
UNIVERSITY OF CINCINNATI

MOrif 10 iq¥ ?

I  hereby recommend that the thesis prepared under my

supervision by— — 5 -----------------------------------   — -----

entitled d io sn lfo n  a m  / d es fob £ #  n e t *  'KeSt &('C h

be accepted as fu lfilling  this part o f the requirements fo r  the 

degree o f  ___________________________________________________________________

Approved by:

e .

Form 668— 6.S. aad Ed.— 500— 3-42

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



r a d i o s u l f o n a m i d e s f o r c a n c e r  r e s e a r c h

A dissertation submitted to the

Graduate School of Arts and Sciences 
of the University of Cincinnati

in partial fulfillment of the 
requirements for the degree of

DOCTOR OF PHILOSOPHY

1949

Louis Soffer

B.S. Washington University 1942
M.S. University of Cincinnati 1948

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



UMI Number: DP16072

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy 
submitted. Broken or indistinct print, colored or poor quality illustrations and 
photographs, print bleed-through, substandard margins, and improper 
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion.

®UMI
UMI Microform DP16072 

Copyright 2009 by ProQuest LLC.

All rights reserved. This microform edition is protected against 

unauthorized copying under Title 17, United States Code.

ProQuest LLC 
789 E. Eisenhower Parkway 

PO Box 1346 
Ann Arbor, Ml 48106-1346

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ACKNOWLEDGEMENT

j For the stimulating criticism
Sf
' and skillful guidance of Dr. Francis Earl

Ray we wish to express our sincere appre- 
ciation.

| We also wish to thank Dr. Charles
D. Stevens for many helpful discussions and 
his support of this work.

•4

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

page
1) ONCOLOGY 1

1.1) Introduction 1
1.2) Historical 2

1.21) Cancer as a Descriptive Science 2
1.22) Cancer as an Experimental Science 5

1.3) Effects of Radiations on Living Cells 9
1.31) Types of Radiations 9
1.32) Mechanism of the Action of Ionizing

Radiation 11
1.33) Radiosensitivity of Tissue 16

1.4) Frontiers In Cancer 19
1.41) Provocative Biological Rroblems 19
1.42) The Virus Theory 21.

2) GASTRIC CANCER IN MAN 24
2.1) Introduction 24
2.2) Occurrence and Etiology 26
2.3) Treatment 29
2.4) Avenues of Approach to the Problem 31

3) RADIOACTIVE SUBSTANCES IN THE DIAGNOSIS AND
TREATMENT OF CANCER OF EE STOMACH 32

3.1) Selective localization of chemical sub­
stances in the body 32

3.2) S35 ‘ 38
3.3) Statement of the problem 41

4) DISCUSSION AND PROCEDURE 45
4.1) Radioactive Sodium P-Toluenesulfonate and 

p-Toluenesulfonyl Chloride 45
4.2) The Benzidine Series 46

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



page

#•21) N.N'-di-p-Tosylbenzidine 46
4.22; N-Aeetylbenzidin© 46
4.23) N-Acetyl-N'-p-tosylbenzidine 46
4.24) N-p-Tosylbenzidine 46

4.3) The Diphenyl Sulfide Series 48
4.31 ) NjN’-di-p-Tosyl-di-p-aainodiphenyl

sulfide 48
4.32) N-p-Tosyl-di-p-aminodiphenyl sulfide 48

4.4) The Diphenylmethane Series 49
4.41) HjM’-di-p-Tosyl-di-p-aminodiphenyliaethane 49
4.42) N-Acetyl-di-p-aainodiphenylmethane 49
4.43) M-Tosyl-N'-acetyl-di-p-aainodiphenylmethane 49
4.44) N-Tosyl-di-p-aminediphenylmethane 50

4.5) The Diphenyl Ether Series 51
4.51) NjN'-di-p-Tosyl-di-p-aminodiphenyl ether 51
4.52) N-Aeetyl-p-amino-p'-nitrodiphenyl ether 52
4.54) p-Nitre-p'-aainodiphenyl ether 52
4.55) N-Tosyl-p-aminQ-p'-nitrodiphenyl ether 52
4.55) N-Tosyl-di-p-aminodiphenyl ether 52

5) EXPERIMENTAL- 54
5.1) Preparation of Sodium p-Toluenesulfonate 54
5.2) Preparation of p-Tolueaesulfonyl Chloride 57
5.3) The Benzidine Series 58
5.31) Preparation of N ,N *-dl-p-Tosylbenzidine 58
5.32) Preparation of N-Aeetylbenzidine 59
5.33) Preparation of N-Acetyl- N ‘-p-

tosylbenzidine 59
5.34) Preparation of H-p-Tosylbenzidine 60

5.4) The Diphenyl Sulfide Series 62
5.41) Preparation of Bis(p-nitrophenyl)sulfide 62
5.42) Preparation of Bis(p-amin©phenyl)sulfide 62
5.43) Preparation of N ,N 1-ai-p-Tosyl-p-

aminodiphenyl sulfide 63
5.44) Preparation of p,p'-Nitroaminodiphenyl

sulfide 64

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5.45) Preparation of isi-p-Tosyl-p-amino- 
p '-nitrodiphenyl Sulfiae

5.46) Preparation of N-p-Tosyl-di-p- 
aminodiphenyl Sulfide

5.5) The Diphenylmethane Series
5.51) Preparation of H ,K '-di-p-Tosyl-di-p- 

aminodiphenylmethane
5.52) Preparation of N-Acetyl-di-p- 

aminodiphenylaethane
5.53) Preparation of M-Tosyl-N'-aeetyl-ai-p. 

aminodiphenylmethane
5.54) Preparation of H-Tosyl-di-p- 

aminodiphenylmethane
5.6) The Diphenyl Ether Series

5.61) Preparation of H , N *-di-p-Tosyl-di-p- 
aainodiphenyl ether

5.62) Preparation of p-Hydroxyacetanilide
5.63) Preparation of N-Acetyl-p-amino-p»- 

nitrodiphenyl ether
5.64) Preparation of p-Iitro-p’-aainodiphenyl 

ether
5.65) Preparation of N-Tosyl-p-amino-p•- 

nitrodiphenyl ether
5.66) Preparation of M-Tosyl-di-p-aminodiphenyl 

ether
6 ) SUMMARY
7) BIBLIOGRAPHY

65

65

67

67

67

69

69

71

71
72

72

73

75

75

77

78

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1.

1) O N C O L O G Y

1.1) Introduction

Cancer research, or oncology, is not a science in 
itself, but the simultaneous and frequently coordinated act­
ivity of many independent scientific disciplines, such as 
clinical medicine, surgery, pathology, radiation physics, 

genetics, immunology, endocrinology and biochemistry. The 

common aim of these approaches has been the elucidation and 
control of neoplastic transformation (1),

Claiming one life of every twenty persons born (2), 
cancer has been called "the most challenging disease which 

confronts biological science", (3). No region of the body 

is exempt from malignant tumors. There are no early symptoms 
in cancer of the esophagus, stomach, rectum, intestines, pan­
creas, kidney, lung and other internal organs which call at­
tention to the disease at a stage where it is curable in any 
large proportion of cases (2).

Cancer involves the most basic phenomenon in biology, 
namely, growth. According to Ivy, the disease is character­
ized by abnormal, unlimited, unregulated growth of tissue 
which destroys the host which nourishes it. It is unique 
among diseases because the host is consumed by its own 
flesh. The thought of this fact, the frequently associated

pain, and the insidiousness and treachery of its attack place 
cancer first among the most dreaded diseases.
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1,2) Historical
1.21} Cancer as a Descriptive Science 

Cancer as a disease was recognized in antiquity and, 
indeed, its very name (from the Latin "crab") is derived from 

the ancient description of its frequent clinical course. 
Neoplastic diseases or tumors are mentioned in the oldest rem­
nants of Indian and Persian literature, and in the Papyrus 
libers (1500 B.C.) (4). They were then treated by excision and 
with escharotics, among the latter being an arsenical oint­

ment used in Egypt.

By the time of Hippocrates (about 400 B.C.) a multitude 
of descriptive facts concerning malignant growth in tissues 
and organs had accumulated. Hippocrates was the first to 
differentiate between indolent ulcer ("carcinoid") and progress­

ive malignant tumor ("carcinoma"). These terms have earried 

over into modern concepts of cancer, although the word "carcin­
oma" is today restricted to tumor of glandular epithelium 
in a typical arrangement.

Galen (150 A.D.) described two types of tumors, one benign 
and the other malignant: the latter was called "cancer".

In the period that followed until the time of the

iienaissanee little of value was learned about cancer. Methods of 
treatment were subject to the fashions of the time. Some 
surgical procedures, however, appear to have been remarkably
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successful.
With the general awakening that was the Renaissance, 

oncology received a great stimulus. Astruc (1684-1776) was 

the first to employ chemical methods in cancer research. He 

ashed cancer and muscle tissues and reported that he found 
them to contain "the same salts". Le Bran (1685-1770) stud­
ied neoplasms (malignant growth), and conceived the role of 

the lymph in the process in which cancer cells are trans­

ported to distant tissues, a phenomenon known today as met­

astasis. Peyrilhe tried to demonstrate a virus principle 
originating from tumors, a theory still of interest today. 
Hunter (1728-1793) affirmed that tumor tissues were nour­
ished hy the body like normal tissues and develop following 

the same biological laws. Potts, in 1775, accurately des­

cribed the cancer of chimney sweeps and traced its etiology. 
Some 150 years later this observation led to the work on 
carcinogenic hydrocarbons.

In 1820 Mannoir announced that each tumor results 
through morbid changes of the tissues from which it arises. 

Six years later microscopic studies by Raspail showed that 
growth of tissues results from the multiplication of cells.
In 1838 J. Mueller published his classical studies on micro­
scopic findings in malignant tissues. During the periog of 

Yirchow careful histologic studies were further extended.
By 1860 the main types of tumors had been described
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4.

accurately and classified mainly on the basis of microscopic 

structure. The existence of baaign tumors, various types of 

carcinoma (tumor of the glandular epithelium) and the dis­
tinctness of sarcomas (tumors of connective tissues) and 

epitheliomas (tumors of epithelial cells) were accepted facts.
In the middle of the 19th century, when it had be­

come generally agreed that a cancer consisted of cells, two 
hypotheses regarding the nature of cancer received recogni­
tion. One maintained that normal cells can be transformed 

into cancer cells by irritation or infaction of some type; 

the other, that the cells which form cancer were cancerous 
from embryonal life as the result of an hereditary blemish 
or an embryonal rest of cells excluded from the line of 
normal development.

By 1900 it had been shown that neoplasia could be

of local origin and that metastasis arose from transported 
cells.

These were the principal contributions of the de­
scriptive scientific approach to the problem of the cause of 
cancer. The descriptive science of cancer added nothing to 

the treatment of the disease, since therapeutics is entirely 
an experimental science. And, it is generally agreed that 
the cause of a disease remains a theory until established by 
controlled experimentation.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1.22) Cancer StS £t>U © I*i 12© J it3*i S C l d l C C

The study of cancer as an experimental science began 
just prior to the turn of the century, when cancer was first 
transplanted, in laboratory animals by Hanau (1889) and 

Moreau (1891) - a faet which was soon confirmed, by Leo Loeb 
(1901) and Jensen (1902).

Workers of the Schneeberg mines in Germany for years 
had been known to have a strangely prevalent fatal disease 
of the lungs, it was later identified as cancer of the lung 

caused by inhalation of radioactive particles from the ore 
of the mines (5).

Shortly before World War One, Pibiger (6) found 
that feeding of cockroaches which were infested with certain 
parasit es to rats resulted in the production of carcinoma 
of the stomach.

Cancer had been known for a long time to be an occu­

pational hazard for chimney sweeps. In 1918 Xamagiwa and 
Ichikawa reported the production of carcinomas in rabbits by 
application of coal tar (7). Some 15 years later Kennaway 
andCook (8 ) discovered the carcinogenicity of certain poly- 
cyclic hydrocarbons. Methylcholanthrene was by and large 
found to be the most potent compound of this group. The 
mechanism by which the carcinogenic hydrocarbons exert their 
biologic action is not yet understood. Hartwell (8 ) published 
in 1941 a list of some 700 chemical compounds which had been
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tested for carcinogenic activity up to 1939, and reported 

many of them active.
Clinicians have pointed out the possibilities of 

hereditary factors in neoplasia ever since Warren's report on 

a "cancer family1" in 1837 (9). In 1914 Little began to breed 
mice with the aim of developing cancer-resistant and cancer- 
susceptible strains. Several strains of animals with naturally 

high and naturally low incidence of various types of malignan­

cies are today available for research (10). At first sight
this seemed to prove the influence of heredity.

By the use of pure strain mice, Bittner (1936), however, 

could show that an extraehromosomal factor plays an important 
role in rendering mice susceptible to neoplasia. This factor 

is present in the milk of mice and was* therefore called the 
"milk factor* or "milk influence*. When mice of a high mammary 
tumor strain are suckled by foster mothers from a low mammary
tumor strain, the nursed animals show a low tumor incidence.
The complimentary procedure, feeding high tumor strain milk to

low tumor strain infant mice produced high tumor strain animals (11).
The first attempt at chemical therapy of cancer that was 

at least partially successful was made by Huggins (12) in 1940.
His demonstration that estrogens cause epithelial atrophy and 
consequent shrinkage of the total bulk of the hypertrophied

Prostate gland in dogs laid the basis for clinically
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7.

successful androgen deprivation of cancerous human prostates, 

either by orchiectomy or with estrogens. That vitiation of 
androgen is the key to the suppression of neoplastic activity 
in the human prostate may be demonstrated by the fall of the

..5

serum level of acid phosphatase, which is always in excess in 

cases of prostatic carcinoma and particularly in the presence 
of metastasis.

In further work Muggins reported that remissions of 
varying length of time occurred in 18 patients among 20 with 
disseminated prostatic cancer treated with orchiectomy, and 

that 4 of the patients showed no clinical (laboratory) evi­
dence of cancer at this time. He concluded that the anti- 

androgenic therapy of cancer of the prostate demonstrates that 
a clinical change in the internal environment of the host "had 
brought about a long continuing regression of a malignant 
neoplastie process" (13).

Somewhat along these lines, a study of the influence 
of synthetic estrogens upon advanced malignant neoplasia was 
announced by Haddow, Watkinson et ai., in 1944 (14). This 
group reported that 10 of 22 oases of late malignant oisease 

of the breast treated with triphenylchlorethylene showed sig­
nificant, although temporary, retardation or even partial re­

gression. However, no evidence was obtained suggesting the drug 

will prevent metastasis. The results, obtained with cancers 
other than of the breast were much less satisfactory.
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In 1943, Nettleship and Henshaw noted that urethane 

hastened the appearance and raised the incidence of lung tumors 
in certain strains of mice (16).

A relatively new point of attack, dietary control 
of cancer, was begun in recent years. Tannenbaua (15) reported 

In 1942, that a diet restricted in caloric content per se de­
finitely inhibits the formation of induced epithelial tumor, 
induced sarcoma and spontaneous breast tumor in mice. Some 
three years later, Huseby, Ball and Visscher reported the stri­
king information that the final incidence of mammary carcinoma 

in virgin G3H mice maintained from weaning on a diet supplying 

the same amounts of protein, vitamins and salts as an ad lib­
itum fed control group received, but restricting the caloric 
intake by one-third, was Q$ as compared to 72$ for the control 
animals. (17). fhe authors postulated that the mechanism by 
which caloric restriction per se reduced the incidence of mam­

mary carcinoma was probably pituitary insufficiency producing

(a) a lowered level of ovarian secretion
(b) a relative refractoriness of the mammary giand 

to estrogenic substances.
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1.3) Effects of Radiations on Living Cells

1.31) Types of Radiations

Because radiation therapy is an accepted treatment 
of eancer it is well to discuss the more important types of 
radiations.

The activity or strength of a radioactive material 
is the direct result of its rate of decay. A source which 

decays such that 3.7X10^ atoms change per second is of 
1-millicurie strength (18).

X-radiation is electromagnetic radiation, emitted 
in quanta, of wave length 0.05-10 A. On account of their 
greater penetrating power it is more convenient to measure 
the energy absorbed in a given volume than the total energy 

incident on a surface. Therefore use is made of the fact that 

when absorption takes place in air the latter becomes conduct­
ing and the saturation current through a given volume of air is 
a measure of the rate of energy absorption in that volume of 
air. X -  as well as gamma radiation absorption is measured in 
units called •roentgens". One roentgen is that quantity of 

X- or gamma radiation such that the associated corpuscular 
emission per 0.001293 g. of air produces, in air, ions carry­
ing 1 electrostatic unit of quantity of electricity of either 
sign. The roentgen is also the unit of dose employed and cor­
responds to the liberation of 2.082xiq9 ion-pairs per cm3

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10

of air at standard conditions of temperature and pressure, 
involving an energy dissipation of 0.1083 ergs / em® of 
air. In terms of dosage to animal tissue one roentgen is 
equivalent to the absorption of 83 ergs / g. of tissue.

Gamma rays are natural X-rays of short wave 
length whose absorption in tissue is entirely by Coraptfen 
recoil thus producing electrons of all energies from zero 
up to 8.0 lev. (million electfon volts). As has been men­
tioned gamma rays are measured in terms of roentgens.

Beta rays are fast electrons emerging from 
nuclei in radioactive transformations. Since the "roent­
gen" by definition is used to designate only X9 or gamma 
absorption, the "roentgen equivalent physical" is employed 
for the equivalent rate of absorption produced by beta 
and other types of radiation. According to Evans, "one 
equivalent roentgen of beta radiation per day is delivered 
to tissue containing 57/1 microcuries per kilogramof pure 
beta ray emitter whose maximum beta ray energy in mev is 
3S" (19).

Alpha rays are nuclei of helium atoms emitted 
spontaneously by radioactive materials and also abtained
artificially with cyclotron. Their range in tissue is 
very short; therefore, they are only usable with materials 
obtainable in thin films. Alpha rays, with their larger 
size, produce many more ionizations per micron path in 
ti SBU6 do 6l6ct»rons) lih© oowp^rison of th© r©l8itiv©
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efficiencies, per ionization, of electrons and alpha rays 
is valuable for testing theories of the biological action 
of radiation.

A radiation dose of 0.1 roentgen per day was the 
tolerance level for X- and gamma radiation permitted on the 
atomic energy projects and is considered roughly to produce 
no biologic effects. Thus the maximum safe concentration of 
an isotope which emits beta rays only would be 5.7/E micro- 
curies per kg., where E is the maximum energy.

Since the effect on tissue of equivalent energy 
absorption of different types of radiation varies for gamma 
beta and other radiations, the unit "roentgen equivalent man" 
(r.e.m.) is used to designate the amount of radiation which 
produces the same biologic effects in man as one roentgen of 
X- or gamma radiation. On this basis the maximum permissi­
ble exposure value has been set at 0.1 r.e.m./ 24 hr. day.

1.32) Mechanism of the Action of Ionizing Badiation

Lea (20) classifies alpha, beta, gamma radiations, 
X-rays, protons and neutrons as ionizing radiations. The 
principal means of energy dissipation by an ionizing radia­
tion in its passage through matter is ejection of electrons 
from the atoms through which it passes. An atom so ionized 
is left positively charged, and is referred to as an ion. It 
is possible that some actions of radiation of biological sign­
ificance aredue to this separation of electrical charge, but
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in most cases It seems more plausible to attribute the 
action to chemical change resulting from ionization.
For when an atom is ionized the molecule of which it is 
a part almost certainly undergoes chemical change.

A second method by which radiation dissipates 
energy in tissue is by excitation. This means the raising 
of an electron in an at©& or molecule to a state of higher 
energy and is a less drastic process than the complete ejec­
tion of an election.

Practically all the energy dissipated by radiation 
in tissue ultimately becomes degraded to heat energy. Thus, 
a dose of IQ5 roentgens is sufficient to raise the temperature 
about 0.25°C. This small temperature rise for a large dose 
of radiation means that temperature change is quite inadequate 
to explain the biological effects of ionizing radiations in 
the way in which temperature rise accounts for most of the 
biological effects of, for example, short-wave wireless waves.
Gn the other hand, the highly localized nature of the energy 
dissipation means that the energy, which eventually causes a 
rise ©f temp of 0.25°C. in the tissue as a whole, is initially 
confined to a small proportion of the atoms and might be con­
sidered to produce a large rise in temperature of these atoms. 
This is the basis of the "point-heat" theory of Dessauer (1923) 
(21). The concept of an ionization as a Mhot spot" is consid­
ered less satisfactory than the concept of an atoit ionized lead­
ing to chemical changes in its molecule.
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Ionizing radiations constitute a useful therapeutic 
and experimental tool but, at the same time, a dangerous one.
It is increasingly important that clinical effects of radia­
tion be understood and methods of therapy be explored and made 
available.

Researches in clinical physiology and biochemistry 
have been concerned with (1) ascertaining whether different 
kinds of ionizing radiation have similar effects upon the 
mammalian body, (2) measuring sensitive reactions as a func­
tion of dose in the hope of setting permissible exposure limits,
(3) searching for sensitive biological indieation of exposure,
(4) describing the course of radiation damage sufficiently to 
suggest profitable directions for research into the mechanism 
of such damage that might eventually lead to effective therapy.

Recently the results of investigations on the action 
of radiation on animal tissue, carried out in connection with 
the Plutonium Project, have been published. Conclusions were 
drawn, from findings on experimental animals, with regard t © 
the problem of human protection against penetrating radiation.

According to Prosser (22) every kind of ionizing 
radiation is similar in its clinical action whether it be pen­
etrating external radiation or internal radiation from de­
posited materials.

The most sensitive organ systems are the blood- 
forming organs, the gastro-intestlnal tract and the gonads.
The peripheral circulation and the heart are a Iso effected. 
Terminally, there may be damage to the kidney and even to
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the central nervous system. Some of these effects are pro­
bably direct and some indirect as a result of toxic agents,
©r of hypoxia, infections, or other secondary factors.

No single clinical reaction is peculiarly specific 
for Irradiation damage. There are striking similarities to 
anaphylactic shock and many of the delayed effects of irradia­
tion can be duplicated by various toxic chemical, e.g., anemia 
in benzene and phenylhydrazine poisoning, and tumor induction 
by coal tar derivatives.

Experiments studying the effects of X-rays on mice, 
rabbits and guinea pigs by Lorenz, Heston, et al., showed 
that long-continued absorption of penetrating radiation is 
associated with damage even in doses of O.ll r. given in 
8 hrsx/day. These authors define a permissible dose for 
chronic irritation as one in which the damage cannot be ex­
pressed in pathological changes. Experiments indicated that 
the blood picture is of little value in determining radia­
tion damage, except in cases of obvious over- exposure. Car- 
einogenie action and sterility effects dominate the picture 
of radiation injury. Mice and guinea pigs exposed to 1.1 r. 
showed an essentially normal blood picture for total accum­
ulated doses of over 1000 r.; yet an appreciable decrease in 
life span and an increase in tumor incidence accured. It is 
known, at least in the case of the ovarian tumors, that the 
tumor inducing dose is cumulative and independent of dose 
level. Hence it is of paramount importance that the present
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15.

permissible maximum dose of O.lr./day be not exceeded.
Human ovaries are somewhat less radiosensitive than mice 
ovaries (24). Approximately 700 r. in divided doses is 
necessary for permanent sterilization while a single whole 
body exposure 0f 300 r. to LAFj_ mice produces sterility.
As ovarian tumors in mice are similar in type to those ob­
served in human beings, we may have to assume, unless shown 
otherwise, that in the latter similar degenerative processes 
may be induced by ehronie irradiation and lead to tumor form­
ation. It follows that the permissible dose of O.lr./day 
should be reduced for women to perhaps 0 .02r./ day or that 
the time of exposure should be redueed to a few years (21).

As fareas genetic changes are concerned, the pre­
sent permissible dose gives a sufficiently wide margin of 
safety so that a detectable increase in the rate of gene 
mutations and translocations will not occur.

In certain types of work, e. g., handling of radio­
active substances, a larger permissible dose to the hands may 
be considered safe if the rest of the body does not receive 
more than the permissible dose of 0.1 r. Since their data 
showed no radiation injury to the skin of experimental animal 
exposed to S.8 r. given in 8 hrs./day up to a total dose of 
10,000 r., Lorenzo concluded that it seemed possible to in­
crease the permissible dose to the hands to 1 r./day.

It has long been assumed by some that beta rays 
would produce in biological systems effects identical with 
X- and gamma rays since the latter radiations expend their
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energy by the ejection of high speed electrons from the atoms 
of the biological materials in which they are absorbed. This 
assumption has proven valid by experimental work by Raper (25) 
and others at Clinton Laboratories on two biological materials 
which were small compaaad to the range of beta particles; fern 
spores and eggs of the fruit fly, Drosophila melanogaster.
With larger biological objects, however, the distribution of 
energy absorption differs markedly between beta rays and the 
more penetrating electromagnetic radiations and consequent 
differences in effect are to be expected.

In the Irradiation of laboratory animals with beta 
rays from external thick phosphorous sources all the energy 
is absorbed in a superficial layer of tissue which in the 
mouse comprises about 1/3 the animal's volume, in the rat 
about 1/6, and in the rabbit about 1/20. Thus, in effect, 
total surface irradiation with beta rays furnishes a means 
of studying the effects of high doses of an ionizing radia­
tion delivered almost exclusively in larger animals to a 
single organ, the skin (25).

1.3$) Radiosensitivitv of Tissue

Radiation therapy, in addition to surgery, is so 
Sir the closest approach to an effective weapon in the fight 
against cancer. Therapeutic X-ray apparatus and radium are 
standard equipment on every tumor service. However, both 
possess certain innate shortcomings. In many cases it is
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impossible to subject only tumor tissue to radiation with 
the result tbat healthy tissue may be adversely affected.
Whhn treating an internal neoplasm skin tolerance is often 
reached before a sufficient radiation to check tumor growth 
has been administered. The use of radium which might ob­
viate the latter difficulty, is limited to tumors which can 
be reached by radium applicators.

Ho simple scheme permits one to decide whether or 
not a tumor is radiosensitive. It is felt by some as imforra- 
ation accumulates that the "behavior of tumors to radiation " 
is a very individual problem and that the responses of parti­
cular Jrpes is only expressible in terms of averages (26).

Radiosensitivity may mean rapid tumor regression, 
slower progressive regression over a period of from days to 
weeks, or slow chronic atrophy requiring months or perhaps 
a year for completion. Of course, the same mechanisms are 
not responsible for these various responses nor do they occur 
in the same types of tumors. Radiosensitivity does not mean 
the certainty of cure by irradiation nor does radioresistance 
imply that a given tumor is not curable by irradiation. When 
one states that a carcinoma of the breast, for example, is 
radiosensitive, it should be implied that the particular neo- 
plas is sensitive according to the accustomed scale of be­
havior of tumors of the breast and not according to the scale 
of sensitivity applied to some other tumor, such as lymph­
osarcoma.
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Radiosensitivity, in general, increases with in­
creasing embryonal quality of the tumor cells, and with in­
creasing degree of anaplasia (that is, with increasing degree 
of reversion of cells to a more primitive and undifferentiated 
form). However, not all anaplastic tumors are radiosensitive, 
or equally sensitive.

The effect of radiation is always complex. It in­
volves not only the tumor cells but the tissues of the host, 
and possibly, general reactions on the part of the host. The 
ultimate effect of the radiation must always result from a 
nice balance between tumor effect and response of the host 
tissue. The relative importance of the two mechanisms varies 
in different tumors. In some instances the known sensitivity 
is such that the radiologist may endeavor to destroy the tumor 
cells. In others he can but hope for restraint of growth by 
moderately affecting the tumor cell and trusting that the re­
sponse of the host tissue will play a decided role. Under such 
circumstances, tumor cells may remain in an indolent state in 
the midst of fibrous tissue for many years without giving rise 
to further damage (26).
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1.4) Frontiers in Cancer

1.41) Some Provocative Biological Problems.

The advances in the basic knowledge of cancer have 
not yet answered with eetetainty some of the fundamental bio­
logical questions involved. (3).

1. What is the difference between benign and mal­
ignant tumors?

Fundamentally it is best to view benign and mal­
ignant tumors as manifestations of the same neoplastic prin­
ciple, the benign tumor or cell representing an arrested or 
inhibited stage of a potentially malignant process.

2. Does the cancer cell represent a transform­
ation of a normal cell or a cell abnormal from embryonic life?

The evidence seems to indicate that malignant cells 
may arise either from embryonal residues or from normal cells. 
But it is really immaterial whether a normal cell or an "em­
bryonal residue" is changed. The important question is:

3. What is the nature of the process induced in 
the normal cells, or if one prefers, the "embryonal residue" 
when they become cancerous?

It would appear that the rational approach to 
a cure or control of cancer would be to ascertain either the 
factors which are responsible for causing unregulated, invas­
ive, destructive growth or those which are responsible for

limiting and regulating normal growth.
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4. How autonomous is a neoplasm?
"Autonomous* implies growth unregulated and inde­

pendent of the host except for nourishment. If a malignant 
growth is entirely autonomous, nothing manufactured in the 

hoiy of the host except food of some type could influence it. 

This is not true of some cases of cancer of the prostate 
with metastasis to the bone in man, since Huggins and his 
colleagues (15) have observed the disappearance of metas­
tasis in bone and the primary tumor after castration or the 

administration of a large dose of stilbesterol to the patient. 

The cells of tumors of the prostate and breast which are marked­
ly benefited by modifying the sex hormone supply do seem to
be sufficiently transformed to be not entirely autonomous.

5. What factors are concerned in the induction of

tumors?

The intriguing studies of the natural occurrence of 
mammary cancer in inbred strains of mice have indicated that 
at least 3 factors are involved (1 ) a genetic constitution, 
or pattern, or inherited susceptibility, (2) the female sex 

hormone, and (3) the "virus-like" agent transmitted in the 

milk of miee (11)(15)(17)(27).
Many other examples exist showing the complexity 

of the endegenous and exogenous factors concerned in the gen­
esis of cancer in mice. To render the problem still more 
complex, the species differences are marked, and the influence 

of factors which predispose to cancer in one species may re-
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tard in another species. For example, though reproduction 
and nursing unequivocally predispose to cancer of the hreast 
in the strains of female mice studied, they have the opposite 
effect on women.

6. What is the effect of diet on the evidence of

cancer?

Diet has demonstrated its importance in inhibition 
of tumor induction and has been shown to exert a significant 
effect in rat hepatoma (25). The possible effects of diet on 
human tumors will be discussed more thoroughly in Section 2.

1.42) The Virus Theory (28)

Evidence (29) has existed for more than forty 
years indicating that ordinary cells are able to behave as 
if cancerous in response to extraneous influences, thus jus­
tifying the inference that activating cause for tumors 

need only worE on capabilities which cells innately possess. 

This view opposes the conception of cancer as a "secret bound 
up with life itself". There is no need to suppose that tumor 
cells are the outcome of some inherent fundamental eell change, 
a favorite supposition.

As presented by Bous there are two clearly defined 

classes of carcinogens, (1 ) "provocative" carcinogens, and 
(2) the "actuating" carcinogens.

The "provocative" chemical carcinogens have been 
mentioned previously. As yet all attempts at obtaining a 
virus of some sort from cancer has failed. But this does
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not mean sueh agents do not exist. Chicken tumors, for 
example, which have yielded viruses regularly for a long 
time may cease for considerable periods to yield any and 
then, as unaccountably, do so again (30)(31).

Certain obstacles to supposing that viruses causes 
the generality of tumors have forced those interested in the 
concept to make several assumptions:

(1) To account for world-wide distribution of 
tumors and for the occurrence of growths of peculiar type 
at widely separated intervals of space or time, it has been 
necessary to suppose that the body carries resident viruses 
just as it does resident bacteria. These are indigenous 
viruses, ordinarily harmless, but now and again becoming so 
changed in response to conditions as to work on the cells 
around them, with the creation of tumors. Such viruses might 
reach young creatures in early life by transfer from parent 
to offspring, either in utero, or after birth. They would 
remain inactive until a provocative carcinogen happened to 
work on the cells with which such a virus was associated.
It might then undergo alternation and take a hand in cell 
affairs for the first time, giving rise to a tumor. The new 
pathogenic variant would not be transmitted to other animals 
under natural circumstances for reasons as yet obscure. It 
would be a dead-end virus, not concerned in the production of 
other neoplasms, though the harmless source virus liable to
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the sane or other variations would be passed on.
The discovery of the "milk factor" provided an in­

stance which embodies this conception almast point for point 
(32)(33)(34)(11)(35)(36). Furthermore, it has been shown 
that estrogens (37) when provided in excess, enhance the 
natural liabilities to "milk factor" tumors; also, one of 
the potent carcinogenic hydrocarbons, methyleholanthrene, 
a substance devoid of estrogenic effect, causes tumors to 
appear very soon, and in great numbers, when applied to mice 
of a strain in which the milk factor is present. (38).

In summary, we may say that as experimental satie­
ties reveal, cancer "may only be prevented by preventing human 
beings". Nevertheless, there are many who are reasonably 
optimistic of great discoveries in the next ten or twenty 
years.
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2) G A S T R I C  C A N C E R  I N  M A N  

2*1) Introduction

Gastric cancer is the most frequent of all mal­
ignant growths, "There are more deaths from cancer of the 
stomach than from all malignant tumors of the lip, tongue* 
cheek, tonsil, pharynx, larynx, salivary glands, thyroid, 
male and female breast, ov«(ry, uterine cervix, and corpus 
uteri combined", (39),

Of 150,000 annual deaths from cancer in the U.S., 
approximately 40,000 persons die of gastric cancer. Moreover 
as the proportion of aging people in the population increases 
it is obvious that the total number of deaths from cancer, as 
well as gastric cancer w ill increase.

Cancer of the stomach is "silent" or produces no 
symptoms in 25 - 30$ of autopsied persons dying of the 
disease (3), In fact the evidence indicates that the disease 
is overlooked in 50$ of the eases which are attended at our 
best general hospitals, for the incidence of gastric cancer, 
according to mortality statistics, is 16$ of all cancers, 
whereas the incidence according to the records of general 
hospitals is only from 6 ~ 8 $ of all cancers. Not only 
does a large percentage of silent cases exist, but at least 
20$ of the cases died of a surgically resectable eancer or 
one without metastasis beyond the adjacent lympth node# (39).

The surgical mortality from gastric resection has
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been reduced to such an extent that, in the opinion of Ivy, 
it may be now stated that if there were some simple method 
for the diagnosis of early gastric cancer, the mortality 
from this disease could be reduced from 30 - 50$, and per­
haps even more. The uncovering of such a diagnostic tool is 
one object of this investigation.
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2.2) Occurrence and Etiology

The disease is predominantly found in males in 
the ratio of about 2 to 1. The peak age incidence is between 
50 and 70, but about 8% of cases are patients under 40 years 
of age (40).

Present statistics indicate that cancer of the 
stomach occurs twiee as frequently in the Dutch as in the 
British. Although the evidence is equivocal the cause has 
been ascribed to the greater consumption of irritants in the 
food and drink of the Dutch (41). English statistics have 
shown that cancer of the mouth, tongue, throat, larynx, skin 
and stomach are much more frequent in poorer sections of 
society - areas which are exposed to irritation by environ­
mental Influences in the shape of food and drink (42). Such 
observations strongly indicate that extrinsic factors are 
concerned in the genesis of cancer of the stomach. This should 
warrant and stimulate a thorough search among food and drink 
for carcinogens. An agent in heated fats and something pro­
duced by heating cholesterol will cause sarcoma occasionally 
when injected subcutaneously in mice or rats. Nevertheless, 
it has not been established that the feeding of heated fat, 
cholesterol, or irradiated cholesterol will cause cancer of 
the stomach in the experimental animal. However, the fact 
that Peacock (44) has demonstrated existence of carcinogenic 
substances in heated fats should render them suspect when 
taken daily over years.
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Little of an undisputed nature can be said on the 
direct etiology of gastric caneer. According to Ewing, the 
existing knowledge of early stages of the disease points to 
chronic nutritional and functional disorders, connected with 
dietary habits, as essential steps in its development. Stout 
(44) lists several factors which may be regarded as chronic 
irritants - gastric ulcers, benign epithelial neoplasms and 
hyperplasia. Just how frequently gastric ulcers develop into 
gastric cancer is a hotly debated question - a certain num­
ber of cases do develop. Hurst (45) believes that chronic 
gastritis precedes gastric cancer in 75$ of the cases, chronic 
gastric ulcer in 20$, simple adenoma in 4.5$, and generalized 
polyposis in 0.5$ but no unanimity of opinion exists in fcegards 
to such a percentage distribution.

Comfort and Vanzant have observed that the gastric 
secretory function is subnormal in patients with carcinoma 
of the stomach (46) and for a large number of cases studied, 
the mean secretory activity had been subnormal for an average 
interval of 11 years before the diagnosis of cancer was 
made (47).

Rhoads (48) advances the suggestion that certain 
forms of gastritis are in fact precancerous alterations, that 
they are the result of deficiency and that they may be cured 
by adequate dietary supplement. However, it is emphasized that 
in no sense is it maintained that gastric cancer, or any large
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part of it, is the result of dietary deficiency, nor is there 
any suggestion that the malignant change once established, can 
be reversed by any means.
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2.3) Treatment

Surgery and. radiation therapy are the two avail­
able treatments for gastrie caneer.

Most authorities agree that the only chance for 

a complete cure of carcinoma of the stomach is surgical re­

section of the lesion (39){40). The reseetion rate for car- 
cinoma of the stomach has greatly increased in most clinics 
and the operative mortality has decreased. But, unless the 
resection is carried out at a very early stage in the growth 

of the tumor, the patient’s life is being prolonged, at the 

very best, for a few years. In 1943, Pack summarized the re­
sults of 303 total gastrectomies. The mortality was 37% and 
there were only 16 patients (5%) who were known to have lived 
more than three years. It seems logical that this operation 
should be reserved for smaller rather than larger lesions, 

for with well-advanced cases the operative mortality is almost 

prohibitive, and the number surviving 5 years is too small.

A gastric ulcer should preferably be treated radi­
cally rather than by local excision for in some instances the 
surgeon, no matter how capable, cannot tell at operation 
whether the lesion is benign or malignant (40).

Considering the very small proportion of patients 
who eventually benefit by surgical treatment of carcinoma of 
the stomach, the contributions no matter how small of any 
other form of treatment would be welcome. In 1896, Despeignes 
(49) applied I-rays to the treatment of gastric cancer. He
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and many others who have succeeded him in hoping for a 
curative effect of radiation have been disappointed. Werner 
in 1915 published the results of the treatment of over 100 
patients with cancer of the stomach by X-rays with some tem­
porary results but no permanent cures. Evans and Leucutia 
(51) Govet and Regaud (52) had similar experiences. Radio­
therapy, however, may contribute unexpected relief and re­
missions. (53).

In spite of some radiosensitivity shown by these 
tumors radiotherapy usually fails because of the pathologi­
cal character of gastrointestinal carcinomas in general and 
because of the widespeead visceral extension and metastasis 
particularly present in carcinoma of the stomach.

Livingston and Pack (39) give a detailed discussion 
of the radiosensitivity of gastric tumors and the obstacles, 
restrictions and dangers attendant on radiation therapy.
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2.4) Avenues of Approach to the Problem

Today the available possible approaches to the 
gastric cancer problem are many. As seen by Barrett (54), 
little is known of the role of heredity in gastric cancer, 
although the available evidence indicates genetic factors 
play a part.

There is as yet no conclusive proof of the causal 
relationships between gastric cancer and diet, and more ex­
periments are desirable. There is no direct evidence of hor­
monal influence on gastric cancer, but more clinical and 
animal experimentation is indicated. The experimental pro­
duction of atrophic gastritis appears highly desirable. Its 
relation to gastric cancer is unknown, but the majority of 
gastric cancers are associated with atrophic gastritis. 
Pernicious anemia and achlorhydria appears to have some un­
known relationship to gastric cancer. The proof of the exact 
relationship of gastric carcinoma to gastric ulcer is lacking. 
Polyps, though their number is small in relation to the total 
of gastric cancers, play a definite role.

Barrett feels that one of the most pressing needs at 
present is for new and improved raefihods of diagnosing early 
gastric cancer. It is our purpose to throw some light on 
this problem by preparing radioactive compounds which may 
localize selectively in or near a gastric tumor. Such mat­
erials should prove extremely useful in the diagnosis and pos­
sibly treatment of the disease. This matter is discussed in 

more detail in the next section.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



32

3) R A D I O A C T I V E  S U B S T A N C E S  

I N  D I A G N O S I S  A N D  T R E A T M E N T  

O F  C A N C E R  O F  T H E  S T O M A C H

3.1) Selective Localization of Chemical Substances in 
the Body.

There are a considerable number of known instances 
where elements and compounds localize in certain organs and 
tissues with a high degree of selectivity. Outstanding ex­
amples are the deposition of ealeium and phosphorus in bone 
and the uptake of iodine by the thyroid. Radiophosphorus, 
administered as a phosphate, hasbeen used in the treatment 
of leukemia and lymphosarcoma. Unfortunately, bone takes up 
larger amounts of the element than do the tumors, and the 
rather intense radiation to which the bone marrow is exposed 
limits the use of radiophosphorus in the treatment of these 
diseases (55).

Radioiodine has been used extensively in the inves­
tigation of thyroid physiology. Hamilton and Soley (56) have 
measured the uptake of radioiodine by the thyroid in patients 
by placing a Geiger-lueller counting tube against the neck 
and directly over the isthmus of the gland. Iodide is also 
concentrated in the gastric contents and by the salivary 
glands (57).

Among the organic compounds known to localize are 
the contrast media used in X-ray diagnosis for the visualiza­
tion of the gall bladder or urinary tract, such as tetra-
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iodophenolphthalein, 2-oxo-5-iodopyridine-M-acetate (Iopax), 
monoiodomethane sulfonate tSkiodan), and many others.

As a result of Warbutg's studies on tumor glycol­
ysis a^ search was made for compounds which would suppress 
tumor metabolism, and thereby tumor growth, without being 
toxic to the organism of the host. A number of dyes and 
other organic substances were tested by Karezag (58) for 
their ability to inhibit the glycolytic activity of zymase 
and whole yeast, under the assumption that those compounds 
which inhibited the zymase, but not the yeast, were specific gly­
colysis inhibitors without being protoplasraa poisons. Such 
compounds were to be used in caneer therapy. However, the re­
sults on experimental animals were disappointing. As a re­
sult of his studies, Karezag emphasized the importance of con­
sidering the non-specific properties of compounds to be used 
as chemotherapeutic agents, such as their solubility, disper­
sion, diffusibility, action ofi the retieulo-endothelial system, 
etc.

In connection with tumor glycolysis, it is known 
that lactic acid is produced £o tumors within the living ani­
mal. Lactic acid is a relatively strong acid, its ionisation 
constant being 1.37 x 10~4 (59). Its formation in the tumor 
produces a lowering of pH. Greenstein (60) records certain 
measurements made on a rat hepatoma 31 in which the pH of 
the tumor changed from 7.0 to 6.4 within 30 minutes after an 
intraperitoneal glucose solution injection. A control non-
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tumor liver showed practically no ehange in pH.
This effect is of considerable interest as it 

might lead to a means of depositing a sulfonamide-type 
compound in or near a tumor. An injection of glucose a 
short time prior to the ingestion of a sulfonamide might 
very conceivably, through lowering the pH in the tumor, sup­
press the ionization of an acidic sulfonamide, thus reducing 
its solubility and forcing its deposition in the cancer tissue.

A desirable compound would require a considerable 
solubility differential, that is, its solubility at a pH of 
6.4 should be perhaps one half the solubility at the pH of 
blood serus, 7.4.(We are assuming that the drop in pH in hu­
man tumor is comparable to that shown by the rat). It can 
be seen from the work of Schmitt and colleagues that such 
solubility behaviour is entirely possible. In their ex­
periments with six sulfonamides the average solubility at 
a pH of 6.4 was less than one half the solubility at 7,4 (6), 

For acids ionizing as follows 
SHg ^  H + +- SH"

SH~ ^  H + -f- S=
Michaelis (62) has derived the following relationship between 
solubility and pH,

a \( x KlKl1 ) WhereA  -  A \ i  + x iF )  + r f r y s  )
A  = total solubility = eoncentration of all the 

material present regardless of the form in which it is pre-
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sent, whether as the undissociated molecule or ion*
A  - partial solubility = concentration of the un­

dissociated molecule in the saturated solution.
Kj - primary ionization constant.
K ji= seconday ionization constant.
(h +) = concentration of hydrogen ion.
The partial solubility, A  , could be determined by 

measuring solubility in the presence of added H+ , such as in 
dilute hydrochloric aicd solution (63), The (h +) f rom the hydro­
chloric! acid would serve to inhibit the ionization of the sulfon­
amide so that the value of the solubility obtained would be^ef- 
fectively, the partial solubility.

We may now set up two equations for the solubility-pH 
relationship at the two pH values in question, 7.4 and 6.4.

K il \  . \ . K x  K x  K d

^ *  ( 5 f c  * i i f

KWe may neglect the ----  - -q term since it will be of no con-
(H )z

sequence. Eliminating A  from the two equations and setting 

7*4 = 2 ^ 6 .  4 we obtain

z u *  -  i + A t

Solving for Kj:

K W* *  (Hf)  ̂ = 1 ^  x
X (H % , * ~ Z (h +)7.+ (3-93x/O-y-~j(3.03x/O's)
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For the assumptions we have made, the above is the 
value of the ionization constant, that is, the degree of acid­
ity, for a promising sulfonamide * of the general structure
R - SOgNH *......... HNgOS -R where R is a neutral grouping.
This information would be of value in consideration of mat­
erials to synthesize.

In relating the in vitro activity of N 1 - substi­
tuted sulfanil4mides to their acidity, Bell and Roblin (64) 
have shown that as pKa of the sulfonamide increases the bac­
teriostatic activity passes through a maximum and then de­
creases. This maximum pKa is approximately 6.5 (65). A 
sulfonamide of Kl = 5.0 x 10“® (calculated above to be de­
sirable) would have a pKa of 7.3, a value close to Bell and 
Roblin’s value for maximum bacteriostatic activity.

In 1909 Goldman (66) observed that certain dyes 
seem to be concentrated by tumors. These findings have been 
confirmed and advanced by other investigators (67).

Duran-Reynolds reported in 1939 that T-1824 (Evans 
Blue) and other poorly diffusible dyes injected intravenous­
ly localize selectively in spontaneous and transplantable 
tumors growing in mice, rabbits and chickens (68). Brunschwig 
and colleagues extended this work, reporting that selective 
localization of the dye occurred in a majority of a series of 
human subjects presenting a variety of malignant neoplasms. 
Further, benign neoplasms did not show localization of the 
dye (69).

The first synthesis of a radioactive dye was re-
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ported by Tobin and Moore (70). They prepared radioactive 
dibrom-Trypan Blue and radioactive dibrom-Evens Blue by 

brominating 0-tolidine with Br®^(half life 34 hours) and 
coupling the radioactive dibrom-o-tolidine with H-acid or 
Chicago acid, respectively. Moore's group investigated the 
distribution of these radiobrom dyes in tumor mice and re­
ported considerably more of the radioactivity in the tumor 

than in the skin. It was concluded that the "radioactive 
colloid permeates into and...irradiates tumor tissue 
wherever the tissue may be and no matter how widespread the 
metastasis...", The fact that the liver and other organs 
took up a large amount of radioactivity showed that the 

degree of selectivity in these particular compounds was 

much less than to be desired.
The selective uptake of dyes by malignant neo­

plasms can not be attributed to any specific characteristic 
of the tumors. It may be due to a difference in the pH of 
the cells or to increased capillary permeability. The lat­

ter is a phenomenon which occurs in certain pathological 

conditions other than cancer; for example, in abscesses or 
burns (71).

The dyes whieh stain tumors have also been found 
to localize in abscesses. Further, substances other than 

dyes were found to localize in tumors. Buran-Reynolds (loc. 

cit.) observed the accumulation of foreign sera in a number 

of animal neoplasms, as demonstrated by precipitin reactions. 
Byes such as Evans Blue and Trypan Blue are known to combine
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with plasma protein, particularly albumin, in quantitative pro­
portions. (?1)(72), This would seem to indicate that the accum­
ulation of these dyes in the tumors is due to the presence of 
eeftain proteins.

Although no localization of a chemical material in 
malignant tissue is known to be involved the following experi­
ments are noteworthy. Boyland (73) administered large and re­
peated doses of certain aromatic amines containing sulfur, such 
as 4,4’-diminodiphenyl sulfoxide and sulfanilyl sulphanilic acid, 
and reported the inhibition of tumors in mice. With further inp 
vestigations complete inhibition of growth of spontaneous tumors 
in 4 of 4 mice was obtained by methylene blue, 4,4'-diminodiphenyl 
sulfoxide and 4,4'-diatainodiphenyl ether, the latter being gener­
ally most effective (74). In general the inhibition of tumor 
growth continued only for the period of dosing. When the dosing 
was stopped normal growth was restored.

It is our belief that derivative o£ these and similar 
compoundsjw ith S33 incorporated in the molecule, merit our study.

3.2) S35
Of all the elements sulfur is second only to nitro­

gen in the frequency of its use as an index to protein meta­
bolism. This is so because most, if not all, proteins con­
tain one or more of the sulfur-containing animo acids, such 
as cystine, methionine or djenkollc acid, and because
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sulfur plays an important role in numerous oxidation-reduetion 
reactions in the body.

Of the three radioactive isotopes of sulfur, S35, 
with a half-life of 87.1 days (75), is particularly well a- 
dapted for studies dealing with sulfur metabolism.

The nuclear reactions that would possibly yield
S35 are as follows:

(a) S34 (d, p) S33
(b) S34 (n, T) S35
(c) Cl37 (d,oC) S35
(d) Cl35 (n, p) S35

Reaction (a) is not favored because (1) the small
quantity of S34 in normal sulfur (2) the specific acticity
obtainable is low because of dilution with normal sulfur and 
(3) targets containing a high percentage of sulfur cannot be 
prepared #S>ilwithstand intense deuteron bombardment.

Reaction (b) is not indicated for reasons (1) and
(2) given for reaction (a).

Reaction (c) is advantageous, particularly if car­
ried out using a metallic chloride, the cation of which also
yields a valuable radioactivity, such as RbCl. However, the 
apparent average cross-section for reaction (c) is 5-10 times 
lower at 14 lev than that for reaction (a).

Reaction (d) represents the best method for S33 
production with the uranium pile providing the source of
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neutrons. Despite the rather high potential harrier to 
proton escape (about 4 Mev) the reaction is found to occur 
with thermal neutrons. The upper energy limit for the beta 
rays f*om S35 is about 0.1? lev, with no appreciable gamma 

radiation observed. (76).
The assay of S35 is accomplished with the Geiger- 

Mueller counter, electrometer ionization chambers or the elec­
troscope. A modified Lauritsen electroscope of high sensi­
tivity for S35 assay has been developed recently (77).
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3.3) Statement of the Problem.

The aim of this research was to work out suitable 

methods for the preparations of a series of compounds which 

could be made radioactive by the incorporation of S55 in the 

molecule, and which held promise of
(1) localizing in or near a gastric tumor
(2) exerting a possible therapeutic effect at the point of 

deposition either through their chemical nature or 

their radioactivity or both

(3) detection by means described below, thus being of 
potential diagnostic value.

If a compound containing the short-range beta 
emitter localized in a gastric tumor the radioactivity 
should preferably be determined from within the stomach.

This can be accomplished by fastening a piece of photographic 
film or a small Geiger-Mueller tube in place of the bucket 
of a Rehfuss tube or the lamp of a gastroscope.

Shapiro, Bloch and Schiff (78) have investigated 
gastric excretion of sulfadiazine, sulfapyridine and sulfa- 

thiazole in man, in a search for a substance applicable to 

the detection of gastrie malignancies. None of these 
compounds were found satisfactory.

Work recently carried out in this laboratory has 
indicated that tumor mice show a greatly different uptake 

picture of radioactive iodosulfapyridine than normal mice (79). 
This is significant, because if it can be extended to human 

beings, it would be a possible means of diagnosis
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for the presence of malignancy, and possibly the extent 
of malignancy. Further, were a radioactive material to 
localize in the tumor itself, the opportunity for therapy, 
as well as diagnosis, would present itself.

We have selected the sulfonamide linkage as a 
basic structure in which to incorporate because (1) the 
function is apparently not attacked by enzymes (2) sulfonap 
mides have a well known therapeutic value and (3) sulfona­
mides have been reported to localize in certain tissues (80).

Consideration of factors which might likely affect 
the cencentration of a substance in neoplastic tissue sug­
gests :

(1) the chemical nature of the compound
(2) The pK of the substance
(3) the molecular weight
(4) the solubility in water and body fluids.
A suitable compound should have active functions 

such as acid or basic groups so that combination might be 
effected readily with the tissue. Also, sulfonamides have 
been shown to reduce the effective vitamin intake of animals 
by suppressing the intestinal flora, and the reduction of e»- 
sentail vitamins in the diet of tumor bearing mice is known 
to inhibit the growth of tumors (74).

Most of the dyes that visibly concentrate in tumor 
tissue can be related to the Congo reds, a type that is fast 
to cotton without a mordant.
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Congo red

There may be no relation between such localization 
and the essential Congo red structure, but it would seem ad­
visable to preserve some semblance to this structure*

With the above considerations in mind, together with 
Boyland's success with 4,4'-diminodiphenyl ether, the follow­
ing variations in structure have suggested themselves:

(1) RSOgNH-C6H4-C6H4-HM2OSR
(2) NHgC6H4-C6H4- HNgOSR
(3) CH3C0NH-C6H4-C6H4-HNg0SR
(4) RSOgNH-C6H4-S-C6H4HNgOSR
(5) NH2C6H4-S-C6H4-HN20SR
(6) RS0gNH-C6H4-CHg-e6H4 -HN20SR
(7) eH3CONH-C6H4 -CHg-C6H4-HNgOSR
(8) NH C H -CH -C„H -HNJDSR2 6 4 2 6 4 2
(9) RSO^MS-C6 H4-0-C 6H4-HNgGS R
(10) n h 2c 6h 4-o -c 6h 4-h n2o s r
The molecular weights as well as solubility of the

compounds may be varied by changing R. As this substituent
may be either aliphatic or aromatic and the latter either
simple or substituted a large number of possibilities exist.
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The solubilities may be increased by sulfonation 
or salt formation and decreased by alkylation.

These materials will all contain S33 in the sulfon 
amide function.
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4) D I S C U S S I O N  A N D  
P R O C E D U B E

4.1) Radioactive sodium p-toluenesulfonate and p-tol- 
uenesulfonyl chloride.

It is proposed that radioactive sodium p-ioluene- 
sulfonate be prepared by the sulfonation of toluene with con­
centrated sulfuric acid containing a small amount of radio­
active sulfuric acid.

The method of preparation described in the lit­
erature (81) was designed to obtain as good ayield as pos­
sible of the sulfonate in a short time, considering both the 
toluene and the sulfuric acid as being non-critical. It 
was our purpose, on the other hand, to obtain a maximum 
yield of the sulfonate on the basis of the amount of sul­
furic acid used. Therefore it was essential to modify the 
given method. This was accomplished by carrying out the 
reaction with stirring in a water-removing apparatus, us­
ing excess toluene. The temperature was permitted to rise 
to 195°6. These modifications led to an average yield of 
$0$, whereas that reported in the literature was 38$.

Para-toluenesulfonyl chloride was obtained in
maximum yield and in purest state by heating sodium p-tol­
uenesulf onate with a mixture of phosphorus pentachloride 
and phosphorus oxychloride.
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4.2) The Benzidine Series

4.21) N.N*-di-p-Tosvlbenzidine (82)

This substance was prepared by reacting benzi­
dine and p-toluenesulfonyl chloride in pyridine. Pyridine 
was chosen for its excellent solvent properties, its possi­
ble catalytic effect, and the likelihood of its furthering 
the reaction by removal of hydrogen chloride. After recry­
stallization from acetone a pure sample was found to melt 
at 248°, five degrees higher that the melting point given 
by Willstatter.

4.82) N-Acetylbenzidine

This material was prepared by the method of Cain 
(85). Dilute (75$) alcohol was used as the solvent. Re­
crystallization from 50$ alcohol yielded a colorless mater­
ial melting at 199-200°C. The yield w%s 18.6$ if one as­
sumed only the monoacetyl product was produced. Cain re­
ports a melting point of 199°C.

4.23) N-Acetvl-H*-p-tosvlbenzidine
This material was obtained by reacting N-acetyl- 

benzidine (p,S9 ) with p-toluenesulfonyl chloride in pyri­
dine solution in the usual way.

4.24) N-o-Tosvlbenzidine

This substance was obtained by the hydrolysis of 
an alcoholic solution of N-acetyl-M'-p-tosylbenzidine with
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80$ hydrochloric acid. The material as prepared was quite 
sensitive to oxidation both in solution and in the solid 
state. Its solutions would color even when well-stoppered 
and charcoal was inadequate for securing a colorless mater­
ial.
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4.3) The Diphenyl Sulfide Series

4.31) N.N* -di-p-Tosvl-di-p-aminodiphenvl sulfide

This material was prepared from bis(p-aminophenyl)- 
sulfide (p. 62), p-toluenesulfonyl chloride and pyridine by 
refluxing on the steam bath. The product was a Iso obtained 
when the unheated raimture was permitted to stand at room 
temperature for several hours with occasional shaking.

4.32) H-p-Tosvl-di-p-aminodiphenvl sulfide

This compound was prepared by reducing N-p-tosyl- 
p-amino-p’-nitrodiphenyl sulfide in glacial acetic acid, stan­
nous chloride and concentrated hydrochloric acid.
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4.4) The Diphenyluiethane Series

4.41) N.H1-di-p-Tosvl-dl-p-aminodiphenvlmethane

This substance was prepared without difficulty in 
the usual way from p,p'-diaminodiphenylraethane, p-toluene- 
sulfonyl chloride and pyridine.

4.42) N-Ac e t vl-d i-p-am i no d i phenvlme thane

Unless special heans are employed attempted mono- 
acetylation of 4,4'-diaminodiphenylmethane will yield, for 
the most part, the diacetyl product. This is explained as 
the inevitable result of the aomplete blocking of resonance 
between the amino functions by the methylene linkage.

To obtain the monoacetyl compound acetic anhydride 
was added toery sLowly and with vigorous stirring to a large 
excess of the diamine in benzene solution. As the reaction 
proceeds the probability of getting the diacetyl derivative 
increases. Because of the insolubility of this material it 
was immediately evident when this substance began to form, 
and the reaction could be stopped.

4.43) N-Tosvl-N*-a c e t v 1 - d i - p-atn ino d iphenylme thane

This substance resulted from the tosylation of N- 
acetyl-di-p-aminodiphenylmethane (p/67) with p-toluenesul­
fonyl chloride and pyridine. On two occasions, however, a 
material was obtained, which, instead of melting at 169° 
showed a constant melting point of 136-137°. A mixed melt­
ing point determination showed no depression, but instead,
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a sharply defined transformation at 1370 with no further 
visible change until 169°, at which point there was complete 
melting* It was quite possible that these were polymorphic 
forms; however, there was apocryphal evidence of quantitative 
as well as qualitative nature that the lower melting form was 
a pyridine adduet - that is, two raoleeules of pyridine had 
combined with the normal product. It is regrettable a lack 
of material prevented a complete elucidation of this matter.

N-tosyl-N'-acetyl-di-p-aminodiphenylmethane was 
also prepared using an acetic acid-sodiu® acetate mixture 
in place of pyridine. This reaction was quite as satisfac­
tory as with pyridine, and the yield was comparable. The 
product was identical with that of the pyridine reaction and 
melted at 168-169°.

4.44) N-Tosvl-di-p-aminodiphenvlmethane

This substance was obtained by hydrolyzing an 
alcoholic solution of N-tosyl-N'-acetyl-di-p-aminodiphenyl- 
methane with 20$, hydrochloric acid.
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4.5) The Diphenyl Ether Series

4.51) N.N1-di-p-Tosyl-di-p-aminodiphenyl ether

This material was obtained in the customary way 
from bis(p-aminophenyl)ether and p-toluenesulfonyl chloride 
in pyridine solution.

4.52) N-Aeetvl-p-amino-p1-nitrodiphenvl ether

This material was prepared by condensing p-hydroxy- 
acetanilide (p/ 7Z ), p-bromnltrobenzene and sodium hydride 
with a Cu catalyst in a concentrated methyl carbitol solution 
at 150-155°. The recorded yield was strictly dependent on 
close adherence to very limited ranges of tefflptatratare and 
concentration and duration of heating.

CHgCGNH-C6H4-0Na +- Br-C6H4-N02 --- ►

CH3C0MH -C H -0-C6H4-H0g + NaBr

It was observed in some cases, where the reaction 
had been less successful, that the unreacted p-bromnitroben- 
zene would precipitate first, and in a fairly pure state, 
when the crude reaction product was recrystallized from 
aqueous alcohol. This occurred because this substance is 
only slightly soluble in alcohol and much less so in aqueous 
alcohol. The filtrate from the p-broranitrobenzene separation
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made turbid with water and permitted to stand for some 
hours, would then yield a fairly pure condensation product.

4*53) P~Nitro-p'-aminodiphenvl ether

This material was obtained by hydrolysis of N-acetyl- 
p-amino-p'-nitrodiphenyl ether in alcoholic solution with 20% 
hydrochloric aeid. The amine hydrochloride separated readily 
from the solution.

4.54) H-Tosvl-p-amino-r)1 -nitrodiphenyl ether

This compound was obtained in the usual way from 
p-nitro-p'-aminodiphenyl ether, p-toluenesulfonyl chloride 
and pyridine, as well as by the acetic acid-sodium acetate 
procedure used with N-aeetyl-di-p-aminodiphenylmethane.

AnaJ^sis for sulfur by the micro Parr method gave 
results that were low and that varied among themselves. Ap­
parently $he material was being only partially oxidized. 
Qualitative tests for sulfur as sulfide ion were positive. 
Analysis for nitrogen by micro Kjeldahl confirmed the struc­
ture.

4.55) N-Tosvl-di-p-aminodIphenyl ^ther

This substance was prepared by reducing an acetic 
acid solution of N-tosyl*p-araino-p'-nitrodiphenyl ether with 
stannous chloride and hydrochloric acid, followed by neutral­
ization with ammonia and extraction with benzene. Analysis 
for nitrogen by micro Kjeldahl confirmed the structure.
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The material was also obtained, but in poor 
yield, by reacting one equivalent of p-toluenesulfonyl chlor­
ide toith one equivalent of p,p'-diarainodiphenyl ether. The 
resulting mixture, after acidification, contained the ditos- 
ylated material, the desired monotosylated substance as the 
hydrochloride, and the unreacted diamine as the dihydrochlor­
ide. The first named substance was insoluble in dilute hydro­
chloric acid solution; the latter soluble materials were sep­
arated through fractional crystallization. The reaction 
seemed of value only for structure confirmation.
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5) E X P E R I M E N T A L

5.1) Preparation of Sodium p-Toluene Sulfonate

Toluene was purified as recommended in the liter­
ature (83). A 500 ml., 3-neek, round bottom, standard taper 
flask was equipped as shown below with a tapered thermometer, 
a mercury-seal stirrer, and a side arm water trap to which 
was attached a condenser stoppered with a calcium chloride 
drying tube.

arm with purified toluene. To the flask was added 10 ml. 
(0.16 mole) concentrated sulfuric acid and 20 ml. (0.168 
mole) of purified toluene. The mixture was heated with stir­
ring such that the temperature rose to 195° during one hour.

Motor

r
Therm om eter

/\

Ac/ap. THr\ao ^  Water trap
C alc ium  c h /o r id e  a n d  

g la s s  b e a d  f i l l i n g

S a n d  b a t h

The water trap was filled to within one inch of the side
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During this time droplets of water could be seen in the 
trap before being taken up by the drier. The flame was 
removed, the mixture cooled to 100° and 3-4 ml. toluene 
added with thorough stirring. Heat was again applied and 
a cloudiness soon reappeared in the trap. When the temper­
ature rose to 195°, the flame was again removed and the mix­
ture cooled as before. Another portion of toluene was added. 
This process was repeated through four or five additions, 
with simultaneous removal of wet toluene from the bottom of 
the trap, until no more water (cloudiness) was in evidence 
on heating. The reaction was then deemed complete. The side 
arm was emptied partly and the flask heated to 150° to remove 
excess toluene, the latter being visible as condensate in the 
side arm. The total time required was five hours.

When the toluene had been removed the hot reaction 
mixture was poured into 100 ml. of water and flask rinsed 
with a few more ml. from a wash bottle. The acid solution 
was partly neutralized by carefully adding 11 g. of sodium 
bicarbonate; 30 g. of sodium chloride were then added and the 
mixture heated to boiling, adding more water, if necessary, 
to bring the salt into solution. A small amount (2-3g.) of a 
yellow, waxy solid was filtered off at this point and from 
its melting point, after recrystallization from alcohol, iden­
tified as di-p-tolyl sulfone, CH3CgH£SggggH4CB3 . The saturated 
solution was cooled thoroughly in an ice bath and the crude

sodium p-toluene sulfonate collected on a Buchner funne/1.
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Crystals in the beaker were rinsed into the funnel with
f

filtered mother liquor, the cake pressed dry, and washed 
into 25 ml. saturated sodium chloride solution.

Reerystallization was accomplished by dissolving 

the cake in 50 ml. of water, adding 10 g. of sodium chloride, 

a further 20-25 ml. of water being required to bring the lat­
ter into solution. The solution was stirred fot a few min­
utes with 0*5 g. of chareoal and filtered hot by suction through 
a fine filter paper. Because water had been added to the var­

ious washings, the solution was concentrated from the present 
volume of 100 ml. to the initial 70-75 ml. Crystallization 
was then permitted to take place without disturbance in an 

ice bath and the crystals collected and washed as before. The 
yield of colorless crystals was 19.7-22 g. or 56.6-63.2# of 

theoretical. Fieser (81) reports a yield of 37.8#. Further 

small amounts of the sulfonate could be recovered by concen­
trating the filtrate but these were contaminated with increas- 
amoumts of sodium chloride. The sulfonate was identified 
and its purity tested by preparation of the p-toluidine salt 
lli.pt. 197*).
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5.2) Preparation of p-Toluenesulfonyl Chloride
To 10 g. (0.051 soles) of sodium p-toluenesul- 

fonate, dried at 140°, in a 200 ml. round bottom flask 

equipped with a condenser sealed with a calcium chloride 

drying tube was added 5 g. (0.024 moles) of phosphorous 
pentachloride and 10 ml. (0.109 moles) of phosphorous oxy- 
ehloride. The mixture was refluxed with frequent vigorous 
shaking on an oil bath at 160* for 1.5 hours, Sxcess phos­

phorous oxychloride was removed at the pump and the mass 

washed into 400 ml. of ice water. After stirring vigorously 
the sulfonyl chloride was permitted to settle and was fil­
tered off. The nearly white solid was washed with a little 
cold water and dried in a vacuum desiccator over phosphor­
ous pentoxide. The material weighed 8.6 g. (89.6$ of the­

oretical) and melted at 69*C.
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5,3) The Benzidine Series

5.31) Preparation of N.N*-di-c-Tosvlbenzldine

Because the use of technical grade benzidine led 
to difficulties in purification of the product materials the 
crude substance was treated as recommended in the literature (84).

In a 500 ml. round bottom flask equipped with a 
reflux condenser was placed 40.Q g. (0.85 moles) of purified 
benzidine, 95.3 g. (0.50 moles) of p-toluenesulfonyl chloride 
and 150 ml. (1.86 moles) of dry C. P. pyridine. The dark sol­
ution was refluxed gently for one hour on an oil bath, cooled, 
and poured into 400 ml. of cold water. Concentrated hydro­
chloric acid (35 ml.) was added with vigorous stirring until 
the mixture was definitely acidic. The lumps of solid were 
broken up until quite well dispersed. The dark gray solid 
was permitted to settle, filtered on an Buchner and washed 
with several small portions of dilute hydrochloric acid. The 
dried material melted at 236-839° and weighed 62 g.

Purification was effected through reerystallization, 
after charcoal treatment from aqueous acetone. Successive 
reerystallizations until a colorless product was obtained 
displayed melting points of 244-246°, 248° with no further 
change. The yield of large, colorless crystalline plates 
was 50 g. or 40.6$ of theoretical. The melting point given 
in the literature was 243°. (82).
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5*32) Preparation of H-Acetylbenzidine (85)

In a 1 liter, round bottom, 2-neck standard taper 
flask, equipped with a mercury-seal wire stirrer, and a small 
dropping funnel, was placed 18.4 g. (0.1 mole) of benzidine 
dissolved in 100 ml. hot 75$ alcohol. To the solution was 
added dropwise, with stirring, 9.6 ml. (0.10 moles) of ace­
tic anhydride and the mixture was stirred for a further 30 
minutes after the addition was complete. The mixture was 
neutralized with concentrated ammonia and filtered hot to 
remove diacetylbenzidine and unreacted amine. Water was 
added to the filtrate until a turbidity was produced, the 
solution then allowed to stand in the cold. The gray solid 
was filtered, pressed dry, and washed with small amounts 
of cold water. The crude material weight 9,5 g. and melted 
at 187-195°.

Recrystallization from 50$ alcohol, using charcoal, 
afforded a colorless material melting at 199-200® and weigh­
ing 4.2 g. (18.6$ of theoretical if one assumed only the 
monoacetyl product was produced.)

5.33) Preparation of H-Acetyl-ti1 -p-tosvlbenzidine

In a 100 ml. round bottom flask eqtipped with a 
mechanical stirrer was placed 2.26 g. (0.01 mole) of N-Ac^yl- 
benzidine, 1.91 g. (0.01 mole) p£tMlu®aesulfonyl ehloride 
and 10 ml. of pyridine. The solution was warmed with stirring 
on the water bath for one hour, the color changing from
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purple-red to orange in a few minutes. The solution was 
added slowly and with stirring to 125 ml. of ice water.
The cold solution was made acid with concentrated hydrochl­
oric acid and was left for several hours in the ice bath.
The lightly colored solid when filtered off weighed 3.1 g. 
and melted at 218-221°. The material was recrystallized 
from aqueous alcohol and charcoal and dried at 120-130°.
The yield was 2.8 g. (73.8$ theoretical) of colorless mi­
crocrystalline needles melting at 227.5°G.

Analysis: Subst., 0.008133, 0.004907; BaSO^,
0.004960, 0.002948.
Calc, for c21h20n203s ; S, 8.43.
Found: S, 8.37 , 8.25.

5*34) Preparation of H-p-Tosvlbenzidine

In a 100 ml. round bottom flask equipped with a 
condenser was placed 1.0 g. (0.0026 moles) of N-acetyl-N*- 
p-tosylbenzidine dissolved in 20-25 ml. alcohol. To the hot 
solution was added 25 ml. of 20$ hydrochloric acid. The mix­
ture was heated to reflux temperatur , solution being complete 
within ten minutes, and refluxed vigorously for one half 
hour longer. The solution was concentrated at the pump with 
warming to remove alcohol, cooled, and neutralized with con­
centrated ammonia with stirring. The solid was permitted to 
settle, filtered, and washed with a few ml. cold water con­
taining a few drops of alcohol. This procedure yielded 0.9 g.
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of lightly-colored material melting at 158-164°. Recry­
stallization from aqueous alcohol and charcoal resulted in 
0.8 g. (91$ of theoretical) of near-colorless crystalline 
material melting at 164-165°. Further purification neither 
removed the color nor raised the melting point. It was ob­
served that exposure to air tends to rapidly darken the a- 
queous alcoholic solution of this substance.

Analysis; Subst., 0.004336, 0.005055 
BaS04 , 0.002841, 0.003294 
Calc, for c19H18n2°2s jS» 9 *47 
Found: S, 9.0, 8.95,
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5.4) The Diphenyl Sulfide Series

5.41) Preparation of bls(p-nltrophenvl)sulfide

The most satisfactory method was that of Fuson and 
Melamed (86).

To a solution of 10 g. (0.063 moles) of p-nitro- 
chlorbenzene in 25 ml. absolute alcohol in a 500 ml. round 
bottom flask equipped with a reflux condenser was added a 
solution of 7.5 g, (0.032 moles) of hydrated sodium sulfide, 
KagS.9 HgO. ;The mixture rapidly darkened on refluxing for 
3 hours on the steam bath. After a time the color changed 
from dark red to orange and crystals began to appear. The 
mixture was cooled, the mother liquor dedanted and the cry­
stals filtered and washed with a few ml. of cold absolute al­
cohol. Recrystallization from a mixture of 10 ml. absolute 
ethanol and 12 ml. glacial acetic acid afforded beautiful, 
long, flat yellow needles melting at 160°. The yield was
4.0 g. or 45.7$ of theoretical.

5 »42) Preparation of bls(p-aminophenyl)sulfide

The method used was essentially that of FusOn and 
Melamqd (86).

In a 800 ml. round bottom flask equipped with a 
mechanical stirrer and a dropping funnel was placed 3,4 g. of 
metallic tin and 8 g. (0.00725 moles) of bis(p-nitrophenyl)- 
sulfide dissolved in 32 ml. glacial acetic acid. An equal 
molume of 20$ hydrochloric acid was added dropwise at such
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a rate that the solution remained clear. The mixture was 
maintained in the water bath at75-80° for two hours, at the 
end of which time the solution was colorless. After cooling 
and filtering to remove particles of tin, concentrated sodium 

hydroxide was added with stirring until the initial precipi­
tate of hydrous tin oxides had completely redissolved. The 
free amine was filtered off, recrystallized from benzane- 
petroleum ether mixture and allowed to stand in the cold. After 
filtration and drying 1.4 g. (89.5$ of theoretical) of a white 
solid was obtained which melted sharply at 107°.

At the end of the reduction period an alternate path 
of operation may be taken as f o M o w s : The solution was per­
mitted to stand overnight permitting the crystallization of 
the tin chloride complex of the diamine in colorless, glisten­
ing needles. These were filtered off, particles of tin re­
moved, and then the needles were taken up in water. The free 
diamine was liberated in the usual way with excess alkali, 
RecrystaUization from benzene-petroleum ether yielded 1.3 g. 
(83.2$ of theoretical) of white crystals melting at 107-108°C.

5*43) Preparation of N ,N 1 -p-Tpsvl-di-p-aminod1phenyl 
sulfide

In a 100 ml. round bottom flask equipped with a re­
flux condenser was placed 2.16 g. (0.01 moles) of bis(p-amino- 
phenyl)sulfide, 3.82 g. (0.02 mole) of p-toluenesulfonyl chlor­
ide and 15 ml. of dry pyridine. The dark solution was heated 
for one hour on a water bath, cooled, and poured into 200 ml. 
cold water. Concentrated hydrochloric acid was added with
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stirring until the mixture was definitely aeidic. The 
white floe was permitted to settle. It filtered readily 
after standing a few hours and was dried in a desiccator 
over phosphorus pentoxide. The crude almost white material 
melted at 184-189°. After several, recrystallizations from 
absolute alcohol and charcoal 4.3 g. (82$ of theoretical) of 
a colorless crystalline material was obtained which melted 
sharply at 195°.

Analysis: Subst., 0.005831; BaS04 , 0.007897.

Calc, for: Gg6H24N204S3 : S » 18*33
Found: S, 18.40.

5*44) irgparation___of p.,p?-Nitroamfnodiphe.n.Yl sulfide.
(87)

To a 500 ml. wdund bottom flask equipped with a wire 
dtirrer, a dropping funnel and a reflux condenser was added a 
solution of 2.76 g. (0.01 mole) of bis(p-nitrophenyl)sulfide 
dissolved in 90 ml. of a mixture of 2 parts of absolute alco­
hol to one of benzene. To this solution at 500C was added 
dropwise with stirring 250 ml. of ammonium sulfide solution 
prepared by absorbing hydrogen sulfide gas in cold concentrated 
ammonia. The mixture was kept at this temperature for 30 min­
utes after the addition was complete; the temperature was 
raised and a mild reflux carried out for five hours. The 
solution was taken to dryness on ttie water bath and the resi­
due extracted 3 times with 5$ hydrochloric acid. After re­
moving any small particles of solid material by filtering 
through a wad of glass wool, the filtrate was neutralized
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with concentrated ammonia. The yellow floe was per­
mitted to settle undisturbed in the cold, filtered off, 
washed with water, and dried at 100-110°. The crude yel­
low solid melted at 137-140° and weighed 1.5 g. Becry- 
stallization from a benzene-alcohol solvent pair provided
1.1 g. (44.7$ of theoretical) of tiny yellow-orange need­
les melting sharply at 143°.

5.45) Preparation of N-p-Tosvl-p-amino-p*- 
nitrodiphenyl sulfide.

In a 100 ml. round bottom flask equipped with a 
reflux condenser was placed 2.46 g. (0.01 mole) of p,p'- 
nitroaminodiphenyl sulfide, 1.90 g. (0.01 mole) of p-tol- 
uaaasulfonyl chloride and 10 ml. of pyridinel The yellow 
solution was warmedr fir one hour on the water bath. The 
solution was added slowly with stirring to 125 ml. of ice 
water. The cold solution was made acid with concentrated 
hydrochloric acid and the yellow-white precipate permitted 
to stand overnight. The white solid was filtered, washed 
with dilute hydrochloric acid, and with water. The mater­
ial, after several recrystallizations from benzene-petro- 
leum ether mixture, melted at 157.5-158.5°c. and weighed
3.2 g. (80$ of theoretical).

Analysis: Subst., 0.003456, 0.012477
BaSO„, 0.004003, 0.014418 4
Calc, for: C19H lgNg04Sg ; S, 16.01
Found: S, 15,9 , 15.85
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5.46) Preparation of N-p-Tosvl-di-p-aminodiphenyl 
sulfide

To a hot solution of 2.0 g. (0.005 mole) of N-p- 
tosyl-p-amino-p'-nitrodiphenyl sulfide in 20 ml. glacial 
acetic acid was added, during one minute, 4.5 g. (0*02 mole) 
of tin salt (SnGlg. SHgO) dissolved in 8 ml. hot concentrated 
hydrochloric acid. After warming at 60°C. for 30 minutes 
the solution was cooled and transferred to a separatory 
funnel. An equal volume of benzene was added and the solu­
tion was then neutralized by carefully adding concentrated 
ammonia with vigorous shaking. The benzene layer was re­
moved, fresh benzene added, and the extraction repeated.
The extract was dried over anhydrous calcium sulfate, fil­
tered through glass wool, and the benzene removed at the 
pump.

The light yellow solid was dissolved in 30$ al­
cohol and permitted to stand overnight. Upon seeding cry­
stallization began immediately. After standing a few hours 
the crystals weee separated and washed with water containing 
a few drops of alcohol. The yield was 1.5 g. of crystals 
melting at 140-143°C. Recrystallization from 30$ alcohol 
and charcoal yielded 1.3 g. (70.4$ of theoretical) of color­
less glistening microcrystals melting at 142-143°.

Analysis: Subst:, 0.008199 ; BaSO^, 0,010223.

Calc, for: G19H18N20 2S2 : S » 17*30
Found: S, 17.12.
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5.5) The Diphenylmethane Series

5.51) Preparation of N.N*-di-p-Tosvl-di-p- 
aminodiphenylmethane

In a 500 ml. round bottom flask equipped with a 
reflux condenser was placed 3.96 g. (0.02 mole) of p,p'- 
diaminodiphenyl methane, 7.64 g. (0.04 mole) of p-toluene- 
sulfonyl chloride and 30 ml. of pyridine. The clear, dark 
red solution was heated on the water bath for on e hour 
and poured with stirring into 300 ml. cold water. Concen­
trated hydrochloric acid was added with vigorous stirring 
until the mixture was definitely acidic. The pink brittle 
solid that formed was allowed to stand for one hour in the 
cold. The material was transferred to a Buchner, washed 
with several portions of dilute hydrochloric, and then with 
cold water. Two recrystallizations with aqueous alcohol 
and charcoal, followed by drying at 120°, yielded 6.2 g.
(61$ of theoretical) of colorless crystals melting at 186- 
187.5°C.

Analysis: Subst.: 0.011442 : BaS04 , 01010250
Calc for: G27H26N2G4S2 : S, 12.65.
Found: S, 12.31

5.52) Presaration of H-Acetvl-di-p-amimodiphenvl- 
methane

To a 1 1. round bottom flask equipped with a wire 
stirrer and a small capillary-tipped dropping funnel was added
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a solution of 5.94 g. (0.03 mole) of p,p’-diminodiphenylme- 
thane in 200 ml. of dry benzene. The stirrer was started and a 
solution of 0.944 ml. (0.01 mole) of acetic anhydride in 10 ml. 
of benzene was added slowly through the capillary dropping fun­
nel at room temperature. This addition normally required 2-2^ 
hours. The lightly colored solution remained clear until appro­
ximately 7/8 of the reagent solution had been added. Tlae appear­
ance of a turbidity indicated the formation of N, N'-diaeetyl-di- 
paminophenylmethane and denoted the end of the desired reaction. 
The small amount of white floe was permitted to settle and re­
moved by filtration. The filtrate was neutralized with concen­
trated ammonia and was allowed to stand overnight, or, for short­
er periods, in an ice bath. The white, crystalline material was 
filtered off and the filtrate retained. Gn standing overnight, 
or for several hours in the cold, another crop of crystals were 
secured. The combined material was washed thoroughly on the 
filter with petroleum ether and dried in a desiccator over phos­
phorus pentoxide. The crude material weighed 1.2 g. and melted 
in the range 123-126°. Pure Material was obtained by recry­
stallization from a minimum amount of boiling water containing 
a small quantity of charcoal. The latter effectively removed 
some unreacted diamine which could be seen as oily droplets 
in the boiling aqueous solution. The yield was 1.0 g. of 
large pearly platelets melting at 133-134°C.

Analysis: Subst., 0.0G4625, 0.004681; 0.00988NHC1,
3,80 ml., 3.92 fil.

Calc for: C^gH^NgG ; N » 11.66
Found: N, 11.38, 11.59
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5.53) Preparation of K-Tosyl-K*-acetyl-di-p- 
aminodiphenylmethane

In a 100ml. round bottom flask equipped with a 
reflux condenser was placed 2.40 g* (0.01 mole) of N-acetyl- 
di-p-aminodiphenylmethane, 1.90 g. (0.01 mole) of p-toluene- 
sulfonyl chloride and 10 ml. of pyridine. The orange solu­
tion was warmed for one hour on the water bath and the solvent 

removed at the pump. The reddish oil remaining was taken up 
in aqueous alcohol and permitted to stand overnight. The 
translucent pink platelets which separated were transferred 
to a Buchner funnel, washed with water containing a few drops 
of alcohol, then with water. A sample of the dried material 

melted at 167-168® (see p. 49). Recrystallization from aqueous 

alcohol and charcoal yielded 3.25 g. of micro needles melting 
at 167.9-169.2®. Yield was 82. 5$.

Analysis: Subst., 0.005720; 0.00988M HC1, 5.83ml.
Calc, for: C22^22®2®3*^ I 7.10

Found; M, 7.15
5.54) Preparation of y-Tosyl-di-p-aminodiphenyl- 

methane
In a 100 ml. flask equipped with a reflux condenser 

was placed 1.97 g. (0.005 mole) of H-tosyl-H•-acetyl-di-p- 
aminodiphenylmethane in 20 ml. of alcohol. To the hot sol­

ution was added 25 ml. of 20$ hydrochloric acid and the mix­
ture refluxed for 30 minutes. The solution was concentrated

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



7 0

at the pump to remove alcohol, and concentrated ammonia was 
added dropwise with stirring until the mixture was alkaline. 
After standing overnight, the white precipitate was filtered, 
washed with water, and dried. The crude material melted at 
137-140°. Becrystallization from aqueous alcohol and charco&t 
afforded 1.4 g. (79$ of theoretical) of an almost white crystal­
line material melting at 156-158°C.

Analysis: Subst., 0.007974, 0.004354; BaS04 ,
0.005215, Q.002880.
Calc, for: Cg0H2e)N20gS ; S, 9.11
Found: S, 9.0, 9.1.
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5.6) The Diphenyl Ether Series

5.61) Preparation of H.i^-p-Tosyl-di-p- 
aminodiphenyl ether

Because the use of technical grade p,p'-diamino- 

diphenyl ether led to untoward difficulties in purification 
of the product materials, and seriously lowered the yields, 
the commercial material was treated as recommended in the 
literature (84).

In a 100 ml. round bottom flask equipped with a 

reflux condenser was placed 2.0 g. (0.01 mole) of p,p^- 

diaminodiphenyl ether, 3,82 g. (0.02 mole) of p-toluene- 
sulfonyl chloride and 15 ml. dry pyridine. The dark solu­
tion was heated for one hour on the water bath, cooled, and 
poured into 400 ml. cold water. Concentrated hydrochloric acid 
was added with stirring until the mixture was definitely acid­

ic; the pink solid that separated being permitted to stand 

©rernight. After filtration, washing with dilute hydro­
chloric acid, and with water, there was ©brained a light- 
pink colored material melting at 170-175°. Several recry­
stallizations from aqueous alcohol and charcoal afforded a 

white crystalline substance weighing 3.6 g. and melting 
at 179-180°, The yield was 71$ of theoretical.

Analysis: Subst., 0.016603, 0.008586; BaSO*,

0.014730, 0,007729.
Calc, for C26H24N2S205; S, 12.61
Pound; S, 12.22, 12.41
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5.62) Preparation of p-Hydroxyacetanllide (88)

In a 1 1. round, bottom flask equipped with a 
reflux condenser was placed an intimately ground mixture 
of 22 g. (0.15 mole) of p-aminophenol hydrochloride and 

12,5 g. (0.15 mole) of anhydrous sodium acetate. A mix­

ture of 21.5 ml. (0.37 mole) of glacial acetic and 16.6 ml. 

(0.17 mole) of acetic anhydride was added and the flask 
heated on the oil bath with frequent shaking at 135-140° 
for li hours. The pink mixture was cooled, the solid fil­
tered off, washed with a few ml. of cold water, and pressed 

dry. Sodium carbonate was added carefully to the filtrate 
until it was slightly alkaline. The mixture was cooled, 

the solid filtered off, washed as before, and pressed 
dry. The combined products were recrystallized from 
water and charcoal. The yield of almost white crystalline 
prisms was 14.4 g. (63.2# of theoretical) melting at 167- 
168°.

5.63) Preparation of H-Acetyl-p-amino-p*- 
nitrodiphenyl ether

In a 500 ml. 3 neck, standard taper conical
bulb flask equipped with a mercury-seal stirrer and a

reflux condenser connected to a mercury trap, the pur­
pose of which is to exclude air from the reaction mix­
ture, were placed 3.0 g. (0.02 mole) of p-hydroxyacetani-
lide, 4.0 g. (0.02 mole) of p-bromnitr©benzene, 0.48 g.
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(0.02 mole) of sodium hydride, and a pinch of Cu powder (89). 
The materials were stirred thoroughly for a few minutes. To 
the homogeneous mixture was added with caution 5 ml. of methyl 
carbitol which had been distilled from calcium hydride over 
the range 190-194°. The flask was heated in a metal bath at 
150-155° for 2-| hours. The brown, somewhat vieeous liquid 
was poured into cold water with vigorous stirring, a few ml. 
of hot water sufficing to wash out the flask. There was us­
ually a small amount of tar-like material at this stage. Af­
ter standing overnight, the yellow-brown crystalline solid 
was separated on a Buchner funnel and washed with a little 
water. Recrystallization from aqueous alcohol and charcoal 
resulted in 1.5-1.7 g. (28*32$ of theoretical) of bronze-col­
ored, raicrocrystalline needles melting at 152.5-153.5°.

Analysis: Subst., 0.Q03478, 0.004482;
0.00988N HG1, 2.52 ml. 3.34 ml.
Calc, for: C14H12N204 : N, 10.3 
Found : N, 10.0, 10.3.

5.64) Preparation of p-hitr o-p!-amlnodiphenyl ether

In a 100 ml. flask equipped with a reflux condenser 
was placed 1.36 g. (0.005 mole) of N-acetyl-p-amino-p*-nitro- 
diphenyl ether in 15 ml. of alcohol. To the hot solution was 
added 25 ml. of 20$ hydrochloric acid and reflux was maintained 
for 45 minutes. On standing, the amine hydrochloride separated 
in light-yellow, feathery needles. These were filtered off, 

washed with a small amount of cold water and <&hl%d at 120°.
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The salt 215-217° and weighed 0.75 g.
Concentrated ammonia was added slowly with stirring 

to the filtrate and the yellow precipitate permitted to settle. 
After the usual filtering, washing and drying, the free base 
weighed 0.28 g. and melted at 128-129°. The total crude yield 
on the basis of the free amine was 87$. Recrystallization of 
the free base from aqueous alcohol and charcoal yielded a yel­
low, finely crystalline material with a constant melting point 
of 134-135°.

Analysis: Subst. 0.003067, 0.002485;
0.00988N HC1, 2.69 ml., 2.18 ml.

Calc for : C H N O  : N, 12.18.12 10 2 3
Found: N, 12.18, 12.12.

5*65) Preparation of N-Tosvl-p-amino-p*-nitrodiphenyl 
ether.

In a 100 ml. round bottom flask equipped with a re­
flux condenser was placed 1.33 g. (0.005 mole) of p-nitro-p’- 
arainodiphenyl ether hydrochloride, 0.95 g. (0.005 mole) of p- 
toluenesalfonyl chloride and 5 ml. of pyridine. The clear, 
light-brown solution was heated for one hour onthe water bath 
and poured into 200 ml. of cold water. Concentrated hydro­
chloric acid was added with stirring until the mixture was de­
finitely acidic. On standing a crystalline, nearly colorless 
material separated. This was filtered and washed with a few 
ml. of water. Recrystallization of the gray-yellow solid from
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alcohol and charcoal yielded 1.45 g. (75.5$ of theoretical) 

of fine crystals melting at 154-155°C.
Analysis; Subst., 0.002834; Q.00988N HCl, 1.50 ml.

Calc, for; C19H16N2Q5S : N, 7.29
Found: N, 7.32.

5.66) Preparation of M-Tosyl-di-p-aminodiphenyl ether

To a hot solution of 1.92 g. (0.005 mole) of N-tosyl- 
p-amino-p'-nitrodiphenyl ether in 20 ml. glacial acetic acid 
was added, during 1 minute, 4.5 g. (0.02 mole) of stannous 
chloride dihydrate dissolved in 8 ml. hot concentrated hydro­

chloric acid. After warming at 60® for 30 minutes the solution 

was cooled and transferred to a separatory funnel. An equal 

volume of henzene was added and the solution neutralized toy 
carefully adding concentrated ammonia with vigorous shaking.
The benzene layer was removed, fresh benzene added, and the 

extraction repeated. After drying over anhydrous calcium sul­

fate, the extract was filtered through glass wool and the ben­

zene removed at the pump. Recrystallization of the red solid
from aqueous alcohol and charcoal afforded 1.1 g. of white
microcrystalline needles melting at 141-142°. The yield was 
77.5$.

Analysis; Subst., 0.003611, 0.001852
Q.Q0988N HCl, 2.07 ml., 1.05 ml.
Calc, for: C19I18M203S : H, 7.91.

Found: M, 7.91. 7.84.
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An alternate preparation of this Material, but in very poor 
yield, was as follows:

Commercial bis(p-aminophenyl)ether was purified to 

some extent through conversion to the dihydrochloride (90). A 
mixture of 2.73 g. (0.G1 mole) of his(p-aminophenyl)ether di- 
hydrochloride, 1.91 g. (0.01 mole) of p-toluenesulfoayl chlor­

ide and 5 ml. of pyridine was warmed on the water bath for one 

hour. The dark solution was taken to near dryness to remove 

excess pyridine. One hundred and fifty ml. of water and suffi­
cient concentrated hydrochloric acid to make the mixture acidic 
were added. The solution was refluxed with charcoal for 30 
minutes, filtered while hot to remove the M, N*-di-tosyl-di- 

p-aminodiphenyl ether, and the filtrate concentrated to iits 

volume. On standing overnight a small amount of tarry material 

separated from the purple solution. Several recrystallizations 
from aqueous alcohol and charcoal yielded 0.15 g. of almost 
white microcrystalline needles melting at 140-141°. A mixed- 
melting point determination with the substance obtained from 

the reduction of H-tosyl-p-amino-p‘-nitrodiphenyl ether (see
5.66) confirmed the identity of the two materials.
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ii. U A « 6 A I

It is commonly believed that the Mortality from 
gastric cancer could be greatly reduced, perhaps by: 50$ or 
more, if there were some method of diagnosis or therapy.

Evidence has been presented indicating that it would 
be of value to prepare certain sulfonamides for possible local­

ization in cancer tissue, xhese materials, made radioactive, 

would have value as possible diagnostic and therapeutic agents. 
The substances listed below have been prepared with this pur­
pose in mind. All, except the first, are new materials.

1 . N ,K 1-di-p-tosylbenziaine

2. N-acetyl-N'-p-tosylbenzidine
3. H-p-tosylbenzidine
4. M ,N1-di-p-tosyl-di-aminodiphenyl sulfide
5. N-p-tosyl-p-amino-p *-nitrodiphenyl sulfide

6.N-p-tosyl-di-p-aminodiphenyl sulfide

7. MjI'-di-p-tosyl-di-p-aminodiphenylmethane

8. N-tosyl-H•-acetyl-di-p-aminodiphenylmethane
9. N-tosyl-di-p-aminodiphenylmethane

10. H-tosyl-p-amino-p'-nitrodiphenyl ether
11. N-1osy1-di-p-aminodipheny1 ether

12. H,M'-di-p-tosyl-di-p-aminodiphenyl ether

‘in addition, the following intermediate materials 
are prepared for the first time:

13. N-acetyl-p-amino-p’-nitrodiphenyl ether
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14. p-nitro-p*-aainodiphenyl ether

15. H-tosyl-p-amino-p1-nitrodiphenyl ether.
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