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ABSTRACT

The first part of this work reviews some of the more important
aspects of the chemotherapy of cancer with specizl emphasis on the
modes of action of some widely-used chemotherapeutic agents, and on
their use in combination therapy in efforts to overcome drug
resistance. The design of such agents, particularly cf the nitrogen
mustard type, is also discussed.

There follows a review of the methods of preparation and chemistry
of aryl nitrogen mustards with particular emphasis on the preparation
of the intermediate bishydroxyethylamino derivatives via hydroxy-
ethylation of anilines or via the nucleophilic substitution of
halogenonitrobenzenes. -

The novel use of zinc chloride-catalysed thionyl chloride
chlorinations and the use of mesyl chloride in pyridine led to the
greatly improved syntheses of methyl 4-hydroxy-3-(bis-2-chloroethyl-
amino)benzoate and of methyl 4-(bis-2-chloroethylamino)salicylate,
The N-phenylcarbamate of the former has also been synthesigzed.
Syntheses of methyl 5-(bis-2-chloroethylamino)salicylate, methyl 5-
(bis-2-chloroethylamino)-2~-nitrobenzoate, and of methyl 4-(NN-di-2-
chloroethyl)-2,4-diaminobenzoate and its 2-chlorophenylcarbamete are
&lso described., Part of the work involved studies on the hydroxy-
ethylation of several ring-substituted anilines and considerable
variations in reactivity have been revealed. Finally, the successful
nucleophilic substitution of dichioronitrobenzenes with diethanolamine
led to the syntheses of various aminophenyl chloro nitrogen mustards
and to their respective 2-chlorophenylcarbamates.

The research has thus led to the synthesis of new types of
polysubstituted aromatic nitrogen mustards, which are of potential
interest, particularly in the form of carbamate derivatives, as

antitumour agents.
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" eeee that whatever has been proposed for the curing of
cancers, are merely palliative medicines; and that no real specific
has been hitherto discovered for that fatal disorder, although the
physicians of all nations, from the time of Hipperates to the
present, have, by numberless researches and experiments, made trial
of every thing in nature, from the most innocent druz, to the most
virulent poison, both in the mineral and vegetiable kingdoms; yet

the disease still baffles the power of physic «eses"

Burrows
(A New Practical Essay on Cancers)
London, 1767.



IWTRODUCTICON .

Cancer is knovmnn to occur in all species of animals and in
plants. Geographically, it is found in every corner of the Earth,
ethnologically affecting all racial groups and sub-groups.

The "disease" has been known throughout history. Copisarow1
quoted three references from the 01d Testament possibly referring
to Cancer; e.g. 11 Chronicles 21: 18-19 may have referred to an
"incurable" cancer of the bowel. Archigenes of Apamea, a contemp-
orary of the famous Cornelius Celsus (25B.C. - A.D.50) performed
hysterectomies, 1limb amputations and excisions on mammary carcinomas.

There is some evidence to show that it was once less prevalent
than present. Several factors may be atiributed to explain the
higher‘incidence of cancer at'present. In the first instance, there
has been a great reduction in death from infectious diseases and
major diseases. This naturally leads to a relative increase in deaths
from other causes, as cancer. Secondly, the average human lifespan
has increased sieadily from around 30 in the first century to around
70 years at present. As cancsr shows a strong dependence on age, its
incidence would be expected to increase with increased lifespan.
Furthermore, diagnosis of diseases has been greatly perfected and
deaths from formerly unknown causes may now be ascribed correctly to
cancer. Finally, the modern environment mzy be subjecting living
matter to a wide range of carcinogens such as cigarette smoke,
questionable food additives, air, water and smoke pollutants,
radiations, industrial wastes etc. Whether as a result of the factors
specified above or as a result of other unknown causes, cancer has
become the second leading cause of death in developed countries.

To define cancer, one must consider a disease that may be induced
by a host of chemical, physical and biological sgents giving rise to
an excessive proliferation of abnormal cells unrestiricted to any
particular tissue or organ. Cancer is in fact a generic term embody-
ing a whole group of pathologic states with one common factor -
disordered growth that is not subject to normzl control systems or
to pre-existing cell architecture but proliferztes coniinuousiy,
losing 21l resenmblance to its tissue of origin.

It is therefore not surprising that cancer is nowadzys one of
the major ereas of medical, chenicezl and niclogical research endezvour
giving rise to a co-ordinated approach involving surgery, pathology,

clinical medicine, immunoiherzpy, radictheraspy, genetics, biochemistry
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and chemotherapy among others.

The fundemental modes of cancer therapy at present are surgical
treatment, radiotherapy, chemotherapy and immunotherspy. Ih recent
years, as a result of using a combination of modalities of two or
more of the above, cure rates have been greatly improved.

Surgical treaztment has been, up to the 1930's, practically the
only mode of treating cancer patients. With the zdvent of post-
operative radiotherapy, cures for cancer improved greatly but only
were significant when surgery and radiotherapy were followed by
chemotherapy. llore recently, the crucial importance of immunotherapy
has been established. The existence of tumour-specific antigens and
of an immune response to them throuszh the formation of specific anti-
bodies has been now demonstrated in boih experimental and human
malignant disease2, Immunoclogic factors are therefore important
in the prevention of cancer with their defence mechanisms searching
and destroying any appearance of malignant ce11s3.

Furthermore, the initial in vivo immunological resistance to
cancer is important - as indirectly evidenced by the high recurrence
of secondary tumour formation in patients receiving immuno-suppressive
drugs during organ transplant operations4. Cortisone, an immuno-
depressant, has also been fcund to enhance tumour growth as a resuli
of a reduction in the host im:nunity5 while many carcinogens produce
immuno-suporession resulting in carcinogenesis6. Patients who cannct
develop certain immune responses, e.g. delayed cutaneous hypersensiti-
vity to 2,4-dinitrochlorobenzene, a skin allergen, have been found to
experience an early recurrence of cancer after surgical treatment bui
patients with average immunologic activity received a good prognosisY’s.

One of the most important factors governing successful treatment
of a cancer patient is the realization that there exists a critical
antigenic mass beyond which immunologic defence mechanisms in vivo
become ineffective9. Thus, in patients with widely disseminated neo-
plastic tumours, the size of the tumour is usually in the regicn of
1012

itate the removzl of the larze primary tumour by surgical treatment in

cells (about 1XKzg. of tumour cells). This would invarizbly necess-

an attempt to reduce the amount of tumour cells at any givern time to a
level that woulé zectivate the immunologic defence mechanisms tc over-
cone the microscovic foci of neoplastic tumours.

Various immunotherapeutic technigques have teen develoved. These
include the enhaoncement of immunogenicity of the tumour cells by

. 10 . . .
tumour vaccines ~, alterations of tumour cell surfeces using neuranin-
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11,12 o . . '
77, effective transfer of the turmour immunity using .

3

idase enzyme

and the use of bacillus Calmette-Glerin
14,15

sensitized lymiphoid ':.ells1
(BCG), ar immunologic adjuvant 411 these techniques are,
however, valuable only if the tumour size is in the region of 106 cells
or less., A chemotherapeutic success in the treaiment of cancer is
dependent on the synergistic influences of the host immunity16 so that
prolonged exposure to strong dosages of anticancer zgents, usually
immunosuppressive, may lead to an enhancement of the tumour due to
severe inhibition of the immunologic defence systems17. On the other
hand, the combined modality of chemotherapy and immunotherapy against

18 has been found more effective than if either

acute lymphoid leukemia
modality was used alone. Surgical removal of the bulk of the
antigenic tumour mass not only reverses the immunologic defence
inertia but also enhances the effectiveness of chemotherapy19. In
order to effect a cure, the immunologic defence systems must not be
destroyed or greatly impaired by chemotherapy. TFurthermors, it has to
be realized that surgical treatment, radiotherzpy or chemotherazpy
alone or combined, cannot achieve a2 hundred per cent destruction of
malignant cells, essential for a cure. One can therefore employ
excisional surgical treatment followed by radiotherapy to reduce the
tumour size to a level that can be effectively coped with by chemo-
therapy which, in turn, would reduce the size of the remaining tumour
cells to a small enough level to be completely destroyed by the host
immunologic defences.

However, a given dosage or course of chemotherapy only destroys
the same percentage of tumour cells, not the identical absolute
number20. In using chemotherapeutic agents to treat leukemias, drug
approach to the malignant cells is relatively facile and chemotherapy
as well as immunotherapy have been fairly successful. Considerable
difficulty has, however, been expcrienced in treating solid tumours
chemotherapeutica11y21; more consecutive treatments of anti-cancer
druzs need be administered which greatly increese the chances of
ensuing prohibitive toxicity, especially as most chemotherapeutic
agents have relatively low therapeutic indices.

It is therefore essential that surgery and / or radiotherapy
reduze the total number of tumour cells to the lowest possible number
in order that chemotherany be most efficient; the total number of
tumour cells hopefully haing reduced to the level where host immunity
would destroy ezch =znd every remaining neoplastic cell, essentially

the pre-requisite to a prunounced cure.
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CHAPTER 1.

CHELOTHELAPY OF CaNCEHE

The Ebers Fapyrus (1500 B.C.)records the oldest known approach
to the treatment of cancer. It involved the application of garlic
to skin cancers -~ an extraordinary achievement considering that
garlic has now been found to contein a wezk anti-tvmour agent. Over
the centuries, several chemicals have been reported used in the
treatment of cancer, in perticular, mercury, belladonnz and various
inorganic compounds of zrsenic. In 1851 William larsden was using
local application of arsenious acid to treat certain iypes of cancer.

The principles of chemotherapy were established by ZEhrlich at
the turn of the century. Chemotherapy is the study of selective
inhibition by chemical means of a parasite species with minimum
damage to the host species; and the ratio of the median lethal dose
(LDSO) to the minimum dose necessary to cause 90% complete regression
of the tumour (ED9O) is termed the Chemotherspeutic Index (CI)
indicating the efficiency of a drug.

Nevertheless, forty years ago cancer chemotherapy was not
considered practical despite the successes achieved in the chemo-
therapeutic treaiment of bacterial and parasite infections. This
stemmed partially from Warburg's work22 in which he showed that
neoplastic cells did not have specifiz morphological features to
distinguish them from normal cells. To design chemotherapeutic agents,
it was realized that one had to consider a number of small differences
hich when taken together could give rise to specificity25’24. The
limited success obtéined in the treatment of Hodgkin's disease by
di-(2-chlorcethyl)methylamine (Hll2) proved an important starting
point for cancer chemotherapy since it established that systenic

administration of a chemical could induce regression of a tumour at
=

doses tolerated by the hostzj. .
In the early 1950's, the pessimism of the pre 1940's had changed

to optimism that random screening and synthesis of anzlogues of knowm

cytotoxic agents weuld soon leza to selective agents capable of curing

cancer26. However, by 1970 more than a gquarter million compounds hadb

been screened and it is now =2ccented that rapid "breck throughs™ are un-

likely and that single cytoioxic agents cre not the answer to maximum

palliation or vossible cures. This is further complicated by the fzct

that there is no kxnown screeninsg sysiem that can conclusively predict
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whether acents active against animal tumours would be clinically
useful against humen malignancies. Nonetheless, the single agent
chemotherapy of the 1950's and 1960's has now been replaced by
combination therapy involving known cytotoxic agents that selectively

block sequential steps in the cell cycle,

The Cell Cycle.

The cell cycle is characterized by various phases which follow
27,28 (Fig.1). The G, phase is a period of proto-

plasmic growth during which RWA, proteins and various other products

each other in cycle

required for normal cell functioning are synthesized. The cells in
this phase are charzcterized by having diploid amount of DN4. This
is followed by a period of DINA synthesis, the S phase, consisting

almost entirely of INA replication - the various products for which

having been prepared in "late G,". DNA replication produces cells

1
with tetraploid amount of DNA which then move 1into the G, vhase in

preparation for the mitotic phase, i, The I phase consisis of four
sub-phases in the order prophase, metaphase, znzphase and telophase.
For cells proliferating in exponential growth with no ceil loss, the
cell number following mitosis is doubled sincz twice as many cells
leave M as enter it. However, certain cells along the cell cycle may
move out of the cycle and, while retaining their proliferating capacity,
do not actively prepare for division unless stimulated (e.g. most liver
tissue). This interphase is described as GO and is characterized by
resiing cells. Cells in the S phase and G2.phase can now be identified
by tritiated thymidine and nicrospectiroscopy respectively, but tggre

is, as yet, no morphological marker for cells in G1.or GO phases™,

DNA and R4 Synthesis.

It is universally accepted that genetic information is encoded in
deoxyribonucleic acid (DN¥ai) as nucleotide seguences. Since DEA is
contained in the nucleus of the cell, intermediate molecules, ribo-
nucleic acid molecules (&Ni), are needed to transfer the genetic
information from Dii4 to the cytoplasm - the main site of protein
synthesis., These Riia are synthesized in the nucleus by transcri;iion
of DA and subsequently migrate to the cytoplasm where they becor
associzted with ribosomes (ribonucleoproteins; varticles composed . .
three specific RYA molecules) as 2 result of which, the genetic
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information they transport is translated into the specific polymer-
isation of the twenty different natural amino acids into proteins.

The building blocks of DNi are nucleotides covalently assembled
tozether by 3',5'-rhosphodiester bonds between adjzcent pentose
moieties. In DA the nucleotide bases are adenine (4), gnanine (G),
cytosine (C) and thymine (T) and the sugar moiety is B-2-deoxy-D-
ribose (Fig. 2). In RYA thymine is replaced by uracil (U) and the
deoxyribose by p—D—ribose. No particular periodicity charazcterizes
the succession of the resulting nucleotides but in 1953 vatson and
crick?® observed that the A/T and G/C ratios are approximately unity
and that the spacial configuration of DNA is uniform. This led them
to propose a double helix structure for DHA consisiing of two poly-
micleotide strands twisted around each other in opposite directions
to form a regular double helix held together by highly specific
hydrogen bonding between complementary nucleotides. Such an orgenized
structure suggested that each strand could serve as a template for
the synthesis of its complementary strand, such a template being able,
by way of weak secondery bonds, to specificzally atitract the right
building block into the proper position.

The four nucleotides composing DNA are synthesized from simple
precursors as carbon dioxide, susgars, amino acids and ammonia. The
prototype purine nucleotide, inosinic acid, is synthesized from
ribose-5-phosphate and then converted to adenylic acid (4LFP) or
guanylic acid (Gi¥), both purine ribonucleotides. The protoiype
pyrimidine nucleotide, orotidylic acid, is synthesized from aspartic
acid and carbamoyl phosphate and converted to uridylic acid (UKE)
and cytidylic acid (GiF) - both pyrimidine ribonuclzotides. These
ribonucleotides are enzymatically reduced to form deoxyribonucleotides
which are then phosphorylzted. Deoxyuridylic acid is also methylated
to form thymidylic acid (TuF) which is subsequently phospherylated
further, The resulting deoxyribonucleotide triphosphates51 are
enzymatically polymerized by DA polymerase on DKA demplates making
use of the base-pairing properties of the purine and pyrimidine
moieties on the DifA templates, ihus achieving polydeoxyribonucleotide
chains wiieh are complementary tou the DA templates.

The sequential pathways leading to the synthesis of DKA, Ria
and proteins occur in hoth normal and neoplustic celle, Each pathway
in theoxy, could be inhibited by administrziion of specific chemo-

therapeutic agents, but the site most sensitive fto tre majority of
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anti-cancer agzents, especially to alkylating agents, is DD;A3 ’BB(Flc;B).

Major Types of Domaze 1o DNA.

Various types of major damaze to DNA are recognised. One is the
result of single substitution rezctions arising from base substitution

34

cr phospheate esterification as for example attack by monofunctional

alkylating agents. Ixtensive studies by Brookes and Lawleyss_37
identified the base positions of guanine, adenine and cytosine as the
primary sites of attack, substitution at the N-7 position of guanine
acecounting for about 907 of the total alkylation. N-3 alkylated

36 38

adenine””, 0-6 alkylated guanine””, N-3 al.ylated guanine39 and N-3

alkylated cytosine?®*4! have also been identified and their biological
significance established42. Thus monofunctional alkylating agents
alkylate DA at two sites - bases and phosphates. The toxic action

of monofunctional all.ylating zgents has been correlated with adenine

43,44

alkylation effecting single-strrnd DNA breaks In general, mono-
functional alkylating agents are very toxic but not active or selective
against tumours. Certain exceprtions are knovm but even where nono-
functional alkylating agents are active, they do not compare in their
spectrum of activity with their respective difunctional derivatives45’46.

Ancther type of damagebto D4 is the result of difunctional
substitution reactions arising from interstrand or intrastrand cross-
links. This is exemplified by the damage caused by difunctional
alkylating agents. Interstrand crosslinks in double-stranded DNA or
intrastrand crosslinks in single-strand DNA arise from alkylation of
gusnine moieties on adjecent strands (Fig. 4) or on the szme strand
of DHA respectively P,

Alkylsted bases involved in single substitution or in crosslinks
may be released through the weakening of the glycoside tond. This
depurination leaves a gap in the sequence of DA bases which gives
rice to instzbility and mispairing and possibly chain scission,
through wezskening of the sugar rhosphate backbone, of one strand of
a double-helix DA, If only one strand is involved, single-strand
breaks are obtzined tut if two sinzle-strand bresks occur independ-
ently orposite each other in the DA helix then an irreversible
double-strund break, or main chain scission, results47 (Fig. 5).

Alkylation in itself is a relatively non-cytotoxic vrecess but
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if the cells are forced to divide before repair of alkylation can be
effected, cytotoxiecity results48. 411 knovm alkylating agents kill
cells in this way and as such attack rapidly dividing cells. Using
spleen colony techniques, it has now been estzblished that alkylat-
ing agents are proliferation-dependent but noi phase speéific49’50.
It is thus evident that biological activity depends substantially
on the bifunctionzlity or the polyfunctionzality of the alkylating
agent since difunctionality gives rise to cross-linking which in

turn causes depurination and chain scission.

Chemotherapeutic Agents

MNost cancer chemotherapeutic zgents presently used in clinicel
trials for the treatment or pzlliation of cancer can be grouped into
six classes, namely: (a) biological alkylating agents, (b) anti-
metabolites, (c) antibioties, (d) alkaloids, {(e) enzymes and
(£) hormones.

It is outside the scope of this work to descritbe in detail these
various classes of agents but an attempt is made to discuss briefly
the mode of action of the agents in major clinical use.

(a) Biological Alkylstinz Agents.
Sulphur Mustard (f ﬂ'*dichlorodiethylsulphi de) (1) was first

prepared by Guthrie51 and Niemann52 in 1860. Their observations of
its highly vesicant properties led to its production and limited use
as a chemiczal warfare agent in World War I; in conseguence, severely
gassed people developed erosions and ulcers in the stomach and intest-
ine553’54. This prompted further resesrch on sulphur mustards which
led to the realization that it affected different fissues at sites
distant from the area of application, particulerly the hematopoietic

55,56 57

reported induced regression following

58

system Adair and Bagg
application of sulphur musiard to superficizl tumours; Auerbach
established that sulphur mustard induced mutation and inhibited
mitosis in the vaginal epitheliwn in mice - a property previously
attributed only to radiztions. The poientizl uses of rustard sases
for chemical warfere led to the development of NN-di-2-chloxrcethyl-
amine 27 (mechlorethamine, Ex2) (2) and NHN-tri-Z—chloroethylamineeo
(1mi3) (3) which were found to be non-vesicant but cytotoxic and

ghly toxic, zffected

L

leucopenic. This cuservation, tn:t HN2 thoush hi
circulcting blocd cells and specificzlly lymphoid tissue and rapidly

dividing cells, led Gilrman and Fhilips 0 sugzest its use in the
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61,62

treatment of leukemia and precipitated the search for other

chemotherapeutic agents with equzl or betier anti-tumour action but
with reduced levels of toxicity.
HiN2 is still in linmited clinical use in the ireatment of broncho-

63,64

genic carcinoma either by itself or in combination Its chemical

65 67

. X . 66 .

properties © and biological effects have been extensively studied
. 68 . . .

and reviewed ., A great number of aliphatiec nitrogen mustards were

developed but very few gave any inmproved selective cytotoxicity

)69370

towerds tumour cells. COne such agent is nitromin (4 al present
extensively used by the Japanese. t was found to have lower host
toxicity towards Yoshida carcinoma than Hi2 and is presumably reduced
in vivo to HN2 by a reductase having a high level of activity in the
carcinoma.

In attempts to increazse the ease of administration of alkylating
agents, various agents were developed in which the chloroethyl groups
were attached to a host of organic carriers including amino acids,
sugars, vitzmins, proteins etc. The synthesis of such aromatic

71

nitrogen mustards have been reported by Ross zand co-workers and

72 73,

Owen and his group and excellently reviewed by Ross

4—[Bis-(2-ch10roethyl)amino]benzenebutanoic acid (Chlorambucil,
Leukeran, C3B 1348) (5)74 is commonly regarded =2s the safest of
alkylating agents so far developed. It effects predominantly the
lympkoid system and is the drug of choice in the treatment of malig-
nant 1ymphoma75_77. It is also effective against Hodgkin's disease,
chronic lymphocytic leukemi878’79, polycythemia Veraeo, metastatic
ovarian carcinoma81—83 end, in combination with the adrenal corticoid,
predinisone, against disseminzated breast cancer84. Iike 211 cther
alkylating agents it is however inmunosuppressive, binding actively
with numan YLglobulinBS.

lMelphalan, the L-isomer of phenylalanine nitrogen mustard
(6; I-isomer) was developed by Bergzel and Stock86’87 with the zim of
enhancing the active transport of the drug to the tumour site through
the use of 2 naturzl =mino =cid. Clinicaliy, it induces complete
inhibition of the Wzlker rzt carcinoma-256, remission in plesna cell
8,89

8 . . . . . . . s .
myeloma estecizlly in cortination with the synergistic predni-

sone90 and very good remiszien in malignant melanoma when adninistered

?

. 91,92 . .93 .,
throush regional perfusion . Iis Di-form, Szrcolysin’” is exten-
sively used by *the Russlans in the pelliation of testicular and liver

carcinoma,
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The use of nucleic zcid bases as carriers of alkylating agﬁnts
is exemplified by 5-[b1o—(¢-c lor00ukgl)dJ1no]Lrac 174 (Uracil
nustard) (7), effective against chronic lymphocytic and myelogenous
leukenmia.

NI-Bis-(2—chloroethv1)tetrahvdro—Z-oxido-ZH-1 3y 2=0xazasphorin-
2-amine (cyclo;ho;nhamlde, endoxan, CTX) (&) was designed by Arnold

5,96

and co-workers to be activated by tumour cells possessing high

levels of phosphoramidase and has been found extremely effective

against Hodgkin's disease, lymphocytic leulnm1°97, myelomaSB, overian

98 29

carcinoma”  and malignent reticulosis”’, It was soon realized that
endoxan was not itself cytotoxic but that it was activated by

. s . . . 100
phosphatase and phosphamidase enzyres in liver microsomes « The

active metabolite has not, as yet, been identified due to its relative

101 .

instability put Colvin and co-—workersm2 isolated NK-bis(chloro-

ethyl)phosvhorodiamidic acid (9) from incubctions of endoxan with
murine hepatic microsones and found this to be a potent alkylating
103,104 and is
105

agent. Its metabolism has been extensively studied
believed to act in prart throuzh its degradation to rnor-Hi2
Furthermore, its chemical action and pharmacology in man have been
excellently reviewed by Bertino106.

Recognitlon of cross-linkage of DA as the main node of action
of alkylating agents led to an intensive search of known cross-
linkage agents used in industry. The reactivity of 2,4,6-triethyl-
enimino=-1,3,5-triazine (triethylene melamine, TEN) (10) with

107 and its similarity to imine formation from nitrogen

mustards suggested its use in cancer chemotherapy108-111, but its

cellulose

toxicity and lack of specificity rendered it useless for clinical
administration, Triethylene phosphoramide (TiP4) (11) has also been
evaluated clinica11y112 in the ftreziment of raligrant melanoma but
has since been replaced by the more stable 1,1',1"-phosphino thioyl-

idynetrisaziridine11 113 (triethylene thioph.osphoramide, THIO-TIFA)

(12) which is converied in vivo to TZPA and metabolized as such114.
It is a very active inkibitor of metastasic in rat mammary adenocar-
cinoma and is cliniczlly used in the freatment of various forms of
carcinoms as well as in Fodgiiin's disease, neuroblastomz, disseminated-
melanoma and brezst znd ovary cercinoma115.

Various aziridinyl derivztiives have since been developed and
c¢linically established including 2, 3,)-trls—(1—uzlr1d;n*l)ﬁ—bnnvo—

116

guinone (trenimon,triaziquone) (13%) effective agninst soft tiscue
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S(CH,CHLCL), H,C.N(CH,CH,Cl), N(CH,CH,Cl),
(1) (2) (3)
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N(CH,CH,Cl), N(CH,CH,Cl)y
CHoCHoCH,COH - CHZE;IHCOzH |
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sarcomas.
In 1950, Timmi
esters as biological alkylating agents and found that they inhibited

5117’118 investigated the use of disulphonic

growth of many transplanted animal tumours as a result of which
1,4~dimethanesulphonyloxybutane (liyleran; Busulphan) (14) was
synthesized119. Myleran is the therapy of choice against chronic
myeloid leukemia but is ineffective against acute lymphocytic
1eukemia12o—122. It is effective against polycythemia vera123.

However, its toxic depression of bone marrow.cells limits its use.

Bisepoxides were also found to induce cross-linking of cellulose
and were in use in the textile industry124. Various epoxides were
investigated125 but results proved clinically disappointing. The
most useful agent proved to be butadiene‘dioxide126 (15) but the margin
between the lethal dose and that required for inhibition was very small.
In fact, the only antineoplastic bisepoxide still in limited clinieal
use is 1,2,15,16~diepoxy-4, 7,10, 13~tetraoxahexadecane (ethoglucid,
epody1) 2T (16).

A number of alkylating agents linked to carbohydrates have been
gynthesized and found to be clinically promising. Attachment to a
sugar molecule conferred water solubility and active transport
properties in vivo. Clinically establishec¢ agents of this type include
1, 6-di~(2-chloroethylamino )-1, 6-dideoxy-D-mannitol (Degrancl; NManno-
mstine)®® (17; x = ~NHCH,CH,C1), and 1,6-di~0-methanesulphonyl-D-
mannitol (Mannitol myleran; mannogranol)'2) (i7; X = -050,He).

A group of halogenated sugars have also been found to have similar
properties to the difunctional alkylating agents. 1,6~Dibromo-1,6-
dideoxy-D-mennitol (kitobronitol; myclobromol)’2° (17; X = Br) has
been proved of major clinical use in the treatiment of chronic myeloid

leukemia and polycythaemia vera,131

« Jarman and Ross132 have establish-
ed that degrancl, mannogranol and mitobronitol are converted undexr
physiological conditions to 1,2,5,6-dianhydro~D-mannitol (18) which

is over fifty tines as active as the parent compounds.

Another halogenated sugar, 1,6~-dibromo-1,6-dideoxygalactitol
(Dibromoduleitol; mitolactol)133’134 (19) has been found to give
reasonable response against carcinomas of squamous origin and nas
a pronounced inhibitory effect on granulopoiesis.

1,2,5, 6-Tetramethanesulphonyl-D-mannitol (Zitostop)135 (20) has
been found to have a wider spectrun of action on solid tumours as

mammary, pulmonary and ovarian carcinomas thar. degranol and mannogranol,
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but has as yet not been fully evaluated clinically.

Several enti-concer agents have been developed that cannot
strictly be referred to as alkylating agents but which show o close
resemblance to such through the formation of eletrorvhilic reactions

The simplest of these is hydroxyurea (hydre; hydroxy-
carbamide)136_138 (21). It is currently ore of the most widely used

139

indirect inhibitors of INA syrthesis since it can be administered

for long periods of time without seriously affecting survival at

140,141 and without

levels producing 90% iunhibition of DIJA synthesis
concomitant effects on RYA and protein synthesis. It is therefore
used a2t high dose levels in the mznagement of chronic myeleid and
granulocytic leukemia. It is specific to the S phase of the cell
cycle and its primary mode of action is telieved to be the inkibition
of ribonucleoside diphosphate reductase142’143.

Most alkylzting agents mentioned above are not very snluble in
lipids. As such they could not be used to treat various brain tunours.
However, several nitrésoureas have been found to be effective
inhibitors of INA and RWA synthesis as well as being highly lipid
soluble., 4s such they are uble to ford the blood-brain barrier
to gain access tc the cerebral spinal fluid and the hleod siream
simultaneously. 1,3—3is-(2—chloroethy1)—‘l—nitrosourea144 {(voiy) (22)
is clinically effective against brzin tumours, particularly
gliomas145’146. It is more toxic to proliferating cells thun to GO
cells but is not phase specific147. 1-(2-Chloroethyl)-3-cyclohexyl-1
-nitrosourea (CCHU) (23; X=H) and i%s trans-4-methyl derivative
(sieCoNU) (2%; X=lie) huve also besn found to be highly active and are
now clinically established, IeCCKU being particularly active against
cells that are not proliferating and hence zgainst a number of solid
human carcinomas. The mechanism ¢f action of the nitrosoureas is
exemplified by that of BCHU (Fig. 6).

Nitrosoureas are highly selective due to “heir unique brezkdown
into highly active prcducts which act on different metabolic pathways,
The highly reactive carbonium ions formed alkylate nucleic acids end
innibit D¥A and RiA synthesis, whil:z the cazrbamoylation of proteins
with the isocyenate formed, inhibdite protein synthesis thus inactivat-
ing enzymes necessaxy for the revair of the damaged DH;148.

Some triazine derivatives have also been found to be active

against tumours in particular zgzinst TLk-5 lymohoma which is
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unresvonsive to all difunctional alkylating agents. 5-(3,3-Dimethyl-
1—triazeno)imidazole—4—carboxamide149 (p16) (24) is probably the most
effective agent in the treatment of melanoma. ITts cross-resistance
to BC:U indicates a similar metabolic pathway as nitrosoureas. It is
believed to be enzymatically degraded to methyl carbonium ions which

methylate essential macromolecules150.

151,152

N—Isopropyl—Ci—(2-methy1hydrazino)—p-toluamide atulan,

Procarbazine) (25) was originally developed as a potential monoamine

oxidase inhibitor and subsequently found to be a very active tumour
[ =4

inhibitor with no cross-resistaznce to other agents1’2. It has been

123 and found useful in the treatment of advanced

154,155

clinically tried

. . . . 56 o
Hodgkin's disecse , malignant lympnomas1’ , and advanced brain

157

tumours . Natulan and its metabolites are easily transported

158

across the blood-brain barrier and as such may give rise to

159. Its mechan-

wnwanted side effects on the central nervous system
ism of action16o is believed 1o be the selective transmethylation of
the N-methyl group onto the }7 guanine moiety of transfer RWA. This
inhibition of the functional transfer RNA leads to inhibition of
protein synthesis and concomitant inhibition of DA and RNA synthesis.
A chance observation by Rosenberz and co-workers161 led to the
discovery of tumour-inhibiting platinum coripounds. Two active
platinum complexes were formed following the application of an alter-
nating current, across platinum electrodes, to a liquid culture of
Escherichia Coli in the presence of ammonium and chloride ions,
resulting in unbalanced growth due to inhibiticn of mitosis. Cis-
dichlorodiammine platinum (II) (26) and cis-tetrachlorodiammine
platinum (IV) (27) were found to be powerful inhibitors of Sarcoma-
180162

carcinoma with acquired resistance tc nitrogen mustards. Trans

63

and (26) is currently being used in the treatment of ovarian

. . .1 .
isomers were found to be toxiec but not active The mode of action

of these platinum complexes is believed to be the selective inhibition
of Diia synthesis arising from intrastrand eross-linking of complement-

ary sirands in Diii with primary attack on the N-T end -NEZ positions

164,165

of adenine Reticulocytopeniz, lymphoeytopeniz and kidney

doamage are tro limiting factors in their menagement but alicyclic
£ © & v
. . 166 X . .. .
diammine analogues nave greatly reduced toxieity and have higher
o

)

selective aectiviiy againsi tumours, achieving chemctherapeutic indices
of over 200 as conpared to dichlorodiammine glatinum, which has a C.I.

of 8., A major problem with these platinum complexes is their poor
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solubility; but highly soluble platinum dismminechloride complexes
with pyrimidines have recently been synthesized ard might eventually
be more clinically useful.

The reader is referred to excellent reviews on biological

alkylating agents by Ross73’167, Connors168, Haddow169 and Ludlum17o

(b) sntimetabolites

Antimetabolites zre competitive substrates that 2ct on enzymic
reactions along the metabolic pathway of normal metabolites and
inhibit the enzymes that cetalyse subsequent reaction pathways.

They may also follow the entire ssquence of the normal metabolites
including incorporation into Dili, RNA and proteins thereby causing
inhibition of polymer chain growth, genetic mutations and erroneous
transcriptibn and translation of the genetic code résulting in
faulty enzymes. '

There are three main classes of antimetabolites, namely:
folic acid, purine and pyrimidine antagenists.

Precursors of pteroylglutamic acid (folic acid) (283 R1=OH,

R2=H, n=2) were knovm to be essential for the synthesis of red blood
cells. Tolic acid is known to be converted via tetrahydrofolic acid
into the active cc-enzyme, folinic acid. This conversion is achieved
through the vse of folic reductase and dihydrofolic reductase enzymes,
But administration of folic acid was found to accelerate anaemia in
leukemic children. oreover, pteroyliriglutamic acid induced tumour
regression in single spontaneous breast cancers in mice172 and in
disseminated cancer in man173’174. These results led Farber171 to
investigate the use of folic acid analogues in the management of acute
leuvkemia in children. A folic acid antegonist, aminopterin175’176
(28; R,=NE,, R,=E,
The isosteric replacement of an ~Q0H group 2t position 4 with an -NH2

n=2) induced %temporary remissions in acute leukemia.

group extensively affects the ionization and hydrogen bonding of the
substituted pyrimidine ring and the W-electron system of the pyrazine
ring, making it less susceptible to reduction by enzymes, and results
in a three-thousandfold increzse in the binding strength to dihydro-
folate reductase177. Thereby the complexing of the normal metabolite
to the enzymes is profoundly reduced and this results in the inhibit-
jon of tetrahydrofolate synthesis and consequently the inhibition of

T A

foliniec and incsinic acid synthesis and thus of DNA and RNA

178

synthesis .

Aminopterin has since been replaced by the more active but less



28.

toxic N—[4—[[(2,A-diamino—6—pteridiny1)methyl]metbylamino]benzoyl]

L-glutamic acid (ilethotrexate, LTX, ametkopterin)179’180 (28; R1=NH

14
R,=CH,, n=2j. Its mechanism of action is similar to that of emino-2
pterin . Methotrexate also inhibits thymidylate synthetase182 and
lower-affinity receptor sites necessary for trhe maintenance of deoxy-
uridine metabolism185. It blocks mitosis at the metaphase-anaphzase
transition and is phase specific affecting cells in early G1, at the
G1-S transition and in the mid-S stage, mid—G1 cells being apparently
resistant184. Thus, during the S phose, thymidylate synthetase
produces thymine nucleotides and an equivalent amount of dihydrofolate.
Since dihydrofolate reductase is partially inhibited, dihydrofolate
will accumulate and nucleic zcid synthesis ceases resulting in
"thymine-less" death. Its limiting bone-marrow toxicity can, however,
be reversed hy leucovorin (5—formy1tetrahydrofolate), a synthetic
preparation of citrovorum factor identical to folinic acid. Leuco-
vorin blocks methotrexate uptake by comveting with it for the same
mechanism185’186. Ieucovorin is usually administered within four
hours of methotrexate adminisfration and in this way a much improved
chemotherapeutic index is achieved186. Certain neoplastic cells are
affected much faster by methotrexate than normal bone-marrow cells.

So the delzyeld administiration of leucovorin rescues ﬁormal but not
neoplastic cells. MNethotrexate is particularly effective in the
treatment of acute leukemia in children, of choriocarcinoma and of head
and neck cancer196, and is currently used in combination with purine
and pyrimidine analogues187. Its chemical action and pharmacology in
man have been extensively reviewed by Bertino 106, Various analogues

of folic acid have been synthecized end clinically tested but only one,
dichloromethotrexate (chlorine stoms at 3' and 5' positions), has been
found superior to methotrexate and is currently undergoing clinical
investigations.

The first anti-purine to be climically studied was 2,6-diamino-
purine189_191 (29) but, following the development of other more active
and less toxic purine analogves, its clinical use was discontirued due
to its severe gasiro-intestinal side effects192. Mitosis depends on
the synthesis of Dii which requires purine and pyrimidine precursors
(Fig. 3, pege19). TFurine antagonisis therefore inhibit Dia synthesis
indirectly and consequently mitosis. Two of the mosi importent anti-
purires in present clinical use zars 1, T-dehydro-6E-purine-h-thione
(6-mercaptopurine, 6-1%F, Furi-ﬁethol)195_195 (20) and 6~thicguanine

(Lanvis, 6—TG)189 (31). &-lerceptopurine (30) is a triol derivative
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of hypoxanthine, the precursor ¢f inocsinic acid. I1 is an anti-
metabolite of hypoxanthine and adenine and is activated via the
anatolic conversion to ifs nucleotide, thioinosinic acid, which
subsequently inhibits the de novo purine synthesis and interconver-

197

siong, thereby affecting DHA and RMA synthesis It may also be

anzbolized to 6-thiogusnine nucleotides and subsequently incorvorated
into DHA198. Its limiting toxicity is bone marrow depression.

6-l'erceptopurine is particularly effective against acute myeloid
leukenmia in children and has =2lso caused substantial remissions of
acute leukemia in adults. Its current use is mainly in combinztion
with prednisone, methotrexate and vineristine (VAP regimen)199’200.
6—Thioguanine31 is mainly incorporated into DHNA and RNA and its anti-
tumour activity is related to its level of incorporation into DHA,
maximum incorporztion being achieved. in sensitive tumours. It is used
mainly in combination therany and produces effective remission in early
chronic myelocytic leukemia. 8-Azaguanine‘201 (32) has also been found
active against tumours and its mechanism of action is believed to be
its anzbolism to azoguanylic nucleotides and subsequent incorporation
into messenger RNA, thereby displacing a large portion of guanine
residues.

202 . .
that uracil was incorpor-

The finding by Rutman and co-workers
ated more in the synthesis of nucleic acid in a liver tumour than in
normal liver tissue led Feidelberger and co-workers to the synthesis,
mechanistic elucidation and clinical testing of a host of pyrimidine
antagonists - the most useful of which is undoubtedly 5-~fluorouracil
(5-FU)205’204 (23). Its metabolism and mechanism of action were
elucidateonS. Fluorouracil is ansbelized to fluorenridine (FUR)
wkich is subsequently converted to fluorouridine monophosphate (Fuix)
and enzymatically reduced to 5-fluoro-2'-deoxyuridine monophosphate
(FauiF). This nucleotide at first competitively and then irreversibly
inhibits thymidylic acid synthetase and thus blocks the methylation of
deoxyﬁridylic acid to thymidylic acid resulting in irhibition of DA
synthesiszos. Fluorouridine monophosphate is furthermore converted
into fluorouridine triphosphztie (FUTE, which is incorporated into RNA
in place of the uridylate moiety ond thus affects protein synthesis.
Fluorouracil is one of the most effective cancer chemotherapeutic zgents
known. I% is used as an adjuvant agent in operable and inoperable
cancer of the bow01206, and produces objective responses in the treat-
ment of gastrc-intestinal cancer207, breast cancer208 and cancer of

~
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the head and neck™ ”, In combination with other drmigs it gave a 9C%
response rate to breast cancer21o and a fair control of metastases of
the 1un55211. ¥luorouracil in cream form (Efudix) is highly effective
in the topical monagement of supsrficizl pre-malignant and malignant
lesions, keratoses and extensive multiple superficial epidermal
carcinomas, achieving over 80) success rate212’215.

Pyrimidine antagonists have also been prepzred by forming ribo-
sides where the structural alteration is in the sugar moiety. Minox
changes in naturally occuring pyrimidine nucleosides can result in
extensive cytotoxicity. Thus the epimerization of the 2'-hydroxy group
of the ribose moiety of cytidine affords 4-amino—1—(ﬂ—3—arabinofuran-
osyl)pyrimidine-2-one (cytosine , arabinoside, 1—ﬁ-D—Lrabinofuranosyl
cytosine, ara—C)214 (34). Are-C was shovm to be a strong tumour
inhibitors
of acute lymphoblastic monocytic and myeloblastic leukemia

especially in combination with 6—thioguanine218. It has however little

and the most effective cytotoxic agent in the treatment
216,217

therapeutic effect on s0lid tumours in man, the mosi responsive of
these being breast adenocarcinoma (15/), gastro-intestinal (11%) and
soft-tissue and bone sarcomas (11%)219 the responses of which are of
short duration and so rarely of clinical benefit. Arae-C ie intra-
cellularly converied to arabinosyl cytosine-5'-triphosphate (ARA—CTP)

2
220,221 juving the S-phase of the

which in turn inhibits DNA polymerase
cell cycle. Ara-C is therefore scheduled to take advantage of the S-
phase specific indirect inhibition of DUA in the treatment of leuke-

mia222’223. It probably also inhibits cytidine diphosphate reductaseg29

It is furthermore incorporated directly into DNA and RNA225’226. Ara~C
incorporation into DA can be seduced by pre-treatment with methotrexate
but incorporation into low molecular weight RNA prevents uridine incor-
pofation and results in acute cell death226. Ara-C is also catabolysed
to arasbinosyluridine (Ara-U) by deaminase enzymes and this provides a
natural resistance tc the drug. 1—p-o~3ibofuranosy1-4-hydroxy—3,4,5,6-
tetrahydropyrimidine-2-(1H)-one (tetrahydrouridine), however, inhibits
deaminasze enzymes in the liver and administration of this with ara-C
prolongs its activity227. The most common resistance to ara-C is,
however, acquired through the reduction in the level of deoxycytidine
kinase activity which converts ara-C to its active metabolite ara-CTP.ﬂ
Administration ofideaxycytidine—S'—triphosphate, however, reverses

these effects228.

Various analogues of ara-C containing alkylated sugar hydroxyls
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hgve now been developed ~nd found to have improved chemotherapesutic .
activity coupled wiil: hisher rasistance to dezctivating enzymatic
deamination. Cne such analogue is 5'-O-methyl ara-C.
Various amino acid antagonists weve synth ed
and 'Ioss2 9 but were found to be poor tumour irnhibitors. Various
cyclic derivatives of methionine, cysteine eic. were prepared
hut although improved activities were recorded, the resultis obtained
did not warrznit clinical investigzotions.
Todd2o? sucgested that ethyl urethene (urethare) (35) was an
antimetabolite of an aliphatic amine in purine bicsynthesis., Further-

253

more Lefevre™ nad observed that seedlings exposed to varicus

carbamates showed retarded growth. This led to the clinical trizl of
urethane witn chronic-myeloid leukemia254, a fair response being
obtained. It hzs also been used in the freatment of multiple
myeloma235. Its mechanism of activn is probably linked with
pvrimidine metabolism and probably interferes with the metihylation
of the uracil moiety236. Furtheimore its effects may be reversed

by prior administration of various pyrimidines. '

The reader is directed to verious reviews on antimetabelites

by Pizmis®>!, Delmont and Jukes?°, Bertino and Johns>o-,
240 241 242 N .
tchings and Blion™ ", Head ', Montgomery =, Townsend and

246

A
Cheng243, Bard05244’2“5 and Grindey and co-weorkers
(c¢) Antibiotics.

C-Diazoacetyl-T-serine ('zaserine)247’248 (36) and 6-diazo-5-
111249, 250

Oxo-I~norleucine (DCi (37) ars two naturzlly occuring and
rery active glutamine (38) antagonisis isolated from breth filtrates
of Streptomyces. I-Giutamine (38) is required at three stages of
purine biosynthesis. Glutamine antzgonists lock the conversion

of formylglycinamide ribotide to the corresponding formyl glycina-
ridire mibotide - 2 process 7‘equ ring glutamine and 5'-phosphoribesyl

10
51 cp oy s o .
formylzglycinamidine synthretase 25 . X! binds some forty times
mora strongly to this enzyme than azaserine ond as such i

5
more zctive, Zoth glutanine anszlogues iemporzrily innitit the

ck

enzyme revars bly but guickly inzetivz

(%]
alkylation (by the CCCEI, moiety) of tre sulthydryl group (-SH) of

. P . . . . o o]
2 cysteine residue in the active site of the enzymre e?25” . Trese
antitumour zzenis thersfore block preotein syntrnesis and thus
indirectly inhibit Dii4 synthesis. ‘IThey have been used in the manzcse-
ment of azcute leukemia in children but are now nore commonly used

in ceombirctien iherapy.
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Lﬁtomycin-0253’234 (39, vas=326), thourh an antibictic, is probably
converted in vivo to un active alkylating agentzSF, Its quinone and
urethane moieties also probably contritute to its effective activity.
Loss of the methoxy group at position 9' forms a difunctional ~llkyl-
ating agent composed of the active aziridine ring and the active

methylene sroup at position 10, It therefore inhibits DHA synthesis

256,257

and nitosis and nas been reported to cause effcclive remission

of lymphomas, chronic leukemias, breast cancer and some other forms
of solid tumour5258’259. .

The most important cytotoxic alkaloid to date is probably
260-262 (40).

Actinomycin~-D binds to double-strznded A 263 thus changing the

actinomycin~D (Act D, Dactinomycin, Actlpcmycln C )

DA template and inhibiting the Dila-dependent RilJA polymerase
264,265

responsible for almost all cellular RNA synthesis . 1t slows

the overall protein synthesis znd inhibits the degradation of tyrocine
. . 266 . . . -
amino transferase and its mRiA « As such it maintains specific

266

enzyme synthesis through stabilization of mRUA™, It is cell cycle

specific to mitosis and to the G1/S transition state but its effects

p
can be reversed by addition of excess of native DNA26 . The srecific

268,269

as exvlained by
271

binding of actinomycin to deoxyguanosine

4
Hemilton's theory“7o hes however been disputed by Wells who vostu-

lated that the presence of deoxyguanylic acid was neither necessary

nor sufficient for the binding reaction, contrary to the predictions
of Goldberg and Reich264. Hamilton had postulated that actinomyocin is
hydrogen bonded to the outside of the DHA helix through hydrogen bond-
ing between its quinone oxygen and the 2-azmino group of guanine as

well as between its amino group and N3 of guanine, and between tie

271

peptide lactories and phosphodiester oxygens. Wells on the other

272

hand supported Killer and Crothers' theory of intercalation of

actinomycin into the DiiA chain ond mzintained that the apparent

specificity of binding to guanine was only a secondary effect.

21 also maintained that = marked nucleotide sequence preference

273

Wells
existed for the bindinzg reaction and Krugh established such a
sequence on the basis of the interczlztion model.

Actinorycin has brought ztout rzmarkoble remissions, possitly

214

cures, in Wilms tumour in children particularly when used in
9 3
combined medality therzp '“75. Ramission haz slso been obtained in
. . 276,2 . . .
uterine choriocrrcinomes 276, 77. It is currently of mazjor importance

in combinztion therzry.

Other antibiotic rgents have been used in the trestment of
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cancer. Such agents include mithramyein” 218 (41) in the treatment of
279

actinomycin-D resistant testicular tumours™'7, davrorubicin /‘~uno-

280,281 282

SOV Z0 a. _ Z
(42; R~CH3)

mycin) in the treatment of acute leukemia®™ “ and
of neuroblastomata in children, and adriamycin (14—hydroxydaunorubicin;

doxorubicin) (42; R=CH20H) in the treatment of neuroblastoma, soft

tissue sarcoma, acute and chronic leukemia and breast and lung

283,284

cancer The mechanisn of action of daunomycin and adriemycin is

probably similar to that of actincmycin-D but possitly block different

grooves in the DA by the non-intercalcated part of the antibiotics269.
Bleomycin, =2 combination of a dozen oxr more compounds with the

molecular weight of the main constituents in the region of 1300 to

1800, was cblained from the azqueous phase of Strain-B843 S. Verticillus
cultures on. extractiion with organic solventsg8b. It has proved to be

extremely effective due to its viviual absence of bone marrow depress-

ion287. Bleomycin inhibits JHA synthesis but not RiiA or protein
synthesis. It also inkibiis mitosis by drug exvosure in late G

phasezBB. It has vroved particulzrly effective agalnst Hodgkin's

. 289
disease when the twrour was resistant to conventlon.l agents .

For a review on the use of antibiotics in cancer chemotherazpy
, . . . 290
the reader is directed to the work of Buwrchenal and Kreis ? .
(d) Alkeloidc

Colchicine (43; X=COCH
291

3) was originally administersd to gouty
cancer patients and then found to hove anti-tumour activity
against chronic myeloid leukemia., However, it was also extremely
toxic. Demecolin (43; X=CH ) ves active and had only one fourth the
toxicity of cclch¢c1ne202 out vwes still considered very toxic.
While investigating historical hearsay that a vea made from

the leaves of whiie and pink flowered varieties of Vinca Hosea wa
suprosedly uszful in-the control of Diabetes llellitus, Beer and co-
workers293 found that single injecticns of extracts of this plent to

mice led to their h, autopsies on which showed multiple abscesses,

(n

%
granulocytopenia and bone marroy depression. This chance observation
led to the izolation 94’295, mz2inly as the sulpnates, and the
identification of the seven cr so active ccnstituents in the extracts
the two major alkzloids, Tincalencoblastine (Velbe, Vinblestine) .
{443 R=lle) and Vincrisiine (Cncovin, Ieurocristine) {44; R=CHO), have
éince been extensively evaluated and have provided z major contribution
towards the treaitment ncer, Their siructure was determined by

Heuss and co-worsers . These zlkaloids prevent the incorvoration
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of amino =cids as zlutarmic acid and arginine into trans 2

They therefore inhibit protein synthesis zt levels that do nct effect
ir.corporation of uridine into R¥A. A rumber of amino acids, as
glutanic and aspartic acid, can completely reverse the antimitoric
properties of vinblastine indicating a2 similsr transport mechanism

2/9’300. Cells are

even though their structures are so different
uniquely sensitive to the Vinca alkaloids during the prophase to
metaphase transition of mitosis when the cell membrane becomes
temporarily permeable to them. Yel although Vinblastine and
Vincristine differ vractically by only two hydrogen atoms, their

mode of zction is substantially different. ithile both inhibit Ria
synthesis, vincristiine has no effect on the S phase while vinblastine
reduces thynmidine incorporation by 25%. Furthermore vinblastine is
particulafly cytotoxic to cells in mitosis while vincristine is not.
This difference in their mode of action is exploited in the manags=ment
of cancer especially as there is no zppreciable cross-resistance
between the two agents. Thus vineristine decreases RNA and prciein
synthesis in human nzoplastic leukocytes but not normal leukocy tﬂspo1.a
Vinblastine exerts severe bone-marrow depression while vincristine
exerts prominent neurotoxic effects on the peripheral nervous system
(ebpe01a11J in the legs ) and to a lesser extent on the autonomous
nervous system302’903. Their lack of cross-resistance enebles
vinblastine +to be used on patients with intracranial gliomas that had
become resistant 1o vincristine,

Vincristine has beon used with good resulis in the treatment of
lymphosercoma and of reticulum cell sarcoma that had previously shoved
poor response with cychrhosnhmluv3 4 It has also been used in the
management of breast cancer5 > and in the treatment of acute leukemia
in children, especially as children under ien years of age have been
found resistant to nenrotox 1c1ty’06. In corbination, vineristine has
been used with cyclophophamide in the management of neuroblastoma
achieving conplete remission in ssven out of nine patientsjo7.

Vinblastine achieved clinical remissions in advanced Hodgkin's disease

£ o008

that was no longer responsive to alkylating zgentis , in chorio-
- - » nt
carcinona resistant tc other therapy, and in 23 of breast cancexr .

. 08 . . . . .
patients”~~2, It hos zlso been used in combination with fluorouracil

o
<

Q
K

in tre treaiment of treast can .

CQ"I

gn

o
The use of alkalecids in ¢ chermotherany has heen reviewed by
, 209 310 1 212

reasey and co-workers , Conrors” ~, Wilms » Svobcda and

Bhaluni’13,
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(2) Enzmes.

The chronce observation that mice and rats bzaring transplanted
Gardner lymphosarcoma when injected with normal guinea-pis serum
had striking regressions of the tamours 14 led to the identification of
the active constituent in the serum which was identified by
Broome315’516 to be L-asparsginase, which converts asparzgine to
aspartic acid. A further important contribution was the finding that
I-asparaginace could be obtained on 2 large scale from Escherichia
Coli 3317, thereby providing the impetus for detailed research.
Studies on its mechanism of zcticn revezled the very important concept

2 3

that, contrary to the statements of Warburz™™ and Danielli2 s there
may be a gross difference between animal and possibly humen tumours,
and normal tissues, in their ability to synthesize certain vital amino
acids. The action of L-asparaginace is based on the metabolic defect
of some neovnlastic cells which synthesize endogenous asparagine vary
slowly, unlike normal tissues, and therefore rely on an exosenous
supply. L-Asparasinase destroys the asparazine supply of both normal
and neoplastic cells but whereas normal cells can adapt themselves
efficiently to asparagine deficiency by synthesizing their own endo-
genous supply, neoplastic cells cannot cope. L-Asparaginasse inhibits
protein synthesis but is relatively non-toxic., It lowers serum
asparagine to almest zero and renders lymphocytes unreazctive to
mitogenic stiimulation in human5518. Its C.I. in animals bearing
advanced Gardner lymphoszrcoma czn be as high as 7000 and zagsinst
ecute lymphocytic leukemia in humars the chemotherapeutic index is
over 500. Clinically, however, its cytotoxic effects have been less
impressive319 and although it induces up to 6Qo remission in acute
lymphoblastic levkemia these remissions are short lived dus to the

319-321

develorment of resistance The anti-tumour effect of L~
asparazinase is augmented by a significant, though small, contrihution
from the host's immune system, failure of which results in incomplete
cures and relapse to asparsginasce resistant cells, where the tumour

[

cells acquire tre ability tc produce their owvn endogenous supply of

]

zsparagine by producing asparagins synthetzse. L-isparaginase is,

therefore, mostly used in combination with other agents which potent-
iate its effects.
Cysieine has also been found to be essential for certeain tumours
in experimentsl zvstems while serine is required for chronic myelo-
genous leukenia cells in men but no enzymes have yet been found thzt

can selectively inhibit these amino acids.
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L-Asparaginase hag been extensively reviewed and the reader is

. . 290
s Burchenal and Wreis 7 ,

and Ccttgenigs.

raals)
referred to reviews Wriston and Yellin-’“*
4

by
Lieshkov and Levitov” 25, Patterson3
(£) Hormones.

Endocrine therapy owes its origin to the pioneering research of
C. Huggins who established that some cancers in man are hormons
dependent326—328. This led to the wide acceptance of hormone therapy
in advanced prostatic and breast cancer.

Androgens, oestrogens, corticostieroids and progestational agents
have been found very effective, especially in combinztion with c¢yio-
toxic agents, in the menagement of prostatic cancer.

_ Thus prednisone (45), a corticosteroid, can be administiered,
especizally in combination with cytotoxic agents with which it is
synergistic, to advarced metastatic breast cancer patients achieving
dramatic subjective benefit without fesr of stimulaiing the activity
of the disense -7, Tis limiting toxicity acts primarily on protein
balance. Cortisone (46) has also been used in the trzatment of acute
leukemia, being a strong depressant of phagoeytic activity350.
Diethylstilboestrol (stilboestrol) (27), en oesirogen, acts by supp-
ression of pituitary gonadetropin or by direct action on the tumour
cells, and as suchk, has proved a very effective agent in the ireaiment
of prostatic cancer especially when administered as its water-soluble
diphosphate (Honvan). Some of the most clinically useful hormones,
apart from the ones mentioned above, are: 17~ k-hydroxy-6- o -methyl-
pregn-4-ene-3,2C-dicne (Frovera, medroxyprogesterone aoetate)351 (48)

. . X . . 2433
in the treatment of advanced endometrial aaenocar01noma35 ’3’5,

335, 17_ot

neta-
static hjﬁarneﬁh'oma534 and metastatic renal cancer ol -hyirocxy-
progestercne caprozte (Devostat, delalutln)B/ (49) in the treatment
of prostatic c:anceraj7 and metzstatic endomeirizl carcinoma55 599;
17- 4 ~ethynyl-19-nor-testosterone (lorethisterone acetate, norlntiin,
primolut, SE 490)’*0 (50) in the treaiment of selected cases of breast
malignancy; and chlors-tri-(p-methoxy nenyl)ethylene (chlorotrianisene,
243

Z
T%C¢)541 (51) used in the treatment of prostatic cancer”

It is cutside the scope of this work to go into further detzils

edited by St01154“, for a comprenensive review on the subject.
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Drug Resistance,

Drug resistance was first recognized by Ehrlich345 at the turn

of the century and has moved in step with chemotherapy ever since.
Following the remarkable rejressions of prostatic cancer in man
achieved with diethylstilboes ’cro'|5 » acnuired resistance in cancer

chemotherapy was first noticed when a transplantable mouse Lympho-

346

sarcoma sensitive to cortiisone develoned resistance . Nearly

all known anti-cancer agents have since been shown to develop drug

347

resistance in experimental neoplasms , 2nd it seems apperent that
neoplastic cells have a greater degree of biochemical zdaptation
than normal cells, especially in their ability to repeair damaged cells.

Thus, "as long as cancer cells are able to dJVlde, Darwinian evolution

is inevitable"48,

349,350

Drug resistance has been associated with chromosomal change
L1210 leukemisa cells resistant to methotrexzte have been found to

have the subtelocentric chromoscme missing and this has been correlated

351353

with an increase in dihydrofolate reductase activity- Various

faciors may give rise to drug resistance such as:-
(a) altered cell membrane rermezbility - resistance to HN2 involved

a decrease in cell permeability and hence a decrease in the uptake

354,355

of the drug by active transport systems Resistance to cther

a2lkylating agenis results from a reduction in the level of z2lkyla t10n556
due to a decrease in cell permeability357. Similarly = decreased
capacity of the cell membrane ito te permeable towards such agenis as
actinomyein-D, mithremycin, vintlastine, vincristine, mitomycin-C and
daunomycin, leads to resistance to these drugsBsB. Moreover a decreased
transport of methotraxate into leukemic cells led to resisterice being
developed in patients with acute myelocytic 1eukemia352’ 559 360;
(b) increased degradntion of the drvg - the natural resistance to
ara-C in being cztzbolized by deaminase enzymes has already been
mentioned (page 30). Similarly, resisiznce to 6-thiognanine develops
as a result of increzsed guanine deaninase sctivity~ 61
(c¢) decressz2d "lethal synthesis" - a reduction in the enzyme level
decreases the synthesis of the zctive metabolite from the less active
chemotnerapeutic asert. L 1210 leukemia resistant to 6-mercaptopurine
and 6-thicguanine was found to hzve much lower gusnire-hypoxanthine
phesphoritosyltransferase acliivity and thus itnhese agents were

362

converted to their active moncnucleotides io a much lesser degree .
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Similarly, leukemias resistunt to ara~C have a significantly
lower ability to phosphorylate ara-C to its zctive nucleotide as
a result of reduced levals of deoxycytidine kinase565’564.

Resistance to 5-fluorouracil also arises as a result of considerably
lower levels of uridine phophorylase and uridine kinase, its anabolic
enzymes; A

(d) increased detoxifying enzyme levels - resistance 1o L-asparaginase
has already been briefly mentioned (page 39). It is the result of
increased synthesis of L-zsparagine through induction of asparagine
synthetase. Gallo and co—worker3566 suggesied that in sensitive
cells this enzyme is repressed but that in resistant cells it is re-
induced thus forming endogenous asparasgine. Similarly administrzation
of alkylating azents is folilowed by increased levels of enzymes

361,

(e) altered enzymes - the entire dihydrofolate reductase prior to

involved in repair of DliA

methotrexate administration t¢ razt liver consisted of one enzgyme of
molecular veight of 20,000. Following its administration however,
a new type of dihydrofolate reductase with molecular weight of 24800
was induced which competitively inhibited the origsinal enzyme and
thus induced resistance to methotrexate368’569. Similarly, resistance
1o 5~fluorourszcil also arises as a result of alteration of thymidylie
acid synthetase, the altered enzyme being uninhibited by the active
metabolites of 5-f1uorouracil§7o.

Furthermore, the initial damage to DNA by alkylating agents may
be modified by intracellular enzymes which recognize and remove the

0531113712 573

alkylated base by a series of repzir process Clegver
showed that skin cells of the human genetic disease Xeroderma
Pigmentosum were deficient in the excision repair of UV lesions or
alkylation czused by alkylsting agents. Cleaver574 also showed that
repalr replic=tion wzs indeperdent of the biochemical defect and that
this repair replication was ingectivated by high doses of z2lkylating
agents., Such excision-repair processes probably follow the pathway
shown in Fig. 7. P;gy indicates intrastrand crosslinking of the
pyrimidine dimer by an alkyloting agent. Endonuclease enzymes recognize
the abrormal rezion and excision of this and other neighhbouring deoxy- -
ribonucleoside~5'-phosphates is ollowed by repazir of the break, making
use of the complementary DIUA strand as templete for the deoxyribo-
nucleoside-5'-triphosvhate substrztes. Ligose enzymes comtlete the

bonding of the repaired nucleotides to reform the originzl non-
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—

alkylated DHA molecule, thus achieving resistance to alkylation.

(=)
Overzll, drug resistance exroses a gleony outioosk to the use
of single chemctherspeutic agents in the treztment of cauncer but the

advent ol combination therapy ond better predictability models for
drug re.-';isd:zmce’75 leading to better understanding cf the mechanicms

involved will eventually le=d to the use of synergistic regimes that

will substantizlly overcomz drug resistance.

Combination Chemotherany

Single cytotoxic agents may only be administered to patients at
doses tolerated by them. Illore often than not, such doses are below
those required to achieve the desiruction of the tumour. However,
the combination of two or more drugs with diffarent tissue-specific
toxicities exhibited no additive increase in dose limiting toxicity
and decressed to a great extent the development of resistance576.
Thus, if the spontaneous mutation rate leading to resistiance te each
drug is 1O-6 then thz simultaneous resistance to two drugs is 10 12
So the actual resistance to the regimen is enormously reduced.

As early as 1951, Potter26 had hypothesized that agerts which
blocked sequential steps in a metabolic pathway by acting on different
enzymes in the pathway could te used effectively in combinatien. Soon
after, methotrexate and 6-mercantopurine were found to be synergistic
agaihst 11210 1eukemia578’579. Similarly, cytosine arabinoside in
combination with 6-mercaptopurine vere more effective when applied
together than when trey were used singly against L1210 mouse leukemia
and later 6-thiocguanine and ara-C were found even more effective in
the treatment of zdult acute 1eukemia381.

A Combination Toxicity Index (C'I'I)382 was developed to indicate

the effectiveness of the regimens., It is the ratio of the LD10 doses

D

in mice for individuzi :gents to the sum of the decinal fractions of
individuzl O doses for combination, If CTI is less than unity,

the toxicity is grea 4 drugs in the regimen
are antzgonistic. If CTI is unity, adiitive toxicity is apparent

Bui if CII is ¢renter than cne, then, less-tlon-addative toxicity is
obiainsd and the dyugs are synergiziic. Thuu, CTI for the ara-C -
o types of syrergism ere recognized.  Therazpeutic synergicm is

achieved when a greater therzpeutic effect i oticed on using the

380



regimen. lletabolic -syncrgism resulis when the dose of each agent can

e reduced in combination while still obiaining the same degree of

Therc are various factors which influence the choice of azents in
r example complementary inkibition, induced
nzyme activity, collaterzl sensitivity, adaptive selection and
transport interactions,

Drugs that czuse dirsct damage to DEA or RTA as mitomyein C or
uracil rusterd con be combined with drugs that inribit the synthesics
or utilization of their precursors, as 5-flucrouracil, hydroxyurea
or cytosine arabinoside. Complementary inhibition is thus achieved.
I)emielli’82 showed that certzin iunours develep resistance to
urethanes through the induction of enzymes that hydrolyée them to
inactiive products. He then utilized these enzymes by =zdministering
inactivated arcmatic nitrogen mustard carbemates follewing pre-
treatment by ursthune. This hydrolyses the carbamate to the zctive
phenol or aniline derivative thus csusing selesctive cytotoxicity
towards the tumour, The use of €-nerceptopurine in combination with
methotrexate has been nentioned above., Alterations in dihyd=ofclate
transferese following merczptopurine adminisiration induces resistance
to the drug. T1t, however, alsc induces collateral sensitivity towards
384

.

This synergism is further improved by adzptive

nethotrezate ne

selection where the two zgents are used in a cycle - inducing sensitive
ity to one drug vwhile resistance develops towards the cther. Conturrent
addition of ";oxanthine with methetrexate induces hypoxanthine-
phosphoritosyltransferase activity. ‘hen resistance to methotrexate
develops, concurrent addilion oI hA-mercaptopurine ard folic acid
adopteﬁ. Due to the higrter enzyme activity, S-mercaptopurine is
activated to a greater extent, while =zt the same time folic acid
dacreases the level of dihydrofolate reductase thus restoring seusitiv-

. 285 , . .
ity to methotrexate’ -, Glucose pre-ireatment 1o various alkylati:

agents, particularly epoxicdes, ras been adopted to enhance the
crharzcteristic lower pH of necnlastic cells relative to normal cells
arising from the incrsased levels of lectlic zeid generated by glycolysis
z
in the tumou*ieo. To increacse the permeatbility of the plasma-cell
membrane to azetinomyein-D, Twzen 80, z detergent, has been used in
conblngtioniu7. Turthercore, the vinez alkzlcids are unigue in that
they incrsase =ciive tr::s;ort to methotrexaie, Thus vinblastine-
resistant cells kLave teen shown to induce collateral sensitivity to
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Present day use of combination therapy involvec the use of four
or more drugs in each regimen. The combinations are selected on the
basis of some ol the factors discussed above, their scheduling and
the dosages raquired being carefully computed from wvarious complicated
mathematical calculationsa9o.

One such regimen, ViP (vincristine, amethovterin, mercaptopurine,

)199’200, achieved a 905 response to acute lymphocytic

prednisone
leukemia, Another regimen, KCPP (mustine, oncovin, prednisone, procar-
bazine) has replaced single agent therapy in advanced Hodgkin's disease
achieving 707 complete remissions of five years or more391-393. These
agents are usually administered in short intensive bursts with rest
periods allowing host recovery but not tumour regrcwth. As the treat-
ment of cancer becomes more motivated towards achieving a cure rather
than palliation, the sohedules beacome more and more complex. Thus,
pre-arranged schedules of the induction regimen COAP (cyclophosphamide,
oncovin, ara-C, prednisone) followed by maintenance regimens of FOMP
(prednisone, oncovin,methotrexaie,mercaptopurine), CART (cytosine
arabinoside, asparaginzse, rubidomycin, thioguanine) and CCAF are in
clinical use in the treatment of acute lymphoblastic leukemia.

Finally, some measure of success has now been achieved in the
synchronization of some tumour cell populations. This involves the
partial arrest of cell populations at a particular drug-sensitive phase
in the cell cycle, usually the S-phase, which can then be treated more
effectively with phase-specific agents. In vivo partial synchronizafion
with hydroxyuvres has been obtained594’395. Furthermore vinblastine
synchronized L1210 leukemia in vivo by mitotic arrest and therapeutic
synergism was achtieved when cytosine arabinoside was administered
15 to 24 hours 1ater396. Thus proper timing of a phase specific
azent to a synchronized population results in greatly improved cyto-
toxicity but only z short exposure to the drug. Unfortunately each
indiviual patient responds difierently to synchronizatiion and maximunm
synchronization is currently not possible.

All these factors indicate the importence of urderstanding more

fully the mode of action of chemoiherapeutic agents in order to be able

to design better drugs.



47.

Druge De:

ion of a drug is enhanced by & number of

o

The selectivity of ac

varisbles involving water-livid sclubility, perme=bility throush cell

; .o e 22 207
membranes, chemicrl reactivity ond potentiation by enzymes 3,285

-~

Severs=l of these vsriables hzve zlready been discussed briefly,

‘ater and lipid solubility are very important for drug design
and have led among others to the synthesis of chloramhucil, cyclo-
hosvhamide and the nitrosourezs, Alkylatinz agents need to penctrate

< v R < I

cellular and rnuclear membrsnes to reach iheir site of zction. To
h

2

achieve this, =ctive difunetional groups hzve been attached %o corrying
structures related to natural substances involved in cell growth,
Such carrying structurss may be amino acids (as in the case of
rmelohalan), carbohydrates (e.z. mannitol derivatives), mucleic acid
bases (e.3., uracil rmustard) or steroid derivatives (e.z. phenestrin
(52))397. Various drugs have been desimed in tris laboratory to be
activated by trensport mechanizms but resulis have been disappoint-
ing398’599. Various metzbolites recuire vpermease enzymes to pass
throush cell membrones. Mntimetobolites utilize such mechanisms less
efficientlydoo and have to compeie with exozenous supplies of the
natural metabelite, Antimetabolites are therefore desisned to be less
polar thereby by-pzssing such active transport mechanisms and penetrate
the cell menbrans by passive diffusicn,

Differences in chemiczl resactivity can te exploited to achisve
cpecific properties in a particulae drug. Thus, TEF4, which acts via

e

an S¥2 mechanism, has no 2inst mouse leukenmia L1210, 3Bul itis
EA

C-dinethyl anzlogue -acis via an mechanism throug: the fommatiosn of

u,y 1
-1
wium ion and zs such has bean found effective

a stable teritiury carho

; r 401 .. P i
against the ncoplasn o Veariocus aziridines znd epoxides are more
active at the lower pl prevalent in reoplasiic cells and zo0 protrezt-
ment with gluccse accenuates tre pH differentigl, The C,I. of THu

L

meg cin be oxidntive, reductive or
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have lover redox potentials than nermal cells, the design of agents
that can be zetivated by oxidsative enzymes ig difficuli, However

+h geotivity f LA a D "11 " 1 15 o 10 _*"l’ vt} 1 +
che activity o i=di~2-chloroethyl)aniling is concistent with its
primery oxidation to the hignly active 4—(h£—di-2—chlorﬂa+n"]~meo)-
phenol (53) in vivo. Cyclophosphamide is also believed %o be potent-
iated by oxidative enzymes, one sctive metabolite isolated from urine

. . ., 405
after its adminigtration beinz /f-ketocyclophosphamide™ -, Mitomycin C

(39) is likewise activated by reduciases which redvce the quinone ring
to the hydregquinone siructure prior to loss of the methoxy group at 92!,
The most impcortant reductases exploitable by drug irm are

azoreductases abounding in hepatic tissues. Most of the work carried

e

out in this field has heen done by Ross and his co-worker following
the dlscovorj6that A-(I¥-di-2-chloroethylamino jazobenzens (543 R1=R2=H,
40 . . . . .
RB_H X= C“) was active by being reduced in vivo to the very active
4-(Z3-di-2-chloroethylamino)phenylenediamine, It was further found

3 methyl and

')

that the insertion of olectron relessing substituents as
methoxy sroups and carboxylic =cid groups (ionized under physiological
conditions)74 ortho to the azc lintage enhanced cytotoxie activity and
facilitated the reduction of the azo limkege 0 7498, This led to the

synthesis of 2'-cartoxy-2-methyl-4-(iZi~di-2-chloroethylaminojazobenzene

(54: R,=H, R,=CZ,, R =C0,.H, X=C1) (CB 1414), ocne of a few drugs that
1 2 3 2

exnibited sign1~1 snt activity towards Lymphome-8. Althoush in

toet

1AV

(0]

th?ory these active azobenzene derivalives vere desirmed to treat

liver tumours, in practice these did not respond well to alkylation

even thouzh they are situated sc that they receive high doses. Tasse
1

ess sensitive then bone marrow cells snd therefore

409

liver tumours =zre
bone marrow itoxicity limits their treatment, Ross snd co-workers
have developed an aéomustard that can be confined to the liver and is
hydrolysed o harmless products before reschingz the bone marrow. he

highly inzctivated 2'-ca 7"co:«::-;—2-7:0th;;.-"l-—d—(1712-—-"li-:2—brorézoprap;/l?..n*ino)-

azobenzene (54: 31=.2—V 33 R ~F 23, X=Pr) is reduced in wvivo to the
corresponding para smino ﬂerl tive which is extremely active and has
a hydrolysis half-1ifz of only 41 seconds CCﬁparéd to the free zmine
from CE 1414 with a hydrolysis half-1ife of 8l minutes and a circulat-
ing time of 20 geconds in man., It Is the only drug known that can

te rorression of liver funmours al doses tcleruted by the
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Various carbamates of the very active nitrogen mustzréds 4—(Hﬂ-di-2-
chloroethylamino)phenol (53) (C.I1.=2.3) znd 4-(WN- li-2-chlorcethyl-
amino)phenylenediamine (55) (C.I.< 1) have been synthesized. Remark-
ably high C.I. values were achieved401, so that, although these
carbamates were designed for enzymatic activation by hydrolysis of

the carbamate linkage, further activation was achieved by the selective
uptake of these agents by specific receptors and site-directed
catalySis41o, Among the carbamates derived from the phenol mustard
(53) the most active was found to be 4-(iN-di-2-chloroethylamino)-
phenyl -(4~carboxyphenyl)carbamate (56) (IC 140)399 having a C.I. of
17. Compared to chlorambucil with a C.I. of 12, this result was very
promising. Its reverse carbamate (IC 213) (Table 1) was soon found to
be three times as active; and other carbametes (57) of the aniline
mustard (55) were found to be three times or more as active as IC 213
(Table 1)72411-412 (5, 53)

The present work being described here was designed to investigate
the effects on the cytotoxicity of carbamate derivatives of tymes (56)
and (57) where the substituent group was introduced in the aromaiic
ring containing the active nitrogen mustard group.

A very common problem in drug design is to find the optimum
substitution on a benzene ring for maximum drug cytotoxicity. So far,
the choice of substituent has been based mainly on experience and
intuition, but now, a more rational choice mzy be made based on the
developement of the Hansch method413_415 for the structure-activity
correlations involving the partiticn coefficient of compounds between
water and octan-1-0l (log P) (for lipophilicity), Hammett's signma
constant (¢’) and Taft's polar substituent constant (cf*) and steric
paremeter (ES)416’417.

The design and developement of highly active and selective drugs
is therefore essential in the drive to achieve cure rates rather than

mere palliation in cancer patients and it is hoped that the following

work will contribute towards this goal.
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AROWATIC DIVUNCTIONAT NITROGEN MUSTARDS

A survey of the literzture revealed that the first aromatic
nitrogen mustzrds to be synthesized were 2-(N-2-chlorcethylamino)phenol
and (N-Q-chloroethyl-N-2—hydroxyethyl)aniline, prevared by Knorr418
in 1899, Hovever, the first difunctional aromatic nitrogen mustard
was only prenzred in 1934 by Robinson and Watt419 when they synthesized
(imi-di-2-chloroethyl)aniline. The preparation of an aryl nitrogen
mustard usually involves the intermediate preparation of the aryl
alkanolamine which is subsequently halogernated to give th: nitrogen
mustard. In the following short discussion cn the preparation of aryl
nitrogen mustards attention will only be focused on the prepvaration of

aryl chloroethylamino derivatives.

Preparation ¢f Aryl Diallanolamines

Thie mosl commonly used method of preparing di-2-hydroxyethylamino
derivatives (henceforth zbtreviated 'diol' derivatives) is the react-
ion of anilins derivatives with epoxides, usually ethylene oxide (58).
Various ways of accompliching such a reaction have been used by
various people, ranging from stirring the two reactants at 0° in the
presence of a solvent, to the hezting of the two reactants with or
without solvents in a sealed tube to temperatures as high as 200° 420.
The verious conditions imposed for bishydroxyethylation depend on the
basicity and steric environmeni cf the aromztic amine, as well as its
solubility. At room or lower temperotures, the solvent normally used

is 505 aqueous acetic acid btut, depending on solubility and reactivity
418,421 .
. £

d7‘*

of the anine, water or glacial acetic acid have been uged

these conditions, an excess of liguid ethylene oxide is employe
the acetic acid probably acting as a catalyst =zs well as a solvent.

Tre more basic the amine, the readier hydroxyethylzation is schieved.

4 siri%ing example of the impcrtance of the basicity effect is the
reaction of tre three nitrooniline isomers with ethylene oxide respeci-

ively, Bicksa znd Degutis found that 3-nitrogniline reacts readily
with ethylenz oxide to give the diol42“, that 4-nitrozniline only gave
423 and that 2-nitroaniline gave only

storting materisl and ile morohydroxiyetrylamino derivative*L4. Resultis

the diol with great difficuliy
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obtained during the ccurse of this work are in agrecment with Bieksa
and Degutis'® work and ars also substantizted by the values of the
basic strensihs (pK. .) (Table 2) of the respective isomers of nitro,
chloro, methoxy, methoxycarbonyl and rydroxyanilines, measured

425-428 o)
? 5 ‘r2 at 25

(in terms of the half neutralization voltage m1

11211429

titrimetrically
1429
concluded that the strength of the amlne, in water, is a
reliable index of its base strength in organic solvents, differences
in solvation, siteric effects and entropy not teing important enough to
cause major disturbences in the order of respective base sirengths.
One can therefore correlate the basicity of the aryl amine in aqueous
acetic acid or in organic solvents with the pr values of the aryl
amines in Table 2.

At temperatures of 900 or higher, equivalent quantities of the
amine and the evoxide are used, and heating is effected in a sealed
container. Under such conditions, much higher pressures than atmos-
pheric are built up. Usually, rno solvent is used but occasionally
benzene is added to facilitate the addition of the reagents into the
sealed container, Ross74 furthermore emphasized the importance of
adding only the theoretical amount of ethylene oxide - polymers of

420

type (59) are otherwise formed. TFriefelder and Stone exenined in
detail the reactions of various anilines with ethylene oxide. m“us,
all the methoxyanilines end 3- and 4-chlorcaniline react at 90- 100°
over 5 hours to give the respective diols. However, 2-chlorcaniline
needed heating at 1500 for 15 hours to give cormparable results,
heating at 900 for 18 hours giving only 45/ of the monohydroxyethyl-
amino derivative. At 150 3= znd 4d-nitrcanilines also gave the
respective diols but 2-nitroaniline could not be induced to reactdao
An alternative reagent to ethylene oxide has been reported
several times. The reaction of the =zxryl amine with chlorchydrin
is normally achieved in the prezence of a bzse, usually calcium
carbonate, at high temperaturee eitrer by refluxing en aqueous solut-
ion342 or by heating without
100°, wsuzlly at around 130°C
hydrozen halide formed (60).

Using these rmethods, the three isomers of hydroxy-(1li-di-2-

olvent at higher temperatures than

2 =
‘*2
“2 to remove the

Ina
0]

The base

277,431 apee 1 .
rydroxyethyl)aniline 511,42 of chloro—(ﬂﬂ—d1-2—hydroxy3tnyl)
19 A2Z_ AZA
5‘ -2i-2-hyéroxyethyl)

342,423, ~
aniline , O
. e s ; . 2=434
and of metnoxy-(4“—a1-2-nydroxyethyl)anlllr 43 5

0e, 43
anilinerm’:'JE’':’5

wers prepared.

in an agueous rhase or roienticmetrically

in various solvents.
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e
! OH
R N@CHzﬁ—O
' (53)
=N N(CH,EHX), H2N®N(CH2CH2CI)2
2 2 3 R
3 2
(54) . (55)
N(CH,CH,Cl), N(CH,CH,CI),
0 ' HN
C=0 (s6) C=0 (57)
HN
X
COH
R’C/io—,CHz R’ Ho_}CHZ
RN o - RNHCH2CHR'0H —-"--RN(CH2CHR’OH)2
A A
|
e (58) —mrmmmmnsd 5

RN[CH,CH,(0 CH,CH, },0CH,CH,0H],

(59)



Table 1. Urethanes of type (57)

IC lc. X ..
213 p-00, K 46
220 p-COZIe 137
235 m-COZH £5
254 m~CC,ie 150
220 p~-Cl 0
291 p-0kle 17
292 0-0e 140
296 m-0lie 170
297 | p-CH,CH,CO I 140

Tabhle 2, pr values for substituted anilines in agueous solution

at 25°¢;

£ —‘102 ~-Cl —CCQI-le =Clie -CH -002H b1 ]
ortho|l -0.05 2.65 2.23 4£.52 4.65 2.2
neta 2,27 3.67 5.55 4.23 4.25 3.1 4.63
para 0.99 | 4.75 2.46 5.34 5.55 2.5

RNH, + 2XCHoCH;OH —2 s RN(CH,CH,0H),
(60)

(61) .
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The only other general method used to prepare arylalkanolamines
is via the aromatic nucleophilic substitution of activated functional
groups, mainly halogeno and nitro groups, by alkanolamines, usually
monoethanolamine. The first synthesis of an aryl dialkanolamine using
this method was reported by Waldkotter who prepared the corresponding
'diol' by refluxing diethanolamine with 2,4-dinitrochlorobenzene in
ethanol for 5 hours436. The chemistry of and uses of this reaction
will be discussed later. A large number of aryl monoethanolamines
have been prepared by this method but very few successful preparations
of aryl diethanolamines have been achieved, prior to the work being

reported here, using this method.

Preparation of Aryl Difunctional Niirogen Mustards

The dialkanolamines described above have been halogenéted by
various reagents, the most comnon of which is undoubtedly phosphorus
oxychloride, followed by thionyl chloride and phosphorus penta-
chloride. Phosphorus oxychloride in chloroform or benzene under
reflux conditions has been used as an efficient chlorinating
agent342’431’437. Phosphorus pentachloride in chlorofoxm with reflux-
in3542, thionyl chloride in chlorcform or in chloroform plus dimethyl-
412 439

s in benzene under reflux conditions
00440

formamide or in pyridine

at temperatures belew 60 have alsuv been used. However, thionyl
chloride is liable to esterify rather than chlorinate aromatic (NN-di-
2-hydroxyethyl )amines, particularly if these aryl 'diols' contain
strong electron accepting groups (e.g. nitro groups) in the ortho or
para positions to the substituted amine groups441. ‘Therefore, aryl
alkanolamines containing nitro groups at ortho or para positions are
never chlorinated with thionyl chloride, and phosphorus oxychloride
is usually used.

Various other chlorinating agents have been used in the symthesis
of aryl nitrogen mustards. p-Toluenesulphonyl chloride (tosyl chloride)
in dry pyridine at temperatures around 100° is one example - tosylation
of the hydroxy groups being achieved first followed by subsequent
chlorination at the higher temperatures442. White438 achieved chlorin-
ation using milder conditions. He tosylated the 'diol' using tosyl
chloride - dry pyridine at 0° for 48 hours. The isolated tosyl
derivative was then chlorinated with lithium chloride in dry isotatyl
methyl ketone at 100° for 12 hours, obtaining the respective nitrogen

mustard, Werner443 also achieved good yields of the aryl nitrogen



55.

mustords by rezcting the tosyl derivative, obtained as in Vhite's
method438, with dry lithium chloride in dry acelone in a sealed tube
heated at 82° for 8 hours with sti irring. lletharesulpzenyl chloride
(mesyl chloride) in pyridine has alsc been used to chlorinate various

aryl diethanclamines. The metho? was first used by Goodman andé Do
144
Gl

by heating the diol with mesyl chloride in pyridine at 80- QO

445

Graw

for 20 minutes. Rergel and cc-workers refluxed the chlorinating

T1

seclution for 20 minutes while Ross zand co-workers also uzed this
chlorinating agent at 80° for 20 minutes. But Coodman and co-

workers188 found that hezting

=

ras not always necessary, chlorination
being achieved simply by stirring the reactants in pyridine at room
temperature for about 18 hours. The need for a rezgent that would act
rapidly in mild and essentially neutral conditions led Lee and co-

446’41'7 +

workers to use triphenylphosphine in excess anhydrous carbon
tetrachloride as the chlorinzting agent. Refluxing at 80 for one hour
was sufficient to achieve chlorination, the only by-products of the
reaction belnrkgﬁosnllnn oxide :nd chloroform.

285 round that the morpholinoe ring (61; R=Fh)

Cerkovnikov and Siern
could be cleaved by hot hydrobronic zcid to yield the bromo niirogen
mustard (61; R=Fh, X=Br). Bieksz and Deoutis424, however, found that
N-(2-nitrophenyl)morpholine (61; R= 2~N02Ph) was very stable and the
morpholino ring could not be cleaved - heating with 48% hydrobremic
acid in a cealesd tube gave only charred producis. This stability ws
not characteristic only of the niiro group fbr its ccrresponding 2-
aminophenyl derivative still gave no chlorination product. Vingiello

8 . .
44 » bowever, succeeded in repsating Cerkcvnikov and

285

and Duranleau
Stern's method Trey managed to obtain the corresponding di-2-
chlorcethylamino derivatives by hteating N-(4-bronophenyl)morpholine,
N-(4-tolyl)rorgholine o N-{1-nachihyl)morpholine with concentrated
hydrochloric acid and zinc chloride in a sealed tube at 180o for about
36 hours, achisving good yields.

+

Alkvlaticn Reactions of Jromatic Niireozen Iustards

Alkylation may be defined as the conversion of:
A:T 4 ReX e R-A + Xi | eeveeneeesns (1)
where R is an alkyl srour and A, in biological terms, is a nuclelc
acid or & protein., 3guation (i) may proceed within or via two

extreme mechanismg, narely, SN1 or SN2 mechanicsms,
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in SV1 mechaunisn weould involve tre slow golvent-assiszted ioniz-
EA

ation of the alkylating acent followed by rapid reaction of the
resulting carbonium ion wvith the nucleeophilic centres. 4n ST1 mechan-
.

ism implies that the rate of the reaction is indesvendeni of the

concentration of the nucleorhile A: (V -~
I 1
V

aolvent L+
R-X — + T 2 1
Ie e S solv. “solv. ( )
- + e .
PL: - _ﬂ R— A ® & % & 9 * vV & et PTG A S GG e A e e RNL e l
A+ R, Tost “a (3i1)

On the other hand, an SN2 mechanism involves the rate determining
formation of an intermediate complex (a--R--X) followed by the fast
elimination of the leaving group X: . As such it is strengly denend-
ent on the concentration of the alkylating agent zs well as the

concentration of the nucleophile A:~ (V2 = kz[R—X][A:-])

AT 4 R-X et [1m-Re-X] = AR+ X7 L.l (EV)
r.d.s.

In the particular case of nitrogen .ustar;S, the neightouring
group effect of the nitrogzen atom on the displacement of the halogen
leaving group from the alkyl group assumes particular imporiance,
The nitrogen atom acts as a nucleophile with unshared electrons

capable of forming a bond to the B-carbon:

R* . R? ky R! -

- Ve X a1 210 CH... L] == R-I H seeaseel’
R-N_ /c“2 X ==I7 e Hy. K| == R +<| + X (v)

CH L L .
2 2

R! k, _ R R!

N ._ —t - - S {:"-" es a0 i
R-;ﬂ AT SRR .0, ] N (vi)

L Cr2 Gy

Tre analytical evidence for the fermation of the cyclic aziridin-

ium ring during the hydrolysis of HI2 was first presented by Hartley

65. The

a4 - .
and co-—"'crkem*“9 and supvlemented by Golumbie and co-warkers
overall kinetics aredependent on the relalive rates of cyclization

and subsequent reaction with nucleonhilss, If %, is rate determining,
L

then the reaction follows a "superiicial S, 1" mecrhanism, Rut i k2
i

'

is rate deterrmining, then the reaction feollows a "modified Sv2"

nechanism, PFarthermore, sierecchemiczl and kinetically controlled

accomoanied by a Walden inversicon whether conditiors zre favourzble
T

to S..1-tyre or S.,z-trT itrngen aton, therefors,
N )

exercises steric control on the reaction™ .

In alighatic rnitrogen nustards, the cyclisation ster is very

-

rapid. In ithe particul:zr example of Hi2, the Tormaticn of the

D
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aziridinium ion is complete in two minutes at physinlogical conditieons
Once formed, the aliphatic zziridinivm =21t is rel-~tively stable, the
ring-opening reaction being very slow (the half-life of the hydrolysis
reaction of the aziridinium szlt of H¥Z is more thon one week at
physiological pH and temperature). The sziridinium salt theretore

65

accumulates and can be detected, Golwnbic and co-viorkers isolated

21,

the picryl sulphonate of Mi2 wnile the formation of the aziridinium

A 45D .
151,45 . The formation

ring has been establishked by IR speciroscopy

the aziridinium salt has been furthermore shown during titrimetric
measurenents of the hydrolysis of B2 - a rapid relezse of one equiv-~
alent of chloride ions but a much smaller relezsze up to one equivglent
of hydrogen ions results in the formation of the half-hycdrolysis
product (stabilized as the hydrochloride)65. Titration with thio-
sulphate gives 2 measurse of guaternary nitrcgen ions present in soluticn.
In the hydrolysis of zliphatic nitrozen mustards, rapid consumption of
thiosulphate indicates rapid formation of the aziridinium salt. PFinally
hydrolysis of 1-diethylamino-2-zhloroprovane gave rise to 2-diethylamino-
propan-1-0l, confirming that the reaction proceeded'via the initial
formation of the respective cyclic aziridinium salt453.

These facts having bezn established, it is now universally

accepted that the reactions of nucleophiles (including water) on

aliphatic nitrogen mustards proceeds via the "modified SN2" meci:anismg

\ ?H 01 /CH2CH Cl
! k ..
R.N(CiiCH,C1), == BR.E — 2 =R.N ceeesesa(vii)
< A
ki + CH,,CH, 4

However, two major conflicting theories have been expounded on
the mechanism of alﬂylation of aryl nitrosen mustards. As a result of

the initial synthesis of several cytotoxic aryl nitregen mustards,
342

Ross and co-workers’"“ examined thre hydrolysis rate of the various

aryl di-2-chlcroethylanmines they had synthesized. They develoned a

method of measuring the percentage hydrolysis under standard conditions

(20 mnoles of the nitrogen musterd per litre dissolved in 50% aguecus

acetore and heated at 50° for 20 nimites). From suach a study, Ross and
352,406 o 45 . .
co-worke 3:;-173”“r 7YY and Zerge l”’4 zsserted that the mechanism of

nucleophilic substituition (hydrolysis or alkylation) for aryl ni‘rcgen
that of zlirhatic nitrogen mustords, and
they proposed that the reacticn fecllowed an S1 mechznism givirng rise
i

to 2 carboniun ion intermedizte rather tnen an aziridinium salt: .
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k U-‘, ull \JA. k / J-A2 LIJ.AQ\J
Ar., u(ca cH '1)2 - R e o i ceveea(viii)
k. C%,.CH ! : CH, CH_A
) 272

riel based their assumptions cn the experimental

obzervetions that: (a) the rezction followzsd firsi order kinetice,

(b) chioride and kydrozen ions were sirmltancously libersted in

equivalent guantities without an intermediate half-hydrolysis product
hi

111

being obizined, (c¢) trhe instanianeous t

'_!
hj'

hate titre was negligible,
() the rzte of allylation (or "y*“oljsla) vias indevendent of the
nucleoprilic centres, (e) electron donating substituents on the aronmatic
ring facilitated ionization of the carbon-hzlogen tond resulting in
easier formation of carvoniwm ions, and hence, in an increase in the
rate of alkylation or hydrolysis (as expected of an Syt mechanisn)

electron donatins substituents increasé the basicity of the nitrogen

(D

atom meking it more reactive, (f) the presence of added chloride ions
reduced tre degree of hydrolysis,. (g) ntroducing an electron donating
group (e.g. methyl group) at C £ the chlorecethylamino group, or an
ethyl grour on the nitrogen abom, resulted in z considerable increas
in the reactivity, (2) the relative amounts of aster and hydroxy
compounds formed vhen the halogen of 2-naphthyl nitrogen mustard was
chlorine cr bromine, =nd when the lons wexre added, were the SRme;
indicating a czrbonium ion intermedi , (1) (d-ethyl-¥-2-chioroiso-
propyl)anilire and A= (i%i-di-2-ch orovsopropyl amino)chlcrobenzene
underwant hydrolysis without rearrangement, therety, =zccording to
Ross*06, excludirz the possible formation of the intermediate azirid-
injum ion.

In the fifties and sixties, most workers in this field acceptied
457

. . 16 . .
the 8“1 mechanism, while Connors nd others were still favour-
b

ing a superficizl 5.1 mechanisn as recently zs 1975. PBut there were
i

a few cthers who propesed differsrt mechanistic pathweys., This,
Hanby and co—work033455 posiulated 2 possible tautomerism batween the
ciridinivia ions and the corresponding carbtoni-zn ions., Ieorard and
CI‘J'.stZ":'6 reasserted that such tautcmerism was possible, particularly

if a stable tertiary carboniuwm ion ean be forr

: N,
R = 2.0 CR!
2NECRy o Z 2

Fut extensive sterecchemical studies of an znzlogous ring opening

rcaction, the cationic polymerization of epoxil2s, srowed that
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nucleophil attack on the c¢yclic oxoniwm ion proceeded with inverszion
of configuration at the carbon atom underzoing =ttzcl, thus disvroving

the forinetion of the corbonium ion from the arviridiniws iond

e
CEMe Hile R [ CHYe
~0 | e T 5;2 z-v-C——CH—CH—_-*_O<
\crte NCie | | Hile
A58 . .
On the other hand, Bardos and co-werkers'~™ investigzted the

relative SH1- and SW2— reactivities of various aryl nitrogen musitards,
as measured by Ross's method of percentage hydrolysis, 2s well as by
their alkyleting activity towards 4-(4'-nitrobenzyl)pyridine (NEE).
They estahlisked that the hydrolysis rate and alkylating activiiy were
dependent on the basicity of the nitrogen atom and so they decided that
+the transition state for the hydrolysis reaction was a 'solvzied

cartoniwnm ion - nitrogen dipole'!, conformationally similar to the

=

aziridinium ion, thus following an Sq1-ty§e regctivity:

ATTgennn0H
Lo SemmenelUil

AW

CH

2

Bardos and co-workers also proposed that the alkylation reasction with
NEP followed an SH2 complex mechanism with nossible Tormation of an
aziridinium ion-tyne intermediate. '

Trese mechanisms have been discarded es hignly improbable by
Owen and co—workers459, Priue46c, Price and co-workers45? and
Williamson and Yitten 6 . Instead, they maintained that tre involve-
ment of the nitrogen ator in the displzcement reactions of aryl
mustards can be explained by an identiczal mechanism to that esteolished
for aliphatic nitrocen mustards, namely 2z 'modified N2 rechanism
involving conventional gziridinium Zons. Serutinizing the nine points
provosed to exnlain an 811 mechanism, listed ztove, one czn see, in

- . \ . ~ T -
respective order cf meniion, that (a) the obaexvation of first oxder

kinetics does not distinguish bhetween an S.1 cr an S.2 mechsnisn

i
1% is
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untenable since this amounts to the efficient tranmris-cics of =zn
inductive effect over more than two carbo
be expleined on the uasis of an in
atem onto the nitrogen atom, with formation of an aziridiniur ring

- electron donating grovus increese the basicity of the ni

)

and facilitates ring closure and formation of the aziridinium icn,
(£) the experimental observation that a2dded chiloride ions reduced

the degree of hydrolysis can be explaoined on the basis of the common-

ion effect which is observed whenever z discrete reactive intermediazte
is obtained in a substitution reaction, (g) the increased degree of
hydrolysis as a result of = methyl group at C, or of an ethyl group

2
on the nitrogen atom can also be explaired on the ba51g of formation

of an asiridiniuvm ring - (Eﬁ-di—}—cnloronrO“Vl)unlll was found to
undergo hydrolysis at rates slower than for the corresponding 2-chloxc-
ethyl derivative, whils (Kﬂ-di-6-chlorohexyl)aniline'was not apprecisbly

et

£06
hydrolysed™ =, again indicating direct involvement of the nitroge

J

atom in the fundzmental mechanism of hydrolysis or alkylation,
Increasing the number of carbon atoms, made entropy reguirements fox
cyclisation too high, makirg cyclisation less favourable and resulting
in a slower reaction, (h) agzin the observation that the relative
amounts of alkylation and hydrolysis products with some chloro mustards
and bromo mustards were the same, can also be explained on the basi
of an aziridinium icn intermediste; furthermors, Chapnan and James
found taazt the rate o e of tromide and iodide ions frcm corres-
ponding bromo and iodo musisrds were much larger than expecied of an

8,1 mechanism, (i) lack of rearrangement of (N-ethyl-I-2-chloroisopropyl)

N

e

0
nilinecannot be justifiably used to conclude tnail zziridinivm iocn
intermediates ave not forwed., It simply indicates that, on thermo-

dyinamic grounds, nrobatly as a zesult of steric inhibiticn

by nucloorvkilic attazck on the seme carton ziom that originally —ing-
J !

iridinium isn, In fact, Cwen and co-woriers

[(]

Z
have establisied that [K—mathyl-H-(1—methyl—2—h"l::r"etr l)]g,llln
when chicrineicd, gave rredominantly [L-:e
ethyﬂj]a:iline Tlus seme urnrearrangel produc

this mixture gove even more predominantly [I—methyL-ﬂ-(Z—metnyl-2-

acetouyetiyl)]aniline:

e e ie L.e e e le
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; 463

Work crrried ol in this laboratory by Baig and 5flomos, on a
nuriter of sicilar compouﬁﬂs, with substituents in the aromatic ring

[y

lphonyl rather then halogenr leaving groups, have

L o=

cenerazl formation of zn intewiediate aziridinium

o of the devterium label was sstablicshed when three

representative zryl mustaxds, labelled with deuterium at 02, were
4539 . : . .
hydrolysed or acetolysed'™””, again rroving the intermediate formation

of 2n aziridinivm ion.

Finally, Ferges and Peradejordi464 used the LCEO-KQ/LCAO-AO
method to calcuvlate the sigma-charge densities and Huckel's
LCAC-10 methcd to caleulute ithe pi-charge densifies, of a series of
NEi~di-2-chlorcethylarilines, An indcpendent method using more
complicated quantum mechanical procedures showed that both metheds
gave similar guantitative results from which they concluded that
both hydrolysis and alkylation reactions depend larzely on the
anchimeric power of the nitrogen lone pair, azgain supporting the form-
ation of aziridizium ions and confirming that ring subsiituents have
a mesomeric influcnce on the anchimeric power of the nitrogen atom
and that the 'modified S P“’ mechanism is equally vzlid for arcmatic
as for aliphatic nitrogen mustards. Aryl mustards differ from
aliphatic mustords only in thair'réte of fovmcoticn of the aziridinium
ion, which is slow in aryl nusitards mainly as a result of the electron
withdrawing orogperties of the aromatic ring. Thnis effect decreases
censiderably the overall basicity of the rniitrogen atom - the pKa
values of the aniline mustard and HN2 are 6.1 and 2.2 respectively.
Such a great difference must obvicusly affect the rate of cyclisation

in such a wey that k, in egvation (vii) will be considerably reduced

3]

aking k2 greater than k1 nd therefore giving rise to apparent

first order ¥inetics.

Arozztic Nucleeothilie Subistitutien Rezetions of Dishlorenitrotenzenss

465

Holleman and co-workens prepared all six iscrmeric dichloro-

nitrotenzenes and investisated their nucleophilic esubstitution react-

ions with methoxy rnions zrd diethylamine. They found that only one
chlorine atom was rerlaced, that ortho prevsiled over para substitution

(the 2-chlere aiem was renlaced much nore easily tran the 4-chloro

chlorinz ztoms in a meta vozition to the nitro greup were inactive.

Further-ore, with the excevtion of 2,6-dichloronitrobenzene, “he extra
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chlorine atom accelerated the renction of the 2-chloronitrobenzene.
L . =0 . .
Their relative reactivities at 85 ore summaorized belows:
. - . - z - 1
Izomar 2- 2y 2~ 2y G- Cy - 2,C~ %y &
Ole C. 3259 1.74 10,41 Z.93% 0.135 17.42 1.39
IEDt 1.4 1.6 27 6.7 0,24 L. 0,65
z\
(x1077)

They concluded that tre introduction of a nitro group in dickloro-

henzene greatly enhanced the reactivity (introducing a chloro
group in dinitrobenzene had a similar e’f°ct), and that incressing
the temperaturs cof the reaction from 85 to 110° y increased the rate
and ease of reacticn eighifold.

The aromatic nuclecthilic substitution of zctive chloronitro-
benzenes had been known for a long time. ZRellstein and Kurbatow466
had condensed 2,4-dichloronitirobenzene with ammonia obtaining
substitution of 1he chlorine atom ortho to the nitro gvoup. Since
then, several other nucleorhiles have been investigated includin
alkanolamines. Moran467 waes one of the first workers to use meno-
ethanolamine as a nucleophile in the substitution of 2, 4-diniirochloro-
benzene., He achieved this by heating the reactants in ethznol, in
the presence of a hese (sodium hydroxide), at 80°. Karrer and co-
Workersé68 heated 2-chloronitrchenzene with monocethanclamine, in the
presence of anhydrous sodium acetate, for 24 hours at 1200, znd latexr
carried out the seme reaction by refluxing in pyridine’ 169 obtzining,
in each case, 2-(i-2-hydrovyethylamino)nitrobenzene.

As a result of extensive work at City Collese, New York, Meltsner
470

and co-workers discovered thzt the reaction of ethanolamines on

nitrohalides brought about, not only condensation, but also reducticn

to the corresponding azoxy, z2zo or amino compounds, hydrolysis or
combinaticns of these reacticns - the yield of zny product depending
alranolamine, any added alkali, and the time
of reaction., Krener reveated Xarrer's vork" on 2-chkloronitro-
2 plus z small

. 4-Chloroniiro-

&5
yield of 4,4'-dickloro-

Q
D
<t
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&
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&
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& obtzined the non
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A m agatn = LN - - - ~ A --
azcheonzene, while ,—ch‘o:~ﬂltro¢cr1e;e gave only reduction producis.
7
[ AP arA vrrm e ‘452 ol O serizens wit: disthanol
L2 LUESNer anl COo-=VoTIier rorctaed Z~chloronitrcienzene wiitn disthanol-

a
amine at 180" for 3 hours. The products of ithe reaction isolated, even

without the vressnce of added alkzali carbeonate, were I—(°—¢P1P0T1DTJ1)—



morpholine, 2,2'-dichloroazobenzene, 2-chlorcaniline and 2-niiroghencl,
while a similay reaction vwith 4d-chloronitrobonzene gave only the azo

. . - AL s . ; .
derivative. Biekeca and Degutis™ ' confirmed this ad stated that

e

reactions of 2-chloronitrobenzens with diethanclanine, undex different

conditions, yi2lded complex mixiurss, noi easily separaiad by thin

layer chronziography, of the azoxy, and azo derivatives, Kremer and

Kress473 investigated the mechanism of sucn reductions and confirmed

that the ethanolamine is deccmposed into ammonia and an aldehyde:
HN—CH, . :

‘H\/CHOH————-—NH3 + CH7=CH-OH-=—eCH,CHO

Kremer and Bendich474 then considered the corresponding reactions-
of ethanolamine with all six dichloronitrcbenzenes. They achieved the
respective condensation reactions by refluxing the dichloronitrobenzene
with ethanolamine in propyl or tutyl alcohol in the presence of
magnesium oxide as an acid-binding agent. Their results, as shew
telow, were in agreement with those obtained by Holleman z=nd co-

465

~

workers except that 2,S-dichloronitrobenzene was found more reactive

than the 3,4-isomer:

Icsomer || 2,2~ | 2,4-| 2,5-| 2,6-| Z,4-
7 Yield||l 60 g8 70 1 64
/
6 4 3 ) s - ~
Holleman4 5, Kremer474 only obiained substitution of the 2-

chloro atom in 2,4-dichloronitrobenzene, agein indicating -the much
higher activity of oriho chloro atoms to para chloro atoms in chloro-

475

nitrobenzenes. However, whren Krener and Tendich progressed to
disthanolenine condensaiions on the isomeric dichloronitrobenzernes by

X Can . . . o)
heating with (or without) anhydrous codium carbonate at azbout 175 for

(D

approximztely 4 hours, no condensciion products we obtained and only
+3

[oN

~J
reduction and hydrelysis producis znd ters were isolate

elcchnt arose as a result of den Hertog and
Jouversna's observation476 that the con ation of 2,4-dichloronitro-
benzene with agueous ammonia gave the expected ortno substitution
product, 2-zmino-4-chloronitrchenzene, and alsc a srmall smount of the

para subsiitution product, d=zmino-2-crnloronitirotenzene; wrile condens-

ation with zlcoholic ammeniz 11 the orthe subziituiion »roduet.

This established that = chenge of solvent resulied in a clhionge in the
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work and established that the o/b ratio for chloronitrobenzanes
decreased as ths solvent bLeeame more jolar - decreasing frem €0 in
ey

xylene to 1.4 in 1% dioxan-9%%5 water. They showed that the rate for

the ortho isomer remained relavively unchanged while that fcr the para
isomer increased., TFollowing the observations that vera isomers of

halonitrobenzenes rezct fasier than thre corresponding ortho isomers
65,478 , .
5,4 » but that the same para isomers reazct

slower with amines405’479 led Bunnett4so to summerize the then known

. . . 4
with methoxide znions™

data on such suvstitutions and propose a mechanism for them. Thus,
nitro groups accept electrons by mesomeric interactions and so, in
generai, activate about eguivalently thre o/b positions but not thre
meta position, Predominance of ortho substitution is partly the direct
result of additional inductive effects of the ortho nitro group. The
otservation that piperidine and N-deuteropiveridine react at similar
rates with both 2- and 4—chloronitrobenzene?79 indicates that the N-H
bond of piperidine is not broken in the transition state, indicating

further that the transition state is composed of a metastable zwitter-

Cl
O3
N
..-N\ _
0

ionic tetrghedral intermedizte:

- (62)

Such extensively ionic transition states would be strongly solvated
N &

and thus the rates of reaction wovld be solvent dependent, as

observ . The para transition stzte would obviously be grezatly
solvated but the electrostatic interaction between adjacent negative
(oxygen atoms on nitrogen) and positive (nitrogen atom of the amine)
ends of the dipolur ortho transition state reduces the requirements for
solvation giving rise to strong "puilt-in" solvation which increzses
the entropy of zctivation thus favouring ortho substitution,

However, steric interactions between the nitro group and ithe ortho
chlorine ztem in the ortho isomar was believed to offset pertially such
preferential ortho substitutions. To achieve manirum activation, the

nitro group musi achieve coplanarity with the aromatic ring in tre

(¢}
2
33
{
157
[
W
[
[{]
.

zwitterionic int 4 An ortho grour would partially impaizx .

atteinment of coplanzrity., Yet, attaimment of double-tondedness cof the
nitro group is ceriticzl in orisxr to zccomod

the pentzadiennte system, so
case of a grour vriho to the ni

4

the orihe treansition stzte zs compared 1o the

©

degree the free energy of
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unthindered para transition state. Tuis effect ves helieved to he
poverful enoush to overcome the inductive effect and the "built-in®
solvation effect In the reaction of chloronitrobenzenes with =zlkoxide
ions and to induce para substitution. A very minor effect could also
influence such preferentizl para substitutions - electrostatic repulsion
in the transition state between the negatively charged oxygzen atoms of
the nitro group and the partly negative incoming nvclecophile would
oopose ortho substitution. But in reactions with amines, "built-in"
solvation and inductive effects overcome zny steric compression effects
and establish overzall ortho substitution. In any case, in the reaction
of 2,4~-dichloronitrobenzere with nucleophiles, its nitro groun would te
bounded by an ortho group and would te potentially sterically hindered
irrespectively of whether ortho or para substitution prevails, so that,
all things being equal, ortho substitution dominates.
Several mecheonisms for such aromatic nucleophilic substitution

actions have been proposed but the multi-step addition-elimination

~mechanism is now generally accepted481 particularly zs strong evidence

of base catalysis has been established:

|
cl Cl *NR, NR,

-N 02 k1 O; /l&\ N02
k-1 B~k 3/ (ix)

K = ¥

(x)

Thus, by adding or omitting bases in tre reaction mixture, one can
exert considerable contrel on the relative retios of product formation
or reversion to reactants and therefowe on the cverazll rate-determining
steps. The interrmediate czn precceed 1o producls either spontaneously

) enerzl base catalysis (k,). at low base concenirations
s a straight line indiceting

-~

Zh conegentrztions of ta

b]

L3 2y
however, kY[B]:S>k ] + kg znd eguation (x) is simplified to k = k1.
Z -
i ob

In the majority of reac cse catalysis was observed,
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or where hase catalysis wes observad, k was linenrly dependent on [B]
over the entire concentration range. Absence of base esn talysis wounld

mean that k9‘> 4 4 Orn the other hend, the linear

ence on bese,

/7

d
when base cztalysis ves observed, indicated that “7[§FK11 ani that
% -
k,)(-(k 4 S0 that:

lioreover, as the base is usually the nucleophile itself, first order
kineties is usuzlly observed. Several factors deiermine whether =

reaction is susceptible to tase catalysis or not., One such factor is

4

the leaving group. In several sronatic nucleophilic substitutions, the

ound to ne

i ase
484, 4

._
sy

nucleofugicity (capability of leaving group) has been

5

MK

with decreasing pK of the conjugate acid of the leaving group:

Chiloride ions are therefore among the best leaving sroups and base

catalysis is usuzlly not observed, implying that k :$>k_ . (Alkoxide

ionz, on tre other hand, are very poor leaving groups and make the kz
ge

term undetectable). Changes in kg/k 1 ratics as a function of the

O

leaving group are mainly due to changes in k. since k9 refers %tc the

s}

[+

o+
3

bond-breaking proces is alsc affected since the leaving

k_,
group may alter the electrophilic nature, through its inductive and
polarisability effects, of the tetrahedral carien in the intermediate,
fnother factor is the entering amine. Differsnt amines affect tre
k2/k_1 ratio mainly through changes in LI k2/k 4 increases with
incrcasing pK of the amine, In reversing the zwitterionic intermediate
back to reactants, a charge neutrslization would be obtained so thati

k 1 would increzse considerably in non-polar solvents reducing the kg/

X " ratio. This ratio has been observed to be smaller for sccondzry

zmines as comrared to primary amines possibly due to steric compressions
204

in the intermecdiaite™  , The steric strain ic pertly releassd on revert-

decreases. IHut the

reg irndicated thav k
487 =1
piperidine™ ' were used

ation of 2,4-dinitro-

i

s G-dimetrvlpizer-

i
irnhibition was, cgain, not imporiant.

o

~iva

o

]
8]
[AY
0
(¢4
C+'
o]

- T+
2 [eRaiRe it franla )b
an oxtho nitrc group
e

o]
)~
4]
-
S|
(o]
t
[a\]

LR . - teep 2 PR, * A 3 1. LY PURS. RS ~
intremelecular nydrogen teonding in the intexrmediate comp
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294dgb=trinitolensens derivative in cgueous scluiion, a hydrogen hond
bt )

e - . P 1 vt e .
strangth of aoround 9,870l was sug.ested, Witk all the negstive

crarge being concentratzad on only one nitro group, as in 2,4-dichloro-~

O
nitrobenzone, the Lydrogen bond wovld bLe mueh stronger =rnd full proton
AQR
488 . . .
transfer may even result™ -, In going from ithe intermediate (63) to

the product, the hydrogen bond must be broken which would therefore

reguire extrz activation erergy. 2ut there iz no hydrepen bonding in
intermediate (62) ard no exira ac~1va,ion_energy would be needed., On
the cther hand, the drastic increzse in t “,/ ratio on ﬁovi‘g the

nitro group from the para to the cxtio position in reacticns using the

seme secondayy amine can be explsined on the basis that hydrogen bLond-
ing decreases k -1 ruch nere than k9 the strongsr the hydrogen bond is.
Introducing zn ortho nitrec group, itherefore, brings abo z change from

k2<£: 4 to } :$>A g even though the orthe nitro group could give rise
to steric hlndrance. In fact, reversion to reactants would also reguire

e

the bres=king of the hydrogen bond and more zctivation energy would be

needed, agsain indicating that k -1 would be decreased considerably.
The mechanienr of the base-catzlysed stevo n,) involves a fast

acid-base equilibrium between the zwitterionic 1ntermed1¢te end its

conjugate base followed by rate linmiting general acid catalysis by BH

resulting in the release of the lezving group:

* R2 Rz B"’H'X
NO; NG
+B—= + BH=—=

The mechanism for the uncatalysed step (kz) rust involve
simultaneous removal of the ammonium proton znd the halcgen leaving
group to aveid charse creation. A plausible mechanism was proposed

.48 .
by Bernasconi” 7 as being: H/NB-.z

z zs solvent when used in
excess. Supcort for such mechaniens was shomm by an investigation

of the trotion N.A zmpectizn of tre rezetion of methyl picraie with
t



CHAPTER
DISCUSSION AND RESULTS

Introdvetion

The importance of aryl nitrcgen mustards in cancer chemotherapy
has already been fully emphasized.

In synthesizing such mustards for biological screening, in the
rast, most workers have concentrated on disubstituted aryl mustards
but comparatively few trisubstituited aromatic mustards have been
synthesized and still fewer have been screened.

A comprehensive literature survey of almost all the trisubstit-
uted mustards synthesized up to the end of 1574 revealed that very
few'éminophenyl and even fewer phenolic trisubstituted mustards have
been prepared and that the most common substituents involved were,
in order: carboxy groups and their esters, methyl, methoxy, sulphon-
amido and halogeno groups. Rosz and co-workers 407 furthermore have
prepared several active azobenzene derivatives particularly with 2-

608,609 prepared several Schiff

methyl and 2-methoxy groups, while Popp
bases of 2- or 3-substituted 4-(iN-di-2-chloroethylamino)benzaldehyde,
A summary of this is given in Table 3,

Y¥ost aryl nitrogen mustards, though tumour-active, have veiry low
chemotherapeutic indices making them unsuitable for clinical use. The
exceptions, as mentioned on page 49, are mustards containing urethane
linkages. Carbamates of the disubstituted mustard phenol (53)

(e.g. IC 140) and of the disubstituted mustard aniline (55) (e.g.IC
220, 234, 290, 292 and 296) have been found to have very high chemo-
therapeutic indices; In such carvamates, the substiiuvents causing
highest activity (methoxycarbonyl, methoxy or chloro.groups) were
always placed in the aromatic ring not containing the mustard substit-
uent.

No single carbamate of the trisubstituted aryl mustard type has
ever been reported. The main aim of this work was to attempt the
synthesis of several trisubstituted mustard phenols or anilines having
a substituent of the tyﬁe mentioned above and subsequently to convert
them to the respective phenyl carbamates using isocyanates or chloro- \

formates.
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Table 3. Summary of a literature survey on aryl trisubstituted
mustards (excluding polycyelic aryl musierds as benzoxazole wor

naphthyl derivatives)
N(CH2CH2C02

—Z ]

Y
X ' Y Remarks References
2-0H 5-002Me B 439
3-0H 4-CO2Me ' 421
3-0H 4-COH 421
4-0H 3-002H 519
3-0H 4-0H 600
5-0H 2-Me dilydrogen phosphate 601
4-NH2 3-CO2Et 523
2~NH2 5-C02Et 530
2-NH, 5-C0,2 530, 531
4-NE,, 3-COH 525
2-NH, 5~CH,CO, 1 531
2-HH2 4-802NH2 hyérochloride 441
2-NH2 4-SO2NE1;2 hydrochloride 441
2-NH 4-50 ﬁr—hMe hydrochloride 602
2 2\_/

2-NH, 4-NH, dihydrochloride 603
2-NE, 4-Me 604
4-NH, 3-Me hydrochloride 277,605,409
4-NE, 3-0Me 317
3-0Ac 4—CO2H : 421
2-NHAc 5:C02Et 530
4-NHAc 3-C02Et ' 523
2-NHAc 5-CH200211 531
2-NHAc 4-NH2 hydrochloxide 603
2-NHAc 4=-NHAc hydrochloride 603
2-NHAce 4--.7.\102 603
2-NHAc S-NO2 603

2-NHAe 3-Me 377



4=N0
4-NO
4-K0
4-NO
5-NO
2-NO
2-NO
2-NO

NN NN NN

2-NO

5--1\I0.2
2-Me
2-Me
3-Me
3=~CF
3-F
3=C1
2-0Me
3=0Me
2-0Et
e
Me

2-Me
2-Me
2~-Me
2-Me
3=Me
Z-Me
2-Me

2-Me

2-e
2-Ne

2-Xe

2~Me

Z=tie
3=-0Me
3-Cl
2~ke
2=-le
4-Me
4-N02
4—802NEt

2

I\
- i N-
4 Sozh N-Me

4-CHO
4-CHO
5-CHO
4-CHO
4-CHO
4-CHO
4~CHO
4-CHO
A-CHQ
4-CRO
co 2I.Ie

C02h

4'°§2002H
4-(LH2)2002H
4—(CH2)2002H
5-C0C1
4-CN
6-Me
5-CONH, .
B
5~CONH-&
S0 H
>-505

5-802NH2

5-soznn¢éfg::ﬂ
5-50,1H-Lyy >

Remarks

% ok ok ok ok

all 10 isomers
all 10 isomers
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References

377,606

317

606

604
601,604,610

607
342,459,603

441

602

608
608,609
610

. 611,612
608
608

608,612
608
613
60C
601,614,615
617,618,619

2-Me-5-002H igs an effective

anti-tumour agent

toxic but not cytotoxie

616
619
615
619
610
608
406
409,605,618

605

605
620

620

620



2-He

3-}e
4=Me
OMe
2-0le
2-0Me

2=-0Me

2-0Me

5-C1
4-C1
3-C1
3-Cl
2-Et
2-Et
4-NEt

2-NEt
4-NEt
2-NEt

4-NEt

5-002Me
5-002Me
5-C02Me
5-C0 H
5-002H
5~C025
5-002H
5—002H
5-002H
3-CO2H
3-002H
5-802NH2
5~802N32
3-S0,NEt
3-802NEt

4-50, NEt
5-S0,,NH,

2

n

/\
3=S0 ZN.\_-I}-MB

2-Pro
2-is0Pro
2- tertBu
2-CCH

2
3-002H
2-Ph
2-isoPro
2-piperidino
2-morpholino
4-morpholino
4-piperidino
2-piperidino -
2-morpholino
4-morpholino
4=-piperidino

Remarks

all 6 igomers

T1.
References

620

317
433
433,630
601,621,615
615,621

620

620

622
623
433
433
601,615,624,616
615 .
523,531

3
625
626

627

615
615
615
616
628
616
616
531
531
531
531
626
626
625
625
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X Y 4 Remarks Referenceas
3-8024::§Me 4=-piperidino - 627
3-802é::§Me 4-moxrpholino 627
3-1 4-(CH2) 3002H 629
351 4-0}1201{(1432)0025 629
2-0Me 4-CH=C(CN)2 608
3-C1 4-CH=C(CN)2 : 608

=N N(CH,CH,CD,
213
. X
2-Me 4'-0le 407
2-Me 2'-Cl1 407
2-Me 2'-N02 - 407
2-Me 2'-0023 vexy active 407
2-Ma 4'-002H 407
2-Me 2',3'-benzo 407
2=Me 4'-Me, 2'-002H ' 407
2=ls 2'-0H, 5'-N02 407
2-0Me 2'-0025 very active . 407
3-0OMe 3'-COH _ 407
3-0Ma 4'-CO2H 407
3=-0Me 5'-N02 407
3-0Me 4'-NO,, 407
2-0Me 2'-0H 407
2-0le 2'-0Me , 407
2-0OMe 2'-Ne 407
2-C0 Me 4'-N02 407
2-002H 4'-N02 407
2-002H 4'-002H 407
2-002H 2'-CN : 407

* A fairly large number of Schiff bases were prepared by Popp608’609

by condensing the aldehyde with various amines, These were of the

general structure:
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N(CH,CH,Cl)y

X

CH=N—Y

where X was 2-0Et, 2-OMe, 2-Me, 3-Cl, 3-F, 3-CF3 and particularly
3-Me, and YNH2 were amines as: p-fluoroaniline, cyclopentylamine,
3~aminopyridine, p-bromoaniline, p-aminophenylmercaptoacetic acid,
methyl 3-amino-4-hydroxybenzoate, 4-aminoantipyrine, {-aminobiphenyl,
1=aminoanthracene, fluorenone hydrazone, N-benzoyl-I-tyrosinehydrazide,
2,4,6-trifluoroaniline, 2-fluorcaniline, 4-fluorobenzylamine, 4=fluoro-
3=methylaniline, 4=fluoro-2-methylaniline, 2-amino-4-nitrobiphenyl,
1-aminoindane, 1-aminopyrene and N-amino-1,2,3,4-tetrahydroquinoline.
0f these, three have been found to be very active anti-tumoux
agents and have undergone clinical trials (X = 3-Me, Y = P-FC(H,,
0-06H506H4 and cyclopentyl).
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Phenolic Methoxycarbonyl Nitrogen Mustaids

One such nitrogen mustaxrd was first aynthesized by Johnson439 in
this Laboratory though, unfortunately, the yield of the chlorination
step was not reported. Johnson439 had prepared methyl 4-hydroxy-3-
(NN-di-2-chloroethylamino)benzoate (67) from orthocaine (methyl 4-
| hydroxy-3-aminobenzoate) (65) by hydroxysthylation followed by select-
ive chlorination of the resulting triol (66).

It was decided to reﬁeat the preparation of the above-mentioned
mustard (67) starting from methyl 4-hydroxy-3-nitrobenzoate (64). This
nitrobenzoate was hydrogenated with Raney nickel and hydrogen at room
temparature and atmospheric pressure, essentially as described by
Cavill???, to give methyl 3-amino-4-hydroxybenzoate (65). Addition
of excess liquid ethylene oxide to a stirred solution of this amine in
aqueous acetic acid afforded methyl 4-hydroxy-3~(NN-di-2-hydroxyethyl-
amino )benzoate (66) in fairly good yields. However, large scale
preparations of this triol, using a large excz2ss of ethylene oxide,
gave an oil which could not be ecrystallized even by trituration with
prolonged cooling and seeding., Partial distillation of this oii under
reduced pressure gave a colourless distillate which was icentified
from n.m.r». ar the product of the condensation of acetic acid with
ethylene oxide (72) where n was probably 1, The residuc crystallized
fairly easily to afford the triol which was subsequently recxystall-
ized., Thionyl chloride chlorination of a solution of the triol (66)
in refluxing benzene, as in Johnson's preparation439
ate which was worked up to afford the difunctional nitrogen mustard (67)
in poor yields (29%), The filtrate was also worked up from which
6-methoxycarbonyl-4=N=-2'-chloroethyl-2, 3-dihydro-1,4-benzoxazine (68)
was isolated and identified from spectral and microanalytical analysis.

, &ave a precipit-

This benzoxazine has apparently two distinct melting points depending
on the solvent used for crystallization, It was also obtained during the
reaction of the difunctional mustard (67) with phenyl isocyanate in the
presence of catalytic amounts of triethylamine., This internal cyelis-
ation of one of the 2-chloroethyl arms of the nitrogen mustard onto

the phenol group resulting in the foimation of a benzoxazine derivative
is not unprecedented. Knorr418 had prepared 4-N-methyl-2,3-dihydro-1,
4-benzoxazine (74; R = Me) and 2,3-dihydro-1,4-benzoxazine (74; R = H)
from the condensation of 2-(l-methyl=-N-2-chlorcethylamino )phenol

(73; R = Me) and 2-(W-2-chloroethylamino)phenol (73; R = H) respect=-
ively. A minor product obtained from the filtrate of the above chlor-
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ination reaction had en i.r. spectral band at 1760cm~ | and was atipi-
buted to the minor reaction of thionyl chloride with the tricl (66)
resulting in the formation of the cyclic sulphite (75).

The main distinguishing feature between the difunctional mustard
(67) and the monofunctional mustard benzoxazine (68) was their n.m.r.
spectra. Otherwise, their melting pecints and Rf values were very
similar,

The reason why thionyl chloride favoured selective attack on the
aliphatic hydroxyls and why the difunctional nitrogen mustard ﬁas
precipitated out of solution is still not known.

In an effort to improve the yield:of methyl 4-hydroxy-3-(NN-di-
2-chloroethylamino)benzoate (67), protection of the hydroxyl group at
the ?-nitro derivative stage was attempted. The preparation of methyl
3-nitro-4-benzyloxybenzoate (70) had previously been described by
Sabalitschka489 but no mention of the yield obtained was given.
Sﬁbalitschka's method, as well as that involving the initial reaction
of the 3-nitro derivative with potassium methoxide in methanol followed.
by addition of benzyl chloride under reflux conditions496, gave very
poor yields of the benzyloxy derivative (70). Benzylation in pyridine,
as a homogeneous proton extractor as well as solvent, was also attempted
but very poor yields were obtained. Benzoylation with benzoyl chloride
in pyridine at room temperature, however, gave high yields of methyl
490,493 (743,

3~nitro-4~-benzoyloxybenzoate Hovever, a three-fold
improvement in the yield of the di-2-chlorcethylamino derivafive (67)
by a direct method made it unnecessary to proceed further via the
benzoyl-protected route.

Schmidt and co-workers494 recently found that zinc chloride cata-
lysed the thionyl chloride chlorination of aliphatic alcohols, result-
ing in much improved yields. They proposed that ions are involved in
the transformation of aliphatic 2lcohols to alkyl chlorides and that
zinc chloride complexes at one or more stages of the reaction making
the reaction species more ionic thereby speeding up the reaction.

Their method was therefore extended to the possible selective chlorine
ation of the above triol (66) or its isomers, possibly via the ionie
intermediate (76). Using these low acidity, mild temperature conditions
the chloro derivative (67) was obtained in good yields (56%) by dropwise
addition of thionyl chloride on a solution of the triol in refluxing
benzene containing catalytic amounts of zinc chloride. The residue

was, once again, worked up to afford the chloro derivatire as an oil



76.

thich crystnllized on trituration with acetone-petroleum.

Varicus attempis at preparing the N-phenylcarbamate (69) of 4-
hydroxy-3-( il-di-2-chloroethylamino )benzoate (67) gave mainly ihe
starting material and possibly some of the benzoxazine derivative (68),
These reactions were carried out in refluxing benzene or toluerne
containing catalytic amounts of dry triethylamine., But addition of
phenyl isocyanate gave no carbamate even after 21 hours refluxing,

Yot Pringleé’g5 succeeded in obtaining the carbamate {78) of 2-(liN-di-
2-chloroethylezmino)phenol (77) by reacting this phenol under identical
conditions with 4-methoxycarbonylphenyl isocyanate. Steric hindrance
by the orthe di-2-chloroethylamino group could not, therefore, be the
primary reason causling non-reactivity, A possible explanation of the
difficulty of reaction of phenyl isocyanate with methyl 4-hydroxy-3-
(NN-di-2-chloroethylamino)benzoate (67) lies in the deactivation of the
phenol group by the para methoxycarbonyl group. If this were the case,
then one would expect that by Leating the two reactants in the presence
of the catalyst and proton extractor without using a solvent, the con-
centration of the reactants -would Ye so increased that reaction might
be facilitated., When this was attempted a very good yield of 2-(NN-di-
2-chloroe thylamine)-4-methoxycarbonylphenyl-N'-phenylcarbamate (69)

was obtained, th2 reaction being carried out in a sealed tube to
prevent any reaction of the phenyl isocyanate with atmospheric noist-
ure, A small amount of the benzoxazine derivative (68) was also
obtained, as explained above. This internal condensation with elimin-
ation of hydrogen chloride is, in fact, quite rational especially in
the presence of a base. It probably also resulted during the reaction
of 2-(NN—di—2-chloroethy1amino)phenol with the isocyanate495 but was
undetected, |

Baker and co-workers421 achieved the synthesis of another phenclie
methoxycarbonyl nitrogen mustard - methyl 4-(NN-di-2-chloroethylamino)-
salicylate (82)., They hydroxyethylated methyl 4-aminosalicylate (80)
to obtain the corresponding triol (81). However, all their attempts
to chlorinate selectively (81) with phosphoxryl chloride or thionyl
chloride failed, suggesting that the rnenolic group had to be protected
prior to chlorination. Methyl 4-amino-O-benzoylsalicylate (85) was
therefore prepared by them and hydroxyethylated in aqueous acetic acid,
but only starting material and monohydroxyethyl derivative (40%) were
obtained - the very weakly basic nature of the amine group precluded
bishydroxyethylation, Methyl 4-(NN~di-2-hydroxyethylamino)-0O-benzoyl-

salicylate (83) was however obtained from the amine (85) when glacial



.
04CH 4 0,CHy 0oCHj

- —_—e
NO, NO, NH,
OCH,Ph OH H
(70) (64) (65)
O,CHg 0,CHg €0,CH;
: 0, (CH,CHCl, N(CH,CH,0H)»
|
OCOPh OH OH
(11) (67) (66)
0,CHj O,CHg

s

C=0 CH,CH.CI
i P

0 (CH,CHILOH (CHLHLD, .

(72)

C=O | (68)
@,« @ @L
|
CH,CH.CI
(73) (69) (74)

CO,CH, 0,CH,
? \( ii N(CH,CH,S0,Zn cts)f,

(75) (76)



.

acetic acid was used., It was azlco obtained from the triol (81) by
selective benzoylation, Chlorination of (83%) gave the blocked nitrogen
mustard (84) which was found to be very stable and was only debenzoyl-
ated in hot methanolic hydrogen chloride. Attempts to hydrolyse the
resulting methoxycarbonyl nitrogen mustard (82) resulted mainly in
decarboxylation and they could only achieve a 4% yield of 4~ (NN -di-
2-chloroethylamino)salicylic acig.

Since 4-aminosalicylic acid and some of its derivatives have been
found to possess strong tuberculostatic activity497’498 and to cause
irreversible inhibition of lactic acid dehydrogenase and glutamic agid
dehydrogenase®®! it was decided to attempt the synthesis of methyl
4-(NN-di-2-chloroethylamino)salicylate (82) along the above-mentioned
pathway and then to react it with various phenyl isocyanates.

However, when 4-aminosalicylic acid (72) was esterified with
methanol saturated with hydrogen chloride, only very small yields of
the ester were obtained and the main product isolated was 3-amino-
phenol (86), As the melting points of the methyl ester (80) and of 3-
aminophenol are almost identical, only spectral data can confirm the
preparation of the methyl estexr. A literature search on the direct
esterification of 4-aminosalicylic acid to its methyl ester, showed
that although such a reaction has been well documented with ower
twenty publications since 1920, most of these gave only tiw melting
point as proof of the formation of the methyl ester. Seidel and
Bittner499 first prepared the ester from methyl 4-nitrosalicylate.
Drain and co-workerssoo synthesized the ester from various routes
inecluding that from the nitrosalicylate, or from 4-aminosalicylic acid
by reaction with diazamethane in etlier or with methanol in concentrated
sulphuric acid, They furthermore characterized the ester by its ultra-
502-504 reported good yields
when eoncentrated sulphuric acid was used as catalyst. IwatareSOS
used 1% hydrogen chloride in methanol but his method is doubtful
especially as hig reported yield of the ester was greater than theor-
etical, Schaefer and Doub506 concluded that direct esterification of

violet spectrum. Several other workers

4-aminosalicylic acid (79) by conventional methods under various
conditions led to very low yields, the main product in each case being
3-gminophenol, They therefore, adopted Scwa and Nieuwland's method507
of esterifying salicylic acid and obtained very good yields on using
boron trifluoride as catalyst,

Esterification of 4-aminosalicyiic acid was achieved in very good
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yields using both Schaefer and Doub's methodso (BF catalyst) and
Mc Cubbin and Moir's method % (conc H,
ation the methyl esiex obiained was identified by its melting point

uO4 catalyst) In each prepar-

as well as by its spectral characteristics. .

The decarboxylation of 4-aminosalicylic acid has been investigated
209,510 myyg above 80°, aqueous solutions of the
1509. This

decarboxylation is dependent on the pH and temperature of the solution

by several workers
acid or its hydrochloride decarboxylate to 3-aminopheno

~ decomposing rapidly at high temperatures and low pH51O. It is
therefore not surprising that 4-aminosalicylic acid is extremely
unstable in refluxing methanol saturated with hydrogen chloride.

At least three mechanisms for the decarboxylation reaction can
be formulated. The first mechanism is dependent on the position of
the amino group:

H
N H e
H
OH OH A -OH
| _ - q
. ' \

(A 5-amino group would rot induce decarboxylation by this mechanism),

The second possible mechanism is independent of the position of the

amino group.

The third mechanism is less likely as it involves the initial

tautomerism of the phenol to its keto form, but the substituents on

the ring could sizbilize the intermediate to some extent:

Ox~_-0OH 0N OEH
L ey o ]
HN H,N HoN |
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It is uncertain yet which mechanism predominates, but the first
two are the most likely. However, as no decarboxyiation was noticed
in the esterificalion of S5-aminosalicylic acid (99) (see below), the
first mechanism seems to be the most likely., ‘

Methyl 4-aminosalicylate (80) was dissolved in B0% agueous acetic
acid and hydroxyethylated with ethylene oxide to obtain methyl 4~ (NN~
di-2-hydroxyethylamino)salicylate (81) in fairly good yield. However,
as in the hydroxyethylation of methyl 3-amino-4-hydroxybenzoate (65)
mentioned above, a large excess of ethylene oxide resulted, in one
preparation, in the formation of an intractable 0il which made the
purification of the product extremely adifficult.

Attempts to selectively benzoylate the phenol group in methyl
4-(NN-di-2-hydroxyethylamino)salicylate by Baker and co-workers'
method 421 gave only oils which when chromatographed by dry column
chromatography511 followed by further t.l.c. purification gave crystals
of the tribenzoylated derivative (87) plus two viscous oily products,
~one of which was indicated by its n.m.r. spectzum to be that of the
protected phenol derivative (83) but which was still too impure to be
crystallizeable,

Baker421 had attempted the chlorination of methyl O-benzoyl-4-
(NN-di-2-hydroxyethylamino)salicylate (83) using thionyl chloride in
refluxing dichloromethane butonly obtained the corresponding cyclic
sulphite, VWhen Baker421 however, used thionyl chloride in refluxing
chloroform some of the desired mustard (84) was obtained in low yields
after a reaction time of 20 hours. It was therefore decided to attempt
the direct selective chlorination of the triol (81) using the zine
chloride-catalysed thionyl chloride reaction which vwas so successiul
in obtaining methyl 4-hydroxy-3-(NN-di-2-chloroethylamino)benzoate (67).
The product obtained, however, was an almost colourless oil which was
characterized by its spectral data and microanalysis as a 1:1 molecu-
laxr complex of two isomers , methyl 3=-chloro-4-(NN-di-2-chloroethyl-
amino)salicylate (90) and methyl S-chloro-4-(MN-di-2-chloroethylamine)-
salicylate (91), arising from the chlorination of the aromatic ring
by the zinc chloride-thionyl chloride lewis acid (Cl3Zn-SO2). An
assignment of the n.m.r. spectrum of this 1:1 complex is given wiih
structures (90) and (91) and are in agreement with the structures
proposed.

It is very difficult to assign the bands at -1,.55T and -0,72°T

to the proper phenolic proton. However, 4-chlorophenol is less
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25 * 9.2021%, 9,38%7%) than 2-chlorophenol (K, ¢ 8,119,
8.48516). The phenolic group in compound (91) is therefore less acidic

acidic (pK

than that in ($9), and consequently (90) is more strongly hydrogen-
bonded to the methoxycarbonyl group, and hence more strongly deshielded.
The two very low field bands have been assigned on this basis.
Furthermore, microanalysis of this oily 1:1 mixture gave a chlorine
percentage of 30.74 which although slightly low (C12H14
32,56) is much higher than for the trisubstituted aryl mustard (82)
(C12H15012N03 requires C, 49.30; H, 5.17; N, 4.79; Cl, 24.30%) indicat-
ing more than two chlorine atoms in the molecule. The slightly lower

013N03 requires

chlorine value observed was probably due to the presence of a very
small impurity of the trisubstituted mustard (82) due to the difficulty
of separating the compounds by t.l.c. (Rf values were very close).
Using a modified version of Szekerke and co-workers' method
of chlorination445, the triol (81) was selectively chlorinated by
heating a solution of it in pyridine with methanesulphonyl chloride
obtaining methyl 4-(Il-di-2-chloroethylamino)salicylate (82) in good
_yield (65%). Baker and co-workers' overall yield from methyl 4-amino-

421 yag just under 115 while a yield of over 3% from the

salicylate
same starting material is here being reported.

Several attempts at forming the phenyl carbamate (88) by reacting
the mustard phenol (82) in refluxing benzene with phenyl isocyanate
gave only starting material and diphenylurea whether pyridine or tri-
ethylamine were used as catalysts. Similar results were obtained vhen
the mustard phenol and phenyl isocyanate were combined and heated in
sealed tubes in the presence of catalytic amounts of triethylamine at
temperatures ranging from 66° (G days) to 140° (5 days) - at 140° and
higher considerable charring occurred.

Attempts to form the chloroformate (69) by reacting the mustaxd
phenol (82) in benzene with phosgene and then condensing the crude
chloroformate directly with aniline again failed to give any phenyl
carbamate (88), most of the starting material being recovered., This
indicates that the mustard phenol (82) is very unreactive, a conclusion
that was also indirectly indicated by Baker421.

Very few examples of carbamzte formation with methyl salicylate
itself have been recorded. The Ni-diethylcarbamate (92: R, = R, = Et)
and the N-p-ethoxycarbonylphenylcarbamate (92: Ry =H R, = PhCOQEt(p))
were in fact prepared from methyl salicylate by prior formation of the

chloroformate and subsequent reaction with diethylamirne or ethyl



83.

0,CH,
0-C-N R'R
0 (92)

2

4-aminobenzoate, respectively, in ether512. The phenylcarbazmate

(92: R, =H, R, = Ph) was obtained by reaction with phenyl isocyanate
o 513
5

in the presence of triethylemine at 6 or in the presence of dia-
zomethane as catalyst514 but Leffler and Matson515 reported that temp-
eratures higher than 65o promoted the formation of diphenylurea,
Bergel and Wades17
R, =R, = CH20H(Me)Cl), again via the initial formation of the chloro-
formate while Suciu518 prepared the NN-di-2-chloroethylcarbamate via

the initial formation of bis-2-chlorocethylcarbamoyl chloride and

prepared the NN-di-2-chloropropylcarbamate (92:

subsequent reaction with the salicylate.

Artico and Ross® 2 obtained 5= (:iN-di=-2-chloroethylamino }salicylic
acid (97) from ethyl O-acetyl-5-nitrosalicylate (94) by reduction,
hydroxyethylation in glacial acetic acid, chlorination and hydrolysis,
The preparation of 5-(NN-di-2-hydroxyethylamino)salicylic acid (98)
from S5-aminosclicylic acid (99) using ethylene chlorohydrin has also
been reportedszo. 5-(NN-Di-2-chloroethylamino)salicylic acid has besn
found to be active against the Walker-256 carcinoma only at near toxic
levels,

It has been shown that the hydrolysis of a methyl ester is much

eagier than that of an ethyl es,*l:ersz1

and that the chemotherapeutic
index of a methyl ester is normally much higher than that of the free
acid41o due to the latter's dissociation into anions. In view of this,
it was decided to attempt the synthesis of methyl 5-(NN-di-2—chloro-
ethylamino)salicylate (102).

5-Aminosalicylic acid (99) was esterified with methanol in the
presence of dry hydrogen chloride and the resulting methyl ester522 was
dissolved in 77% aqueous aceticacid and hydroxyeti!'lated to give methyl
5-(NN-di=-2-hydroxyethylaminoc)salicylate (101) whi. was identified by
its spectral data and by microanalysis. Organic .slations of (101)
were found to fluoresce with a bluz-green colour pariicularly at the
air-surface interphase.

Attempts to block the phenol group of this triol (101) by select~

421

ive benzoylation™™ or bengylation gave low yields of the respective
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products (103) and (104) after chromatogrsphic purification. White
crystals of the O=-benzoyl derivative (103) were obtained and identi-
fied from spectral and microanalytical data, while the O-benzyl
derivative (104) was obtained as a yellow oil which, though identified
from spectral data, could not be identified by microanalysis due to
the great difficulty in removing last traces of solvents,

When the triol (101) was chlorinated by thionyl chloride in
benzene, several products were cobtained but very little, if any,
mustard. However, when the triol (101) was dissolved in chloxcform
‘containing dry powdered zinc chloride, thionyl chloride added drop-
wise and the solution refluxed for 13 minutes, methyl 5-(NN-di-2-chloro-
ethylamino)salicylate was obtained as needle-shaped crystals in a rel-
atively good yield (52%6). It was identified by microanalysis and by
spectral data. Moreover the overall yield (48%) from the methyl
estor (100) was much better than that for the corresponding 4-(NN-di-
2-chloroethyl) isomer.
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Aminophenyl Methoxycarbonyl Hitrogen Imsiards

Bieksa and co-workerssz5 have synthesized ethyl 2-aminc—5-(NN-
di-2-chloroethylamino )benzoate (109) and its corresponding acid (110)
starting from enthranilic zeid (105) via the route (105) to (108),
obtaining an overall yield of 15%.

For the reasons explained earlier, it was desirable to synthecize
the methyl ester (117) of this aminophenyl methoxycarbonyl mustard and
5-amino-2-nitrobenzoic acid (111) was chosen as starting material, It
was esterified with methanol and dry hydrogen chloride, concentrated

507, obtaining very goeod yields of

sulphuric acid, or boron trifluoride
the crude ester (112). However, thin layer chromatography showed two
components. A fractional crystallisation procedure (see Experimental)
gave methyl 5-zmino-2-nitrobenzoate (112) and a smell amount of an
isomeric ester which could not be identified. In both isomers,
spectral data confirmed the formation of a methyl aminonitrobenzoate,
However, a literature search for all ten isomeric aminonitrobenz-
oic acide revealed no record of the methyl esters of three of the ten
isomeric acids. Fig. 8 gives the normal commercial synthetic path-
way for the preparation of 5-amino-2-nitrobenzoic acid (111), the
noat important step being the nitration of 3-N-acetylaminotiolaene
(122)524. Three menonitro isomers could possibly be formed which
would give rise to S-amino-2-nitrobenzoic acid (111), 3-amino-4-
nitrobenzoic acid (126) and 3-aminc.--2-nitrobenzoic acid (128). These
are precisely the three isomeric acids for which the methyl esters have

not been reported.

NO,

H, CO,CH,
(112)
Hy, Hg
hH42

The nitro group with a methoxycarbonyl subtstituent ortho to it is
conjugated with an amino group para to it. As such, this nitro group
is pulled towards coplanarity with the eromatic ring so that the
ﬁethoxycarbonyl group has to take a greater share of the twisting

526

necesgsary to avert steric conflict, Eerrmaun and Rae demonstrated
this effect, termed "electronic buiiressing”, in the n.m.r. epectrum
of S5-substituted methyl 2-nitrcobenzozies. Caleulating the chemical

shifts of the three zromatic protons in S-aminc-2-nitrobenzoic acid,
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based on each substitvent being considered as if it were monosubstit-
3 H4 and He of 1.64, 3,02 znd

2.49 were obtained, the nitro and carboxyl groups being anisotropie-

utedsaB, approximate values (T ) for H

ally deshielding while the amine group is shielding. One would expect
chemical shift values for the methyl ester to be all slightly upfield.
However, in methyl S5-amino~2-nitrobenzoate, the effect of electronic
buttressing on the methoxycarbonyl group results in relief of aniso-
tropic deshielding on H6 so that its chemical shift is moved upfield,
Herrmann and Rae“20, in fact, found that the chemical shift for H
was the same as that for H4 and equal to 3.35T, while that for H3
was 2.07T. The chemical shifts measured for the main product obtain-
ed from the esterification of the commercial S~aminoszlicylic acid
(111) agree quite closely with those quoted by Herrmann and Ra9526,
being 2.03T for H3 and 3.277T for H4 and Hg, However, Herrmann and
Rae did not report the complete n.m.r. spectrum of methyl S~amino-2-
nitrobenzoate (112) nor did they quote the melting point of the ester.
Thus, although spectral data and microanalysis strongly indicated
that the main product of the esterification reaction was methyl
5-amino-2-nitrobenzoate (112) a more positive confirmation was required,
Rauhut and Eunnett527 had syntnesized methyl 5-N-acetylamino-2-
nitrobenzoate (129) from methyl 3~acetamidobenzoate by nitration,
A sample of the supposad ester (1:2) was acetylated and the product
obtained had a melting point that was in agreement with that reported
by Rauhut and Bunnett527, thus confimming the structure (112).
Attempts to obiain methyl 5-(IN-di-2-hydroxyethylamino)-2-nitro-
benzoate (115) by hydroxyethylation of the methyl ester (112) were
mainly unsuccessful. Thus, when thias amine was hydroxyethylated in a
3:1 mixture of glacial acetic acid-waier only some starting material
(407%) and the monohydroxyethylamino derivative (113) were obtained.
Similar results were indicated when the hydroxyethylation was carried
out in a sealed Carius tube at temperatures of 110° and 140°; howxever,
considerable formation of tarry products was also obtained, This was
not surprising as it has already been mentioned (pp 50 and 51) that
hydroxyethylation of p-nitroaniline to the corresponding dicl was
only achieved with difficulty at temperatures of 150°. A very small
amount of the diol (113) was in fact obteined during hydroxyethylation
et room temperature but the yield was so leow that it was haxdly worth-
while to consider,
¥ethyl 5-(N-2-hydroxyethylamine)-2-nitrobenzoate (113) was there-~
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fore hydroxyethylated further in the hope of obtaining the diol,
Bydroxyethylation at 1400 for 16 hours, however, guve mainly starting
material (33%) and a emall amount (11%) of 1,2,3,5-tetrahydro=-1-(2-
hydroxyethyl)-5-keto-11-nitro-6,8~-benz-1,4~oxazocine (114). A very
small yield of the diol (115) was probably also obtainzd but was so
viscous that great difficulty was encountered in drying it so that
identification by microanalysis failed. The benzoxazocine derivative
was identified from n.m.r. and mass spectra (see fig. 9 ) and by
microanalysis. It was refluxed with methanol saturated with hydrogen
chloride to give a product which had a low Rf and was identical in its
" spectral measurements to the "diol" obtained in the hydrcxrethylation
of (112) and (113). A similar cyclisation product was obtained by
Everett and Ross74 when they treated methyl anthranilate with ethylene
oxide at elevated temperatures. In one hydroxyethylation reaction,
they obtained the monohydroxyetihyl derivative (119) but on repeaiing
the reaciion under identical conditions, they obtained 2,3,4,7-tetra-~
hydro-4-(N-2-hydroxyethyl)-7~keto-5,6-benz-1,4-cxazepine (118) from
which the corresponding diol {120) was obtained by ring cleavage on
refiuxing in methanolic hydrogsn chloride.
The combined yields of methyl 5-(NN-di-2-hydroxyethylamino)-2-
‘robenzoate (115) obtained by the above-mentioned three preparations,
were chlorinated in benzene with phosphoryl chloride., Methyl S-(liN-di-
2-chloroethylamino)-2-nitrobenzcate (116) was obtained in good yield
but the total amount of this nitrogen mustard obtained wzs too little
to attempt the final reduction stasge.
Clearly, the proposed synthetic route was not adequate for large
scale preparations and a modification of Bieksa and co-workers'

519

route” 7, would probebly afford much better yields of the nitrogen

mustard aniline (117) required.
The only other synthesis of an ¢minophenyl carboxyl nitrogen

nustard recorded 2201971 gas that of 4-~amino-3-(NN-di-2-chloroethyl-
amino)benzoic acid (130) and its athyl ester (131). .

Bieksa and Degutis422 had prepared (NN-di-2-chloroethyl)-1,3-
phenylenediamine (132) and Edwards412 synthesized its p-methoxycarbonyl-
phenyl carbamate. As there have been reports615 that, in certain
instances, a more favourable anti-tumonr activity was obtained with
meta substituted aromatic nitrogen mustards than with the cofresponding
ortho or pzra derivatives, it was decided to attempt the syntheszsis of

a derivative of <he meta substituted mustard diamine ty I niroducing
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the methoxycarbonyl group in the same aromatic ring; and as Everett

+ and Ross'# had chlorinated the diol (120) (see atove) to obtain methyl
(NN-di-Z-chloroathyl)anthranilate, these factors led to the idea of
synthesizing methyl 4-amino-2(NN-di-2-chlorcethylamino)benzoate (137)
from 4-nitroanthranilic acid (133).

Consequently 4-nitroanthranilic acid (133) was. esterified
essentially as described by Wheeler and Barnes532 to obtain the methyl
ester (134). Six attempts at preparing methyl 4-nitro-(NN-di-2-hydroxy-
ethyl)anthranilate (135) however, all failed. This was not surprising
in the light of Everett and Ross's work74 (see above) who could only
obtain the monohydroxyethylation product of methyl anthranilate except
in one instance when they obtained the corresponding N-2-hydroxyethyl
benzoxazepine derivative (118). Hydroxyethylation of methyl 4-nitro-
anthranilate was attempted in various solvents and under various condi-
tions. Prolonged hydroxyethylation in benzene at 165° (17 h) gave a
charred product; in dioxan at 120° (16 h) and in dioxan (eontaining a
catalytic amount of acetic acid) at room temperature oniy starting
material was obtained. However in aqueous acetic acid at room temper-
ature (48 h), in acetic acid-dioxan (1:1) at room temperature (72 k),
and in dioxan at 150° in a Carius tube (16h) minor yields (21-33%)
of the corresponding monohydroxyethyl derivative (138) were obtained,
the main product still being the starting material.

Table 2 (page 53) shows quite clearly that the ortho methoxy-
carbonyl group does not reduce the basic strength of the amine appreci-
ably (pr of methylanthranilate : 2.23) nor does the meta nitro group
(pr of m-nitroaniline : 2.47). m-Nitroaniline reacts fairly easily
with ethylene oxide to give the diol 412'422. The lack of reaction
of methyl 4-nitroanthranilate (134) must therefcre be due to consider-
able steric hindrance by the methoxycarbonyl group on the amine group
ortho to it and to strong hydrogen bonding of the amine protons with
the adjacent carbonyl group.

If however the 4-nitro group could be replaced by an electron

' donating group, it could hopefully activate the amino group enough,
by increasing its pX,, to form the diol or the oxazepine dexivative,
One such activating group could well be a protected.amine group, rut
to effect gpecific protection of the reduced 4-nitro group, a bu: -
protecting group would have to be introduced. One such group couid
be a phthalimido derivative., A 4-phthalimido in preference to a

4-nitro group, it was reasoned, might be enough activating to overcome
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the steric interaction of the methoxycarbonyl group and form the diol
which could then be chlorinated and deblocked to give the required
diamine mustard (137).
Methyl 4-nitroanthranilats (154) was therefore feduced using
stannous chloride and concentrated hydrochloric,acig tosogtain methyl
34,53

2,4~-diaminobenzoate (139). Jaroslav and co-workers reported
.using this diaminobenzoate to investigate its pyrolysis products and
its electrophoretic spectrum (using paper electrophoresis) but did not
give its method of preparation, melting point oxr spectral data.

This diamino derivative was selectively reacted with one equival-
ent of phthalic anhydride using the method developed by Bose and co-
workers?20? 237 obtaining a high yield of the 4-phthaloyl derivative
(140). No trace of the 2-phthaloyl derivative was obtained; so the-
reaction was 100% selective, again high-lighting the strong sterie
interaction of the methoxycarbonyl group on the 2-amino group.

" Hydroxyethylation of the 4—phtha1imido—2—aminobenzoate, however, only
gave the monohydroxyethyl derivative (141) and starting material (140)
even on prolonged heating in benszene at 1500. So the 4-phthalimido
group was influencing adversely the reactivity of the anthranilate,
and the required mustard (137) could not be obtained by the scheme
proposed,

Methyl 4-nitroanthranilate (134) was therefore acetylated to give
the 2-N-acetylamino derivative (142)533 which was then hydrogenated
over nalladium-charcoal to give methyl 2-N-acetyl-2,4-diaminobenzoate
(143). Sirk3538 mentioned this diaminobenzoate but reportsed no chemical
identifications for it at all, This diaminobenzoate was hydroxyethyl-
ated in dioxan-acetic acid (1:1) at room temperature to afford some
monohydroxyethyl derivative (148) and methyl z-N-acetylamino-4-(NN-di-
2-hydroxyethylamino )benzoate (144) in 56% yield, This diol was chlorin-
ated with thionyl chloride in benzene, or with mesyl chloride in
pyridine to give the N-acetyl nitrogen mustard (145).

Hydrolysis ot (145) with 50% methanolic hydrogen chloridzs gave the
aminrophenyl methoxycarbonyl nitrogen mustard (146) as its hydrochloride.
2-Chlorophenyl chloroformate (149) was prepared essentially as described
by Edwards412
(146) to yield the first ever recorded carbamate of an aminophenyl

and this was reacted with the crude aminophenyl mustard

methoxycarbonyl nitrogen mustard, namely 2'-chlorophenyl N~[2-methoxy—
carbonyl—S—(NN-di-2—chloroethylamino)]phenylcarbmnate (147),
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Aminophenyl Keihoxy Hiirogen Mustards

The only example in this group that has been synthesized, was
prepared by Ross and co-workersj77 by nitrosation of (NN-di-2-chloro-
ethyl)-3-methoxyaniline and subsequent reduction, thus obtaining (N1N1-
di-2-chloroethyl)-3-methoxy-1,4-phenylenediamine (150).
' In an effort to prepare isomers of (150), 2-methoxy-4-nitroaniline
(151)539 was treated with ethylene oxide in aqueous acetic ecid (77%)

or in acetic acid-dioxan (3:2) but only starting material and the N-2-
hydroxyethyl derivative (152) were obtained, A similar result occurred
when the reaction was effected in dioxan in a Carius tube at 150° for

16 hours, The result was rather surprising, One would expect the p-
nitro group to lower the basicity of the amine nitrogen considerably
(pr for 4-nitroaniline : 0.99 - table 2). However this would be

offset by the electron donating methoxy group (pr for 2-methoxyzniline :
4.52). Bishydroxyethylation of 4-nitroaniline%2’
aniline??%1454 1ag also been achieved so that from a basicity point

and 2-methoxy-

of view there was no reason why bishydroxyethylation of 2-methoxy-4-
nitroaniline should not be possible,
2-Methoxy-4-nitroaniline (151) was therefore acetylaied in pyridine
with acetic anhydride by stirring the solution overnight at room temp-
- erature followed by heating in boiling water for 6 hours. The product
obtained was mainly the N-acetyl derivative (154). However, when in
a second preparation, the reactants were heated immediately instead of
stirred overnight at room temperature and then heated , the products
obtained were the N-acetyl derivative (154) in major yield (44%) end
the KN-diacetyl derivative (153) in minor yield (22%). These two
products were separated'by fractional erystallization (see experimental).
The N-arctyl derivative (154) had been previously obtained from
acetic acid - acetic anhydrid9539
enhydride (4 hours)?%’, The diacetyl derivative (153) had not been
prepared before, However, Lane and William3542 had prepared an isomer
(157) by acetylation with aceiyl chloride - acetic anhydride, while the
diacetyl derivatives of 2-ni‘trc-543’544, 3--ni’r,rc;-543 and 4-nitr0545

or by direct reaction with acelic

ani line have also heen prepared by various methods all involving zcetic
anhydride, except in one case involving acetyl chloride in pyridine and
toluen9543.

N-Acetyl-2-methoxy-4-nitroaniline (154) was hydrogenated in zn

autoclave at 500 and 25 atmospheres but the product obtained turned
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immediately very dark red while the catalyst was being removed by
filtration, Hanford and Adam3540 had prepared the N-acetyl phenylene-
diamine derivative (155) by reduction with iron and water, but they
reported that the product was very readily oxidized by air to a deep
red solution and in their subsequent reactions they used the crude
product directly.

The crude product (155) was therefore hydroxyethylated in glacial
acetic acid-dioxan at room temperature. The product obtained was how-
ever, only the monohydroxyethyl derivative (156) and again no bis-
hydroxyethylation was achieved,

4-Methoxy-2-nitroaniline (158) was similarly hydroxyethylated.

In aqueous acetic acid, the only product obtained was (N-2~hydroxyethyl)-
4-methoxy-2-nitroaniline (159) but in dioxan at 150° (16 h) starting
material (16/), monohydroxyethyl derivative (159) (18%), [N—2- (2-hydroxy-
ethyl)oxyethyl]-4-methoxyb2-nitroani1ine (160) (5%) and the correspond-
ing diol (161) (2.8%) were obtained. When the lafter reaction was kept
at 150° for 3 days, the yield of the 2-(2-hydroxyethyl)oxyethyl deriv-
ative (160) and of the diol (161) was increased slightly but a higher
vield of a tarry product was also obtained making separation of the

diol from the tar extremely difficult. However when this tarry mixture
(very low Rf) was ireated with phosphoryl chloride in tenzene, some
corresponding aryl mustard (162) was obtained (high Rf) ard identified
from n.m.r. spectra,

These experimental observations were rather surprising when
compared to identical reactions with 2-methoxy-4-nitroaniline (151)
which gave no bishydroxyethylation products.

As was explained on page 50, hLydroxyethylation of 2-nitroaniline
always gave starting material and the monohydroxyethyl product424’450
due to the very low basicity of the starting material. Yet the intro-
ducticn of a 4-methoxy group in 2-nitroaniline (to give 4-methoxy-2-
nitroaniline) was sufficient to increase the basicity of the aniline
nitrogen to a level permitting bishydroxyethylation, though in very
small yields (see Table 2).

The hydroxyethylation at high temperatures of 4-methoxy-2-nitro-
aniline (158) was also interesting in that the formation of the 2-(2-
hydroxyethyl)oxyethyl derivative (160) was indirectly predicted by
Ross'# when he stated that polymers of type (59) would be formed when
greater than theoretical amounts of ethylene oxide were employed in
hydroxyethylations at elevated iemperatures, as was the case in the

reaction discussed above.
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However, although the diol (161) was obtained, the yields were
too low.to make the reaction of any use in the large scale synthesis
of the diol,

4-liethoxy-2-nitroaniline (158) was therefore acetylated in -
Pyridine and acetic anhydride to give the N-acetyl dez;'i'.ra’r,ive5 41 (163)
which was hydrogenated to give the corresponding N-acetylphenylene-
diamine derivative”4d (164). However, when this diamine derivative
(164) was hydroxyethylated in 50% aqueous acetic acid (48 hours), only
starting material was obtained.

Again it is not known why bishydroxyethyiation was not achieved
especially as Bieksa and Degutis424 obtained an 85% yield of the bis-
hydroxyethyl derivative (162) when they reacted N1—acetylpheny1ene—1,2-
diamine (168) with ethylene.oxide in 40% aqueous acetic acid overnight.
One would expect that a methoxy group para to the N-acetylamino group
would facilitate bishydroxyethylation,

A further attempt at preparing the diol (161) from the aromatic
micleophilic substitution of 4-chloro-3-nitroanisole (165) with
diethanolamine again proved unsuccessful. Vhen the two reactants were
heated together for 77 hours, 2,2'-dichloro-5,5'-dimethoxyazobenzenes5O
(167) and 2-chloro-4-methoxyaniline (166) were obtained and identified
by their melting points and spectral data. This result was in agree-
meat with Meltsner and co-workers' conclusion470 (see page G62) that
ethanolamines, apart from acting as nucleophiles, could also bring
about reduction of the chloronitrobenzene to the respective azobenzene
or aniline. In féct, it has already been mentioned on page 63 that
Kremer and Bendich475 had obtained only reduction products when

iethanolamine was used as a nucleophile. However, when 4-chloro=3-
nitroanisole (165) was refluxed with diethanolamine in propan-1-0l

for 60 hours, a small amount of the diol (161) was obtained, identical
in ite n.m.r. spectrum to that obtained from 4-methoxy-2-nitroaniline
(151). Some starting material (165) (66%) and the aniline reduction
product (166) were also obtained.

The diol (161) cbtained from the two separate preparations was
chlorinzted with phosphoryl chloride in benzene giving the NN-di-2-
chlorcethyl derivative (162) in 56% yield as an oil. It was purified
by t.l.c. and the spectral characteristics were in accordance with the
structure, though microanalysis indicated that it was not entirely free
from solvent (ether).

Although the nitrophenyl methoxy nitrogen mustard (162) was thus
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synthesizcd succeszainily, the yields of the intermediate diol (161),
from both mothods wire very low and the amount of mustard (162) avail-

able was insufficicnt for reduction to the required amine.
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Aminophenyl chloro Nitrogen Mustards

No such compounds have, as yet, been synthesized. However, Schulze
and Willitzer606 have synthesized 3-chloro-4-nitroso-(NN-di-2-chloro-
ethyl)aniline (170) which was just one step from the synthesis of an
amincphenyl chloro mustard.

One possible route to the formation of aminophenyl chloro mustards
is via the chloronitroanilines - hydroxyethylation, chlorination and
reduction being intermediate steps.

Consequently 4-chloro-2-nitroaniline (171) was hydroxyethylated
in 66% aqueous acetic acid by the usual method. However only starting
material (74%) and the monohydroxyethylation product (172) (2%%) were
obtained, the latter being identified by its melting point, which
 correlated with that reported by Kremer and Bendich474, and also
from spectral data, In the light of Bieksa and Degutis work 424 and
on consideration of the results obtained from the hydroxyethylation of
methoxynitroanilines (see above) it is not at all surprising that no
diol was obtainéd, because the 4-chloro group decreases further the
very low basicity of the 2-nitroaniline derivative (see Table 2).

Similarly, when 2-chlore-4-nitroaniline (173) was hydroxyethylated
in 58% aqueous acetic acid at room temperature and also in dioxan at
1400, a high percentage of starting material plus a low yield of the
monohydroxyethylation product (174) were obtained. As has already been
mentioned (pp.95 and Table 2), a 4-nitro group reduces considerably the
basicity of a nitroaniline derivative and a 2-chloro group would prob-
ably reduce it even further,

Although Sera and co—workers434 obtained the diol from 2-chloro-
aniline (via reaction with chlorohydrin) and Friefelder and Stone420
obtained the monohydroxyethyl derivative (454) on hydroxyethylation
with ethylene oxide at.90o and the diol (90%) at 1500, one would expect
that a 4~-nitro group would reduce the basicity of the 2-chloroaniline
to such an extent that formation of the diol of 2—chloro—4-nitioaniline
(173) by hydroxyethylation, even at elevated temperatures, would become
impossible., Such was in fact observed. These results could also be
partly the result of steric inhibition as a result of the adjacent
bulky chloro or nitro groups in ortho positions to the amine group.

2-Chloro-4-nitroaniline (173) was acetylated in pyridine and
acetic anhyZride in the hope of obtaining the N-acetyl derivative (175).

However, as in the case of 2-methoxy-4-nitroaniline (see above), when

«
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the reaction mixture was heated for 6 hours immediately after the
reactants were mixed, the main, and in two preparations the only,
product obtained was the diacetyl derivative (176), identified from
spectral data and mieroanalysis. When the reactants were gstirred at
room temperature overnight prior io heating for 6 hours, a fair yield
of the monoacetyl derivative (175) wag also obtained.

_ It may be noteworthy to mention that Blanksma and co--workers555
prepared_the isomeric MNN-diacetyl-2-chloro-5-nitroaniline by boiling
N-acetyl-2-chloro-5-nitroaniline in acetic anhydride containing one
drop of concentrated sulphuric acid. Taft and co-worker5544
‘investigated the acetylation of various anilines and concluded that

an electron withdrawing substituent in an ortho position to the amino
group greatly facilitated the formation of the diacetyl derivative

. while such a substituent in a para position retarded diacetylation,

They reacted various anilines by boiling the aniline (1 mole) for 1

hour with 4 moles of acetic anhydride without the presence of a
cotalyst. Under these conditions, aniline gave 39.9% mono- and 48%
diacetyl product. Similarly, 2-chloroaniline gave 10.5% and 77.7%
respectively, 2-nitroaniline gave 30% and 65.6% respectively while
4-nitroaniline gave 92% and 6.2% respectively. These resulis are in
agreement with those obtained for the acetylation of 2-chloro-4-nitro-
aniline (173) and 2-methoxy-4-nitroaniline (151) - a much higher yield
of the diacetyl derivative was obtained in the acetylation of the
2-chlore derivative (173) than in the 2-methoxy derivative (151).

The NN-diacetyl-chloronitroaniline (176) was reduced by hydrogen-
ation over palladium~charcoal but the resulting diamine derivative
(477) was extremely unstable and on filtration (to remove the catalyst)
its methanolic solution turned very dark red. It was therefore
hydroxyethylated as the crude product in acetic acid-dioxan (1:1) but
the results obtained were not conclusive.

To achieve bishydroxyethylation, it was therefore necessary to
consider closely the relative positions of the chloro and nitro groups
with respect to the amino group. From Table 2, it is clear that a 3-
nitro group is essential and that the most basic of the three isomeric
chloroanilines is 4-chloroaniline. So the combination of a chloronitro-
aniline that would afford the highest pr and hence the most basic ‘
amine would be 4-chloro-3-nitroaniline,

‘ 4-Chloro-3-nitroaniline (178) was therefore hydroxyethylated in
aqueous acetic acid at'robm temperaturz. As was predicted the diol

(179) was obtained (56%) and identified from spectral data and
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microanalysis., However, three minor products were also obtained ang
identified. In ordex of decreasing Rf, these were: (N-Z-acetoxyethyl)»
4-chloro-3-nitroaniline (182) and a molecular 1:1 complex of (N-2-
hydroxyethyl-iN-2-acatoxyethyl)=-4-chloro-3-nitroaniline (183)

and (N-2-hydroxyethyl)-4-chloro-3-nitroaniline (184). This

molecular complex was identified from spectral data and particularly

by mass spectroscopy. Its fragmentation pattern is given in fig. 10.
4-Chloro-3-nitroaniline (178) was furthermore hydroxyethylated in
dioxan at 100° obtaining a fairly high percentage of unreacted starting
material (44%) as well as the monohydroxyethyl derivative (184) (38%)
and the diol (179) (174). Dioxan is probably inferior to benzene as

a solvent for high temperature hydroxyethylation and its main advantage
was its lower volatility and better solvent properties. A high percent-
age of Carius tube experiments using benzene led to the tube bursting
during heating. .

The diol derivative (179) was chlorinated with phosphoryl chloride
in benzene, obtaining a reasonably good yield of the chloronitro mus-
tard (180). This waswreduced by hydrogenation over palladium-charcoal
and the product was filtered immediately into a solution of hydrogen
chloride in methanol., On.condensing the solution the 3-aminophenyle
4-chloro nitrogen mustard was obtained as an unstable hydrochloride
(181), the structure being confirmed spectroscopically,

It is quite clear from these resulis that, with the exception
of 4-chloro-3-nitroaniline (and possibly 3-chloro-S5-nitroaniline)
the chloronitroanilines are not the optimum starting materials for the
preparation of aminophenyl chloro mustards.

_°  However, as has Veen discussed earlier, (see pp. 54 and 61-63),
hydroxyethylation of an aminophenyl group is not the only method of
preparing hydroxyethylamino derivatives. There have, in fact been a
few caces, particularly with 2-nitro-chloro- or bromo-benzenes having
a 4-nitro or a 4-sulphonamido group, where nucleophilic substitutions
of the active halogen by diethanolamine have been successful441’602’605.

To achieve aminophenyl chlors mustards via this method would
necessitate the substitution of a series of dichloronitrobenzenes by
diethanolamine - reactions that had been attempted by Kremer and
Bendich475 without any success whatsoever. In their attempied react-
ions, they had combined the reactants and heated them at 1750 for two
hours in or without the presence of a base , but the only products

obtéined were the result of reduction or hydrolysis.

>
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Notwithstanding Kremer and Bendich's failure to obtain the -
subgtitution producis of various dichlecronitrobenzunes with diethanol-
amine, it was decided to try precisely these reactions without using
any base or solvent, and using lower temperatures, 2,5-Dichloronitro-
benzene (185) was therefore treated with an excess of diethanolamine
and heated at 110° for 3 hours. Spectral identification revealed that
the main product (54%) was in fact the result of direct substitution,
namely the required diol (186).,. Two by-products were also isvlated and
identified as the monohydroxyethyl derivative474 (172) (1.6%) and the
reduction product 2,2',5,5'-tetrachloroazobenzeneﬁso’554 (187) (3.65).
The successful preparation of this diol (186) indicated the full
potential of this method. Thus, while hydroxyethylation of 4-chloro-
2-nitroaniline (171) gave poor yields of (172) end no bishydroxyethyl-
ation was achieved, this quick and simple method afforded the diol in
good yield. Exploiting this reaction further, 2,3-dichloronitroienzene
(192) was similarly reacted at 115° for 5 hours. Once again the main
product was the direct substitution product (193) (49%) -~ the by-
products identified being the monohydroxyethyl derivativedT4 (194) (4%)
and 2,3-dichloroaniline (195) (3.5%4). A fair amount of starting
material (26%) was also re-obtained.

In both dichloronitrobenzenes mentioned above, the active chloro
group, as explained on page 61, was the one ortho to the nitro group.
But in 2,4-dichloronitrobenzene (200), both cnlor> groups are active.
However, as explained on pages €1 to 65, the 2-chloro group is much more
active than the 4-chloro group anc¢ one would predominantly expect
substitution of the 2~chloro group.

This was borne out very clearly in the substitntion of 2,4-dichloro-
nitrobenzene (200) with diethanolemine at 108°., substitution of the
2-chloro group gave the expected diol (201) in 74% yield and a smell
amount of the monohydroxyethyl derivativedT4 (202) (2.3%5). Careful
analysia of a small by-product however, revealed that substitution of
the 4-chloro group had also been achieved, the respective diol (203)
being isolated (5.6/%). 4-Chloro substitution in 2,4-dichloronitro-
benzene by a nucleophile has ‘only once been reported before, the nucleo-
phile being ammonia476. '

The question now arises whether the monohydroxyethyl by-products
obtained during the diethanolamine condensations of dichloronitro-
benzenes were ihe direct result of the reaction conditions employed or

whether a small amount of monocethanolamine impurity was present in
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commercial diethanolamine. A g.l.c. determination (on a Perkin Elmer
F-11), using a 2 metre long 1% carbowax column, gave a 13 min. reten-
tion time for monoethanolamine (2 x 103; 2100) but completely retained
diethanolamine. A determination of commercial diethanolamine showed
no irace of monoethanolamine under these conditions and at such a
retention time thus indicating that the monohydroxyethyl derivatives
obtained must be the direct result of dealkylation under the reaction
conditions.

Condensation of diethanolamine with 3,4-dichloronitrobenzene (210)
at 118° needed a much longer reaction time (24 hours) for complete
reaction again indicating that the rate of substitution of the 4-chloxro
group is much smaller than that for the 2-chloro group. The products
obtained were the expected diol (211) (61%), the monohydroxyethyl der-
ivative (174) (2.%%) and the reduction product, 3,3',4,4'-tetrachloro-
azobenzene (212) (9.2%). Corbett and Ho1427° reported that Kremer and
Bendich475 had transposed the values of the melting points of 3,3',4,4'-
and 3,3',5,5'-tetrachloroazobenzenes and as such quoted a melting point
of 195.5° for (212) instead of the correct 158.5°. )

On page 62 it was mentioned that Holleman and co-workers?®? had
found that in the reaction of dichloronitrobenzenes, increasing the
temperature from 85° to 1100, had increased the rate and ease of reac-
tion eightfold. It was decided to investigate the effect of tempera-
ture on the rate of reaction and the rate of formation of the diol from
substitution of the 4-chloro group in 2,4-dichloronitrobenzene (20C),
At lower temperatures steric interference with coplanarity due to the
introduction of a bulky diethanolamino group replacing the 2-chloro
group vwas expected to be high while no such interference was expected
to affect the substitution of the 4-chloro group. It was therefore
expected that at lower temperature the yield of the 2-chloro-4-(bis-
2-hydroxyethylamino )nitrobenzene (203) would be somewhat increased.

But when the condensation of 2,4-dichloronitrobenzaene (200) viag atiempted
at 750, the rate of reaction was found to be very slow - very little
product was obtained after heating for 24 hours.

The variation in reactivity of the dichloronitrobenzenes with

diethanolamine is given below:

Isomer 2,3~ 2,4- ] 2,5-| 3,4-

% Yield || 49 84 54 61
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These figures are in agreocment with those obis-::d by Holleman and

465

co-workers and are comparable with those of Lremer and Bendich474
for the condenSﬂtlon reactions with moncetharclunmine except that their
reported rate of reactivity of the 2,5-isomer wag higher than the 3,4~
isomer ( see page 63).

The diols from the above condensation reaciions were chlorinated
using phosphoryl chloride in benzene, obtaining the respective nitrogen
mustards in good yields plus small amountis of the respective morpholino
derivatives, with Rf values almost equal to those of nitrogen mustards.

A possible mechanism for their formation is given below:

/ 0—H ;J
/CH2—CH2 y H2 CH b Cl
R-—ﬂﬂ\\ . R——-h\\ //
CH2——CH2 CH2 CH2
\ _
O-+—H

quéi_l
7\
Cl cl / N\
Thus the diol (186) gave the 4-chloro-2-nitrophenyl mustard (188) (87%)
plus a small amount of the morpholino derivative (189) (3.7%). Reduc-
tion of this nitrophenyl mustard (188) with hydrogen at atmospheric
pressure using palladium-charcoal catalyst gave the required 2-amino-
phenyl 4-chloro mustard hydrochloride (190). It was however found
unstable, slowly losing hydrogen chloride to form the free amine (see
microanalysis) as well as oxidising in air. It was therefore charac-
terized as its 2-chlorophenyl carbamate (191).

The diol (193) was similarly chlce=inated to get the nitrogen
mustard (196) (52%) and the morpholine derivative (197) (18%). The
6-chloro-2-nitrophenyl mustard (196) was reduced to the unstable 2
aminophenyl derivative (198) which was immediately characterized as
its 2-chlorophenyl carbamate (199).

Diol (201) was likewise chlorinated obtaining the respective
mustard (204) (74.54) and the morpholine derivative (205) (6.2%).
Similarly, chlorination of the isomeric diol (203) gave the mustard
(208) and the morpholino isomer (209). Nustard (204) was hydrogenated
to give the corresponding aminophenyl mustard hydrochloride (206)
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which was converted to the 2-chlorophenyl carbamate (207) which was
however very unstable, decomposing within 18 hours to a dark brown
oil, microanalysis of which was inconsistent with the molecular
formula for the carbamate.

Finally the isomeric diol (211), on chlorination gave the corres-
ponding nitrophenyl mustard (213) (72%) and the respective isomeric
morpholino derivative (214) (4.3%%). Hydrogenation of (213) gave the
unstable aminophenyl hydrochloride (214) which as with similar isomers

was characterized as its 2-chlorophenyl carbamate (216).
N

NCH,CH,0H), N0

Cl [::;;:T/ﬂ:l
cl — NO 0,
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N(CH2CH L, N(CH,CH,CL),
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Conclusion

In the introduction to Chapter 3, the need for synthesizing more
phenolic and aminophenyl trisubstituted nitrogen mustards was estab- .
lished. This has now been achieved. HNo carbamates of such phenolic
and aminophenyl mustards have hitherto been reported. Synthesis of
a carbamate of a phenolic mustard has now been carried out as well as
the synthesis of five aminophenyl mustards, Part of the work involved
studies on the hydroxyethylation of several ring-substituted anilines
and considerable variations in reactivity have been revealed; these
results can be explained by electronic and steric factors.

It has also been found that conversion of the di-2-hydroxyethyl
compounds into nitrogen mustards is sometimes best accomplished with
zinc chloride ~ catalysed thionyl chloride in benzene or with mesyl
chloride in pyridine, good yields being obtained.

The use of diethanolamine condensations on dichloronitrobenzenes
has now been established as a source of the intermediate diols, there-
by facilitating preparations of mustards carrying additional amino=-
substituents.

Table 4 shows all the ring-substituted nitrogen mustards synthe-

sized during the course of this work and therefore supplements Table 3.

(see page 69 ).



Table 4. Summary of all ring substituted nitrogen mustards, of
the type shovm below, synthesized during the course of
this work:

X
Y
X X X Y
2-0H 5-C0O 2Me 2-0,C0. NH—@ 5-002165
3-OH 4-CO, ke
4-0H 3-CO,Ne 2_NH.CO. OQ 4~CO, tfe
3-H,, 4-CoMe 1

&

N

4-Cl
Cl

=

» 5-C1
2-NE, 4-C1 2-nn.co.o© 5-C1
4-NE,, 2-¢1 !
5-THAc 4-C0,tie 2-NH. co.oQ 4-C1
4-No,, 3-C0, i .

2.0, 4-ONe

310, 41 4-NH, CO. 2 @ 2-01
2-N0,, 6-c1

2-10,, 5-Ci

210, 4-C1

4-No,, 2-C1

410, 3-C1
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CHAPTER
EXPERTIINENTAL

The figures in parentheses, shovn throughout this chapter,
refer to pages in laboratory notebooks.

Infra-red spectra were recorded on a Perkin Elmer 700 spectro-
photometer using a nujol mull, unless otherwise stated, and are
quoted in cm'1. In general, only characteristic peaks are mentioned.
U.V. spectra were recorded on a Pye Unicam SP 1800 apectrophotometer,
using 99.9% ethanol as solvent, Values are quoted in nm and the
logarithm of their respective extinction coefficients are given in
parentheses. N.m.r. spectra were recorded on a Varian T60 spectrometer
using, unless otherwise stated, deuterochloroform as solvent, tetra-
‘methylsilane as internal reference and, where necessary, deuterium
oxide as exchange agent. All coupling constants, J, are quoted in
Hertz, Hz.

Thin layer chromatograms, preparative or otherwise, were carried
" out using Kieselgel GF254 (E. Herck Ltd.), unless otherwi§?1stated.
Column chromatograrhy, including the dry column technique” ', was
carried out by using Grade 3 neutral alunina, prepared from Brockmann
Grade 1 active neutral alumina (BDH Chemicals Ltd.) by the usual
method. When necessary, Fluorescent Indicator F254 (B. Merck Ltd.)
was added.

Unless otherwise stated, saturated aqueous sodium hydrogen
carbonate was used for neutralization of acidic solutions. Organic
solutions were dried with magnesium sulphate, except where otherwise
stated. Petroleum refers to the fraction of b.p. 40-60o unless stated
otherwise while ether refers specifically to diethylether.

¥elting points were determined using a Kofler block and were
uncorrected.

The following abbreviations are used in quoting i.r. spectra:

d, doublet; s, strong; sh., shoulder; v, very; w, weak. The
following abbreviations are used in quoting n.m.r. spectra:
br, brosd; 4, doublet; dd, double doublet; J s J

o,m’ “ortho,meta
multiplet; q, quadruplet; s, singlet; t, triplet; v, verxy.

3y m,



PHENOLIC rETHOAYCAREONYL NITROGEN rUSTARDS

Nethyl 3-nitro-4-bensyloxybenzoate (171, 187, 314)

Kethyl 3-nitro-4-hydroxybenzoate (9.85 g, 50 mmol) was dissolved
in dry methanol (20 ml) with heating. Potassium (2 g, 50 mmol) in
methanol (25 ml) was added, the solution first turning from yellow
to orange, then coagulating into an orange-red solid., A further
amount of methanol (80 ml) was added followed by benzyl chloride
(6.33 g, 50 mmol). The mixture was refluxed for 24 h, a homcgeneous
solution being achieved after 2 h. On cooling, an inorganic salt
precipitated out. This was filtered off and the filtrate was concent~
rated leaving an orange solid. This was washed repeatedly with 5%
‘aqueous potassium hydroxide until no further orange solution was
formed. The pale yellow residue was finally washed with water and
petroleum, and dried to afford the title compound (0.9 g, &%),

m.p. 106.5-107.5° (1it.,%% m.p. 107-108°), v___ : 1710 (C0,CH5), 1615,
1532 (NOz), 1442 (sh.), 1352, 1304 (N02), 1025, 745. € : 1.4 (18, 4,
aromatic), 1.73 (1H, dd, aromatic), 2.53 (5H, br s, aromatic), 2.77
(1H, d, aromatic), 4.63 (2H, 3, PhCH20), 6.03 (3H, s, ocnj). T.l.c.

(ethyl acetate) on the orange solid showed that it was composed mainly

of starting material.

Methyl 3-nitro-4-benzoyloxybenzoate (316)

Methyl 3-nitro-4-hydroxybenzoate (2 g) was dissolved in dry
pyridine (10 ml). Beazoyl chloride (3 ml) was added, resulting in
the formation of a white precipitate. The mixture was stirred at
room temperature for 1 h, then filtered. The filtrate was concentrated,
redissclved in dichloromethane, washed successively with 5% agueous
potassium hydroxide (10 ml) and water (3 x 10 ml), dried and evaporated

slovly at room temperature giving white needles of the title compound

(2.55 g, 8%%), m.p. 84—870. Thres successive recrystallizations from
dichloromethane gave chromatographically pure white needles, m.p.
88.5-89° (1it.,%%% m.p. 95°), V__:+ 1735 (0=0), 1540 (0,), 1370
(noz), 1300 (C-0), 1260, 1240 (C-0), 1122 (OCHZ), 1065, T715. ©: 1.17
(18, d, J = 2.5 aromatic), 1.4-2.0 (3H, m, aromatic), 2.17-2.67 (4H,
m, aromatic), 6.0 (3H, s, OCHB).
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Fethyl %-nitro-4-hydroxybenzoate

It was obtained from Cambrien Chemicals Ltd., V __ : 3250 (on)
(3200 in CH013), 1720 (cozr;:e), 1623, 1540 (NOQ), 1445, 1310 (si.),
1300 (NOQ), 1175, 7115, 700. T: <-0.96 (1H, s, exchanged, OH), 1.14
(14, 4, J =2, aromatic), 1.67 (1H, dd, Jo’m= 9, 2, aromatic), 2.7
(14, d, J=9% aromatic), 6.00 (3H, s, 0020}13).

‘ethyl 3-amino-4-hydroxybenzoate (1, 45, 81, 118)

Kethyl 3-nitro-4-hydroxybenzoate (19.8 g) was dissolved in dry
ethanol (300 ml). Catalytic amounts of freshly prepared active Raney
nickel were added and hydrogen (8.2 1) at atmospheric pressure was
.added over a period of 2% h. The Raney nickel was removed by filtrat-
ion (with usual precautions) to give a reddish-brown solution which,
on decolourization with activated charcoal, gave a yellow solution.,
Bvaporation to dryness under reduced pressure gave a cream~white solid
which was recrystallized from aqueous ethanol to give chromatograph-
ically pure white needles of the title compound (14.6 g, 82%), m.p.
141.5-143o (lit.,491 MePe 142-1440), mixed m.p. with orthocaine
(authentic sample of title compound) gave m.p. i42-144°,

Another preparation on an equal scale yielded 98% of recrystallized
pale brown crystals, m.p. 141.5-143.50. A further preparation was
carried out at room temperature but in an autoclave at 100 atmospheres
overnight; a 79% yield of white needles, m.p. 143-143.5° (from ~q. EtOH)
was obtained. V.. :  3360/3330 (NH,), 3060 (oH), 1687'(002Me), 1605,
1445, 1310, 1218, 920, 780. 't(mso-d()): 2.56 (1H, s, aromaiic), 2.60
(14, dd, o, 9, 2, aromatic), 3.17 (1, &, J = 9, aromatic), 4.27 (3H,
v br, exchanged, NH,, OH), 6.17 (3H, s, 0033)'

Methyl 4-hydroxy-3-(di-2-hydroxyethylamino)benzoate (7, 100, 120, i42)

Methyl 3-amino-4—hydroﬁybenzoate (10.02 g, 60 mmol) was suspended,
with stirring, in aqueous acetic acid (1:2, 225 ml), cooled in ice-
water and liquid ethylene oxide (50 ml) was added. Stirring at around
1° was continued for 2 h when a further amount of liquid ethylene oxide
(10 ml) was added., Stirring in ice-water was continued for a further
7 h and then the temperature vas allowed to rise overnight to room
‘temperature. All excess solvents were removed under reduced pressure,

the residue neutralized and extracted into ethyl acetate (3 x 100 ml).
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The combined extracts were dried and evaporated to yive an orange-
coloured oil which was crystallized from benzene-p:-troleum to give
crude cream-whiie crystals of the diol (10.7 &, 70/%), m.p. 65-77°.
Repeated recrystallization from chloroform-petroleun afforded white
crystals of the title compound, m.p. 73.5-75.5° (lit.,439m.p. 79°),

soluble in chloroform, benzene and ethyl acetate but insoluble in

ether. T.l.c. (CHC13) indicated a minor trace of impurity but i.r,
and n.m.r. gpectra, as compared to those of an authentic sample,
were identical. V3 3350 (phenoliec OH), 3200 (aliphatic QH),
1710 (co Je), 1445, 1310, 1080, 780. T: 2.12 (1K, s, aromatic),
2.20 (1q, dd, J_ =9, 2, aromatic), 3 04 (1H, 4, I=9, aromatic),

4,78 (3H, br s, exchanged OH), 6.12 (3H, S, OCH3), .35 (4H, t,
C-CH -o), 6.83 (4H, t, N-CH -c)

In one experiment, crystallization could not be achieved.
Distillation of the oil yielded a colourless viscous distillate,
b.p. 55° at 3mmig, Voo, (film): 3400 (OH), 2950/2890 (CH,), 1725
(c=0), 1440, 1380, 1250, 1090, 1060, 960, 900, T: 5.78 (2H, q,
C~CH,. 7}, 6.2 (eH, q, CO-0-CH,~C), 6.4 (2H, br s, exchanged, OH),
7.9 (3, s, COCH3). The residue crystallized to the title cempound

and wag then recrystallized.

Mathyl 4-hydroxy-3-(di-2-chloroethylamino)benzoate
(1) Preparation using thionyl chloride in benzene (11, 29, 112, 124,
130, 158, 167)

Hethyl 4-hydroxy-3-(di-2~hydroxyethylamino)benzoate (3.4 g)
was dissolved in dry benzene (25 ml) to which was added redistilled
thionyl chloride (12 ml). The mixture was refluxed for 20 min after
which, on cooling, a precipitate was obtained. This was filtered
giving a deep-red filtrate A, and a pink residual solid B, which
became light pink on drying, This solid, B, was neutralized with
ammonia (d 0.88) (100 ml), extracted into chloroform (3 x 50 ml),
and the extracts were combined, washed with water (3 x 50 ml), dried
and concentrated affording a yellowish oil. (In one trial purification
using column chromatography over a period of 11 days, most of the
product decomposed on the column). Trituration with dry analar acetone
-petroleum gave white crystals (0.873 g, 22%), m.p. 69-73°. Repeated
recrystallization from acetone-petroleum gave colourless rhombic
crystals, m.p. 70-73°, Final purification by preparative t.l.c. (CHUl3)
and recrystallization gave the title compound, m.p. 75-78° (1it., 472
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m.p. 76%). Voot 3270 (oH), 1715 (co fa), 1445, 1300, 1210, 1120,
790. °C: 2.0 (14, s, aromatic), 2.07 (11, ad, Jo,m: 9, 2, zrumatic),
2.22 (14, br s, exchanged, OH), 2.93 (1K, 4, J=9% aromatic), 6.10
(H, s, ocua), 6.57 (6H, %, NCH,C 01). A mixed m.p. with an aunthentic
sample was undepressed.

The deep-red filtrate, A, was neutralized and the benzene layer
was washed with water, dried and concenirated to an orange-coloured
oil, V 1760 and 1700, Column chromatography (benzene) of this
o0il afforded fast-moving eluates which crystallized from acetone-
petroleum to yellow crystals, m.p. 130-1310 (1.24 g). Lassaigne's
sodium fusion test indicated the presence of sulphur, nitrogen and
chlorine., Preparative t.l.c. (CHClB) gave saveral bands. A minor
yellow band gave an oil, low Ry, Vmax.(CHCIB): 3450, 2900, 1760, 1700,
1600, 1580, 1440, 1360, 1280, The major band (70%), colourless but
u.v. active, at approximately R, 0.6, gave white crystals (26%),

m.p. 131° (from dichloromethane-petroleum) Viax,? 1700. Recrystalliz-
ation of the remainder of the yellow crystals from dichlorcmethane~
petroleun also yielded the same compound, m.p. 1310.

A further preparation gave white crystals (from acetone~petroleum
fraction b.p. 60-800) of 6-methoxycarbonyl-4-N-2'-chlorceihyl-2, 3~
dihydro-1,4-benzoxazine, m.p. 74-74.5° (Found: €, 56.26; H, 5.50;

N, 5.49; Cl, 14.11. 012 14ClNO3 requires C, 56.37; H, 5.52; N, 5.48;
cl, 13.86%), Voot 1702 (colte), 1602, 1582 (ring carbons), 1518,
1445, 1357 (c-M), 1333, 1301, 1281 (Cc-0), 1252 (Ar-0-C), 1218, 1120,
780. T: 2,55 (1H, dd, J_ =9, 2, aromatic), 2.63 (1H, s, aromatic),
2.17 (18, d, J= % aromatlc), 5.7 (2H, t, Ph-0~CH -c), 6.1 (3H, s,
OCHB), 6.27 (4H, s, NCH,C 201), 6.5 (2H, t, Fh-0-C-CH -N) These
gpectral characteristics and the Rf value were identical to the white
crystals with m.p. 1310. A mixed m.p. with an authentic sample of

the difunctional nitrogen mustard (m.p. 75-780) was 50—690.

(2) A much improved preparation using thionyl chloride_in benzene in

the presence of catalytic zinc chloride (500)

Methyl 4-hydroxy-3-(di-2-hydroxyethylamino)benzoate (3.4 g) was
dissolved in dry benzene (25 ml). Powdered dry zinc c¢hloride (approx.
0.25 g) was added and this mixture refluxed with stirring while
dropwise addition of thionyl chloride (12 m1) in benzene (10 ml) was
effected. On complete addition of thionyl chloride (30 min), the
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mixture, resulting from the precipitation occurring during the
addition of the thionyl chloride, was further refluxed for 20 min.
Considerable frothing occurred and the mixture turned dark red. The
mixture was then filtered and the residue neutralized with ammonia
(d G.88), extracted into dichloromethane, washed with water, dried and
partly concentrated. It was then chromatographed using preparative
t.1l.c. (CH2012) and the band of high Rf extracted with ether, dried,
and condensed to give a yellow oil (2.238 g, 56%) of the title
compound which crystallized on trituration with acetone-petroleum to
very light pink crystals, m.p. 72-75° (1it.,4?? m.p.76°). An n.m.r.
spectrum of the oil was identical to that of an authentic sample of

the title compound.

2-(Di~2-chloxroethylamino)-4-methoxycarbonylphenyl N-phenylcarbamate
(37, 42, 136, 619)

Methyl 4-hydroxy-3-(di-2-chloroethylamino)benzoate (501 =g, 1.7
mmol), phenyl isocyanate (214 mg, 1.8 mmol), and triethylamine (5
drops) were sealed in a small tube and stirred very slowly for 48 h
‘at 66=68°. The resulting dark-red oil was chromatographad (CH2012
petroleum, 2:1) giving two colourless but v,v. asctive bands. The one
with high Rf gave a dark yvellow oil cxrystallizing slewly from dichloro-
methane-petroleum to large colourless crystals of 6-methoxycarbonyl-
4-N-2'-chloroethyl-2, 3-dihydro-1,4~benzoxazine (177 mg), m.p. 131-135°,
T identical to that of an authentic sample. The other band, of lower
R,, gave an almost colourless oil (507 mg, 72%) which on cooling for
a few hours crystallized from benzene-petroleuri, m.p. 56—61

Recrystallizations from ether-petroleum gave white crystals of the
title product, m.p. 89.5-90.5° (Found: C, 55.55; H, 4.81; N, 6.78;
Ccl, 16.96. C19H20012\1204 requires C, 55.49; H, 4.90; N, 6.81; Cl,
17 .24%). vmax.(03013) 3415 (NH), 3015, 2960 (CHZ), 1755 (N.C=0.0),
1720 (COZMe), 1605, 1530, 1505, 1445, 1302, 1275, 1202, 1180, 1125,
1010, 998, 689. T: 2.08-3.18 (9H, m, aromatic & NH), 6.10 (3H, s,

oca5), 6.53 (8H, s, NCH,CH,C1).
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4=tvinogalicylic acid (98)
It was obtained in 99/ purity from Ralph Emanuel Litd, It was

soluble in ethyl acetate but insoluble in dichloromethane. vmax.:
3465/3365 (NH2), 3200~-2750 (s, intramolecularly H-bonded OH), 24500~
2550 (w. d, overtones, COH), 1650 (sh.)/1645 (002H), 1620 (6NH), 1450,
1300 (C-0, C-N), 1238/1207/1179 (c-0, C-N, 6 0-E), 890/830 (§CH, out-of-
plene, 1,2,4-trisubstitution), 780, 738. T (acetone-d}: 2.33 (14, d,
J = 8, aromatic), 2.8 (4H, v br, exchanged, COH, OH, NH2), 3.73 (1H,
dad, Jo,mz 8, 2.5, aromatic), 3.79 (1H, s, aromatic).

Methyl A~aminosalicylate

(a) Using hydrogen chloride catalyst (24, 25, 40, 47)

 A~Aminosalicylic acid (30.6 g, 0.2 mol) was suspended in dry
methanol (300 ml) saturated with dry hydrogen chloride and refluxad
for 22 h. A heavy deposit of white crystals still persisted in the
reaction mixture. A sample was dried giving white crystals of
4-aminosalicylic acid monohydrochloride, m.p. 218=-221° (lit.,508
m.p. 223-225°). A further amount of dry methanol (500 ml) was added

to the bulk of the reaction mixture and this was re-saturated with

dry hydrogen chloride, refluxed with stirring (48 h) and the resulting
homogeneous solution was concentrated under reduced pressure 1o give

a solid which was neutralized, extracted into ethyl acetate (3 x 150 ml)
(ether was used in one experiment), dried and condensed to give highly
impure cream-white crystals (18.8 g), m.p. 94-118°, R, (03013)3 0.46,
0.33 (ester), 0.05 {3-aminophenol), 0.00 (starting material).
Recrystallization from methanol gave predominantly white crystals of
3-aminophenol (67%4), m.p. 120-121° (1it.,”2 m.p. 123-124°), Mixed
m.p. with an authentic sample of 3-aminophenol gave m.p. 119-1230,

Ry (CH013): 0.05, v___ 3 3350,/3285 (NH2), 3100-2800 (br, OH), 2720/
2625, 1600 (6xu), 1597 (ring carbons), 1310 (60-H), 1266 (C-0), 1180
(c-X), 1160, 920 (6¥H), 858, 790, 705 (6C-C). This i.r. spectrum was
completely identical to that of an authentic sample of 3-aminophenol.
Amax'; 216 (3.94), 235 (3.71), 285 (3.20). Again, this u.v, spectrum

was identical to an aunthentic spectrum of 3-aminophenol, The remaining

‘mother liquor was collected and a sample was chromatographed (prepara~-
tive t.l.c. - CHCl ) giving a further small amount of 3~-aminophenol
and also methyl 4~1n1nosqllcy11te as cream-vwhite crystals, m.p. 116-118°

Rf(CHClﬁ): 0.33. A mixed m.p. with 3-aminophenol gave m.p. 94-105°.

$
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Recrystallization from benzene-petroleum gave cream-white crystals of
the ester, m.p. 118=119.5° (1it.,?°° m.p. 120-121°. % n.p. 123-125°)
Voo, 3460/3370 (¥H,), 3250 (oH), 1660 (sh.)/1645 (co,ke), 1625
(nH), 1580/1520 (ring carbons), 1445 (ring C=C), 1365, 1350 (sh.),
1305 (sh.), 1290 (c-0-C), 1238, 1210/1205, 1166 (C-0-C), 1122, 1095,
986, 970, 860, 800, 763, 720. A . : 241 (3.95), 289 (4.19), 307
(4.26). This u.v. spectrum was identical to that recorded by Drain
and co-workerssoo for methyl 4-aminosalicylate. T: -0.98 (1H, s,
exchanged, OH), 2.33 (1H, d, J = 9.5 aromatic), 3.82 (1H, d, J = 2.5,
aromatic), 3.84 (1H, dd, Jo’m= 9.5, 2.5, aromatic), 5.87 (2H, bz,

exchanged, NH2), 6.12 (34, s, OCH3)'

(b) Using sulphuric acid catalyst (87, 96)

4-Aminosalicylic acid (10 g, 65 mmol) was dissolved in dry m2thanol
(280 ml) and concentrated sulphuric acid (16 ml); a white precipitate
of the sulphate being initially formed which redissolved after addition
of part of the conceatrated svlphuric acid. Esterification was
accomplished following refluxing for 8% h. Removal of the excess
solvent followed by neutralization, precipitated the crude ester {8.56 g,
79%), m.p. 114-120%, containing a small amount of %-aminophenol.
Recrystallization from methanol-water (charcoal) gave still impure
methyl ester (7.95 &, 73%%), m.p. 116.5-119°. Recrystallization from
hot benzene-petroleum (b.p. 60-800): however, gave chromatographi«ally
pure cream-vhite crystals of the title compound (6.7 g, 62%), m.p.
118-119.50. Further recrystallization of a small sample from bentene-

petroleum gave crystals of the pure ester, m.p. 119.5-1210. Spectral
measurements were identical to those of an authentic sample of the

methyl ester.,

(¢) Using boren trifluoride catalyst (83, 94, 150)

4-Aminosalicylic acid (&0 g, 0.523 mol) was suspended in anhydrous
methanol (525 ml) and boron trifluoride ethereate complex (3C0 ml,
4.5 mol) was added slowly with stirring below 400. The resulting
clear solution was refluxed for 24 h, +then left standing at room
temperature for 5 days. The solution was then condensed to a thick
slurry, redissolved in distilled water (150 ml) and neutralized with

10 M aqueous sodium hydroxide, with cooling, resulting in the formation
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of a precipitate. TFollowing filtration, the residue was redissolved
ia dilute hydrochloric acid, neutralized, exiracted into ethyl acetate
and this organic layer was washed with water, dried and condensed
giving crude methyl ester. Recrystallization from benzene-petroleum

(charcoal) gave cream-white crystals of the title compound (67 g, T7%)

MeDa 117-1200. A small scale preparation using this method gasve the
ester (94%), m.p. 120.5-121.5° Another preparation using identical
conditions, with the exception that the reaction mixture was not

refluxed but left standing at room temperature for 15 days, gave the
ester (73%), m.p. 117-119.50. In every preparation, the product was

identified by its m.D. and its spectral characteristics.

Methyl 4-(di-2-hydroxyethylamino)salicylate (104, 162, 195)

Hethyl 4-aminosalicylate (18.9 g, 113.2 mmol) was dissolved in
glacial acetic acid (200 ml) and water (50 ml), cooled to around 0°
with stirring, and liquid ethylene oxide (25 ml) was added. It was
stirred for 6 h, then the temperature was allowed to rise o room
iemperature and stirring was continued for a total of 48 h. The
solvents were removed under reduced pressure giving an oil which was
neutralized, extracted into ether (4 x 100 wl), washed, dxied
(charcoal), and condensed again, affording a yellow oil which
crystallized from dichloromethane-petroleum, giving the crude product
(24.3 g, 84%). Recrystallization from hot benzene gave white crystals
of the triol (15.3 g, 53%), m.p. 97-100.5°, Further recrystallization
from benzene of a small sample gave chromatographically pure white
needles, m.p. 101-103° (1it.,4%" m.p. 97-98°). R, (ethyl acetate):
0.38. v ___ : 3580-3120 (aliphatic OH), 3300 (phenolic OH), 1660
(C02Me), 1625 (61H), 1572, 1525, 1450 (sh.), 1345, 1318, 1292 (C-0-C),
1265. 1205, 1180 (c-0-C), 1060, 1010, 968, 907, 862, 790. /\max.:

252 (3.94), 298.5 (4.22), 318.5 (4.45). T: -0.94 (1H, s, exchanged,
phenolic OH), 2.32 (1H, d, J= 9 aromatic), 3.78 (1H, dd, J = 9
2.5, aromatic), 3.84 (1H, s, aromatlc), 6.10 (3H, s, OCHB), 6 12 (4%,
t, c-cnz-o), 6.39 (44, t, N-CH,, -C), 6.57 (24, br, exchanged, aliphatic
OH). :
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Attempted preparation of methyl 2—O—benzoy1—4-(di-2-hydroxyet§ylaminq)-
salicylate (183, 210)

Methyl 4-(di-2-hydroxyethylamino)salicylate (12.3 g, 48 mmol)
was dissolved in 1,2-dimethoxyethane (100 ml). Sodium methoxide
(2.64 g, 49 mmol) was added and the mixture stirred at around 50° for
1 h., It was then treated (30 min) with benzoyl chloride (6.75 g, 48
mmol) in 1,2-dimethoxyethane (15 ml) and stirred for a further 1 h,
then evaporated giving an o0il which was soluble in dichloromethane
(200 ml). After washing successively with 1 M sodium hydroxide {ag.)
(3 x 50 ml) and water (100 ml), it was dried and concentrated under
reduced pressure affording a brovn viscous 0il (8.6 g). Dry column
chromatography (ethyl acetate) gave three main bands. The band of
highest R, was further purified by t.l.c. (ethyl acetate), crystallized
to a white solid, m.p. 114-1150, and recrystallized from dichloro-
methane-petroleum to give white crystals of methyl 2-O-benzoyl-4-

(di-2-benzoyloxyethylamino)salicylate (500 mg), mep. 115-116°.
(Found: C, 69.91; H, 5.06; N, 2.24. 033H29NO8 reguires C, 69.83%;
H, 5.15; N, 2.47%). Voox: 1738 (sh.), 1722 (Ph.C=0), 1702 (COQMe),

1618, 1458, 1440, 1300a3(céh.), 1280, 1260 (sh.), 1200, 1165, 1130

(c-0), 1098, 1040, 725. T: 1.6-3.4 (18H, m, aromatic), 5.41 (43,
t, CuCHZ-O), 6.11 (41, t, N-CHZ-C), 6.33 (3H, s, OCHB). The other
two bands yielded impure viscous oils. The n.m.r. spectrum of the

band with second-highest R

o Was indicative of the title compound.

Chlorination of methyl 4-(di-2-hydroxyethylamino)salicylate with
zine chloride-catalysed thionyl chloride (546, 581)

Methyl 4-(di-2-hydroxyethylamino)salicylate (1.24 g) was
dissolved in dry benzene (15 ml). Powdered anhydrous zinc chloride
(under benzene) was added and the reaction mixture was vigorously
stirred and refluxed. Thionyl chloride (4.4 ml) in dry benzene
(4 ml) was added dropwise (20 min) - the reaction mixture turning
dark blue-green, Refluxing was continued for 45 min, then the
solution was cooled and neutralized with aqueous sodium carbonate,
extracted into dichloromethane, dried and condensed to give a
reddish o0il (1.4896 g). T.l.z. (CH2012) gave a band of highest
Rf which afforded a yellow oil {525 mg). It was further purified
to give a chromatographically pure, very light-yellow oil of a
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1¢1 molecular complex of methyl 3—chloro—4-(di-2-chloroethy1amino)-
salicylate and methy! S-chloro-4-(di-2-chloroethylamino)salicylate
(Found: €, 43%.99; H, 4.34; N, 4.53%; Cl, 3%0.74. 01211141@01303

requires C, 44.00; H, 4.32; N, 4.29; C1, 32.56%), Vmax. (£ilm):

3130 (br, OH), 2960/2860 (CHZ), 1673 (C02Me), 1615, 1562, 1497, 1445,
1340, 1272, 1260, 1240, 1208, 1180, 1128, 1089 (ar-cl), 1018, 9€0,
912, 860, 798, 748, 735, 670. ¥: -1.55 ($H, s, exchanged, OH), -0.72
(3H, s, exchanged, OH), 2.18 (3H, s, aromatic), 2.29 (3H, 4, J =%
aromatic), 3.27 (3H, 4, J=9 aromatic), 3.29 (3H, s, aromatic),

6.05 (3H, s, OCHB), 6.31 (8H, s, NCH,CH,C1).

Methyl 4-(di-2-chloroethylamino)salicylate (607, 673)

Methyl 4-(di-2-hydroxyethylamino)salicylate (4 g) was dissolved
in pyridine (25 ml) and methenesulphonyl chloride (5.3 ml) in pyridine
(5 ml) was added., An exothermic reaction followed and the mixture
was stirred and further heated at 100° for 20 min, On slight cooling,
a precipitate was obtained. This was filiered off and washed with
petroleum and dichloromethane to give white crystals of pyridine
methanesulphonate (5.8 g), m.p. 1740, goluble in water. The filtrate
was washed with dilute hydrochloric acid, aqueous godium eartonate
end finally water, dried and condensed giving an orange oil which was
chromatcgraphed by preparative t.l.c. (CH2012) giving a major band of
high Rf which afforded an orange-yellow oil of the crude nitrogen
mustard (3.34 g, 73%5). Trituration in petroleum-ether gave a white
golid which was recrystallized from ether-petroleum to give light-
pink crysitals of the title compound (2.95 g, 65%), m.p. 61.5-62.5°
(1it., %" n.p. 60.5-61°). v . (film): 3150-3090 (0H), 2955/2870
(CH ), 1660 (CO he), 1625, 1568, 1520, 1445, 1352, 1280, 1255, 1205,
1175, 1118, 840, 780, 748-704 (C-c1) (1it.,4?] V. & 1669, 1193, 1166,
741=719), Vmax.(CHCIB): game as for Vmax_(film) above 130C. below:
1268, 1172, 897, 839, 700, T: -0.98 (1H, s, exchanged, OH), 2.30

(1, 4, J = 9.5, aromatic), 3.78 (1H, dd, J_ = 9,5, 2.5, aromatic),
3,81 (1H, d, J = 2.5, aromatic), 6.1 (3H, s, OCH ), 6.28 (8H, s,
NCH,CH 01)

2
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H~Aminosalicylic acid

5-Aminosalicylic acid was obtained frem Ralph Emanuel Ltd.
It was insoluble in dichloromethane, ethanol, methanol or water
but was soluble in dimethyl sulphoxide. V__  : 2000(sh. )/2550 (OH),
1645 (COQH), 1620, 1580, 1490, 1360, 1320, 1275, 1250, 1200, 1142,
822, 786. ’U(DLISO-dG): 2.57 (4H, br, exchanged, NH,, OH, 00211),
2.72 (14, 4, J=3 aromatic), 3,00 (1H, dd, Jo,m= 9, 3, aromatic),
3,27 (18, 4, Jo= % aromatic).

Methyl S-aminosalicylate (19, 21, &9, 199)

5-Aminosalicylic acid (30.6 g, 0.2 mol) was suspended in dry
methanol (500 ml) with stirring. The mixture was saturated with
dry hydrogen chloride resulting in a dark homogeneous solution which
was refluxed for 20 h., The excess solvent was then removed under
reduced pressure and the resulting solid was neutralized, extracted
into ether (3 x 200 ml) ard the organic solution was dried and

concentrated, affording the title compcund which was recrystullized

from methanol to give brown crystals of the ester (28.4 g, 85%),

m.p. 94.5-95,5° (lit.,522 m.p. $5°). In one preparation, recrystalliz-
ation from methanol (charcoal.) gave chromatographically pure, light-
yellow crystals of the ester, m.p. 95.5-96.5°, R, (ethyl acetate):
0.68. Voax.? 2390/3310 (NHQ), 3070 (OH), 1672 (COQMe), 1495, 1445,
1345, 1310, 1280, 1240, 1220, 1093, 980, 900, 845-840 (d), 800, 730.
/\max.: 228 (4.18), 356 (3.42). T : -0.34 (1H, br, OH), 2.73 (1H,

d, J = 2.5, aromatic), 2.60-3.17 (2H, m, aromatic), 6.03 (3H, s, OCH3)’

6.6 (2H, br, exchanged, NHQ).

Yethvl 5-(di-2-hydroxyethylamino)salicylate (49, 55, 90, 192, 201)

Methyl 5-aminosalicylate (3.34 g, 20 mmol) was dissolved in a
mixture of water {15 ml) and glacial acetie acid (50 ml) with stirring
and the solution was cooled in ice. Liquid ethylene oxide (16 ml)
was added and stirring was continued in ice-water for 1 h. A further -
amount of liquid ethylene oxide (8 ml) was added and the solution
was stirred in ice-water for 23 h, letting the temperature rise
gradually to room temperature. The excess solvents were removed
under reduced pressure leaving a red oil which was neutralized,

extracted into ether (3 x 50 ml), washed successively with agueous
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sodium hydrogen carbonate (50 ml) and water (50 ml), dried,
decolourized with activated churcoal and condensed giving yellow
crystals of the crude title compound (4.7 g, 92%) waich were
recrystallized from chloroform-petroleum (b.p. 60-80°) affording
bright canary-yellow crystals of the title compound, m.p. 110-111.5o
(Found: €, 56.34; H, 6.66; N, 5.34. C12H17H05 requires C, 56.47;
H, 6.67; X, 5.49,"'3),,Rf (BiOH): 0.63, Re (ethyl acetate): 0.33.
Voax.? 3245 (oH), 1680 (COQMe), 1618, 1502, 1445, 1295, 1265, 1240,
1220, 1192, 1092, 1058, 1032, 1002, 900, 828, 799, 762, 730, %nax.
(CH013): 3245 (0H), 2910/2850 (CH2), 1720/1670 (002Me). Viax® 239
(4.27), 267 (3.84), 385 (3.43). T: =-0.28 (1H, s, exchanged, phenolic
OH), 2.65-3.0 (3H, m, aromatic), 6.05 (3H, s, 0033), 6.20 (4H, t,
c-cnz-o), 6.55 (41, t, N—CHQaC), 6.87 (2H, br, exchanged, aliphatic OH),

In solution, the triol fluoresced with a blue-green colour particularly

at the surface of the solution. A final recrystallization gave yellow
crystals of the triol, m.p. 113-115°. ‘

Methyl 2-0-benzoyl-5-(di-2-hydroxyethylamino)salicylate (61, 77, 191,
306)

Methyl 5-(di-2-hydroxyethylamino)salicylate (2.0% g, 8 zmol) was
dissolved in 1,2-dimethoxyethane (24 ml) and treated with =odium
methoxide (0.44 gy 8 mmol). The mixture was stirred at 50o for 1 h,
then treated over 30 min with redistilled benzoyl chloride (1.125 g,

8 mmol) in 1,2-dimethoxyethane (2.5 ml). Stirring was continued for

1 h, then the excess solvents were removed under reduced pressure and
the residue was extracted into chloroform (50 ml), washed successively
with 1 M sodium hydroxide (3 x 25 ml) and water (2 x 25 ml), dried,
and condensed leaving a yellow oil which partly crystallized (from
toluene) on cooling in a refrigerator for 2 days, affording, on
washing with ether, white crystals (504 mg), m.p. 92-98°. The
uncrystallized oily filtrate and the ether washings were combined.
Column chromatography (silica - eiher) of this gave a red oil (2.03 g)
which was further purified by preparative t.l.c. (CH2012) giving two
bands, The higher R, band (Rf = 0,06) gave an oil, T: =0.33 (phenolic"
OH). The lower R, band (Rf = 0.44) after further chromatog=aphic
purification gave a yellow oil which crystallized from ether-petroleum
(b.p. 60-80°) to white crystals (0.33 g), m.p. 106-108°., Recrystall-
izaﬁibn of the combined zolids gave white crystals of the benzoyl
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derivative (880 mg, 30.5%), m.p. 107-108°. (Found: C, 63.47; H,
6.00; N, 3.77. C19H21N06 requires C, 63.51; H, 5.89; N, 3.90%).
v : 3225 (OH), 1730 (sh., FhC00), 1725 (GO Me), 1610, 1505, 1440

(gﬁfi, 1367 (sh.), 1280, 1260, 1220, 1090, 1070, T22. vmax_(cu013):
3320 (OH), 2925/2865 (CHZ}, 1720 (PhC00, cozme). T: 1.67 (1H, d,

J = 2.5 aromatic), 1.79 (1H, 4, J = 2.5, aromatic), 2.27-3.30 (6H, m,
aromatic), 6.29 (3H, s, OCHB), 6,0-6.6 (8H, m, NCH,CH,0), 6.0-T.3 (2H,
br, exchanged, OH). In one h.m.r. spectrum, the two aliphatic protons

were shown as a broad signal at 5.577T.

Methyl 2-0-benzyl-5-(di-2-hydroxycthylamino)salicylate (144)

Methyl 5-(di-2-hydroxyethylamino)salicylate (2.55 g, 1C mmol)
was dissolved in dry methanol (25 ml) in which potassium hydroxide
(565.5 mg, 9.92 mmol) was dissolved. This solution was warmed and
benzyl bromide (1.71 g 10 mmol) in methanol (5 ml) was added dropwise,
It was then refluxed until the pH fell from 12 %o 4 (4 h) whea some
inorganic salt crystallized out. The solution was decanted and the
solvent evaporated to give an orange oil. Ice-cold water was added
and the mixture was extracted with chloroform. The orga.ic layer
was washed with water, dried and concentrated tc give an oil which
was chromatographed (preparative t.l.c. - ethyl acetate) . affording
a yellow 0il which was purified several times by preparative t.l.c.

to give the chromatographically pure benzyloxy derivative as a light

yellow oil containing a small amount of solvent (Found: C, 67.97;
H, 7.33; N, 3.91. C19H23N05 requires C, 66.07; H, 6.71; N, 4.C5%)
vhax‘(film): 3330 (OH), 2950/2875 (CH,), 1710 (002Me), 1501 (vs),
1442, 1360, 1300, 1255, 1080, 816, 745, 707. T: 2.4-3.27 (&H, m,
aromztic), 4.9 (2H, s, CHzPh), 6.1 (34, s, ocaB), 6.23 {4H, %,
C-CHZ-O), 6.53 (4H, t, N-CHZ-C), 5.3-7.6 (2H, br, exchanged, CH).
Attempts at making a crystalline derivative of 3,5-dinitrobenzoyl

chloride were unsuccessful.
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Methyl 5-(di-2-chlorozthylamine)salicylate (57, 520, 522)

Kethyl 5-(di-2-hydroxyethylamino)salicylate (1 g) was dissolved
in chloroform (12 ml). Catalytic azmounts of dry zinc chloride powder
(kept under benzene) were added followed by dropwise addition of
thionyl chloride (3.6 ml) in chloroform (3 ml) with stirring at room
temperature, Initially a precipitate was formed but it redissolved
affording a slightly reddish solution on complete addition of the
thionyl chloride solution (45 min). This solution was refluxed for 13
min and then, the excess solvents were removed under reduced pressure,
the residue was neutralized, extracted into dichloromethane (40 ml),
washed with water and dried giving an orange solution (charcoal) with
a slightly bluish-green fluorescent effect. Preparative t.l.c. (CH2012)
gave a high Rf, u.v. active band, which afforded a yellow oil (593 mg)
that erystallized on trituration with petroleum to cream-yellow
crystals, m.p. 79-810. Recrystallization from dichloromethane-petroleum
gave light-yellow crystals of the title compound (52%), m.p. 65-66°,
A mixed m.p. with the crude product gave an appearance of melting at
79o but reformed needle-shzped crystals, m.p. 84—85o (Found: G, 49.19;
H, 5.22; N, 4.56; Cl, 24.22, C12H15012NQ3 requires C, 49.33; H, 5.17;
N, 4.79; C1, 24.27%). v___: 3150 (OH), 1875 (CO,Me), 1615, 1495,
1445, 1365, 1310, 1300, 1260, 1215, 1145, 1090, 950, 830, 790, T50.

T: -0.28 (1H, s, exchanged, OH), 2.7-3.1 (3H, m, aromatic), 6.07
(24, =, ocns), 6.12 (6H, s, NCH20H201).
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AMINOPHENYL KETHOXYCAHIONYL NITRCGEN MUSTARDS

5-tmino-2-nitrobenzoic acid (208)

It was obtained in T0/% form (moist) from Aldrich Chemical Co. Inc.
It was dried over phosphorus pentoxide anda recrystallized from methanol
to give orange-brown crystals, m.p. 235° (dec. 229°) (lit.,525 Mm.D.
235°). Voo, } 3450/3250 (NHZ), 3220 (0H), 2720-2550 (CO2H overtones),
1630 (CO2H), 1625 (6NH), 1598, 1580, 1500 (sh., Noz), 1485, 1322 (Noz),

1300, 1265, 1157, 1078, 880, 850, T62.

Methyl 5-amino-2-nitrobenzoate (26, 65, 140, 206, 241, 244, 262)

Recrystallized and dry 5-amino-2-nitrobenzoic acid (30.36 g;
166.7 mmol) was dissolved in dry methanol (200 ml) saturated with
dry hydrogen chloride. The solution was refluxed, with slcw =ddition
of hydrogen chloride, for 16 h and then further refluxed for 24 h.
The excess methanol was then removed under reduced pressure, and the
resulting oil was neutralized, when a dark brown solid was precipitated.
It was filtered, redissolved in ether, washed with aqueous sodium
hydrogen carbonate (100 ml) and water (2 x 100 ml), dried, decolourized
with active charcoal and condensed giving golden-yellow crystals (27 g,
84%), m.p. 86-94°. T.l.c. (ethyl acetate) gave two bands at R, 0.€3
and Rf 0.70. On attempting to redissolve this crude product in
methanol, a small amount was partly insoluble., This was filtered off,
washed with petroleum (b.p. 60-80°) and dried giving orange-red needles
M. P, 195-199? which, on recrystallization from methanol gave red
needles, m.p. 204-206° (4t 170° the crystal structure changed from
needle to prism shaped). The bulk of the crude ester dissolved in
methenol was purified by partly concentrating the hot methenol solution
followed by addition of distilled water to the hot solution. A small
anount of red oil separated oui. This was removed by a pipetie and
the solution was further concentrated. MNore distilled water was added,
again resulting in a further precipitation of a red oil. This
sequence was repeated until the solution turned from orange to bright
yellow and no further red: oil was precipitated and removed. Then the
yellow solution was allowed to cool in ice, yellow crystals being
obtained in good yield, m.p. 97.5-100.50. Rf (ethyl acetate): 0.63
plus a trace impurity at 0.70. A sample was purified by preparative
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t.1.c. (benzene : ether 3 dichloromethane - 4:4:1) extracting the
fraction at Rf 0.42 giving the pure title compound, m.p. 98-1000

(Found: C, 48,98; H, 4.30; N, 14.17. CgHgll,0, requires C, 42.99;

Hy, 4.11; N, 14.28%). The bulk of the ester obtainad from the first

recrystallization was further recrystallized slowly from dichloro-
methane giving yellow prisms, m.p. 100.5—104.50. Further purification
was achieved by dissolving the ester in dichloromethane and passing
dry hydrogen chloride to saturation. The white precipitate of the
ester hydrochloride was collected and dissolved in methanol giving a
Yellow solution from which the chromatographically pure ester was
obtained. V 3460/3353 (NH2), 3220, 1725 (COQMe), 1635, 1607,
1580, 1501“(N02), 1480, 1320 (Noz), 1265, 1143, 1075, 985, 878, 840,
765. Vmax.(CH015): 3460/3360 (NH,), 1725 (COMe), 1620, 1588, 1445,
1325 (NO )y 1260-1190 (br). ’U(acetone-d6)' 2.02 (1H, 4, J = 9.8,
alomatlc), 3.22 (2H, d4d, J_ _= 9.5. 3, aromatic), 3.57-5. 65 (2H, br,
exchanged, NH ) (in other spectra, this band moved to 3.88), 6,13
(%H, s, OCH ) T: 2.03 (14, d, J = 9.8, aromatic), 3.27 (1H, dd,

Jo o= 948 3, aromatic), 3.27 (1H, 4, J =3, aromatic), 5.42 (2H, br,
exchanged, NHZ)’ 6.07 (3H, s, OCH3)° [llt.,5 6qffor aromatic protons
only: 2.07 (1H), 3.35 (2H)]. It was furthermore charactexized as
its N-acetyl derivative (see below).

The small amount of red oil precipitated during the initvial
recxrystallization of the title compound, solidified and was recrystall-
jzed from methanol giving further amountss of the title compound plus
red needles of an isomeric unknowvn ester, m.p. 194-195o (dec.). Rf
(ethyl acetate): 0.72. (Found: C, 49.30; H, 4.17; N, 14.43.

C H8N204 requires C, 48.99; H, 4.11; N, 14.26%). A small sample
was further crystallized to give needles, m.p. 204-206 vmax.:
3470/3350 (NH,), 3160 (overtone ONH), 1720 (cotie), 1635 (dxH), 1600,
1578, 1440, 1500/1330 (N02), 1250 (c-N), 1165 (dc-H), 1050 (c-0),

848 (6c-H), 748. % (100MHz, I&So—d6): 1.98 (14, d, J= 9, aromatic),
2.41 (1H, 44, J= 14, 2, aromatic), 2.97 (1H, 43, J= 9, 2, aromatic),
1.8-2.8 (2H, br, nnz), 6.16 (3K, s, OCHB). 'c(acetone-d6): T.4 (ZH,
br, exchanged, NHZ)'

Esterification using boron trifluoride - diethyletherZate complex

or concentrated sulphuric acid as catalysts instead of hydrogen
chloride gave identical results though possibly slightly improved
yields.
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Methyl 5-N-acetylamino-2-nitrobenzoate (376)

Methyl 5-amino-2-nitrobenzoate (500 mg) was dissolved in glacial
acetic acid (2 ml) and acetic anhydride (1 ml) and heated on a steam
bath for 5 h, It was then poured on ice forming cream crystals of
the crude title compound. It was redissolved in ether, neutralized,
washed with water, dried and condensed to give an o0il which was
purified by preparative t.l.c. (CHQCIZ) giving an oil which on being
seeded with crystals of the crude product gave cream crystals (353 mg)
of the N-acetyl derivative, m.p. 108.5-109.50. Recrystallization from
hot benzene gave white platelets m.p. 108.5-109° (li't.,527 m.p. 111=
112°), Voax,! 3295 (WH), 1735 (NCOMe), 1687 (COke), 1595, 1560,

1515 (N0, ), 1445, 1355 (NO,), 1300, 1270, 1245, 1145, 1080, 990, 920,
865/855, 825, 775, 725. 't. 1.6-2.3 (1H, br, exchanged, NH), 1.9-
2.2 (34, m, aromatic), 6.03 (3H, s, OCHB), 7.71 (34, s, NCOCH3).

Hydroxyethylation of methyl 5-amino-2-nitrobeazoate (108, 154, 164,
227, 310, 530, 552, 595)

Chromatographically pure methyl 5-amino-2-nitrobenzoste (2Ag) was
dissolved in 75/ aqueous acetic acid (40 ml). Liquid ethylene oxide
(3 ml) was added and the solution was stirred in a sealed flask at Toom
temperature for 24 h., Then further liquid ethylene oxide (1 ml) was
added and stirring was continued for another 24 h. The solvents were
removed under reduced pressure leaving a red oil which was neutralized,
extracted into ether, dried and condensed, leaving a brownish-yellow
0il which darkened on standing. Dry column chromatcgraphy (ether) gave
three bands, The fastest moving band gave yellow prisms of starting
material (800 mg, 40%), m.p. 100-101°. The second fastest band gave,
after further purification by t.l.c. (ethyl acetate), an orange-yellow
viscous 0il of methyl 5-(2-hydroxyethylamino)-2-nitrobenzoate (Found:
C, 49.79; H, 5.22; Ny 11.39. C, .l 12N205 requires C, 50.00; H, 5.04;
N, 11.66%). (film)- 3450 (0H), 3355 (NH), 2950/2680 (C-H],
1725 (co he), 1603, 1595, 1530 (80 ), 1500, 1380 (NO ), 1326, 1265,
1145, 1070 (c-0), 985, &80, 855, ° 70 T: 2,02 (14, 4, J°= 10,
eromatic), 3.40 (1H, 4, Jo= 3 aromatic), 3%.40 (14, dd, Io,m= 105 3
aromatic), 4.57 (1H, br, exchanged, NH), 6.07 (3H, s, ocni), 6.22 (2H,
t, C-CHZ-O), 6.63 (2H, t, N-CHZ-C), 7.35 (1H, br, exchanged, OH).
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The slow moving band was still impure. Preparative t.l.c.
(ethyl acetate) gave further monohydroxyethyl deri-ative pluz a
yellow-brown oil which was purified sevaral times by t.l.c. to give
a very small amount of a yellow-orange oil of ggjhy1A5-(di-2-hydroxy-
ethylaming)-2-nitrobenzoate. Vmax‘(film): 3645-%095 (or, OH), 2950/
2895 (cuz), 1732 (002Me), 1595, 1578, 1500 (N02), 1445, 1320 (KOQ),
1270, 1140, 1060, 740. T: 2.07 (1H, d, aromatic), 3%.21-3.47 (2H,

m, aromatic), 5.94-7.17 (2H, br, exchanged, OH), 6.10 (3H, =, OCH3)’
6.14-6.37 (6H; n, NCH,,
unsuccessful due to the great difficulty in separating the diol from

CHQO). Identification by microanalysis was

traces of impurities, particularly of the monohydroxyethyl derivative
and of the condensation product of acetic acid and ethylene oxide,

It was however characterized as the di-2-chloroethylamino derivative
(see below).

In several preparations a high excess of liquid elhylene oxide
was used and resulted in the condensation of this excess with acetic
acid, making purification of the hydroxyethylated products extremely
difficult. This cordensation product was only pariially removed by
distillation of the oily products giving a clear non-aromatic
distillate, b.p. 58° at 5 x 10 mmHg.

Hydroxyethylaiion of methyl S5-amino-2-nitrobenzoate in dioxan
or benzene in a sealed Carius tube at 140o and 110° respectively
for over 24 h gave some monohydroxyethylamino derivative bui mainly
a red oil which when chlorinated in benzene with phosphoryl chloride

afforded only traces of the nitrogen mustard.

Bydroxyethylation of methyl 5-(2-hydroxyethylamino) -2-nitrobenzoz.te
(432, 448, 482)

Methyl 5-(2-hydroxyethylamino)-2-nitrobenzoate (1 g) was dissolved
in dioxan (3 ml) and freshly redistilled liquid ethylene oxide (3 ml)
was added. The solution was placed in a Carius tube which was then
gealed and carefully heated at 140° for 16 h, after which it wes
cooled, opened and the contents condensed and chromatographed (prepar-
ative t.l.c. - ether) to give sitarting material (328 mg, 33%), a
small amount of diol (118 mg, 10%) identified from spectral data, and
a fraction of highest Rf which gave, on further purification by t.l.c.
(dichloromethane), and recrystallization from dichloromethane-

petroleum, orangz-yellow crystals of 1,2,3,5-tetrahydgg:1-(2—hydrcxz—
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ethyl)=5=keto-11=-nitro~6,6~benz-1,4-oxazocine (110 mg, 10.5%),

m.p. 143-144° (Fouris C, 52.6% H, 4.69; K, 11.07. Gy 1HyNo0%
requires €, 52.38; H, 4.80; N, 11.11%). Viax,® 3375 (o), 1735 (co),
1610, 1588, 1500 (HOQ), 1325 (NOE), 1298, 1275, 1195, 1140, 1115,
1070, 975, 945, 870, 847, 815, 805, 760. T: 1.90 (1H, 4, J= 9.8,
aromatic), 3.52 (1E, 4, J .= 3 aromatic), 3.52 (1H, dd, Jo’mz 9.8, 3,
aromatic), 5.03 (2H, s, ufc-cﬁz-o-co), 5.73 (24, t, C-CHZ-O), 6.03
(2H, s, N-CH,-C-0-C0), 6.08 (1H, br, exchanged, OH), 6.47 (2H, t,
N»CHz-C). m/e:  252(¥), 251, 222, 207, 206, 194, 176, 163, 147, 134,
133, 118, 117, 106, 91, 89, 75. A sample was refluxed in methanol

saturated with hydrogen chloride for 1 h, then condensed, neutralized
and chromatographed giving a low Rr band with spectral features
identical to those of the diol. licroanalysis of this diol, however,

failed once mere to give acceptable figures.

JMethyl 5-(di-2-chloroethylamino)-2-nitrobenzoate (503)

The various small amounts of methyl 5-(di-2-hydroxyethyiamino)-
2-nitrobenzoate obtained from the hydroxyethylation reactions and from
the ring cleavage of the benzoxazocine derivative were combined (0.5 g)
and dissolved in benzene (3 ml). Phosphoryl chloride (1 g) in benzene
(3 ml) was added dropwise and the mixture refluxed until no more
evolution of gas was noticed. The solution was then neutralized with
ammonia (d 0.88), extrazcted with ether, washed, dried and chromato-
graphed (preparative t.l.c. - dichloromethane). The fraction of
highest R,
methane-petroleum giving yellow crystals of the title compound,
m.p. 89-91° (Found: C, 44.79; H, 4.52; N, 8.45. G, ,H,,C1,,0,
requires C, 44.88; H, 4.39; N, 8,72%). T: 1,93 (1H, 4, J = 10,
aromatic), 3.25 (1H, dd, Jo’m= 9, 3, aromatic), 3.30 (1H, d, J.= 3
aromatic), 6.06 (3H, s, ocns), 6.22 (8H, q, NCHZCHQCI).

gave a yellow solid which was recrystallized from dichloro-
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4-Nitroanthranilic acid (250)

4-Nitroanthranilie acid was obtained from Aldrich Chenical Co.
Inc, in 97% purity, m.p. 264° [lit.,527 M. Do 264°(dec.)]. Ve, t
3490/3380 (NHZ), 3070 (br, OH), 273%0-2550 (002H overtones), 167é
(co2H), 1572, 1525/13%62 (NOZ), 1322, 1260 (s), 898, 873, T45.
'f(DMSO-dS): 2.03 (14, 4, J= % aromatic), 2.30 (1H, d, J = 2.5,
aromatic), 2.74 (1H, dd, Jo,m= 75 2:5 aromatic), 3.06 (3H, v br 1.5-4.7,

exchanged, OH, NHZ) .

Methyl 4-nitroanthranilate (251, 263, 265)

4-Nitroanthranilic acid (35 g) was dissolved in methanol (300
ml) and concentrated sulphuric acid (35 ml) was added slowly. The
resulting solution was refluxed fox 24 h, then concentrated under
reduced pressure, neutralized, extracted into ether, washeo,; dried
and condensed to give the ester 2s an orange solid (35.6 g, S6%).
Recrystallization from dichloromethane-petroleum gave fine orange
needles of the title compound, m.p. 156-157° (1ite,”22 mep. 156=157°)
Re (ethyl acetate) 0.78. Very soluble in 1,4-dioxan and IMSO,

moderately soluble in methanol and acetic acid, but only slightly

soluble in dichloromethane, chloroform, ether or benzene and insoluble
in petroleum. V . : 3460/3360 (NH2), 1700 (002Me), 164C (ONH),
1625, 1588, 1520/1355 (noz), 1310 (5-N), 1260 (6¢c-H), 1200 {c-0),
1095, 880, 835 (GNH), 745 (6 C~H). ’t’(acetone-dG): 2.03 (4H, 4, J =
9, aromatic), 2.30 (1H, d, I= 2 aromatic), 2.73 (1H, a4, Jo = 9

2, aromatic), 3.13 (2%, br, exchanged, NH,), 6.1 (21, s, OCHy) .

Hydroxyethylation of methyl 4-niftroanthranilate

(a) In aqueous acetic acid at rocm temperature (255, 273)

Methyl 4-nitroanthranilate (2 g) was partly dissolved in a
mixture of glacial acetic acid (50 ml) and water (25 ml), cooled
to 0%, liquid ethylene oxide (25 ml) added, and the solution was
stirred vigorously for 48 h, The excess solvents were removed
under reduced pressure and the residue was neutralized giving an
orange precipitate which was filtered and chromatographed by the
dry column technique (ether). The highest R, band gave orange
crystals of the starting meterial (1 g 50%), map. 145-150°.



Vmax. and T identical to thet of an authentic sample. The second
kighest Rf band gave orange-yellow crysials, m.p. 108-111°.
Recrystallization from dichloromethane gave orange-yellow needles
of methyl (N-2-hydroxyethyl)=4-nitroanthranilate (600 mg, 25%),
m.p. 112-113.5° (Found: €, 50.20; H, 5.30; N, 11.62. Gty o505
requires €, 50.00; H, 5.03; N, 11.66%). V : 3360 (NH), 3450-

3200 (H-bonded OH), 1700 (Cozﬁe), 154Q/1563a?ﬁ02), 1290 (C-N), 1270
(6c-H), 1240 (c-0), 840 (6 N-u), 760 (6§ c-H).T: 1.87 (1R, br,
exchanged, NH), 1.93 (1H, 4, Jo= 9 aromatic), 2.43% (1H, d, J=2,
aromatic), 2.63 (1H, dad, I, 9, 2, aromatic), 6.07 (2H, m, C-FH -o),
6.10 (3H, s, OCH ), 6.57 (2H, t, A-CHZ-C) 7.7% (1H, br, exchanged,

OH).

(b) In acetic acid-dioxan at room temperature (300)

Methyl 4-nitroanthranilate (2 g) was dissolved in glacial acetic
acid - dioxan (1:1, 40 ml), liquid ethylenc oxide (10 ml) wes added,
and the solution stirred at room temperature for 72 h. Ths r=action
products were then worked up as above to give starting material {1.25 g,
67%), mep. 155-157°, spectral data identical tc that of an authentic
sample; and the monohydroxvethyl product (G10 mg, 3%%), m.p. 111-1130,

Voax and T identical to thoze of an authentic sample.

(¢) 7In dioxan at 150° (330)

Methyl 4-nitroanthranilate (2 g) and dioxen (5 ml) werc placed
in a Carius tube, liquid ethylene oxide (2 ml) wes added and the tube
was sealed and heated at 150-155° for 16 h. On cooling, the dark-red
liquid was condensed and chromatographed (dry column - dichloromethane)
to give starting material, recrystallized from dichloromethane-
petiroleum, m.p. 155—1570; and yellow-orange needles of the N-2-hydroxy-
ethyl derivative (500 mg, 21%), m.p. 108-110° (dichloromethane-

pétroleum). The n.m.r. spectra of the above products corresponded

to those of authentic samples.
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Nethyl 2,4-diaminobenzoate (333, 340)

Kethyl 4-nitroanthranilate (10 g) was alded to a vigorously
stirred, cooled solution of stannous chloride (35 g) and concentrated
hydrochloric acid (50 ml). After a few minutes, the orange colour
of the nitro compound disappeared. It was stirred for 2 h, then
heated on a steam bath, cooled, neutralized with 10 M aqueous sodium
hydroxide (60 ml) followed by aqueous sodium hydrogen carbonate,
and extracted with ether. The ethereal layer was washed, dried and
condensed to give an off-white solid. Recrystallization from ether-
petroleum gave fine white needles of the title compound (7.4 g, 87%),
mep. 110-111° (Found: C, 58.00; H, 6.10; N, 16.94. Ca By oH,0,
requires C, 57.82; H, 6.07; N, 16.86%). Viax, : 3410/3320/3220 (NHé
groups - one more H-bonded), 1660 (CO I:e), 1625 (OMH), 1585, 1558,
1445, 1320 (c-x), 1270 (C-0), 1202, 1175, 1122, 867/853, 792. T:
2.32 (14, d, J= % aromatic), 4.03 (1H, ad, Jo,m= 9, 2, aromatic),
4.13 (1H, 4, J =2, aromatic); 5.3 (4H, br s, exchanged, NHQ), 6.18
(34, s, OCHB).

Methyl 4-phthalimidoanthranilate (350, 360)

Methyl 2,4-diaminobenzoate (1.66 g, 10 mmol) and phthalic
anhydride (1.48 g, 10 mmol) were partly dissolved in toluene (20 ml)
and triethylaming (0.5 ml) was added. The mixture was refluxed in
a Dean and Stark apparatus for 2% h, removing the water producecd,
resulting in a homogeneous solution which was cooled, depositing tan-
coloured crystals (2.05_g) m.p. 205-2080, insoluble in cold othyl
acetate, acetone, methanol or petroleum but soiuble in DKSO and hot
dichloromethane, chloroform or benzene. Recrystallization from hot
chloroform-petroleum gave cream-white needles of the title compound
(704), m.p. 207-208° (Found: C, 64.65; H, 4.19; N, 9.44. C 16H42850,
requires C, 64.86: H, 4.08; N, 9.46%). %nax.: 3442/3342 (NH ),
1725/1688 (phthalimide C=0), 1670 (COZMe), 1620, 1585, 1445; 1580, 1310
(c-x), 1255 (6c-H), 1205, 1120 (c-0), 1095, 1075, 898, 880, 790, T39.
*: 1.9-2.3 (54, m, aromatic), 3.0-3.3 (2H, m, aromatic), 4.5 (2H, br,
exchanged, NH,), 6.09 (3, s, 0033).
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Hydroxyethylation of methyl 4-phthalimidoanthrenilate

(a) In acetic acid-dioxan mixture at room temperature (356)

liethyl 4-phthalimidoanthranilate (458 mg) was partly dissolved
in glacial acetic zcid (10 ml) and dioxan (10 ml). Liguid ethylene
oxide (2 ml) was added, the flask sealed and the contents stirred
vigorously at room temperature for 48 h, resulting in a homogeneous
solution which was condensed, neutralized and extracted with dichloro-
methane. The organic layer was washed with aqueous sodium hydrogen
carbonate and water, dried, and condensed to give an orange-yellow
solid. Recrystallization from hot dichloromethane-petroleum gave
golden yellow needles (266 mg), m.p. 180-182°. They were redissolved
in dichloromethane (charcoal) and further recrystallized to give
chromatographically pure cream-yellow needles of methyl 2-(2-hydroxy-
ethylamino)-4-phthalimidobenzoate (51%), m.p. 185-186°. (Found:
C, 63%.40; H, 4.60; N, 8.11, C18H16N205 requires C, 63.53; H; 4.74;
N, 8.27%%). Vmax.‘ 3450 (OH), 3340 (NH), 1715 (phthalimide ¢=0), 1680
(COZMe), 1580, 1520, 1445, 1380, 1274, 1130, 1090, 1075, 895, 855, 780,
T30, T: 1.7 - 2.4 (54, m, aromatic), 3.0-3%.4 (2H, m, aromatic),
6.09 (%H, =, OCHB), 6.13 (2H, t, 0-032-0), 6.57 (24, t, N—CHQ-C),
8.27 (2H, br, exchanged, NH, OH),

(b) In benzene at 150° (370)

Methyl 4-phthalimidoanthranilate (740 mg) was dissolved in dxy
benzene (3 ml) and sealed in a Carius tube with liquid ethylene
oxide (1 ml). The tube was heated slowly at 150° for 16 h, The
contents of the tube were then dissolved in dichloromethane, filtered
and crystallized to give only starting material, identified from its
Rf and its identical n.m.r. spectrum to that of an authentic sampie.

Methyl 2-N-acetylamino-4-nitrobenzoate (367, 288, 464)

lethyl 4-nitroanthranilate (25 g) was partly dissolved in
pyridine (100 ml) and acetic anhydride (70 ml) and the mixture was
stirred and heated on a steam bath for 5 h. The resulting clear
solution was condensed under reduced pressurz, redissolved in
dichloromethane {300 ml), washed with aqueous sodium carbonate (300 ml)

and water, dried, decolourized (charcoal) and partly condensed.
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Addition of petroleum precipitated yellow crystals (12,31 g) identified
23 the title compound., The filtrste was condensed to give a dark

brown o0il (16,6 g) which was treated with 107 agqueous hydrochloric
acid, then extracted into ether, neutralized, washed with water,

dried and partly condensed to give more tan-yellow crystals (8 g).
Recrystallization from dichloromsthane-petroleum gave yellow crystals
of the title compound (67%), m.p. 145-147° (Lit., 222 m.p. 144°). v
3265 (NH), 3120, 1710/1695 (coan, COQMe), 1602, 1542 (Noz), 1430,

1358 (Noz), 1330, 1280, 1265, 1240, 1155, 1115, 1080, 1022, 960, 910,
835, 805/7%8, 755.

Methyl 2-N-acetyl-2,4~diaminobenzoate (427)

Methyl 2-N-acetylamino-4-nitrobenzoate (12 g) was dissclved in
methanol (300 ml), 10% palladium-charcoal (1.2 g) was added and the
mixture hydrogenated in an autoclave at 25 atm. and 50° but the
temperature was allowed to drop slowly overnight,; resulting in the
deposition of white crystals on the sides of the vessel (2.2 g),

m.p. 213-218° (very slightly contaminated with palladium-charcoal).
The methanolic filtrate was condensed to give slightly yellowish
crystals (7.15 g) identical in *heir i.r. cpectrum to the white
crystals. Recrystallization from boiling chloroform gave very light
yellow translucent crystals of the title compound (87%), m.p. 215-
216° (dec.) (Found: C, 57.54; H, 5.63; N, 13.48. CyoHyoN005

requires C, 57.69; H, 5.81; N, 13.45%). Viax. t 3420/3340 (NHé),

3235 (NH), 1688/1660 (COlMe), 1650 (002Me), 1620, 1582, 153%2, 1440, 1350,
1292, 1280, 1200, 1162, 1098, 1025, 970, 885, T95. WT(IESO-d6): -1.34
(1H, br, not exchanged, NH strongly H-bonded), 1.96 (1H, d, J = 2.5,
aromatic), 2.16 (1H, d, Jo= 9, aromatic), 3.64 (1H, dd, Jo,m= 9, 2.5,
aromatic), 6.10 (3H, s, 0033), 6.42 (2H, br, exchanged, NHZ), 7.8

(3H, s, NCOCHB).

Methyl 2-N-acetyl-4-(lNl-di-2-hydroxyethyl)-2,4-diaminobenzoate (441, 487)

ilethyl 2-N-acetyl-2,4-diaminobenzoate (1,03 g) was suspended
in dioxan (15 ml) and acetic acid (15 ml) in a flask; freshly
redistilled liquid ethylene oxide (4 ml) was added, the flask sealed
and the contents stirred vigorously for 4 days. The excess solvenis

were tien removed under reduced pressure, and the residue was



neutralized, extracted into dichloromethane, woshed with water,
dried and chromatographed (preparative t.l.c. - cthyl scetate) to
give three bands. The fraction of highest Rf gave a yellow oil
which crystallized and wes recrystallized from dichloromethane-

petroleum giving cream-white crystals of an unknown compound (45.4 mg)

M.De 125-1270. The fraction of medium Rf gave a cream-white solid,
MePs 126—129° which was recrystallized from dichloromethane-petroleum
affording white crystals of methyl 2-li-acetyl-4-(N-2-hydroxyethyl)=
2,4-dizminobenzoate (401.2 mg, 32%), m.p. 130-131° (Found: C, 55.18;
H, 6.01; N, 10.27. C12H16N204.%CH2012 requires C, 55.19; H, 6.13;

N, 10.44%). v+ 3392(0H), 3320 (W), 3150 (bx, OH), 1675 (sh.)
(COZMe), 1655 (NCoMe), 1630, 1555, 1440, 1360, 1305, 1278, 1260, 1195,
1165, 1110, 1060, 970, 890, 852, 815. T: -1.78 (1H, br, not exchanged,
NH), 1.92 (1H, 4, J o= 2.5 aromatic), 2.12 (1H, d, J.= 9 aromatic),
2.80 {1H, dd, Jo’m= 9, 2.5, aromatic), 6.12 (3H, s, OCHB), 6.22 (2H,
t, C~CH2-O), 6.63 (2H, t, N-CHz-C), 7.77 (3H; s, C-CHB). The fraction
of low R, gave an oil which crystallized to a cream-white solid (854

£
mg). Recrystallization from dichloromethane-petroleum gave white

needles, m.p. 111-1140. Purification by preparative t.l.c. and
recrystallization gave white needles of the title compound (58%),
m.p. 118-120° (Found: ¢, 56.88; H, 6.60; N, 9.41. Gy Hpol0s
requires C, 56.75; H, 6.80; M, 9.45%). V___: 3275 (br, OH), 3220
(¥m), 1630 (COzhh), 1658 (ncone), 1620, 1578, 1530, 1440 (sh.), 1340,
1310, 1295, 1280, 1240, 1200, 1165, 1125, 1085, 1060, 1010, 960, 855,
840, 830, 780, 730, 710, T: =1.3 (1H, br, wnexchanged, NH), 1.93
(1H, d, J = 2.5, aromatic), 2.17 (1H, 4, J= 9 aromatic), 2.67 (1H,
dad, Jo,m= 9, 2.5, aromatic), 5.9 (2H, br, exchanged, 04), 6.14 (3H,

8, OCHB), 6.17-6.4 (8H, m, NCHZCHzo), 7.83 (3B, s, C-CH3).

Feihyl 2-N-acetyl-4-(iN-di-2-chloroethyl)-2,4~-diaminobenzoate
(a) Chlorination with thionyl chloride in benzene (470)

Methyl 2-N-acetyl-4-(Ni-di-2-hydroxyethyl)-2,4-diaminobenzoate
(250 mg) was dissolved in hot benzene (3 ml) and refluxed. Thionyl
chloride (1 ml) in dry benzene (2 ml) was added dropwise (7 min) and
the solution refluxed for a further 1 h. The benzene solution was
‘then diluted with dichloromethane (50 ml), the solution was neutralized,
washed with water (2 x 50 ml), dried and condensed giving an oil

which was purifiec by preparative t.l.c. (ether). The highest R, band
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gave a yellow oil (132.3 mg) which was purified further by t.l.c.
(2ther) to give a very light yellow oil (110 mg) which crystallized
on trituration with petroleun to white crystals, m.p. 59-63°.
Recrystallization from hot petroleum gave white crystals of the
title compound (39%), m.p. 72-73° (Found: €, 50.51; H, 5.35; N, 8.25;
cl, 21.56. C14 18012N?03 requires C, 50.46; H, 5.44; N, 8.41;

Cl, 21.28%). Vmax.(CHC+3): 3280 (WH), 3002/2940 (052), 1630 (sh.)
(CO2Me), 1665 (Ncove), 1620, 1570, 1525, 1488, 1460, 1440, 1398, 1360,
1340, 1280, 1200, 1173, 1113, 900 (s), 862, 708, 656, T: -1.28 (1H,
br, not exchanged, NH), 1.74 (1H, d, J = 2.5, aromatic), 2.08 (14, d,
J =9 aromatic), 3.63 (1H, dd, Iom™ 9, 2.5, aromatic), 6.12 (3H, s,
OCHB), 6.22 (6H, t, NCH,C c1), 7. 78 (3H, s, NCOCH )

2~

(v) cChlorination with mesyl chloride - pyridine (645)

Methyl 2-N-acetyl-4-(NN-di-2-hydroxyethyl)-2,4~-diaminobenzoate
(1.5936 g) was dissolved in dry pyridine (12 ml) and methanssulphonyl
chloride (1.2 ml) was added. After a few minutes a fairly vigorous
reaction was obtained and on subsiding, the mixture was refluxed for
20 min, then poured on ice (100 ml) and extracted with dichloromethane.
The organic layer was washed with dilute hydrochloric acid, then
neutrallzed washed with water and dried to give a yellow solution
(charcoal) which was condensed to give an orange-red oil. Freparat-
ive t.l.c. (CH ) gave a low R band which gave slightly pink
crystals of the tltle compound (790 mg, 44%), m.p. 73-75°. I.r.
and n.m.r. spectra were identical to those of an authentic sample.

Methyl 4-(NN-di-2-chloroethyl)-2,4-diaminobenzoate (480, 647)

The above-mentioned H-acetyl nitrogen mustard (527 mg) was
refluxed in 50/ w/w methanolic hydrogen chloride for 1 h under
pressure. This was achieved by fixing a balloon partly filled with
dry nitrogen at the open neck of the reflux apparatus. The hydrogen
chloride released on heating, further inflated the balloon, thus
keeping a steady pressure of hydrogen chloride during the reaction.
The methanol and excess hydrogen chloride were then removed under
reduced pressure leaving a white solid insoluble in dichloromethane
but eoluble in methanol or water. This was filtered and dried.

Recrystallization from methanol-ether gave fine white needles of
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the hydrochloride of the title compound (620 ng), partly melting

at 97--1000 with a change of crystalline shape and remelting at
135—1370. A further determination after 1 h gave m.p. 88-950 with
remelting at 111- 1230 vmak : 3375 (associated UH3+), 2655-2450
(overtones NH3 "), 1702 (cote), 1635 (GNH ), 1605, 1565, 1525 (6NH *,
1442, 1362, 1335 (C-N), 1302, 1280, 1205, 1182, 1115, 84%, 780, 747
(c-c1). 'U(methanol-d4): 1.82-1.92 (24, m, aromatic), 2.92-3.13% (1H,

o» HCL plus OH in methanol),

Cl). Characterized as the N-2'-chloro-

m, acomatic), 4.85 (s, exchanged, NH
6.0% (s, OCHB), 6.10 (t, NCH,CH,,
phenylcarbamate (see below).

2-Chlorophenyl chloroformate (518)

2-Chlorophenol (18.42 g, 144 mmol) was dissolved in dry benzene
(50 ml) and quinoline (18.72 g, 144 mmol) was added. This solution
was added dropwise to an ice-cooled solution of excess phosgene in
benzene (100 ml) with stirring. Stirring was maintained for 3 h,
Nitrozen was then passed through the solution to remove any excess
phosgene, and the solution was filtered to remove the quinoline
hydrochloride. The filtrate was condensed to give a yellow oil which
was distilled to give the title compound as a colourless liquid
(10.43 g, 38%), b.p. 61=62° at O.3mmHg, n£5 1.5318 (1it.,412
94° at 15mmig, n2’ 1.5238). V__ (film): 3520 (small), 1782 (0COCL),
1600/1538, 1480, 1458, 1220, 1147, 1122 (Ar-Cl), 1075, 885, 850 (C-Cl),
798, 710, 695/685. T: 1.87-3.37 (m, aromatic, strong singlet at 2.65).

bePo

2! —Chlorophenyl N-[2-methoxycarbonyl-j—(di-2—chloroethy1aminc)]-
phenylcarbamate (657)

Methyl 4-(NH-di~2-chloroethyl)-2,4-diaminobenzoate hydrochloride
(610 mg) was suspended in benzene (10 ml) and dry oyridine (1 ml).
2-Chlorophenyl chloroformate (280 mg) was added, resulting in a
vigorous reaction which soon subsided; the mixture was then refluxed
for 2 h, The pyridine hydrochloride formed was filtered off and the
filtrate was washed with dilute hydrochloric acid, aqueous sodium
carbonate, and water, dried and condensed to give an oil which
6rystallized from ether-petroleum to white crystals, m.p. 110-112°.
Purification by t.l.c. (CHzcl?) and recrystallization gave white
crystals of the title compound (500 mg), m.p. 111-112.5° (Found:
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Cy 51.443 H, 4.23; L, 6.04; CL, 24.16, ()19H19C‘13Ng()/L requires

C, 51.20; H, 4.30; N, 6.28; Cl. 23.86%)., «©: =0.9% (1H, br, NH),

2.16 (1, 4, J= 9 aromatic), 2.28 (1H, d, I,=9 aromatic), 2.47-

3,10 (44, m, aromatic), 3.69 (1H, dd, Joo= 9 2.5 aromatic), 6.13
H

(34, s, OCHB), 6.27 (8H, t, NCHch201).
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ALTIROPHEY], ETHOXY NITROGEN FUSTARDS

2-Methoxy-4-nitroaniline

It was obtained from Ralph N. Emanuel Ltd. Vmax : 3450/3330
(NH2), 1622 (0uH), 1582, 1520/1318 (3302), 1300, 1280 (C-N), 1240
(c-0-c), 1162 (c-N), 1112, 1085, 1040 (C-0-C), 950, 879 (C-H), 825
(c-x), 802 (c-1I), 762, 740.

Hydroxyethylation of 2-methoxy-4-nitroaniline

(a) 1In agueous acetic acid at room temperature (302, 322)

2-Methoxy-4-nitroaniline (2 g) was suspended in a mixture of
water (8 ml) and glacial acetic acid (26 ml), liquid ethylene oxide
(4 ml) was added, the container was sealed and the mixture vigorously
stirred for 52 h. The solvenis were then removed and the residual
oil was neutralized, extracted into ethyl acetate, washed, dried,
decolourized (charcoal) and condensed to give a yellowish brown oil.
Trituration with cold dichloromethane~petroleum gave a sticky solid
which was filtered off. This was redissolved in dichloromethane but
addition of petroleum precipitated a red oil., TFetroleum was added
till no more red oil was precipitated. The petroleum solution was
then left standing when orange crystals, m.p. 85-870, were obtained,
Repeated recrystallization from dichloromethane-petroleum gave
orange e¢rystals of 2-methoxy-4-nitro-(N-2-hydroxyetbyl)aniline (500 mg,
20%), m.p. 87-88° (Found: C, 50.86; H, 5.80; N, 13.17. CoH, N0,
requires C, 50.94; H, 5.70; N, 13.20%). vmax.: 3360 (OH), Z250(NH),
1600, 1542 (1402), 1500, 1480 (sh.), 1440 (sh.), 1340 (NOZ), 13C0, 1260,
1240, 1215, 1160, 1105, 1090, 1070 (C-0), 1035, 875, 810, 760, 740.
v: 2.08 (1H, ad, J_ =9, 2.5, aromatic), 2.36 (1H, 4, J = 2.5,
aromatic), 3.46 (1H, d, I =% aromatic), 4.60 (1H, br, exchanseu, iH),
6.06 (3H, s, OCH%), .09 (21{, t, 0-01I2-0), 6.57 (2H, t, N-CHZ-C),
7.93 (variable) (1H, br, exchanged, OH).

Using glacial acetic acid-dioxan (3:2) as solvent and stirring

for 60 h gave, on working up the products as above, the starting
material (approx. 60%) and the monohydroxyethyl derivative (32%),
. o ]

m.p. 85"87 .
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(b) In dioxen at 150° (477)

2-Kethoxy-4-nitroaniline (1 g) was dissolved in dioxan (3 ml)
in a Carius tube., Freshly redistilled liquid ethylene oxide (2 ml)
was added; the tube was sealed and heated at 150° for 16 h. The
tube was then opened and the contents condensed and chromatographed
(preparative t.l.c.-dichloromethane). The high Rf
yvellow crystals of starting material (718 mg, 72%), m.p. 137-139°
(11t.,539 m.p. 139-140°). The low R, fraction gave an orange oil

fraction gave

vhich crystallized to orange crystals of the monohydroxyethyl

derivative (311 mg, 257%), m.p. 86-88°, Recrystallization from
dichloromethane-petroleum gave crystals, m.p. 88-890. A mixed m.p.
with the product obtained from the hydroxyethylation reaction at

room temperature was undepressed.

N-Acetyl-2-methoxy-4-nitroaniline (383, 463, 4€8)

2-Methoxy-4-nitroaniline (40 g) was dissolved in pyridine (100 ml)
and acetic anhydride (100 ml) and heated in boiling water for 6 h.
The excess solvents were then removed under redvced pressure and the
residue washed with 10% dilute hydrochloric acid (200 ml), extracted
with dichloromethane, separated, and the organic layer was neutralized,
then washed with water (2 x 250 ml), decolourized (charcoal), dried,
and condensed to give orange-tan crystals. Reerystallization from
dichloromethane-petroleum gave orange-tan crystals (48 g), m.p.
147-152°, T.1.c. (ethyl acetate) gave two spots. vﬁax.= 1700/1665
(NCOMe). & 5.98/6.03 (tvo singlets, OCHB), 7.72 (s, NCOCHB). The
singlet at 7.727 had 1.43 times the number of protons as the two
singlets at around 6T combined. Slow recrystallization (12 h) from
a very concentrated solution in dichloromethane gave salmon-colourcd
platelets of pure N-acetyl-2-methoxy-4-nitroaniline (22 g, 44%), m.p.
155-157° (1it.,>*” m.p. 157°). R, (petroleun-dichloromethane, 2:1):
0.37. V. ¢ 3260 (NH), 1675 (NCO ), 1625 (w), 1590, 1552 (no ),
1515, 1495, 1417, 1365 (sh.), 1345 (NOE), 1295, 1260, 1235, 1200 (w),
1145, 1110, 1030, 1015, 975 (w), 935 (w), 885, 840 (w), 810, 750,
735 (w). T: 1,34 (1, 4, J =9, aromatic), 1.95 (1H, br, exchanged,
NH), 2,07 (1H, dd, Jon= 9 2 5, aromatic), 2.25 (1H, d, J = 2.5,
aromatic), 5.98 (3H, s, ocn ) 7.73 (24, s, NCCGCH )

The dichloromethane mother—llquor vas evap o“ated 1o dryness and
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methanol was added. A dark-coloured solution was obtained which
immediately precipitsted yellowish-white crystals (17.5 g), m.p.
115-1300. Recrystallization from dichloromethane gave slightly
yellowish prisms of Niy-diacetyl-2-methoxy-4-nitiroaniline (14 g,
22%), m.p. 136-137°. R (petroleun-dichloromethane, 2:1) : 0.54.
A small sample was purified by t.l.c. and recrystzllized to give

white needles of the diacetyl derivative, m.p. 136-1370 (Found:

C, 52.27; B, 4.82; N, 11.00. C11H12N205 requires C, 52,28; H, 4.80;

N, 11.11%). Vmax.‘ 3100 (sharp), 1705 (vs)(NCOie), 1622 (w), 1595,
1540 (NO2), 1500, 1450, 1420, 1378, 1358 (NO2), 1330, 1308, 1275 (sh.),
1258 (vs), 1220, 1135, 1108, 1032/1027, 960, 890, 812, 740. T:

2.01 {14, 44, J - 8.5, 2.5, aromatic), 2.08 (1H, s, aromatic),

2.65 (14, d, J = 8.5 aromatic), 6.03 (3H, s, ocns), 7.72 (64, s,
NCOCH3).

In one preparation the nitroaniline was dissolved in pyridine

T O

and acetic anhydride and stirred overnight at room temperature prior
to heating in boiling water for 6 h., The product obtained was mainly
the monoacetyl derivative (94%), m.p. 153-154° but an i.r. spectrum

indicated trace zmounts of the diacetyl derivative.

- Acetyl-2-methoxy~1,4-phenylenediamine (452)

N-Acetyl-2-methoxy-4-nitroaniline (20 g) was dissolved in
methanol (300 ml), 10% palladium-charcoal (2 g) was added and the
mixtare hydrogenated in an autoclave at 500 and 25 atmospheres over-
night. The contents were then filtered and condensed to give a dark
red o0il of the title compound (15 g) (lit.,?%° m.p. 119-120° ,?4'm.p.
72°). It was used directly for the next stage.

Bydroxyethylation of N1-acety1-2-methoxy-1,4epheny1enediamine (453)

The product from the above reaction (approximately 15 g) was
dissolved in glacial acetic acid (100 ml) and dioxan (60 ml). Freshly
redistilled liquid ethylene oxide (37 ml) was added and the solution
stirred at room temperature in a sealed container for 36 h., The excess
solvents were removed under reduced pressure, neutralized, washed
dried and condensed to give an oil which deposited crystals on stand-
ing for 4 weeks, These were filtered and recrystallized from ethanol

giving white crystals m.p. 123-1250. Preparative t.l.c. (acetone)
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gave white crystals of N1-acetyl—ﬁ4-(2-hydroxyethy1)-Qnmethoxy-
i,4-phenylenediamine , m.p, 220-222° (Found: C, 59.26; H, 7.13;

N, 12.61. C11H16N203 requires C, 58.98; H, 7.19; N, 12.4%%).

Viax.: 3350 (br, oK), %260 (wH), 1670 (sh.), 1638 (NCCie), 1618, 1540,
1425, 13%05, 1280 (C-N), 1260 (C-0), 1205, 1180, 1140, 1070, 1030, 970,
94C, 880, 845, 820, 795, 730. ‘U(acetone-dé): 2.07 (14, 4, J=9
aromatic), 2.9-3.9 (2H, w, aromatic), 5.3 (2H, br, exchanged, NH),

6.12 (34, s, CH3), 6.15-6.60 (4H, two t, NCHZCHZO), 6.15-6.6 (1H,

br, exchaunged, OH), 7.83% (3H, s, HCOCHB).

4~NMethoyy=-2-nitroaniline

It was obtained from Aldrich Chemical Co. Inc. (lit.,546 m.p.
125-126°). v+ 3455/3350 (1H,), 1641 (B1H,), 1595, 1572, 1508
(Noz), 1423, 1342 (NOZ), 1285, 1252, 1220, 1187 (sh.). 1165, 1100,

1020, 895 (br), 850, 825, 792, 767. T : 2.4 (14, 4, J =3 aromatic),

2.89 (1H, dd, J0 e 9.5, 3, aromaztic), 3.2 (1H, d, Jo= 9.5, aromatic),
]
4.0% (2H, br, exchanged, NHQ), 6.2 (34, s, OCH3).

Hydroxyethylation of 4-methoyy-2-nitroaniline

(a) In agueous acetic acid at room temperaturs (286, 290, %20)

4-Methoxy-2-nitroaniline (2 g) was dissolved in glacial acetic
acid (26 ml) and water (8 ml) and liquid ethylene oxide (2 ml) was
added. The container was sealed and the contents stirred vigorously
at room temperature for 60 h. The solvents were then removed under
rediuced pressure and the residual red oil was neutralized, extracted
into ethyl acetate, dried and condensed to give a red oil which
solidified to a red solid. Recrystallization from dichloromethane-
petroleun gave fine orange needles of (N-2-hvdroxyethyl)-4-methoxy-2-
nitroaniline (2.25 g, 89%), m.p. 89-91°. Further recrystallization
gave needles m.p. 90-92° (Found: €, 51.00; H, %.90; N, 13.07.
CgHy o150, requires €, 50.94; H, 5.70; N, 13.20%), Vo 3350 (NH),
%2200 (0H}, 1580, 1530 (N02), 1410, 1355 (Noz), 1322, 1300, 1280, 1242,
1222, 1162, 1070, 1055, 925, 910, £€1, 828, 822, 790, 778, T4C.
<: 1.8 (1H, br, exchanged, NH), 2.35 (1H, 4, J = 2.5 aromatic),
2.77 (18, dd, Jom 9 2.5, avomatic), 3.03 (14, 4, J =9, aromatic),
6.03 (2H, t, c-caz-o), 6.20 (3H, s, OCHB), 6.43 (21, t, N-CH,~C),
7.95 (14, br, exchanged, OH).
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A larger scale preparation gave some starting material as well,
making crystallization possible only by seeding w-th autheniic crystals

cf monohydroxyethyl derivative.

(b) In dioxan at 150° (337, 400)

4-Nethoxy-2-nitrosniline (5 g) was placed in a Carius tube and
dioxan (5 ml) and liquid ethylene oxide (5 ml) were added and the tube
sealed and heated at 150O for 16 h. The contents were then condensed
and chromatographed (dry column-ether). In order of decreasing Rf,
the products obtained were starting material (791 mg, 16%), m.p. 124-
126° (lit.,546 m.p. 125-126° ), orange red needles of the N-2-hydroxy-
ethyl derivative (1.145 g, 18%), m.p. 88=91°, V .y.2nd T identical
to those of an authentic sample; a scarlet-red oil of [N—Q-(2—hydroxy-
ethyl)oxyethy1]-4-methoxy—2-nitroaniline (%80 mg, 5%4) (Found: U,
51.37; H, 6.27; W, 11.00. C11H16N205 requires C, 51.56; H, 6.29;
N, 10.93%). vV (film): 3420 (br, OH), 3360 (NH), 2945/2890 (cH, )y
1642 (w, 5NH), 1575 (vs, aryl c-C), 1523 (vs, NO ), 14€0, 1418, 1358
(NO ), 1320, 1290, 1235, 1160, 1137, 1070, 1050, 995, 900, 865, 820,
775. T: 1.87 (1H, br, exchanged, NH), 2.42 (1H, d, J =3 aromatic),
2.83 (14, dd, Jom= 9 35 aromatic), 3.17 (1H, d, J .= 9, aromatic),
6.20 (3H, s, OCH ), 6,07-6.70 (8H, m, NCHZCHZOCHZCHZO), 7.5 (14, br,
exchanged, O0H); a scarlet-red oil of (NN-di-2-hydroxyethyl)-4-me thoxy-
2-nitroaniline (210 ng, 2.8%) {¥ound: C, 51.16; H, 5.95; N, 10.46.

Ha6l, o5 requires C, 51.55; H, 6.29; N, 10.93%). R, (ether): very
1ow. max'(film): 3350 (br, OH), 2945/2890 (CH2), 1612, 1572, 1526
(NOZ), 1504, 1460/1446, 1412, 1352 (NOZ), 1290, 123v, 1155/1130, 1060,
1040, 912, 850 (%), 805, 737 (s). T: 2.57 (1H, d, J =9 aromatic),
2,80 (1H, s, aromatic), 2.91 (1E, dd, O =9 3 alomatlc), 6.13 (3H,
8, ocaa), 6.38 (4H, t, c-cnz-o), 6.77 (4H, t, N-CH,-C), 7.10 (21, br,
exchanged, OH); and a brovn-black tar (2.25 g) of zero R

When a similar reaction was left at 150O for a much longer period
of time (3 days) a higher yield of the [N-Z—(2—hydroxyethyl)oxyethy]]
derivative was cbtained, The main product, however was an intractable

ar (3.114 g). Chlorination of this mixture with phosphoryl chloride
gave a small amount of the nitrogen mustard (n.m.r. spectrum identical

to an authentic sample - see below).



l-Acetyl-4-methoxy-2-nitroaniline (379, 381, 337, 465)

4=~liethoxy~2-nitreaniline (30 g) was dissolved in pyridine (60 ml)
and acetic snhydride (60 ml) and heated in boiling water for 7 h.
The solvents were then removed under reduced pressure and the residue
washed with 1G% dilute hydrochloric acid, neutralized, extracted into
dichloromethane, washed with aqueous sodium hydrogen carbonate and
water, dried and condensed to give orange~yellow crystals of the
title compound (36.4 g, 97%), mep. 114-116° (1it.,547 m.p. 117°).
Voax.t 3360 (nH), 3090 (axyl C-H), 1700 (ncote), 1630 (w,06NH), 1580,

m
1520 (N02), 1430 (sh.), 1350, 1322 (Nog), 1300, 1260, 1250 (sh.), 1228,

1200, 1160, 1087, 1045 (s), 1010, 940, 890, 860/852, 810, 778, €30.

N1-Acety1-4-methoxy-1.2-pheny1enediamine (391)

H-Acetyl-4-methoxy-2-nitroaniline (20 g) was dissolved in dry
methanol (400 ml) and 10} palladium-charcoal (2 g) was added. The
mixture was hydrogenated in an autoclave at 20 ati. and 500 overnight,
The resulting colourless solution was filtered and condensed to give
a white solid (16.9 g), m.p. 146~148°. Recrystallization from
boiling methanol gave white crystals of the title compound (93%),
mope 148.5-149° (1it.,” mp. 145%). V1 3430/3345 (i), 3215
(xH), 1630 (s, NCOMe), 1604, 1540, 1505, 1435 (sh.), 1327, 1292, 1260,

1225, 1212, 1174, 1075, 1030, 970, 955, 842, 787, 724 (br).

4-Chlcro=3-nitroanisole

It was obtained from Aldrich Chemical Co. Inc., m.pD. 450
(11t.,°% m.p. 45°). T: 2.50 (1H, d, J = 9, exomatic), 2.57 (1H,
d, J = 2.5, aromatic), 2.90 (1H, dd, J,
6.10 (3H, s, OCHB).

= 9, 2.5, aromatic),
¥

Nucleorhilic substitution of 4-chloro-3-nitroanisole
(2) Reactants only at 116° (561)

4~Chloro-3-nitroanisole %5 g) was melted and dissolved in
diethanolamine (10 ml), and this solution was stirred at 116° in
a stcppered container for 77 h. On opening the container, ammonia

was detected; the reaction mixture was poured into water (100 ml)
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and extractsd inte dichloromethane (200 ml), then washed, dried,
and partly condsnsed to give orange-red crystals (1.924 g)e
Recrystallivation from hot dichloromethane gave orange needles of

2:2 ~dichiors~-5.5" ~dirsthoxyasobenzene, m.p. 174.5-1760 (lit.,sso

MePo 1720), alrost insoluble in ccld dichloromethane, chloroform or

acctone. “f(DLSOods): 2.2%-2.97 (6H, m, aromatic), 6.07 (6H, s, OCH,).
The remzining dark liquid was chromiatogrzphed by tel.c. (CH2012§

to give 2-chloro=4-methorveniline (1.293 g) as a red oil, Vina .(film):

3450/3350 (nnz), 3200 (w), 2950 (CHB)' 26840 (w), 1620 (vs), 1600 (sh.),

1500 (vs), 1470, 1455, 1440 (sh.), 1340, 1315, 1275, 1220 (vs), 1180

(vs), 1160, 1110, 1070, 1020, 957, 825, 785, 7%0. T : 2.85 (1iH, 4,

I.= 9, avomatic), 3.67 (1H, 4, J_= 2.5, aromatic), 3.75 (14, dd,

J =9, 2.5, aromatic), 5.97 (2H, br, exchanged, NHz), 6.29 (3H, s,

o,m
0CH, ).
3)

(b) In refluxing provan-i-ol (601)

4-Chloro-3-nitroanisole (2 g) was dissolved in propan-1-ol
(20 ml), diethsnolamine (6 ml) was added and the solution was refluxed
for 60 h, the solution turning to a deep red colour. It was then
partly condensed and the residue was poured into water, extracted
into dichloromethane snd condensed to give a red oil (2.0537 g).
Freparative t.1l.c. {dichloromethane) save, in order of decrzasing
R.: orange crystals of starting material (1.3177 g, 664), m.p.

f
42~44°, mixed m.p. 40-430; a brown-red oil of 2-chloro-4-methoxy=-

aniline (234.9 mg), identical %o that quoted above; and, after
repeated purification by preparative t.l.c. (methanol), a scarlet-
red 0il of {lN~di-2-hydroxyethyl)-A-nethoxy-2-nitroaniline (119.4 mg),
T identical to that of a sample obtained during hydroxyethylation

of 4-methoxy~2-nitroaniline at high tomperatures.
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(Wi=~Di=2-chloroethyl)~-4-nethoxy-2-nitroaniline (655)

(NN-Di-2-hydroxyathyl)-4-methoxy-2-nitroaniline (112 mg) was
dissolved in hot benzene (10 ml), phosphoryl chloride (1 ml) was
added, and the solution refluxed for 3 h. It was then neutralized,
extracted into dichloromethane, washed, dried, and condensed to give
a dark red oil which was chromatographed (t.l.c.) affording a high
R;. band (from dichloromethane) which gave an orange oil of the
title compound (72 mg, 56%) (Found: C, 45.67; H, 4.96; N, 9.24;
Cl, 23.41. C11H14012N203. 13504H100 requires C, 45.56; H, 5.03;

N, 9.32; Cl, 23.59%). Vmax.(film): 2960/2850 (0112), 1620 (w), 1535
(N02), 1508, 1462, 1448, 1375 (sh.), 1360 (N02), 1305, 1240, 1197,

1160, 1035, 920, 860, 840, 810, 750. €: 2.56 (1H, 4, I,= 9 aromatic),
2.72 (14, 4, J = 3 aromatic), 2.87 (1H, dd, Jo,m= 9, 3, aromatic),
6.11 (3H, s, 0035), 6.51 (8H, s, NCH2CH201).
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AVTROPHEIL G, OHILORQ NITHOGEN NUSTARDS

4-Chloro=2-nitrosznilins

It was obtained from Aldrich Chemical Co. Inc. in 99% purity,
m.p. 117-119°, LA 3450/3337 (NHZ), 1635 (6ux), 1602, 1560,

1505 (NOZ), 14710, 1350 (HOE), 1310, 1280, 1257, 1175, 1122, 915, 892,
835, 780, 740. T: 1.91 (14, 4, J = 25 aromatic), 2.70 (1H, ad,
Jo’m= 8.8, 2.5, arvomaztic), 3.25 (1H, 4, J .= 8.8, aromatic), 3.92

(24, br, exchanged, NHZ).

Hydroxyethylation of 4~chloro-2-nitroaniline (604)

 4-Chloro-2-nitroaniline (1.023 g) was dissolved in glacial acetic
acid (20 ml) and water (10 ml) and liquid ethylene oxide (5 ml) was
added. The solution was stivred in a sealed container for 120 h,
then condensed and neutralized affording an orange precipitate which
was filtered to give orange crystals (938 mg), m.p. 88-1030. The
filtirate was extracted with dichloromethane and the organic layer was
dried and condenged to give more orange crystals (70 mg). Preparative
t.i.c. (CH2C12) on a sample of the crude product (100 mg) gave mainly
the starting material (74%) m.p. 116-118°, and orange crystals of
4-chloro-{N-2-hvdroxyethyl)~2-nitroaniline (2%4), m.p. 107-108°
(1it.,474 m.p.107.5°). Vo (CHC1.): 3365 (NH), 3030/2940 (CHZ),
1625 (6NH), 1565, 1515 (KUZ); 1465, 1430/1418, 1360 (NOZ), 1275,
1240~1210, 1170, 1140, 1075, 93%0, 900, 850, 810, 765 {C~C1l). T : 1.81
(14, 4, J.=3 aromatic), 1.87 (14, br, exchanged, NH), 2.59 (1H, dd,
J =9, 3, aromatic), 3.13 (1H, 4, J.= 9, aromatic), 6.10 (2H, t,

o,m
C-CH2~0), 6.47 (24, t, N—CHz-C), 8.05 (1H, br, exchanged, OH).

2~Chloro-4=-nitroaniline

It was obtained from Koch-Light Laborztories ILid., m.p. 105—1070.
Voax.! 3495/3352 (3i,), 1625 (G1m), 1590, 1580 (sh.), 1505 (sh., 20,),

maie
1482, 1340 (No,), 1310, 1270, 1137, 1040 (%), 905, 837/827, 760, 7137,
655. €+ 1.74 (1H, 4, J = 3, aromatic), 1.95 (1H, dd, J_ =9, 3,

aromatic), 3.18 (1H, d, Jo= 9 aromatic), 5.06 (2H, br, exchanged, NHZ).
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Hydroxyethylation of 2-chloro~4-nitroaniline

(a) In agueous acetic acid at room temperature (280, 326)

2-Chloro-4-nitroaniline (2 g} was suspended in glacial acetic
acid (35 ml) and water (25 ml), liquid ethylene oxide (10 ml) was
added, and the solution was vigorously stirred in a sealed flask
kept at room temperature for 4 days. The solvents were ithen removed
under reduced pressure, and the residue was neutralized, extracted
into ether, washed, dried and condensed to give a yellow oil. TFract-
ional crystallization from dichloromethane-petroleum with overnight
cooling initially affording yellow crystals (500 mg), m.p. 101-114°
followed by yellcw crystals of starting material (1 g 50%4), m.p. 103=-
106° (1it.,2?" m.p. 106.5-107.5°). The yellow crystals, m.p. 101-114°,
were recrystallized twice from dry acetone-petroleum to give yellow
ncedles of 2-chloro-(N-2-hvdroxyethyl)-4-nitroaniline (18%), m.p. 115-
117° (134,474 m.p.120°) {Found: C,44.48, H,4.39, N,12.74. Calec. for
CgHoOl 052 G, 44.363 K, 4.19; N, 12.93%). V. 3400-3150 (OH),
3340 (NH), 1595, 1535 (N0,), 1485 (sh.), 1325 (NO,), 1305, 1155 (C-0),
1133, 1085/1075 (Ar-cl), 1055 (C-0), 935 (w), 910 (sh.), 895, 828/817,
760, 735 (C-C1). T(DusO-dz): 1.78 (1H, d, J = 3, avomatic), 1.95
(1, a4, Tou= 91 3 aromatic), 3.25 (14, d, J = 9, aromatic), 4.00
(14, br, exchanged, NH), 6.17 (2H, t, C-CHQ-O), 6.58 (2H, t, N—CHQ-C),
6.6 (1H, br, exchanged, OH). '

Using a glacial acetic acid-dioxan mixture (1:1) as solvent,

starting material was re-obtained in quantitative yields even after

€2 h reaction time.

(b) In dioxan at 140° (419)

2-Chloro~-4-nitroaniline (5 g) was placed in a Carius tube, dioxan
(5 ml) and freshly redistilled liquid ethylene oxide (5 ml) were added
and the tube was sealed and heated at 140° for 16 h, Then the tube
was opered and the contents were condensed to give an oil which partly
crystallized from dichloromethane-petroleum with cooling giving yellow
crystals of starting material (760 ng, 157), € identical to that of an
authentic sample, recrystallized to give m,P. 104-1060. The remaining
product was recondensed to give an oil which was chromatograpned (dry
column—CH2012),‘to give in order of decreasing Rf: more starting
matbrial (2.23 g, 45%), mep. 103-105° (1it.,””' m.p. 106-107°) and
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orange crystals of 2-chloro-(l-2-hydroxyethyl)-4-nitroaniline (700 mg,

15%), m.p. 115-117°. % identical to that of an authentic sample.

N-Acetyl-2-chloro-4-nitroaniline (2%85,459,461,462,496)

2-Chloro-4-nitroaniline (25 g) was dissolved in pyridine (50 nl)
and acetic anhydride (50 ml) and heated in boiling water for 6 h. It
was then condensed, washed with 10% dilute hydrochloric acigd, extracted
into dichloromethane, ncutralized, washed with water (2 x 200 ml),
decolourized (charcoal), dried and condensed to give an oil. Ethanol
(150 ml) was added resulting in crystallization affording cream-white
crystals (28 g) m.p. 99-100°, The crude product was fractionally
recrystallized (methanol) obtaining cream-white crystals, m.p. 100-104°.
Further concentration of the mother liquor afforded a very small
anmount of yellow crystals, m.p. 139-1420. The cream-white crystals,
m.P. 100--104o were further recrystallized to give cream-white crystals
(24 g), m.p. 109-112°, A small sample was purified by preparative
t.1l.c. (dichloromethane) and recrystallized to give white crystals
of NN-diacetyl-2-chloro-4-nitroaniline, m.p. 111-113.5%. (Found:
C, 46.55; H, 3.56; N, 10.89; Cl, 13.94. C10H901N204 requires C, 46.80;
H, 3.53; N, 10.92; Cl, 13.8%%). V___ & 3098 (w, aryl C-H), 1718 (sh.)/
1712 (Nac,), 1610 (w), 1593 (w), 1534 (No,), 1574, 1354 (¥0,), 1312,
1254 (s), 1231, 1157 (w), 1132 (w), 1074 (w), 1053/1043 (w), 1026,
979 (w), 961 (w), 918, 881 (w), 846 (w), 771, 756 (C-C1), 723. <T:
1.58 (1H, d, I =3, aromatic), 1.63 (1H, a4, Jo,m= 9, 3, aromatic),
2.49 (1H, 4, Jo= 9, aromatic), 7.67 (6H, s, C—CH3). The small amount
of yellow crystals (500 mg), m.Dp. 139-142o were recrystallized from

dichloromethane-petroleum to give yellow necdles of N-acetyl-2-chloro-
4-nitroaniline, m.p. 143-144° (lit.,552 m.p. 143°). Voo : 3280 (M),
3098 (w, aryl C-H), 1690 (NCONe), 1605, 1595, 1540, 1506 ZNOZ), 1400,
1360 (NOQ), 1320, 1285, 1260, 1240, 1160, 1140, 108, 1010, 910, 850,
828 (w), 760 (sh.)/752 (c-C1), 720, 680. T: 1.30 (14, &, J_= 9,
aromatic), 1.70 (1H, d, J.= 3 aromatic), 1.86 (14, dd, Jo’m= 9, 3,
aromatic), 2.03 (1, br, exchanged, ¥H), 7.63 (3H, s, NCOCHB).

In one preparation, the pyridine-acetic anhydride solution was

stirred overnight at room temperature prior to heating the solution.
The products obtained were the same as for the above preparation but
the yield of the monoacetyl product was higher than that of the

diacetyl derivative,
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4-Chloro~3-nitroaniline

It was obtained {rom Ralph N. Emanuel Lid., m.p. 101-1030.
T: 2.6 (14, 4, J=9 aromatic), 2.81 (1H, d, I =3 aromatic),
3.18 (1E, ad, Jo= 9 3 aromatic), 6.0% (24, br, exchanged, NH )
, '

Hydroxyethylation of 4-chlorc-3-nitroaniline

(a) In aqueous acctic acid at room temperature (393, 424, 485)

4-Chloro-3-nitroaniline (2 g) was suspended in glacial acetic
acid (20 ml) and water (10 ml) and freshly redistilled Jiquid ethylene
oxide (4 ml) was added. The container was sealed and the mixture
stirred vigorously at room temperature for 5 days. The resulting
“solution was condensed under reduced pressure and the residue neutral-
ized, washed with water, dried and condensed to give an orange oil,
(3.77 g) which partly crystallized from dichloromethane with cooling
overnight affording orange crystals (1.7 g). Recrystallization from
acetone-petroleum gave orange crystals of 4-chloro-(YH-gdi-2-nhydioxy—
ethyl)-3-nitroaniline (1.3 g), mep. 106.5-108.5°. Final purification
of a sample by t.l.c. (ethyl acetate) and recrystallization gave orange
crystals of the diol, m.p. 107.5—1080. (Fovnds ¢, 45.92; H, 4.94;
N, 10.79. C1OH1301L o4 requirss C, 46.C3; H, 5.03; N, 10.75%).
'C(acetone-ds) 2.68 (1H, 4, J =9 aromatic), 2.83 (1H, d, J =3
aromatic), 3%.05 (1H, dd, J 9, %, aromatic), 5.9-6.6 (2H, br,
exchanged, OH), 6.40 (8H, t: NCH,C 20).

The filtrate and the mother liquor from the crystallization

vere combined and chromatographed (preparative t.l.c. - dichioromethane)
to give in order of increasing Rf: more diol (411 mg), total yield
of 56%; an orange-red oil (0.97 g) of a molecular 1:1 complex of

4-chloro-(N-2-hydroxyethyl)-3-nitroaniline and 4-chloro-(N-2-hydroxy=
ethyl-N-2-acetoxyethyl)-3-nitroaniline, Vhaxa(film): 3492 (OH), 3%35
(FH), 2947/2395 (cnz), 1725 (co), 1612, 1535 (Noz), 1500, 1395 (sh.),
1355 (NOQ), 1290 (sh.), 1255, 1190 (w), 1140, 1050, 960 (w), 860 (sh.),
820, 755, 738. T: 2.60-3.40 (6H, m, aromatic), 5.5-7.6 (3H, br, CH,
NH), 5.6-6.8 (12H, 4 triplets, NeH,,CH o), 7.97 (34, s, C-CH )

m/e: 304 (P + 2, 3%, C.H 1c0137\1 05), 302 (P, C12H15013 : 205)s

271 (C11H1201h 04), 229 (09 16°1Y, 03), 216 (F', 26.4%B, CgHgCLl 05 )s
187 (B + 2, 33.7+1.45 of B, 7H60137N 0,), 185 (B, 100%, 07H6013/L 0,)s
139 (42,948, C7H601N), 104 (15.74%B, C1 1sotopc pattern not apparent,
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07F6 Y, 91, 90, 89, 87, 75 {(104R, CGHB), 4%, 31; and an orange-red
liquid of (H=2-scotoxyetdt 1)-4~chloro~3-nitroanilire (77.2 mg, 2.6#%)
(Pound: C, 46.5%; H, 4.22; H, 10.73. Cy gl CLH,0, requires C, 46,443
H, 4.29; N, 10.8%5), Vo (fiim): 3375 (3H), 292ﬁ/9°67 (cn ), 1732
(Cc=0), 1612, 1520 (ho2), 1575=-1340 (LOZ), 1252, 1140, 1050, 910, 820,
740, ¢: 2.67 (14, 4, Jo= 9 aromatic), 2.88 (1H, 4, J =3 aromatic),
3,22 (1H, dd, J = 9, 3, sromalic), 5.67 (oH, t, c-cao—o), 5.90 (1H,

0,7

br, exchanged, 1), 6.57 (2H, t, N-CH, -C), 7.90 (3H, s, C-CHS).

(b) In dioxan at 100° (474)

4~-Chloro-3-nitroaniline (1 g), dioxan (3 ml) and freshly redistill-
ed liquid ethylene oxide (2 ml) were sealed inside a Carius tube
which was then heated at 100° for 16 h., The tube was then opened,
and the contents condensed and chromatographed (preparative t.l.00=
dichloromethane) to give, in order of decreasing Rf: orange~yecllow
crystals of starting material (444 mg, 44%), m.p. and mixed m.p.
101-103°,Wiidentical to that of an autheniic sample; 2 red oil which
erystallized from chloroform and was recrystallized from dichloro=-
methane-petroleun to orange-yellow needles of 4-chloro-(N-2-hydroxy-
ethyl)-3-nitrcaniline (483 mg, 28%), m.p. 73.5° (Found: C, 44.29;
H, 4.19; N, 12.76; €1, 16.69. C.H Clﬂ O requires C, 44.3%6; H, 4.19;

879
N, 12.93%; C1, 15.37%). V 2410 (Lv Oh), 3202 (¥H), 1610, 1530/

1342 (Noz), 1285, 1260 (w??£1220 (w), 1165, 1146, 1072, 1060 (sh.),
970, 887, 837, 821. «: 2.72 (1H, 4, J = 8.5 aromatic), 2.90 (1H,

d, J_= 2.5, aromatic), 3.25 (1H, dd, o™ 8451 2.5, aromatic), 5.30
(1H, br, exchanged, NH), 6.13 (PH, t, c—ca -o), 6.70 (2H, t, N-CH -c),

7.1% (1H, br, exchanged, OH); and a red 011 which erystallized from

chloroform to orenge crystals of the diol (257.1 mg, 17%), m.p. 105~
108°, < identical to that of an authentic sample.

(¥N-~Di-2-chioroecthyl)-d-chloro-3%-nitroaniline (436, 565, 567)

4-Chloro~ (lii-di-2-chloroethyl)-3- nitroaniline (5.754 g) was
dissolved in refluxing dry benzene (25 ml) and phosphoryl chloride
(10 m1) in benzene (5 nl) was added dropwise., MHeflux conditions were
maintained for 4% h and the reaction mixture was then noutralized,
extracted with dichloromethene, washed with water, dried and condensed

to give a yellow solid. Partial solution and filtration gave a goldzn-
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yellow solid, of high R (CH2012), M.pe. 141- 14) « Recrystallization
from hot methanol and 5low cooling gave yellow needles of tha title
compound (3.986 g, 61%), m.p. 143.5-144° (Founa: C, 40.26; H, 3.75;
, 9.56; €1, 36.01. Cio 11013m202 requires C, 40.36; H, %.73; N,

9.41; CL, 35.74%). V .. 1616, 1533 (s, NO,), 1498, 1355 (e, FO,),
1295, 1266, 1230, 1210, 1155, 932 (w), 897, 852, 820, 795, T55. T30.
T (acetone-d ) 2.58 (1H, 4, Jo; 9, aromatic), 2.77 (14, 4, J_= 3,

aromatic), 3.06 (1H, dd, Jo’m= 9, 3, aromatic), 6.20 (8H, %, FCHQCH c1).

(N Ry -Dl-2-chloroethy1)-4-chloro-1,31phenylenediamine (633, 651, 669)

(¥N-Di-2-chloroethyl)-4~-chloro-3-nitroaniline (1 g) was suspended
in methanol (60 ml) and 105 palladium-charcoal (100 mg) was added.
The mixture was hydrogenated at room temperature and atmospherice
pressiure, approximately the theoretical amount of hydrogen (45% ml)
being absorbed. It was then quickly filtered into 504 w/ﬁ hydrogen
chloride in methanol (30 ml) and the clear solution was condsnsed
under reduced pressure, and washed successively with methanol, other,
and dichloromethane. A very viscous yellowish 0il was obtained which
on trituration with ether gave a sticky solid. It was dissolved in
a minimum amount of methanol and this solution was triturated with
ether, with cooling, giving white crystals, m.p. 177—1900. Recrystal-

lization from methanol-ether gave white crystals of the title compound

hydrochloride forming needles at 158o and m,p. 174-178°. (Founa:

C, 44.84; H, 5.69; N, 10.12, C10H15015N requires C, 44.98; H, 4.90;
N, 10.47% - the hydrochloride apparently deccmrosed fairly rapidly

to the free amine). V..t 2640 (M, *y, 1638, 1615, 1600 (OﬂH3+),
1565, 1510 (s), 1408, 1390, 1367, 1340 1318, 1300 (GNH3 ), 1270,

1218, 1185 (C-N), 1172 (c-N), 1080 (Ar-Cl), 1030, 1005, 950, S35 (sh.),
868 (vr, ONH), 792 (c-Cl), 767, T15, 637. 'C(methanol-d ): 2.69 (1H,
da, J_ =9, 2, aromatic), 3%.00-3.37 (2H, m, aromatlc), 5.0% (3H, br,

O,m
exchanged, Nd *), 6.20 (8H, s, NCH,CH 01).

2

" 2,%-Dichloronitrobenzene

It was obtained from Aldrich Chemical Co. Ltd, m.p. 61-62°,
vm&c 3072 (w, C-H), 1580 (ring carbons), 1528 (s, NO ), 1442 (sh.,
ring carbons), 143% (s), 1367 (s, }O ), 1282, 1219, 1167, 1108 (Ar-Cl),
1066, ®7 (w), 89 (C-N), 809 (s), 775 (s, c-c1), 752 (bC-H), 735 (s,
c-C1), 710 (bc-H), T: 2.,03-2.77 (5H, m, aromatic).



3-Chloro-2-(di-2-hydroxyethylanino )nitrobenzene (555)

2,3-Dichloronitrobenzene (5 g) was melted in a conical flagk,
diethanolamine (10 ml) was added quickly and the solution was stirred
for 5 h in aa oil bath at 1150. On cooling, the mixture was poured
into distilled water (70 ml) and stirred. The products were extracted
into dichloromethane, washed (HZO)’ dried and condensed to give a dark-
red oil (6.21 g). Preparative t.l.c. (CH2012) gave in order of increas-
ing Rf: an orange-red oil of the title compound (3.35 g, 49%) crystall-

izing on standing to tan-yellow crystals m.p. 69-70° (Found: C, 46.15;
H, 4.87; N, 10.80; C1, 13.79. C10H1301N204 requires C, 46.08; H, 5.03;
N, 10.75; Cl, 13.60%). Ry low. Vmax.(film): 3350 (br, OH), 2950/
2900 (CHZ), 1530 (N02), 1280, 13%60 (sh., NOZ), 1030 (Ar-cl), 1060, 820,
775 (c-c1), 750 (6C-H). T: 2.20-2.93 (3H, m, aromatic), 5.97-9.10 (2H,
v br, exchanged, OH), 6.35 (4H, t, c—cnz-o), 6.70 (4H, t, H—CHZ-C);

a dark orange-red oil of 3-chloxo=2-~(2-hydroryethylamino )nitrobenzene
(209 mg, 4%) (Lit., 44 v.p. 155-157° at 2mmig). v, (film): 3380
(br, OH), 3350 (iH), 2950/2890 (CH2), 1602, 1578, 1530, 1500 (Noz),
1460, 1345 (Noz), 1265, 1110 (sh.), 1090 (ar-Cl), 1070, 915, 882, 800,
748 (c-c1), 720 (6c-K). T: 2.10 (1H, dd, To,u= 9 2 aromatic), 2.52
(18, ad, Jo,m= 9, 2, aromatic), 3.18 (1H, br, ¥H), 3.25 (14, %, J= 9,
aromatic), 6.05-6.62 (4H, m, NCH20H20), 7.7 (14, br, OH); an orange-

brovn solid (159 mg), m.p. greater than 314°, soluble in methanol,

only slightly soluble in acetcne; a dark purple solid (18.6 mg),
slightly soluble in acetone, dichloromethane or methanol; a yéllow

0il of 2,3-dichloroaniline (147.3 mg, 3.5%) (Lit.,””? m.p. 24°),

soluble in ether, Vmax.(CHClB): 2470/3380 (NHz), 1615, 1590, 1540,

1470, 1450, 1110(ar-Cl), 1020, 910, 700. T: 2.58-3.52 (3H, m, aromatic),
5.82 (24, br, NHZ); and scarlet red crystals of starting material (26%)
m.p. and mixed m.p. 55-58°. Vinax and T identical to those of an

autinentic sample.

3-Chloro-2-{di-2-chloroethylamino)nitrobenzene (577)

3~Chloro-2-(di-2-hydroxyethylamino)nitrobenzene (1.528 g) was
dissolved i n dry refluxing benzene (6 ml) and phosphoryl chloride
(3 ml) in benzene (4 ml) was added, resulting temporarily in the
formation of a precipitete which redissolved within 5 min. Refluxing

was continued for 4 h, then the reaction mixture was neutralized,
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extracted into dichloromethane, washed, dried and condensecd to give

en 0il (1.6514 g). Preparative t.l.c. (CHZCIZ) gave two main products:
an orange oil of the title compound (902 mg, 52/%) (Found: C, 40.96:

Hy 3.67; N, 94145 Cl, 35.67. Cq(H,CLN,0, requires C, 40.36; X,

3.3 Ny 9.41; Cl, 35.74%). Rg: high. v, (film): 2965/2870 (CH,),
1530 (¥0,), 1470, 1455, 1375, 1360 (10,), 1125 (4r-C1), 817, 770 (¢-C1),
740 (8c-H). T: 2.17-2.88 (3H, m, aromatic), 6.47 (8H, s, NCH,CHL,C1);
and a yellow oil crystallizing to yellow crystals of Ne(2-chloro-6-
nitrophenyl)morvholine (255 mg, 18%), m.p. 93-95° (Found: C, 49.52;

Hy 4.73; ¥, 11.47; C1, 15.32. G, H, CIN,0, requizes C, 49.50; H, 4.57;
N, 11.54; Cl, 14.61%). Rf: just lower than that of title compound.

Separation of these two products by t.l.c. was very difficult due to

their close Rf values,

3-Chloro-2-(di-2-chloroethylamino Janiline (665)

3-Chloro-2-(di-2-chloroethylamino )nitrobenzene (491 mg) was
dissolved in dry methanol (10 ml) and hydrogenated at room temperature
and atmospheric pressure over 10% palladium-charcoal (60 mg) for 1 h,
when the theoretical amount of hydrogen (225 ml) had beea absorbed.
The catalyst was removed by filtration, collecting the filirate in a
flask containing 50% w/w hydrogen chloride in methanol (10 ml). The
filtrate was then condensed under reduced pressure to give an oil which
rapidly turned very dark and was therefore imrediately used for the

next stage.

2' -Chlorophenyl F—r3-chloro-2-(di-2-chloroethylamino)]phegylcarbamate
(666)

The above crude aminophenyl chloro mustard hydrochloride was
suspended in dry benzene (10 ml) and pyridine (1 mi) was added.
2-Chlorophenyl chioroformate (275 mg) was added resulting in a white
precipitate being formed. The mixture was stirred and refluxed
overnight. The mixture was then washed with 10/ dilute hydrochloric
acid, when the red colouration was transferred to the aqueous iayer.
The light yellow benzene layer was neutralized, washed with water,
dried (anhydrous sodium carbcnate) and condensed to give an oil.
Preparative t.l.c. (dichloromethane) gave a high R, band again
affording an oil (420 mg). Further purification by t.l.c. gave a
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very light yellow oil crystallizing from ether-petrcleum to white
crystals of the title compound (200 mg) m.p. 103-105° (Found:

C, 48.31; H, 3.2%; N, 6.70; C1, 33 80. 17 1601414 O2 requires C, 48.37;
H, 3.82; N, 6.64; Cl, 33.594), (flln) 3316 (s, NH), 3070 (C-H),
2966/2856 (CHE), 1795 (sh.), 1756 (L-CO-O), 1596, 1580, 1516, 1480,

1456, 1380, 1316, 1276, 1240, 1210, 1140, 1076, 1047, 1016, 958, 922,
860, 804, 770 (sh., C-Cl), 756 (C~Cl), 700, 680. T : 0.70 (1H, br, NH),
1.83 (14, a4, Jo =81 3 aromatic), 2.20-3.20 (6H, m aromatic),

6.10 (8H, s, NCH CH c1)

2,4=-Dichloronitrobenzene

It was obtained from Aldrich Chemical Co. Ltd in 97% purity,
m.p. 29-32°, Voax.t 3100 (w, C=H), 1585, 1575 (sh.), 1535 (NOZ),
1365 (sh.), 1350 (noz), 1300, 1260 (w), 1152, 1120 (ar-Cl), 1063,
880 (vs, C-H), 842 {6c-H), 808 (6c-H), 762 (c-Cl), 740 (w), 637 (w).
T: 2.06 (18, 4, J= 9 aromatic), 2.37 (1H, d, J = 2.5, aromatic),
2.56 (1H, dad, Jo’m= 9, 2.5, aromatic).

4~Chloro-2-(di-2-hydroxyethylamino )nitrobenzene (505, 526}

2,4~-Dichloronitrobenzene (5 g) was reacted with diethanolamine
(10 m1) at 108° for 2 h and then worked up by the method used for
the 2,3-igomer to give a red oil which was chromatographed (prepara-~
tive t.l.c. - ether) to give, in crder of decreasing Rf: yellow=
orange crystals (from petroleum) of 4=-chloro-2-(2-hvdroxyethylamino)-
nitrobenzene (120 mg, 2.39%), waps 115.5-117° (Lit., 474 m.p. 116°).
< : 1.7 (14, br, NH), 1.87 (1H, 4, J=9 aromatic), 3.10 (14, 4,
J = 2.5, aromatic), 3.28 (1H, dd, Jo,mz 9, 2.5, aromatic), 6.03 (2H,
t, C-CHE-O), 6.50 (2H, t, N—CHZ-C), 7.38 (1H, br, OH); an orange-
red 0il of 4-chloro-2-{di-2~-hydroxyethvlamino)nitrobenzene (5 05 g,
74%) (Found: C, 46.0%; H, 5.08; N, 10.68; Cl, 13.24. C,.H, CLN O4

requires C, 46.03; H, 5.03; N, 10.75; Cl, 13.60/%). Vma;?(}zlm),
3350 (br, OH), 2950/2900 (CHZ), 1595, 1580, 1515 (Noz), 1480, 1345
(noz), 1300, 1275, 1220, 1170/1150, 1115 (Ar-Cl), 1075, 1005, 935,
860, 740 (c-c1), 710 ( c-H). T: 2.38 (14, 4, J.= 9 aromatic),
2.67 (14, 4, J = 2.5, aromatic), 3.03 (1H, dd, o o
6.35 (44, m, C-Cdz-O), 6.63 (44, m, h-CdE-C) 6. 8 (24, br, exchanged,

OH); and a yellow oil which was rechromatographed (ether) giving

9, 2.5, aromatic),
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yellow crystals of 2-chloro-4-(di-2-hydroxyethylanino )nitrobenzene
(383 mg, 5.65), mep. 77-79° (Found: C, 46.21; H, 5.10; ¥, 10.71;
Cl, 13.27. 1031301W 0, requires C, 46.03; H, 5.03; 3, 1C.75;

Cl, 13.60%). (rllm) 3250 (br, OH), 2950/2900 (CHZ), 1595,
15€0 (NOQ) 1510, 1400, 1340 (sh.), 1320 (NOQ), 1275, 1230, 1150,
1070 (ar-cl1), 1030, 1010, 850, 820, 745 (c-c1), 710 (dc-H). T:
1.93 (14, 4, J = aromatic), 3.1-3.5 (2H, m, aromatic), 6.05 (4H,
t, C-CH, -0), 6 30 (4H, t, N-CH, -C), 7.14 (2H, br, exchan ed, OH).

The reaction was repnated at 75° for 23 h, then at 105° for % h
for complete reaction. The products obtained were the title compound
(84%), its isomeric diol (5.2%%) and the monosubstituted 4-chloro
derivative (1.65).

4-Chloro-2=-{di-2-chloroethylamino)nitrobenzene (542, 569)

4-Chloro~2-(di-2~hydroxyethylamino )nitrobenzene (1.51 g) was
chlorinated by ithe method used for the 3-chloro isomer. The resulting
yellow-orange oil was chromatographed (preparative t.l.c.~dichloro-
methane) to give the title compound as an orange~yellow oil (1.28 f-
74.5%) (Found: C, 40.36; H, 3.70; N, 9.53; Cl, 35.51. C10H1101 N0,
requires C, 40.36; H, 2.73; N, 9.41; Cl, 35.74%). Re: high. \%ax.
(f£ilm): 3100 (C-H), 2965/2360 (CcH,)y 1595 (vs), 1560 (s), 1510 (vs)
(NOZ), 1480 (s), 1435, 1370 (sh.), 1340 (NOQ}, 1304, 1282, 1252, 1188,
1155/1128, 1110 (Ar-Cl), 1084, 1005, 974, 930, 900, 870, 852, 822,
756 (c-c1), 712 (6c-H), 670. T: 2.24 (1H, 4, J =9, arvomatic), 2.65
(14, a4, J =2 aromatic), 2.91 (14, dd, Jo’m= 9, 2, aromatic), 6.44
(84, s, NCHQCHZCI). A small band of slightly lower R, gave an
orange 0il which crystallized to orange crystals of N-(5-chloro-2-
nitrophenyl)morvholine (87 mg, 6.2%), MeD. 67.5-69.5° (Found:
C, 49.71; H, 4.34; N, 11.39; C1, 14.84. 1OH1101N203 requires C,
49.59; H, 4.57; N, 11.54; Cl, 14.61%). T: 1.19 (1%, 4, J o= 8+5s
aromatic), 2.88 (1H, s, aromatic), 2.93 (1H, dd, Iy = 8 5, 2,
aromatic), 6.14 (4H, t, C-CH -o), 6.92 (44, t, N—CH ~c)

4-Chloro-2-(di-2-chloroethylamino)aniline (685)

4~Chloro-2-(di-2-chloroethylamino )nitrobenzene (1.,0196 g) was
hydrogenated by the method used for the 3-chloro isomer. The product
obtained was a crude red oil insoluble in benzene or dichloromethane.

It was used directly to prevent further decomposition,
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2' -Chlorophanyl H-[4-chloro=-2-(di~2-chloroetlylamino)]vhernvlearbamate
1S d

(¢86)

The above crude product was reacted with 2=-chlorophenyl chloro-
fornate as described for the 3-chloro isomer except that triethyl-
anine was used instead of pyridine. The product, however, was
a yellowish 0il which turned daxk brown in air. Repeated purification
by t.l.c. (CH2C12) gave a pale yellow oil of the title compound,
V ax. (£film) %335 (NH), 2960/2860 (CH2)’ 1767/1728 (N-C0-0), 1590,1518(s),
1482, 1458, 1418 (w), 1310 (sh.), 1262 (s), 1235 (s) , 1180, 1138,
1100 {(Ar-cl), 1070, 1040, 960/945, 840, 760, 765, 750, 680, Within
18 h, the light yellow o0il hazd decomposed to a dark brown o0il,

microanalysis of which was inconsistent with the structure of the

title compound.

2-Chloro~4-{di-2-chloroethylamino)nitrobenzene {591)

2-Chloro-4-(di-2-hydroxyethylamino )nitrobenzene (445.6 mg) was
chlorinated by the method used for the 3~chloro-2-(di-2-hydroxyethyl-
amino) isomer. After chromatography (t.l.c. - dichloromethane), the
products obtained were: a yellow oil which cxrystallized to yellow
crystals of the title comvound (93.4 mg, 18.4%), m.p. 115-116°
(Found: C, 41.43; H, 3.89; N, 9.12. C1OH11013N202 requires C, 40.35;
H, 3.73; N, 9.41%). Rp: high. T: 2.17 (14, d, J = 8.5, aromatic).
2.60 {1H, 4, J =2 aromatic), 2.84 (1H, dd, Jo’m= 8.5, 2, aromatic),
6.40 (8H, s, NCHchQCI). Total purification of the title compound
by t.l.c. was very difficult due to a minor band with an Rf <lmost
identical to it. This small band, Rf just belcw that of the title

compound, gave yellow crystals, m.p. 108-112° which were rechromato-

graphed and recrystallized, affording yellow crystals of
N-{3-chloro-4-nitrophenvl)rorpholine (44.1 mg, 10.G%), m.p. 121-124°
(Found: C, 49.48; H, 4.70; N, 11.46; Cl, 14.72. 0101111011:203
requires C, 49.50; H, 4.57; ¥, 11.54; Cl, 14.61%).

2,5=-Nichloronitrobenzene

It was obtained from Koch-Light Laboratories Lid., m.p. 550.
Vot 3068 (C-E), 1593, 1570 (sh.), 1544/1355 (%0,), 1280, 1238,
1166, 1148, 1110 (Ar-Cl), 1060, 900 (C-N), 847, 840, 785 (C-Cl), 770
(c-c1), 740 (6c-H), 707, 680,
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5-Chloro-2-(2-hydroxyethylamino )nitrohenzene (495)

2,5-Dichloronitrobenzene was reacted with monocethanolaminz at
110° for 3 h by a similar procedure to that used for the reaction of
the 2,3- isomer with diethanolamine. The product obtained, after
purification by column chromatography (ether) and crystallizatvion
gave orange-yellow crystals, m.p. 103-1060. Recrystallizetion from
dichloromethane-petroleum gave orange crystals of the title compound,
m.p. 107-108.5° (1it.,** mp. 107.5° corz.), v+ 3350 (1H), 3260
(br, OH), 1620, 1565 (NOZ), 1510, 1410, 1360 (ng): 1310, 1265, 1240,
1165, 1080 (Ar-c1), 1060, 900, 890, 825, 770 (C-Cl), 733 (6C-H).
T: 1.67 (1H, br, exchanged, MH), 1.77 (1H, 4, J = 2.5, aromatic),
2.53% (1H, dd, Jo’m= 9, 2.5, aromatic), 3.10 (1H, d, I =9 aromatic),
6.00 (2H, t, C-CHZ-O), 6.43% (24, %, N—CHZ-C), 8.32 (1H, br, exchanged,
OH).

5-Ch10ro-2-(di-2-hydroxyethylamino)nitrobenzene (490)

2,5-Dichloronitrobenzene (5 g) was reacted with diethanolamine
{10 m1) at 110° for 3 h, and worked up as for the 2,3-dichloro isomer,
to give a deep red oil (5.94 g). Preparative t.l.c. (ether) gave,
in oxder of increasing Rf: a red oil of the title compound (3.624 g,
54¢¢) (Found: C, 45.84; H, 5.03; N, 10,66; Cl, 13.57. C1OH1301N204
requires C, 46.08; H, 5.03; ¥, 10.75; Cl, 13.60%), Vmax.(film):
3350 {br, OH), 2950/2900 (CHZ), 1601, 1520 (noz), 1490, 1360 (NOZ),
1280, 1220, 1180, 1120 (Ar-Cl), 1070, 1050, 880, 825, 770 (C-C1),
740 (bc-E)., T: 2,10-2.77 (3H, m, eromatic), &.33 (4H, t, cncaz-o),
6.67 (4H, t, N—CHZ-C), 7.12 (2H, br s, exchanged, OH); dark purple
crystals of 2,2!,5,5' -tetrachloroazobenzene (118.5 mg, 3.6%), m.p.
185° (1it.,””% m.p. 189°); and orange-yellow crystals recrystallized
from dichloromethane-petrcleum to give orange crystals of 5-chlore-

2-(2-hydroxyethylamino )nitrorenzene (85.6 mg, 1.65), m.p. 107-109°,
474

mixed m,p. with whe above prepared sample, m.p. 105-1CB° (1it.,
M. Pa 107.5O corr. ). Vmax and <C identical to those of an authentic

sample.
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5=Chloro~-2-{(di-2«chloroethylamino )nitrobenzens (573)

5-Chloro-2~(di-2-hydroxyethylamino)nitrobenzene (1.594 g) in
benzene (6 ml) was chlorinated according to the method used for the
3wchloro isomer. 4An orange oil (1.95 g) wos obtained which was
chromatographed to give a yellowish-orange o0il of the title compound
(1.587 g, 87%5) (Found: C, 40.27; H, 3%.76; N, 9.45; Cl, 35.96.
C1OH11013N202 requires C, 40.36; H, 3.73; N, 9.41; Cl, 55.74%).Rf:
high. vmax.(film):f5095 (c-H), 2965/2860 (caz), 1604, 1522 (Noz),
1485, 1457/1439 (w), 1350 (N02), 1310, 1280, 1258, 1192, 1162, 1142,
1120 (ar-c1), 890, 830, 770, 750 (C-Cl), 670. T: 2.30 (1H, dd,
Jo’m= 9, 2.5, aromatic), 2.52 (1H, 4, J = 2.5 aromatic), 2.65 (1H,
dy J =9, aromatic), 6.45 (8H, s, NCH20H201). A small band with
Rf just below that of the title compound, was extracted to give a
reddish oil which crystallized on standing to an orange solid of
N-(4-chloro-2-nitrophenyl Jmorpholine (55 mg, 3.7%4), mep. 43-45°.
(Found: C, 49.35; H, 4.35; N, 11.75; Cl, 14.%8. C,.H,,CIN o3 requires

10711 2
C, 49.50; H, 4.5T; N, 11.54; Cl, 14.61%).

5-Chloro-2-(di-2-chloroethylamino Janiline (639)

5-Chloro-2-(di-2-chloroethylamino )Jnitrobenzene (1.3487 g) was
hydrogenated by a similar procedure to that used for the 3-chloxo
isomer, On filtration the filtrate started to get dark very quickly,
but on condensation and trituration with ether, pinkish mauve crystals,
soluble in methanol and dichloromethane, insoluble in ether, were
obtained. These were recrystallized to browvm crystals of the title
compound hydrochloride (Found: C, 41.06; H, 4.97; N, 9.52.
C1OH13013N2 requires C, 44.89; H, 4.90; N, 10.4%5 C1OH13013N2 LHC1
requires C, 39.50; H, 4.64; N, 9.21%). Vmax.(CH013): 3450/3360 (w)
(NH,), 2975/2850 (CH,), 2565 (NH5+), 1610 (g), 1500 (vs), 1360 (w),
1318, 1250-1220, 1187, 1142, 1112 (ar-Cl), 1030, 925 (=), 868/842
(c-E), 675, T: 0,27 (2 to 3H, br, NH3+), 2.00-2.97 (3H, m, aromatic),
6.41 (8H, s, NCH

20H201). It was used directly for the next stage.



164,

2' ~-Chlorophenyl N—[5-0h10r0—2—(di-2—chloroethylamino)]phenylcarbamate
(641)

The above crude aminophenyl chloro mustard hydrochloride (1 g)
in benzene (25 ml) was treated with 2-chlorophenyl chloroformate
(624 mg) and pyridine (700 mg) and worked up by a similar procedure
to that used for the 3-chloro isomer, to give a dark brown oil (1.185 g).
Preparative t.l.c. (dichloromethane) gave a high R band which on
extraction gave a yellowish oil. Trituration vith petroleum-ether
gave, on cooling, white crystals, n.p. 94-970. Recrystallization
from ether-petroleum gave white crystals of the title compound (660 mg),
m.p. 98° (Pound: C, 48.42; H, 3.89; N, 6.57; Cl, 33.50. CyHy 601
requires C, 48.37; H, 3.82; N, 6.64; Cl, 33.59%), Vmax.(CHCIB):
3325 (VH), 3015 (C-H), 2965/2840 (CH,), 1754 (s)(N-C0-0), 1585, 1520
(s), 1480, 1463 (sh.), 1450, 1428, 1270, 1230, 1200 (s), 1178, 1132,
1068, 1028 (w), 1013, 934, 916, 890, 824, 700-670 (br)., T: 1.11
(18, bx, NH) 1.75 (14, 4, J = 2.5, avomatic), 2.41-3.18 (6H, m,
aromatic), 6.53 (8H, q, NCHZCHZCI).

450,

3,4-Dichloronitrobenzene

It was obtained from Kecch-Light Laboratories Ltd., m.p. 40.5-—42o
Viax.} 3090 (c-H), 1602, 1573, 1535 (NO,), 1520 (sh.), 1348 (NO,),

1292, 1250, 1160 (=), 1142, 1117 (w), 1044 (s), 907/900 (6¢c-H), 851/
840 (c-N, 6¢c-H), 785 (8) (c-C1), 753 (C-C1l), 692.

3-Chloro=-4-(di-2-hydroxyethylamino )nitrobenzene (534)

3,4-Dichloronitrobenzene (5 g) was reacted with diethanolamine
(10 m1) 2t 118° for 24 h as described for the 2;3-dichloro isomer,
obtaining a dark brown-black viscous oil which, on dissolving in
dichloromethane and standing, gave partial crystallization. The
mixture was filtered and the crystals were washed with dichloromethane-
petroleum to give orange-yellow crystazls (228.6 mg), m.p. 150~154°.
The filtrate was chromatographed (preparative t.l.c. - ethyl acetate)
to give, in order of decreasing Rf: a further amount of orange
crystals (154.7 mg), m.p. 151-154°. Recrystallization from ether
gave yellowish-orange crystals of 3,3',4,4'-tetrachloroazobenzene
(9.20), mop. 152-154° (1ite,47° mep. 195.5° corr., °° m.p. 158°)
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(Founa: ¢, 44.62; H, 2.11; N, 8.96; CL, 44.64. Calec. for
C MGl N, Cy 45.04: H, 1.89; N, 8.75; Cl, 44.32%), T 2.06 (2H,

A
dd, J =9, 2, avomatic), 2.26 (24, 4, J =2, aromatic), 2.41 (2H,

o,nm
d, JO= 9, aromatic); on trituration with ether-petroleum, brownish-
yellow crystals of 3-chloro-4-(2-hydroxyethylamino )nitrobenzene
K2-ohloro-(N-z~nrdrowyethvl) A-nmtrownwlan (130 mg, 2.%%), m.p. 115=

117° (1it. ,474 m.p. 120°), V., and T identical to those of the

earlier sample (page 152); ard a dark orange-brovm oil of the

title compound (4.15 g, 61%) (Found: C, 45.97; H, 5.22; N, 10,603

Cl, 13.80. C10 1301N204 requires C, 46.08; H, 5.03; N, 10.75; C1,
13.60%), v . (film): 3340 (s, OH), 2940/2890 (CH,), 1584 (s), 1504
(NOZ), 1340 (N0, ), 1278, 1223, 1143 (sh.), 1130, 1065 (sh.), 1044,
1005, 900, 858, 835, 775, 755 (C-Cl), 725 (6C-H). T: 1.68 (1H, 4,

I =2, aromatic), 1.88 (1H, dd, Jo,m= 9, 2, aromatic), 2.65 (1H, 4,

J =9, aromatic), 6.30 (B8H, sextuplet, NCH CH2C1), 7.39 (2H, br s, OH).

2

2-Chloro-4-(di-2-chloroethylamino )nitrobenzene (585)

3-Chloro-4-(di-2-hydroxyethylamino)nitrobenzene (1.5234 g) in
benzene (6 ml) was chlorinated with phosphoryl chloride as above to
give the crude preduct as an oil (1.672 g) which was chromatographed
(preparative t.l.c. - dichleromethane) affording a yellowish-orange
0il of the title compound (1.256 g, 72%) (Found: C, 40.63; H, 3.66;
N, 9.50; Cl, 35.86. C10 11C13N202 requires C, 40.3%6; Y, 3.73; N, 9.41;
Cl, 35.74%). v .(film) 3095 (C=H), 2965/2860 (CHZ} 580 (s), 1508
(NOZ), 1485 (sh.), 1458, 1440, 1382, 1337 (NOZ), 1280, 7255, 1190,
1125 (s), 1070, 1040, 1016, 1002, $62, 916 (sh.), 895, 834, 765, T47
(c-c1), 720 (dC-H), 665. A small band of slightly lower R, to that
of the title compound, was extracted and crystallized to give yellow

crystals of N-(2-chloro-4-nitrephenyl)rorctholine (60.3 mg, 4.35),

m.p. 125-126° (Found: C, 49.22; K, 4.36; M, 11.63; Cl, 14.53.

C, o4 1C1L, o3 requires C, 49.50; H, 4.57; K, 11.54; Cl, 14.61%). T

1.69 (14, 4, Jo= 2.5, aromatic), 1.84 (1Y, dd, Jo o= 9 2.5 aromatic),
2.89 (14, 4, J°~ 9, aromatic), 6.06 (4H, t, C-CH -o), 6.76 (4H, t,

N—Cﬂz-C).




166.

3=Chloro=4=(di-2-chloroethylanino)aniline (661)

%-Chloro-4- {di-2=chloroethylamino )nitrobenzene (1.137 g) was
hydrogenated using the procedure adopted for the 2, 3-dichloronitro-
benzene derivative. On filtration, the methanolie acidic solution
turned dark bdblue-black., So it wes condensed affording a dark blue-

black oil of the crude title compound hydrochloride vhich was

immediately characterized as its carbamate.

2% ~Chlorophenyl N—[3-chloro—4-(di—2-chloroethy1aminof]nhenylcarbamate
(662)

The above crude product was refluxed in benzene (25 ml) containing
pyridine (1 ml) and 2-chlorophenyl chloroformzte (730 mg) was added.
The mixture was refluxed for 2 h, then neutralized, washed, dried,
condensed and chromatographed (preparative t.l.c. - dichloromethane)
to give a yellowish 0il crystaliizing from dichloromethane - petroleum,
on cooling, to white crystals. ¥When filtration was attempted, the
crystals started melting at room temperature. Recrystallization from
ether-petroleum with cooling afforded white crystals of the title
compound in geod yield, m.p. 28-32° (Found: C, 48.31; H, 4.16; N, 6.48;
Cl, 32.87. C17H16014N202 requires C, 48.37; H, 3.82; N, 6,64; Cl,
33,59%). Drying this low m.p. solid was extremely difficult particular-
1y as the room temperature was 31°. Vﬁax.(film)= 3300 (¥H), 3070
(c-H), 2975/2865 (CI,), 1750/1720 {sh.)(:i-C0-0), 1608, 1583, 1525,
1503, 1480, 1450, 1405/1395, 1310, 1270, 1220 (s), 1165, 1140, 1110
(Ar-cl), 1065, 1035, 1015, 940, 920, 885, 855, 835, 800, 755 (C-Cl),
735 (§¢c-H), 636, C: 2.00-3.00 (8H, m, aromatic & NH), 6.48 (8H, s,

NCHQCHzcl).
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