%
hours the manganese dioxide was filtered off and Washed with
hot water. The clear solution was concentrated to 3C0 ml
and then acidified with conc. hydrochloric acid. 4~Methoxy—
isophthalic acid (10+9 g) was dried in vacuo and used without
fﬁrther purifications it had m.p. 233—-2340 (sealed tube)
(11%.392 245°, corrected).

ii) from Methyl 2-methoxy-5-methylbenzoate (203, 215).

Hethyl
2-methoxy-S5-methylbenzoate (31+5 g) was suspended in water
(800 ml) and finely ground potassium permanganate (60 g) added
in the manner described in the previous prepuration.
Acidification of the filirate after reinoval of manganese .
dioxide gave a mixture of l-hydrogen 3-methyl 4-methoxyiso—
‘ﬁhthalic acid ané 4-methoxyisophthalic acid (16 g), m.p. 214—
216°, E.W.= 158 (calculated for the dibasic acid 98, for the
moncbasié acid 210). The n.m.r. spectrum also indicated a

mixture of products.
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4~Hydroxyisophthalic acid (183, 191, 218).

The reazction of the mixture of acids
prepared above or of 4-methoxyisophthalic acid with 50% aqueous
hydrobromic acid, essentially as described for 4-(p-hydroxyphenyl)-
butyric acid, gave the acid-phenol in yields of 70-80%. It had

m.p. 308-310°(sealed tube) (1it.%16 283-285° corrected; 1it. 0% 314°),

Methyl 4-hydroxyisophthalate (186, 192, 219).

The above phenol (7¢5 g) and conc,
sulghuric acid (1 ml) were dissoived in methanol (100 ml) and
the mixture refluxed for 18 hours when t.l.c. (e¥hanol) showed
 one spot. The solution’was concentrated, pouredinto water {150 ml)
and the precipitated solid recrysfallized from ethanol to give
the product (5 g), m.p. 93-96° (liﬁ-}o4 975°) 5 Vmax(CH013) 3150

(broad), 1715 and 1680 ema™t

2,4=-Bismethoxzycarbonylphesyl chloroformate (231).

Hethyl 4-hydroxyisophthalate
(48 g) and guinoline (3.1 g) were dissolved iu chloroform
(ethanol-free, 80 ml) and added t0 a sciution of excess phosgene
in dry benzene (50 ml). The rixture was stirred for 3 days at

approximately 150. The clear solution so obtained was worked-up in



the usual way to give the title compound (6-1 g), Vmax(CH013) no

hydroxyl pezk, 1785, 1725 and 1680 cm.-'1 (The latter peak was weak
and attributable to unreacted phenol).
The chloroformate could not be distilled and was

characterized by pfeparation of the N—phenylcarbamate derivatives—

The crude chloroformate (250 mg) and aniline (200 ng)
were stirred together at reom temperature for 50 minutes in
ethanol~free éhloroform (10 m1). The solution was washed with dil. .
hydrochloric acid, aq. sodium hydrogen carbonate and with water,
dried and evaporated to give the derivative (200 mg), m.Pe 92—940
(from carbon tetrachloride~petroleunm), vmax(nujol) 3330 and 1720 om?t

(Found: C€,61+913 H,4-523 §,395; Ci7H1§N06 requires €,62:003

Hy4+563 Ny4+25%)

p-Hydroxybeazenesulphonamide (217, 242; 91).

This was prepared from sulphanilamide
essentially as described by Kermack et. 31.78 Colum chrométography
(ether) gave the product in 50-60% yield as a white crystalline
solid, m.p. 175-177° (from ethyl acetate—carbon tetrachloride)

(1it.78 1789).
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Attempted preparation of p—sulvhonamidophenyl chloroformate (326,

222, 104, 98).

Equimolar amounts of v—hydroxybenzenesulphonamide
and quinoline were reacted with eicess ph0sgené in ethyl acetate-~
benzene solution for periods of ca, 5 hours. An oil separated
and the clear solution was decanted, washed ﬁith water, dried and
the solvent evavorated. The crude product obtained in this way
{(an 0ily solid) had an i.r. spectrum showing absorption in the
region of 1780 em. T Wo purification could be achieved nor could

a derivative be prepared.

p-Methoxycarbonylvhenyl chloroformate (157).

Methyl p- hydroxybenzoate (10g)
reacted with excess phosgene in the presence of quinoline, zs

described for previous chloroformates. Distillation of the crude

product gave a fraction b.p. 102° at 0.4 mmHg which had m.p. 53o

109 580) .

when recrystallized from petroleum {(1it.)
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Some carbamates derived from Nil-bis—(2-chloroethyl)-p~phenylenc—

diamine and its m-isomer,

Ni~Bis—{2-chloroethyl)aniline (313, 232, 66).

. NN~-Bis-(2-hydroxyethyl)aniline (100 g)
was dissolved in chloroform (250 ml) and added dropwise to a cooled
{ice) suspension of phosphorus pentachloride (135 g) in chloroform
(100 ml). When the addition was complete, the solution‘was allowed
to warm and then refluxed for 3% hours. T.l.c. {chloroform)
showed no diol to be present and the solution was pcured into
ice-water (200 ml), washed with more water (100 mi) and dried.
Evapofation of solvent followed by distillation, gave the product

(89+5 &), bop. 119-123° at 0-05 muHg (lit.st!

164° at 14 mmig).
The clear oil solidified on cooling , to a mass of white crystals

having me.De 41—420 (11%.%17 450).

Nli=Bis—(2-&hloroethyl)-p-nitrosoaniline (319, 255, 114, 67, 26a).

Nitrosation of the
preceding compound by the method of RosslI gave the nitroso
compound in 50-T70% yield. Typical samples had m.p. 80—810, 77-80°

(13t.51 79-80°).
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N'—Acetyl—NN;bis—(2—hydroyyethyl)—p;phenylenediamine (301).

H~Acetyl—p-vhenylenedianmine (20 g) was dissolved in
acetic acid (80 ml) and water (120 ml), cooled %o 0—30 and ethylene
oxide (10 gx2) acdded over a period of 3 hours. The solution was
allowed to warm 1o room temperature overnight when t.l.c. (ethyl
acetate) showed one spot, Rf 0-1, and é trace of starting materisl.
Neutralization of the solution with solid éodium carbonate

precipitated an almost quantitative yield of the crude diol.

Recrystallization (charcoal) from water gave white crystals of the

product (21:2 g), m.p. 145-147° (1it.§8 142-5-144-5°),

v (ujol) ca. 3200 (broad) and 1645 cm.t "

N'-icetyl-NN-bis—{2-chloroethyl)-p-phenylenediamine (324, 318).

The preceding diol (11-7 g) was dissolved in dry
dimethylformamide (100 ml) and thionyl chloride (13 g) added
dropwise. The solution was then heated to 90° for 30 minutes,
poured into water {400 ml) and extracted with chloroform (50 mlxZ4).
‘The chloroform extracts were washed with sodium hydrogen carbonate
solution and then water. Drying and evaporation of solvent gave
the crude product which was recrystallized {(charcoal) from

benzene—-petroleunm and had m.p..122—1250 (lit.%l 124~126°) which ¥#gs

undepressed by mixing with a sample prepared by acetylation of the

mustard amine prepared by the method of Rosall. The product (34 g9

was also chromatographically identical with such a sample.
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I-Bis~(2~chloroethyl)=p-phenylenediamine hydrochloride,

i) by reduction of Mi~bis—(2=chloroethyl)~p-nitroso—

aniline (327, 257, 140, 115, 80, 78).

Reduction of the nitroso compound (described above)
with $in (II) chloride in conc.. HCl, as described by Rossll,
gave an ethereal solutioﬁ;of §§;bis-(2—chloroethy1)72-
phenylenediamine which was precipitated as the hydrochloride
by addition of a methanolic solution of hydrogen chloride.
Various prcparations gave yields in the region of 60-75% and
the product was invariably discoloured. Most samples appeared
té decompose at ca. 2300; one, with rapid heating, kad m.p. 245~
250°d (1it.3* 250-260°). The i.r. spectrum of the amine
hydrochloride had Vmax(nuj°l) 2600 and 1615 om, "L

Acetylation of a sample, as described by Rossl% gave

the N'-acetyl derivative which had m.p. 123~1250 (from benzene-
petroleun) (1it.}1 124-126°).

ii) from N'-acetyl-NN~bis-(2-chloroethyl)-p~vhenylene—

diomine {325).

The H'=acetyl compound (4¢3 g) was dissolved in conc.
h&drochloric acid (40 ml) and boiled under reflux for 2 hours
when t.l.c. (chloroform) showed no starting material. The
solution was diluted with water (50 ml), neutralized with solid

sodium bicarbonate and extracted with ether {25mix4), The ether
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solution was dried and the hydrochloride precipitated by addition
of methanolic hydrogen chloride. The product was recrystallized
by dissolution in methaﬂol followed by addition of ether. The
off-white product (2¢9 g) decomposed at ca. 230o and had
vmax(nujol) 2600 and 1615 em.™t identical to that of a sample

prepared by the method of Rdssll.

M-Bis—~(2-hydroxyethyl)-m-nitroaniline (143, 153).

Ethylene oxide (80 g) was
added to an ice-cold solution of m~nitroaniline (103 g) in 40%
acetic acid (800 ml). A further portion of ethylene oxide was
added after 12 hours and afier a total of 36 hours the soluiion
was neutralized (solid sodium carbounate). The product (68 g) was
filtered off and when recrystallized from ethanol it had m.p. 99=

102° (1it.,118 98°),

NN-Bis—{(2-chloroethyl )-r-nitroaniline (158, 159).

| A solution of the above diol
(20 g) in~dimethy1formamidé (80 ml1) and chloroférm (50 ml) was
added to a boiling solution of thionyl chloride (27 g) in ethanol
free chloroform (100 ml). After 4 hours t.l.c. (ethyl acetate)
showed only one component and the weaction mixture was poured into

water {200 ml) and the organic phase washea with further portions
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of water (50 mlx 3). The dried solution was evaporated to give
the title compound (17 g), m.p. 112-114° (1it.,9 112-113°) when
recrystallized from petroleum (b.p. 80-100°) containing a little

benzene.,

NN~Bis-{2~chloroethyl)-n—phenylenediamine hydrochloride (160, 164),

This was prepared in 65% yield by the tin (II) chloride
reduction of the above nitro compound, in the same way as described
for the p~isomer. The hydrochloride was obtained as an off-white
s0lid having en ill-defined m.p. 188-193° (1it.; 201-205°),

. ’ =1
vmax(nugol) 2640 and 1625 cm.

p=Methoxycarbonylohenyl Nei—(bis—2~chloroethylamino)phenylcarbamate
(263,
The m-nustard amine hydrochloride (1-7 g) was
suspended in Gry benzene (80 ml) and dry pyridiﬁe (11 g) added,
fellowed by a solution of p-methoxycarborylphenyl chloroformate
(1-38 g) in benzene (20 ml). The mixture was stirred and refluxed
for 2 hours when t.l.c. (chloroform) showed nc chloroformate. The
suspended sclid was filtered off and the solution washed with
2¥ hydrochloric acid, aq. sodium hydrogen carbonate and water.
Drying ani evaporation gave an oil which was crystallized from

carbon tetrachloride-petroleum . Recrystallization from peiroleum
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(b.p. 100-120°) gave the product (1 g), m.p. 97-99°,

vmax(nujol) 3320, 1740 and 1700 cme ™t (PoundsC,55-665 H,4:923
C1,17.563 §,680, 019H2001éN204 requires C,55.503 H,4:903 C1,17-25;
N’6'81%) .

Carbamates derived from the p-mustard amine were
prepared by the general method described below for p-tolyl

§§§r(bis—2—chloroethy1amino)phenylcarbamate, except where indicated,

p=Tolyl N-v-(bis~2-chloroethylamino)phenylcarbamate (40),

p~Tolyl chloroformate (129 ¢, 745 mmole) was added
to a stirred suspension of NN-bis-{2-chloroethyl)-p~phenylenediamine
hydrochloride (2:02 g, 7+5 mmole) and pyridine (1-2 g, 15 mmole)
in dry benzene (50 ml); The mixture was boiled under reflux for
3 hours, filtered and washed with 2N hydrochloric acid, ag. sodium
hydrogen carbonate and with water. The solution wes dried and
concentrated to 30 ml when addition of petroleum precipitated

the title compound (1+4 g)s m.p. 120-120-5° (frum henzene-

petroleun), vmax(nujol) 3350, 1700 and 1720 cm,‘l(shoulde: .
(Found: C,58:843 H,5+473 C1,19-545 N,7-77. C1gHoCl 0 requires

¢,58843 11,5:49301,19-303 N,7-63%).
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m—=Tolyl N-p—{bis—2-chloroethylamino)vhenylcarbamate (33).

This was prepared from m-tolyl chloroformate (17 g)
in a manner similar to thatvdescribed for the p-isomer, The
carbamate (2.7 g) had m.p. 116—1170 when recrystallized from
benzene-petroleum, vmax(nujol) 3300, 1700 and 1720 cm._l(shoulder).

(Founds C,58+915 H,5-545 01,19:455 N,(-62%).

0-Tolyl N—p-{bis—2=-chloroethvlamino)phenylcarbanate (41).

The reaction of the mustard amine hydrochloride (15 g)
and o-tolyl chloroformate (0+96 g) in the presence of pyridine (0-88 g)

in the usual way, gave the titlc comnound (0:8 g). m.p. 129—131°

from petroleum (b.p. 80-100°)), vmaXCnujol) 3350, 1710 and 17300m.;1

(shoulder). (Found: €,59-023 H,5.71y C1,19.383 N,7-63%).

o~Chlorophenyl Nep—(bis-2~chloroethvlamino)phenylcarbamate {(72).

o~Chlorophenyl chloroformate {(1:7g) and the p-mustard
amine hydrochloride (2-3 g) reacted in the usual way to give the
carbamate (15 g), m.p. 107=108° ( from carbon tetrachloride),
vmax(nujol) 3350, 1710 om, ™ (Founds C,52-42; H,4-483C1,27-72;

N,7-20. C) H,  Cl.W,0, requires C,52:60; Hy4-42; C1,27-45; N,7-22%)«

m—Chlorophenyl N—n-(bis-Q—thoroetkvlamino)nhenylcarbamate (63).

m—Chlorophenyl chloroformate gave, in the usual way,
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a crude product which was crystallized from petroleum (b.p.80-
100°) and then from carbon tetrachloride, to give the pure
carbamate (624), m.p. 126-127% v___(nujol) 3320 and 1715 cm.”™

(Found: €,52-49; H,4:52; C1,27-625 N,7-39%).

p~Chlorophenyl Nep—(bis—2-chloroethylamino)}phenylcarbamate (76).

The reaction of p-chlorophenyl chloroformate (1-77 g)
and the p-mustard amine hydrochloride (2:4 g) in the usual way
gave the carbamate (1:95 g), m.p. 121-122° (from carbon teirachloride),
v (nujol) 3300, 1700 and 17720 cm.™  (shoulder). (Fownd: C,52-66;

Hy4+53; C1,27+265 N,7-15%).

o=-Methoxyphenyl N—p-(bis—r?—chloroethylamino)phenylcarbamate (84,141).

o-Methoxyphenyl chloroformate (1:6 g) and the
p-nusterd emine hydrochloride (2-2 g), in the.presence of pyridine
(1-4 g), reacted in the usual way %o give the carbamate (241 g),
mep. 123-124° (from benzene-petroleum (b.p. 80-100°)),
vmax(nujol) 3300, 1715 and 1740 em. T (shoulder). (Found: C,56.543
Hy5-245 C1,28695 W,7-32. €y, C1,N,0, requires C,56-415 H,5:273
€1,18:503 K,7.31%).

m~Nethoxrehenyl Nep—(bis—2-chloroethylamino)phenylcarbamate (123).

The reaction of the p-mustard amine hydrochloride (2:1 g),
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pyridine (1-32g) and m-methoxyphenyl chloroformate (165 g) in
boiling dry benzene (100 ml) for 90 ninutes, gave after the

usual work-up, the title compound (1:5 g), m.p. 125—127° (from

benzene~petroleun), vmax(nujol) 3360 and 1720 om.~l (Found: Cy56°323

H,5-2335 C1,1827; N,7-26%).

p-Methoxyvhenyl N—p—(bis-2~chloroethylamino)vhenylcarbamate (83).

p~-Methoxyphenyl chloroformate (1:54 g) and the
p-mustard amine hydrochloride (2+2 g) reacted together in the
usual way to give the vroduct (1:98 g), m.p. 125-126-5° {from
carbon tetrachloride), vmax(nujol) 3320, 1700 and 1720 cm.“l(shoulder).

(Found: €,56°29; H,5:42; €1,1875; N,7-33%).

p—tert-Butylrhenyl N—v—{bis-2-chloroethylamino)phenylcarbamate (96).

This was prepared in the usual way from p-tert-butyl-
vhenyl chloroformate (1:¢7 g) and the p-mustard amine hydrochloride
(2-1 g). The carbamate (2:2 g) had m.p. 137-138° when recrystallized
from petroleun (b.p. 80-100°) and v___(mujol) 3400 and 1725 om.™

Cl.N.0, requires

(Fognd: C,61-703 H,6-413 €1,17.313 N,6-78. CoqHygCL N0,

C,61- 603 H,6:41; Cl,17-32; N,6°84%)..

p-Hitrophenyl N—p—{bis—2-chloroethylamino)vhenylcarbamate (336).

Pyridine (156 g) and the p~mustard amive hydrochloride
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(2-3 g) vere suspended in dry benzene (100 ml) and p-nitrovhenyl
chloroformete (18 g) in dry benzene (20 ml) was zdded. The mixture
was stirred and refluxed for 1 hour. Work-up in the usual way
gave a brown oil which was dissolved in hot carbon tetrachloride
and treated with charcozl. A red oil separated frém solution and
this slowly crystallized to give the carbamate (1.2 g) which had
en indistinct m.p. 50-60°. The carbamate was chromatographically
pure and had v (CHCL,) 1750 em.”t, ©(CDC1,) oa. 1-5-3-4 (9i,m,
aromatic and NH), 6.3 (8H, s, H(CHZCHéCI)z). (Pound: €,51-00;
Hy4°49; C€1,18-03; N,10-52, Cl7H17612N304 requires C,51-283 H,4+303

€1,17<80; N,10:55%).

- (MN-Dimethylemino )phenyl Nep=(bis~2~-chloroethylamino)phenylcarbamate

(345, 348).

The p-mustard amine hydrochloride was ireated with
aqueous sodium hydrogen cartonate and the soluiion of the‘free
amine in chloroform (20 ml) added to a stiPred solution of freshly
prepared m-(ll-diméthylamino)phenyl chloroformate (400 mg) in
dry venzene {20 ml)., The sclution was refluxed for 1 hour wvhen
t.l.c. {(chloroform) showed only one compunent. The solution was
washed with agueous sodium hydrogen carbonate then with water and
dried, Evaporation gave a crude solid which was recrystallized

from benzene-petrcleum to give the carbamate (600 ng), Mep. 159-
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161°, Vg (CHCL,) 3420 and 1740 om.” (Found: €,57-55; H,5.90;
C1,17-84; ¥,10447. CH,.CLN,0, equires C,57:58; H,5:85; C1,17-89
N,10¢60%) ..

p=-lethylthiovhenyl Nep—{(bis~2-chloroethylamino)phenylcarbamate (338).

p-lethylthiophenyl chloroformate (1:5 g) and the
r-mustard amine bydrochloride (1+9 g) reacted together in the usual
way in benzene solution. After 2 hours refluxing the mixiture was
filtered, washed with dil. hydrochloric acid, aq. sodium hydrogen
carbonate and then with water and finally dried. Evaporation of
solvent gave an 0il which crystailized when cooled. The product (1-6 g)
was recrystallized from carbon tetrachloride and hadnup.ll7-119°.
T.l.é. (chloroform) showed é trace of impurity,Rf 0-35. The
carbaaate had v, (CHC1,) 1740 em.™L, ©(c001,) 7052 (3, s, SCH,),
6-35 (8H, s, E(CH2CH201)2), 2+5-3+5 (9-10H, m, aromatic and NH).
(Found: €,54+083 H,4-913 01;17-82; N,6-91. ClaHZOCIZNZOZS requires
C,54-1635 H,5-053 C1,17-765 N,7-02%).

2—-Hethoxycarbonyl—4-methylphenyl N-—p- (bis~2=chloroethylamino)phenyl~

carbamate (102).
2-kethoxycarbonyl—4-methylphenyl chloroformate (1°8 g)
and the p-mustard amine hydrochloride (2¢1 g) reacted in the usual

way to give the carbamate (2:3 g), m.ps 124-126° (from benzene~
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petroleun), v___(nujol) 3300, 1730 and 1650 om.™  (Found: C,56 443

Hy5+4i; €1,16-73; N,6+41. C_ . H__C1_N_O, requires C,56+45; H,5-21;

207227727274

C1,16:673 N,6+59%).

p—(ﬁethoxycarbonylmethyl)phenyl N—p—(bis-2-~chloroethylamnino)phenyl-
carbamate (273). |

;r(Methoxycarbonylmethyl)phenyl chloroformate (18 g)
and the p-mustard amine hydrochloride (2*1 g) reacted in the usual
way to give the carbamate (142 g), m.p. 131-1340 {from benzene-
petroleun), vmax(nﬁjol) 3290, 1735 and 1700 P {(Pound: €,56-213
H,5.365 €1,16+58; N,6-48; C20H22012N204 requires C,56-45; E5-21;

C1,16° 673 N,6:59%).

p-Larboxymethyl)vhenyl N—p-(bis=2~chlorcethylamino)ohenylcarbamate (294).

Hydrolysis of the above ester (50 mg) essentially as
described for‘B—(Q—carboxyethyl)phenyl Eﬁg—(bis—2—chloroethy1amino)—

phenylcarbarate {see below), gave the title compound {40 mg),

m.p. 134-137° (from benzene), vmax(CH013) 3420 and 1740 cm.‘l(broad),

7{(CDC1 -d6—DMSO) 6+35 and 6+4 (10H, two s, N(CHQCH2C1)2 and qu-cozﬂj,

3
ca. 2+4-3+4 (11H, m, aromatic, WH, COZH and benzene).
(Found: €,56¢343 H,4+985 C1,16-79; N,6-47. 020H21012N204 ie.
\ !‘. 5 » - . . ¢ a AT .85 ‘/")
019H20012n204. 6(0636) requires C,56°613 H,4:99: C1l,16-(1; N,6-500%),
See note on P. 139,
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. n-(2~Méthoxycarbony1ethyl)phenyl N—n—(bis—2—chloroethylamino)phenyl-

carbamzte (113).
The reaction of p-mustard amine hydrochloride (1+9 g)
and p-(2-methoxycarbonylethyl)phenyl chloroformate (1:8 g) in the

usual way for 1 hour gave the title compound (15 g), m.p. 131—132o
1

(from benzene-peitroleum), vmai(nujol) 3320, 1730 and 1705 cm.”
(Pound: €,5747; H,5-49; C€1,16-14; ¥,6-29. 021H2401éN204 requires

€,57-38; H,5+51; C1,16+14;5 N,6-38%).

p—{2~Carboxyethyl )phenyl N—v-{bis-2—chioroethylamino)phenylcarbamate

(125). |

The above ester (1:2 g) was dissolved in a 1:1 mixture
(10 m2) of glacial acetic and hydiochloric acids and the solution
boiled under reflux for 5 minutes. The solubtion was cooled, poured
into water (50 ml) and exiracted with chioroform (25 mlX 3)., The
dried chloroform solution was evaporated to give the acid (840mg) 4
m.p. 150-152% (from ether-metroleum (b.p. 40-60°)),
vmax(nujol) 3320, 1705 and 1650 cm.-1 (For n.m.r. spectrum see P.54).
(Found: €,57-64, 57-565 H, 575, 5-613 C1,15-17, 15-58; N,5-95, 5.94.
CEZHZTCIZNZO4% i.e. 020H22<:12N204. l((czﬂs)zn) requires C,57-153
Hy 5:893 C1,15+33; N,6:06%). |

See note on P.139.



137

.p-(3—Methoxycarbonylnronyl)bhenyl H~p—(big-2-chloroethylamino )—

phenylcarbamate (300).

This was prepared in the usual way from the
corresponding chloroformate. The product (47%) had m.p. 106—
108° when recrystallized from ether—petroleun (b.p. 40—600),
Vo (CHOL)) 3400 and 1730 em."L(broad). (Pound: €,58-185 H,5-77s
C1,15-385 §,6-10. Gp,H, C1,N,0, requires C,58°265 H,5+78;

C1,15.643 N,6-18%).

p={3=Carboxypropyl ) phenyl Nep-{bis-2-chloroethylamino)-

phenylcarbamate (310, 315).

Hydrolysis cf the above ester in the usual way
gave the acid (54% and 90% on two occasions), Mmep.102-106° (from
benzene), vm'ax(cnc%) 3400, ca. 2400-3600, 1700-1740 cmat (broad).
(.’F‘otmds 0,60°50, 60'44; H,5‘72’ 5‘64; 01’15‘04; H,5°88, 5'8?q
G T LeCe ‘ L0 Q'L i ¢
c, Lo 10,0, Zees CpyH,,C150,0, z(Céﬁé) requires C,60¢273
H,5:693 C1,14:82; N,5-99%).

In the second preparation, the acid was recrystallized
from ether—petroleun (b.p. 40-60°) and had m.p. 105-5-1065°,
vmax(03613) as above, n.n.r. spectrum (P. 54) shows ether of
crystallization., (Fomd: €,58.38; H,6-23; C1,15-433 N,6-21.
¢C..H ,C1.14.0 -1-( (C.H_.).0 ) req. C,57-815 E,5-94; C1,15°29;

2172477272743 27572 ° 7 e ’
W,6+04%) .

See note on P.139.
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244-Rismethoxycarbonylvhenyl N-p—(bis—2-chloroethylamino)-

vhenylcarbamate (234).

2,4~Bismethoxycarbonylphenyl chloroformate (3-6g),

p-mustard amine hydrochloride (3¢5 g) and pyridine (1 g) were
stirred together in ethanol-free chloroform (90 ml) at ca. 500
for 4 hours. Unreacted am?ne hydrochloride (500 mg) was filtered
roff and the solution washed with 2¥ hydrochloric acid, aq.sodium'
bicarbonate and then with water. Drying and evaporation gave an
0il which was crystallized from benzene-petroleum. The product
had m.p. 124-126°, vmax(CHC].B) 3420, 1750 and 1720 om. ™t
(Found: €,534963 H,4+60; C1,15°173 N,5°69. €y HynCL N0, Tea,

C,53755 Hy4+733 C1,15°113 N,5°97%).

Attempted prevaration of 4-carbory-2-methoxycarbonylphenyl M-

p—(bisg~2~chloroethylamino)nhenylcarbamate (321, 322).

Hydrolysis of the above ester with acetic acid-
hydrochloric acid gave mixtures of starting material and

vroducts, as shown by t.lc. (ethyl acetate).

NE;Bis—{2—chlcroethylamin6)—p—phenyl isocyanate (166, 221, 349).

The p-mustard amine (from 1 g of hydrochloride by
treating with ag. sodium bicarbonate) in chloroform (20 m1)
was added to a solution of phosgene in benzene (50 mi). Phosgene

was bubbled through the mixture and a pink solid was formed.
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The mixture was refluxed until a clear blue solution was obtained
and this solution was decanted from some solid residue ahd

. . 62 -1
evaporated to give the crude isocyanate = (1 g), Vmax(CC14) 2300 e,
(slight inmpurity at 1740 cm._l).

The isocyanate was used without further purification.

The reaction of the 'mustard isocyvanzite! with p-hydroxybenzene-

sulphonamide (223, 350).

The above isocyanate (1 g),‘B-hydroxyhenzenesulphonamide
(600 ng) and pyridine (2 ml) were heated at 70° in AnalaR ethyl
acetate (50 ml). After 4 hours the mixture was washed with dilute
hydrochloric acid, ag. sodium hydrogen carbonate and water. None
of the desired carbamate could be‘isolated and identified - some

of the unreacted phenol (150 mg) was isolated.

¥ ¥ ¥ K X X K ¥ ¥

Notes
All znalyiical samples described in. this and
other sections, wers dried at room temperature and 10”4 mmllg for

12 = 24 hours.
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NN~Bis{2=chloroethyl )=N'~methyl-p-phenylenedianine.

N-Methylacetanilide (169, 202).

N-Methylaniline (115 g), acetic acid (100'ml)
and acetie anhydride (111 g)hwere boiled under reflux (with a
little zinc dust) for 1 hour. Pouring the mixture into water
(1 1itre) and scratching with a spatula, preéipitated
N-methylacetanilide (93 g), m.p. 100° (from petroleum) (1it.}19 101-

102°),

p-Nitro-N-methylacetonilide (172, 204).

N-Methylacetanilide (51 g) was dissolved
in glacial acetic acid (30 ml) and conc. sulphuric acid (100 ml),
A mixture of conc. nitric acid (55 ml) and conc. sulphuric acid
(15 ml) was added with stirring and cooling such that the temperature
remained <5°. After about 5 hours, the mixture was poured onto
crushed ice and the precipitated solid was recrystallized from

ethanol to give the product (40°8 g), m.p. 1549(lit.§1 153°),

N-Acetyl-N-methyl-v—vhenylenediamine (176, 178, 211}.

The above nitro compound (35 g)
was dissolved in conc., hydrochloric acid (200 ml) and tin (II)

chioride dihydrate (130 g) added with stirring. The tcmperature
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was maintained initially at less then 150, then at room
temperature for 2 hours. The mixture was then besified by
addition of ag. sodium hydroxide and extracted with chloroform
(100 m1 x5). Evaporation of solvent gave an o0il which was
crystallized from benzene-carbon tetrachloride. Yield of product
was 221 g and it had m.p. 70-71° (1it.§1 63°), “max(0014) 3470,

3400, 1660 and 1620 T

N'-Aceﬁyl—NN—bis—(E-hydroxyethyl)-N'-methyl—p—nhenylenediamine

(181, 260).

The above amine {20 g) and ethylene oxide (42 g)
were allowed to react together in 40% acetic acid (200 mi) in
the same way as described for N'f-acetyl-NN-bis-(2-hydroxyethyl)-
p-phenylenediamire. After neutralization of the mixture with solid
sodium carbonate, extraction with ethyl acetate (100 mlx4),

drying and evaporation gave the title compound (21 g) as a thick

red oil, ¢(CDC1,) 3-2 (4H,q, aromatic), 5-39 (2H, s, OH), 6-18

3)

and 6-42 (8H, two t, CHZ), 6-82 (3H, s, NGH3), 8.2 (3H, s, CH3CO)

and ca. 7-8 (2H, m, impurity), v, (CHC1,) ca. 3400 and 16500m. L
The diol could not be purified but was characterized

by reaction with benzoyl chloride in agueous sodium hydroxide. The

dibenzoate derivative was recrystallized from ethanol and had

m.p. 141-143°, Vmax(nuj°1) 1720 and 1700 cm. ~{choulder), 1660 omt
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(Found: €,70-28; H,6+19; W,6-02. 027H28N205 requires C,70-413

H,6+133 N,6-08%).

N'~Acetyl-Nl=bis~(2~chloroethyl)-N'~methyl-p-phenylenedianine (256,

278, 443).

The crude diol p?epared above, (17 g) in chloroform
solution (50 ml), was added to a solution of thionyl chloride
(26 g) in chloroform (100 ml) at a temperature of 60-70°, over a
period of 90 minutes., The solution was then heated for a further
1 hour , cooled, neutralized with sodium hydrogen carbonate solution,
. washed with water and dried. BEvaporation of solvent gave a black
0il which was purified by column chromatography (ethyl acetate).
The leading Praction (Rf 0+5) was collected and recrystallized

from carbon tetrachloride-petroleum. The title compound (5-4 g)

had m.p. 93-94° and v, (CHI1,) 1640 em."! (Pound: €,53-95; H,5619; |
€1,24-53; N,9+60. Cy,H,oC1 N 0 requires C,53:995 Hy6-245 C1,24-52;
N,9+69%).

A small amount (109) of the cyclic sulphite (see

below) was also presents it had Rf 0.3,
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The resction of M!'-acetyl-MM-bis-(2-hydroxyethyl)-1'—nethyl-

p—phenylenediamine with thionyl chloride in the vpresence of

dimethylformamide (225, 445, 446).

Thionyl chloride (2 g) and dry DIF (3 ml) were
dissolved in ethanol-free chloroform (50 ml) and heated at
‘Ca. 70o for 1 hour. The yellow solution was then cooled in ice
and a solution of the diol (2 g) in chloroform (15 ml) added.
After 1 hour the solution was washed with water and dried.
Evaporation of solvent gave a dark residue which was purified
by column chromatography (ethyl acetate) to give, ag the only

isolated product, the cyclic sulvhite of the diol (450 mg, see

P.64), Rf 03, m.p. 136-138° (from 0014—petroleum), “max(0014)

1660 and 1200 onms 7, ©(6DC1,) 3-2 (41, a, avomatic), 5-1-

6.5 (8M, n, CHéCHz), 68 (3H, s, HGH3), 8-15 (3H, s, CH,CC).

3
(Found: C,52+05, 52.04; H,6+02, 5.913 i,9:22, 9203 S,10-71,

013H18H204S requires C, 52-30; H,6-08; [y9 473 S,10:T4%)

NN—Bis~{2~chloroethyl )=l '—methyl-p-vhenylenedianine

hydrochloride (287, 292).

The K'!'-acetyl mustard (described above; 6 g) was
dissolved in conc. hydrochloric acid (50 ml) and the mixture
boiled for 3 hours. After cooling and pouring into water

(20C ml) the mixture was neutralized by adding solid sodium
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carbonate and then extracted with ether (100 ml x 3),The dried
egtracté were concentrated and a methanclic solution of hydrogen
chloride added dropwise. The product separated as white crystals
(4:5 g), mep. 150-160° (from methanoléether), Vma.x(nujOI) 2450 and
2700 cm._l Pounds C,46.533 H,6-113 €1,37-385 N,9-74. C11H17C13N2
requires C,46-58; H,6-04; 01;37-51; N,9-88%).

p-{2-Eethoxyrcorbonylethyl )vhenyl N'—p—(bis—2—chloroethylamino)phenyl-

N'-methylcarbamate (296, 302).

The vreceding amine hydrochloride (1-5 g) and pyridine (C-53 g)
were stirred together in dry benzene (100 ml) and p-(2-methoxy-
_carbonylethyl)phenyl chloroformate {1+4 g), in a little benzene,
was added dropwise. The mixture was reflvxed for 1 hour, washed
with dilute hydrochloric acid, ag. sodium hydrogen carbonate and
with watér, Drying and evaporation of solvent gave an oil which
was purified by chromatography (chloroform). The product (186 g)
was a pale yellow o0il which could not be crystallized and which
had v, (CHC1,) 2950 and 1705 om.”™ (broad), «(CDC1,) o2, 3-0' (8-9H,
m, aromatic), 631 and 633 (11H, two s, N(CH20H201)2 and 002033),
6-53 (3H, s, NCH3), 6+9-7+5 (4H,m, Qggquchﬁe).

H ,Cl N_O, roguires

(Found: G,58¢555 I,603; C1,15-475 N,6°15. O, H,(CL N0,

€,58:28; H,5.78; €1,15°643 N,6:18%).
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Acid hydrolysis of p—(2-methoxycarbonylethyl)phenyl N'—p—(bis—

2-chloroethylamino)phenyl-li'-methylcarbamate (305, 312, 369).

The above methyl ester (250 mg) was dissolved in
glacial acetic acid (2 ml) and cone. hydrochloric acid (2 ml) was
added. The mixture was then bqiled under reflux for 5 minutes and
poured into ice-water (10 ml). Extraction with chloroform (7 mlx2),
washing with aq. sodium hydrogen carbonate, saturated sodium
chloride solution and water, followed by drying , gave the acid
(170 mg) as a viscous o0il. This could not be crystallized and had
Y nax (CHC1 ) 1705 cm.”Y( Equivalent Weight found 427.0,; ) ,C1 1,0,

requires 439).



The Dimethsanesulphonates of 2-N-methylanilinopropane—l,3~diol

and 3~N-methylanilinovropane~1,2~diol.

3-N-Hethylanilincprovane—l,2-diol (276).

Glycidel (15 g) and N-methyl-
aniline {22 g) were dissolved in benzene (100 ml) and the solution
refluxed for 4% hours. On cooling, a white solid crystallized.

Recrystallization from benzene gave the nroduct (23-5 g),

mep. 75-77° (1i%.5°0 74-75°).

1,2-Dichloro-3-H-methylanilinopropane (371).

The above diol (1 g) in
pyridine (10 ml) was added dropwise to methanesulphonyl chloride
(144 g) and the mixture heated to 100° fox 30 minutes. The mixiture
was then dissolved in chloroform {20 ml) and the solution washed
vwith ag. sodium hydrogen carbonate and with water. Drying,
evaporation of solvent and distillation gave the dichloride {250 mg),
£.0.82° at 5x10Aug (13t.57 105-106° at 0-24 mnHg), ni? 1-5745
(11t.§7 n%l 1.5722), 1(03013) 6-95 (3H, s, NGH3), 5-4=6 -4 (5H,

m, CH20HCH2), ca, 30 {5H, m, aromatic).
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1,2-Dinethenesulphonyloxy=3~l-nethylanilinovrovane (373, 374, 377).

The 1,2-diol (4 g) and triethylamine (4:85 g) were
diésolved in chloroform (ethanol-frees 50 nml) and added
dropwise to a solution of methane-sulphonyl chloride (5.3 g)
in chloroform (ethanol—free; 20 ml). The mixture was stored in
the refrigerator overnight and then washed with dilute
hydrochloric acid, sodium hydrogen carbonate solution and with
water. After drying, evaporation of solvent gave the product
(747 ) as & pale yellow oil, v (CH013) 1370 and 1180 cm.—;,
see P,92 for n.n.r. specirum.

A sample was purified by preparative thin layer
chromatography {(chloroform). (Found: C,42+00, 42:07s H,5°45,

5703 N,4+06, 4+00, 012H19N06S2 requires 0342~72;H,568; N,4<15%).

Die*hyl bromomalonate (339, 352).

The reaction of diethyl malonate with
' 0
bromine in carbon tetrachloride, as described by Palmer12 , gave

diethyl bromomalonate in 65% yield.

Diethyl 2-N-methylanilinomalonate (395, 430, 257, 359).

N-Methylaniline {22 g) and
diethyl bromomaionate {24 g) were dissolved in ethanol (150 ml)

and boiled wnder meflux overnight. The solution wes then
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concentrated, diluted with water (150 ml) and extracted with
chloroform (56 mlx 2). Evaporation of the dried extracts gave a
brown oil which was distilled twice to give the product (17 g) as
a yellow oil having b.p. 116-122°% at 2x10‘4mmﬁg, vmaX(CH613) 17250m.-1
T(CDCIS) 8:71 (3K, t, qg3-CH2-o), 6:91 (3H, s, NCHS), 5+70 (2H, q,
CH,~CH,~0), 483 (1H, s, N-CH(COEt), ), 2+60-3:30 (5H, m, aromatic),

3
+
M = 26 C 10 . .
5 ( 145 gF0, req 265)
Q
Nnadi and Wang’e quote m.p. 105~106° (from ethanol-
petroleun).
Prolonged heating of this compound during distillation

caused the formation of a white solid which separated from the

above ester. When recrystaliized from petroleum, 2-ethoxycarbonyl-—

N-methvlindoxyl had m.p. 94-95°, vmgx(nujol) 3300, 1650 and 1615 om™*

J 1700 and 1650 cm.™t, 1(0014) 8.58 (3H, t,

(shoulder), vmax(CHCI3

QgB«CHZ-O ), 6+22 (3H,s, NCH3), 561 (2H, q, QH3-Q§2-0 )y 2°10-

315 (4H, m, aromatic), 1-30 (iH, s, N-CH~CO, Bt ).

co
(Found: €,65-11, 65.15; H,5-90, 5-803 N,6-18, 6-33; M'=219.

G, B, O, Tequires C,55:733H,5-985 N,6+39; n*=219).

The effect of heat on diethyl 2-N-methylanilinomalonate (401, 391).

Diethyl 2-N-methylaniiincmalonate (570 mg) was
dissolved in nitrotenzene { 1 ml) and *the solution boiled under

reflux for 30 minutes. Chromatography (benzene-2% ether) gave a
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fraction having Rf 0+4, which, when recrystallized from peiroleum,
was identified as 2~ethoxycarbonyl-N-methylindoxyl (130 mg),
MeDo 94—950 undepressed by admixture with that obtained above,

A similar resul? was obtained when xylene was used as

solvent, refluxing for 40 hours.

2-N-Methylanilinopropane-1,3-diol (431, 413, 364).

Diethyl 2-N-methylanilinomalonate

(15:5 g) was dissolved in dry tetrahydrofursn (15 ml) and the
solution added to a stirred susvension of lithium aluminium
bydride (3.2 g) in dry tetrahydrofuran (80 ml). After the initial
vigorous reaction the mixture was stirred and refluxed for 3 days.

Cautious addition of water (200 ml) and a little
aqueous sodium hydroxide gave an emulsion which was partly broken
by filtrution. Extraction with chloroform (100 ml and 50 ml4),
drying and evaporation gave a yellow o0il which was crystallized
from benzene-petroleum. The 1,2-diol (1:96 g) had m.p. 62-64°
(11t.5% 60°), Vnay (CHGL,) 3600-3200 and 1600 cm.~ L, < (cD01,) 7:90
(eH, broad s, two OH), 7-18 (3H, s, HOH3), ca. 6+25 (5H, m, CHQCHCHZ),
2+60-3.25 (5H, m, aroéatic).

Concentration of the mother liqucrs gave a yellow oil

{45 g) which contained several unidentifiable components.
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Attemvted reduction of diethyl 2—N-methylanilinomalonate by the

Bouveault-Blanc method (363).

Small pieces of sodium metal (2-75 g) were
suspended in dry benzene (10 ml) and warmed gently. A solution of
the malonate eéter (1-8g) in dry ethanol (10 ml) was added in
one portion, with stirring, followed by more ethanol (40 ml). The
mixtufe was boiled under reflux for 30 minutes when ali the
sodium dissolved, After cooling, the mixtﬁre was poured into water
(100 m1) and extracted with chloroform (50 ml x2). The dried
extracts were evaporated to give an oil (1-8 g)_identified asg

the starting material by t.l.c. and its i.r. specirum.

1, 3=Dimethoxy—2-H-methylanilinopropane (417).

A mixture of 2-N-methyl-
anilinopropane-l,3-diol (180 mg), dimethyl sulphate (400 mg) and
powdered sodium hydroxide (260 mg) in dry tetrahydrofuran (5 ml)
was stirred overnight at room temperature. The mixture was poured
into water (10 ml) and extracted with benzene (10 ml). The extract
was washed with water and dried. Evaporation of solvent gave an
oil'(190 mng) which was purified by preparative 3.l.c. (chloroforn).

The dimethyl ether (140 mg) had Rf ca. 0-5, n%B 1-5294,

vmax(CH013) no hydroxyl, 1600 and 1100 cm.—l(broad). See P, 93

for n.m.r. spectrum. (Foumd: C,A9-103 H,9:32; N,6-55, 012H19N02
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requires C,68-89; H,9:32; N,6.69%).

1,3-Diacetoxy—2-N-methylanilinopropane (418).

The 1,3~diol (110 mg) and
acetic anhydride (220 mg) were dissolved in dry pyridine (3 ml)
and left to stand overnight at room temperature. T.l.c. (chloroform)
showed no diol to be preéent and the solution was poured into
water (10 ml) and extracted with benzene (10 ml). The extract was
washed with dilute hydrochloric acid and with water, dried and
evaporated to give an o0il (150 mg) which was purified by preparative

t.1lc. (chloroform) to give the diacetate (150 mg), Rf ca. 0:5,

19

(Found: €,63-39; H,7-22; W,5-06, 014H19N04 requires C,63.393 H,7-223

1:5165, Vmax(CHCI3) 1735 cm._l, see P, 93 for n.m.r. spectrum,
N’5‘28%) .

1,3-Dimethanesulphonyloxy-2-N-methylanilinopropane (437,432).

2-N-Methylanilinopropane-l,3-diol (150 mg) and
triethylamine (235 mg) in dryv dichloromethane (5 ml) were added
dropwise to a stirred solution of methanesulphonyl chloride (255 mg)
in dichloromethane (5 ml) cocled in ice. The mixture (some solid
separated) was left in the refrigerator for 5 hours and then
washed thoroughly with dilute hydrochloriec acid, aqueous sodium

hydrogen carbonate and with water. Drying and evaporation gave
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the dimethanesulphonate (310 mg) as a pale yellow oil,

vmax(CHC13) 1370 (broad) and 1180 cm.—l, see P. 93 for n.m.r. spectrum.
(Founds €,41-82; 41-613 H,5:66, 5543 N,4+03, 3:93, G, ol NOGS,
requires €,42+723 H,5¢68; N,4-15%).

L4

Freparation of a mixture of 5-hydroxy-m-dioxan and 1,3-dioxolan—4-

methanol (404, 400, 308)

Condensation of sym. trioxan and glycerol in the presence
of hydrochloric acid, essentially as described by Hibbert and
Cartergg, gave the mixture of alcohols {45~50% yields), be.p. 64=

70° at 1% mmHg (1it.3° 80-90%t 11 mmHg).

5-Benzoyloxy-m—-dioxan {308, 400).

The above mixture of aloohols (82 g) was
dissolved in chloroform (200 ml) and pyridine (100 ml) and cooled
in an ice bath. Benzoyl chioride (122 g) was added dropwise and
the mixture left at room tempersture for 20 hours. After this time
water (200 ml) was added and the organic layer was thoroughly
washed with dilute hydrochloric acid followed by agueous sodium
hvdrogen carbonate and water. Evaporation of the dried solution
gave an 0ily solid which was crystallized from ether-pefroleum;
reerystallization from petroleum gave pure S5-~benzoyloxy-m~dioxan

(15 &) mew. 74-75° (1it.5772°).
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S5-Hydroxy-m-dioxan (309, 400).

The preceding benzoate {80 g) was suspended in
agqueous sodium hydroxide (20%; 250 ml) and heated at 70° for
45 minutes. The resultant clear solution was cooled and adjusted
to pH 9 by addition of solid carbon dioxide. After filtration from
inorganic material, continuous extraction with ether for several
days, drying (pétassium carbonate) and evaporation of solvent,

gave the alcohol (28 g), b.p. 560 at 0-2 mmHg (1it.?9 82°% at 11 mnHg) ,

no> 14515 (1it.;%" n3° 104532), ©(CC1,) ca. 6-2 (§H, m, CH,CHCH, and

OH), 5-25 (2H, s, O-CHQ-O).

The reaction of S—~hydroxy-m~dioxan with thionyl chloride.

i) in chloroform (311).

The alcchol (2 g) and pyridine {5 ml)
were added dropwise to a solution of thionyl chloride (21 g) in
chloroform (30 ml) at room temperature. The solution was then
refluxed for 30 minutes, poured into water and washed with dilute

hydrochloric acid, aqueous sodium hydrogen carbonate and with

water. Drying and evaporation of solvent gave 5,5'-sulphinyldioxy~

" gi-(m-dioxan) (1°5 2)s MeDe 104-105° (from benzene-peiroleum),

1(0014) 5+7-6-4(8H, m, CH-CH -0 ), ca. 5¢45 (2H, m, CH -?ggCHQ )
' 0

521 (4H, s, 0-CH,-0 ). (Found: C,38+17, 38-15; H,6-00, 5:92;

S,1297, CSHi 0.S requires C,37+793 H,5:55; S,12:61%).

41
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ii) in pyridine (393).

The alcohol {12-5 g) and dry pyridine
(50 ml) were added dropwise to thionyl chloride {16 g) cooled
in ice. The solution was then heated at 900 for 1 hour and poured
into water (200 ml)., The solution was extracted with ether (50 mlx4)
and the exfracts washed well with dilute hydrochloric acid and
water. Drying (sodium carbonate) and evaporation gave 5-chloro-
m-dioxan (1'2 g3 8%)s bep. 100-110° at atnospheric pressure

(114,39 50-55° at 20 mmilg), ©(CDC1,) 5-60-6+60 (5H, m, CH,CHCH,),

5434 and 5400 (4B quartet, 0-CH,~0, = T Hz).

5=Toluene~p=~sulphonvloxy-m=—dicxan.,

i) from S5-hydroxy-m—dioxan (402).

The alcohol (1-07 g) was
dissolved in dry pyridine (25 ml), cooled in ice and.g-téluenesulphonyl
chloride (2:1 g) added over a period of 30 minutes. After overnight
storage in the refrigerator, a small volume of water was added
(to destroy any unreacted n~toluenesulphonyl chloride) and the
mixture was poured into cold dilute sulphuric acid. The solution
was extracted with chloroform (25 mlx2) and the extracts washed
with dilute sulphuric acid , ag. sodium hydrogen carbonate and
with water. Drying and evaporation gave the product (2 g), m.p,50-

By 7 ey ‘-l
910 (from chloroform=—petroleun), vmax(uHCl3) 1375 cm.
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ii) from the mixture of 5-hydroxy-m-dioran and

1,3-dioxolan—4d-methanol (409).

The mixture of alcohols (15 g) was added

to a solution of p-toluenesulphonyl chloride (34 g) in dry pyridine
(100 ml1). After overnight storage at Oo, a little water was added
and then the mixture was poured into dilute sulphuric acid (200 ml).
An o0il rrecipitated and this was crystallized by scratching with
a spatula. The solid was then dissolved in chloroform (200 ml),
washed with water and dried. Evaporation of solvent gave a mixture
of tosylates which, when crystallized from chloroform-petroleum,
gave S5~toluene-p— sulphonyloxy=i—dioxan (11 g)y MeDe 91—920,
nmixed m.p. with sampie prepared above, 90-920, vmax(CHCI3) identical
to that above.

The n.m.r. spsctrum (60 MHz) of this compound showeds
1(0014) ca. 2°5 {q, 4H, aromatic), 5-26 (A4, J= 6 Hz, 1H, 0~CH_~0 )s
5.41 (B, J= 6 Hz, 1H, 0~CH,=0 ), 56 = 66 (m, 5H, CE,~CH-CH, ),
7:56 (s, 3H, CH,~ ).
1(CDC1,) ca. 2:5 (g, 4H, aromatic), 5-22 (s, 2H, 0~CH,=0 ),
5+55 (m, 1H, CH,~CH~CH, ), 6-15 (m, 4H, CH,-CH-CH, ), 7-6 (s, 3H, CH,).

The n.i.r. spectrum was identical 1o that recorded

by other authorsloo.
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The reaction of 5-toluene-p—sulphonyloxy-m-dioxan with

N—methylaniline (429, 416).

A solution of S5-toluene-p-sulphonyloxy-m-dioxan (1-:14g)
and N-methylaniline (103 g) in dry DMF (20 ml) was heated at 105°
for 10 hours. After pouring into water (150 ml) and extracting
with chloroform, a mixture of 0il and solid (2.1 g) was obtained
vwhich was identified by t.l.c. (benzene) and i.r. as being
wreacted starting materials.

Similarly, no reaction was detected when the reaction

was carried out in refluxing dioxan in the presence of sodium

hydride -~ N-methylaniline was recovered from the reaction mixture.
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The reactions of 1,2-dimethanesulvhonyloxy—3-N-methylanilinovrovane.

The n.m.r. spectra of reaction products are recordsd

on P. 94,

i) with methanol (405).

The 1,2-dimesylate (300 mg) was dissolved in
dry methanol (25 ml) and calcium carbonate (1 g) added. The mixture
was stirred and refluxed for 12 hours and then concentrated and
diluted with water (100 ml). Extraction with chloroform (20 mlx3),
drying and evaporation guve the 1,2-dimethyl ether (150 mg; 60 mg

after distillation), b.p. 84~85° at 0-2 mmig i+.57 104--106° at 0°45 mmHg).

ii) with sodium methoxide (376).

Sodium metal (270 mg) was dissolved in
dry methanol (50 ml) and the 1,2-dimesylate {1 g) added. The
solution was boiled for 2 khours and stored at room temperature
overnight. After pouring into excess water, extraction with chloroform,
drying and evaporation of solvent gave a mizture of 1,2- and
1,3-dimethyl ethers (1s1 3 55C mg, 230 mg after distillation),

bep. 75=-78%at 0025 muHg.

iii) with votassium acetate (379)-

The 1,2-dimesylate (600 mg) was heated
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at 100 + 5° in acetic anhydride (20 ml) containing potassiunm

acetate (106 g). After 2 hours the mixture was poured into water
(50 ml) and chloroform (50 ml) and the organic phase washed with
sodium hydrogen carbonate solution and water. Drying and evaporation
of solvent gave 350 mg of oil which was distilled, b.p. 106-108° at
2><10—2 mmHg, to give a_mixture of acetates (3:2 of 1,2~ to 1,3~

diacetate; 210 mg).

iv) with sodium thiovhenate (403).

Sodium metal (100 mg) was dissolved
in dry methanol (40 ml) and thiophenol (510 mg) added followed
by the 1,2-dimesylate (500 mg). The solution was boiled under reflux
for 5 hours while a stream of dry nitrogen was bubbled throuch. The
solution was then diluted with water (100 ml) and extracted with
chloroform (25 mlx2) and the extracts washed with sodium hydroxide
solution and with water. Evavoration of the dried extracts gave
o mixture of the 1,2- and 1,3-tisphenylsulphides (7:3 , 360 mg)
which were separated by preparative t.l.c. (5% ether— 95% petroleum).

1,3-bigphenylthio~2-ll—-methylanilinoprovane (40 mg) had

RE 0-25. (Found: C,72243 H,6-293 N,3:73. €, H, NS, vequires C,72+235
H,6+34; N,3:83%).

1,2-bisphenylthio—3-N-methylanilinopropane (100 mg) had

Rf 0-3, (Fownd: C,72-16; H,6-3435 W,3+77%).

See R92-3 for n.m.r. spectra.
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The reactions of 1,3-dimethanesulpvhonyloxy=2-N-nethylanilinoprovane.

The n.m.r. spectra of reaction products are recorded

on P.95,

i) with methanol (424).

Heating the 1,3~dimesylate (30 mg) in methanol
containing calcium carbonate for 15 hours, as described above for

the 1,2-dimesylate, gave the 1,2~dimethyl ether (17 mg).

ii ) with sodium methoxide (436, 425).

Thel, 3 ~dimesylate (410 mg) was dissolved
in dry methanol (10 ml) in which sodium (210 mg) had been dissolved.
After 4% hours the mixture was diluted with water (20 ml) and
extracted with benzene (20 ml). The extract was washed with water
and dried. Evaporation of solvent gave a mixture of the 1,2-

and 1,3~-dimethyl ethers (1:1).

1ii) with potassium acetate (433).

| The 1,3—dimesyiate (600 ng) was
dissolved in acetic anhydride {25 ml) and potassium acetate (13 g)
added. The mixture was heated at 100 + 50 and white crysizals

were precipitated. After 2 hours the mixture wos worked-up as

described for the 1l,2-~dimesylate to give an oil (335 mg) which was
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distilled to give a mixture of the 1,2~ and 1,3-diacetates (3:2,

160 mg), b.p. 108-110° at 5 %104 milg.

iv) with sodium thiovhenate (426).

Sodium (100 mg) and thiophenol (500 mg)
were dissolved in dry methanol (10 ml) and the 1,3-dimesylate
{240 ng) in methanol (10 ml) added. 'The solution was refluxed wnder
nitrogen for 25 hours and the solvent evaporated. The residug
was taken up in benzene (20 ml) and washed with aqueous sodium
hydroxide and with water. Evaporation of the dried benzene solution
gave an oil which was purified by preparative t.l.c. {carbon ‘
tetrachloride) to give the mixture of 1,2~ and 1,3-bisphenylsulphides

(2:3, 200 mg) having Rf 0¢15 and a little diphenyl disulphide Rf 0-5.

Control reactionse.

i) 1,3~Dimethoxy-2-N-methylanilinopropane (35 mg) was dissolved
in dry methanol (5 ml) containing caleium carbonate (100 mg)
and the mixture was stirred and refluxed for 6 hours. Filtration

and evaporation of solvent gave the unchanged 1,3-dimethyl ether.

%
ii) 1,2-Diacetoxy-3-li-methylanilinopropane {70 mg) and potassium

acetate (400 mg), in acetic anhydride (10 ml) were heated at 100°

* Prepared by lir,G. Durrant
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for 2 hours. Isolation of the product as described in iii) above,

gave the unchanged 1l,2-diacetate.

iii) 1,2-Dimethanesulphonyloxy~3-N-methylanilinopropane was
unchanged when boiled under reflux in chloroform solution. When
boiled in acetone solution an oil was obtained which was identified
as a nmixbure of the unchanged 1,2-dimesylate and diacetone alcohol,
vmax(CH(:lB) 1700 cm.‘l, T(CDCIB) 8+80 (6H,s, (CHB)Z-C ), T7-89(3H,s,
cH,~C0-C ), 7-44 (2, s, C0~CH,~C ) and signals attributable

to the unchanged 1,2-dimesylate masking the hydroxyl peak of

diacetone alcohol. The n.m.r. spectrun of a mixture of the dimesylate

and authentic diacetone alcohol was identical. ~

iv) 1,3=Dimethanesulphonyloxy-2-l-methylanilinopropane was

unchanged when heated in boiling acstone for & hours.
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