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Cincinnati, Ohio
Mey 10, 1939

Graduate Faculty
Graduate College
University of Cincinnati
Cincinnati, Ohilo

Gentlemen:

I herewith.submit a dissertation entitled
®Some Derivatives of Sulfanilamide" in partial fulfillment
of the requirements for the degree of Doctor of Philosophy.

The purpose of this investigation was to syn-
thesize compounds, {I) which have high anti-streptococcal
action in vivo, (II) which sre water soluble, (III) and
stable in aqueous solution.

The following éompounds were synthesized:

N4-acetyl sulfanilyl semlcarbagide, sulfanilyl semicarbazide,
N4-acetyl sulfanilyl phenyl hydraziﬁe, N4-acetyl sulfenilyl
hydrazine, sulfanilyl hydrazine, N4-acety1 sulfanilyl hydroxyl-
amine, sulfanilyl hydroiylamine, N4-acety1 sulfenilyl glycine,
sulfanilyl glyeine, tyrosine derivative, and leucine derivative.
0f all the compounds prepared, the sulfanilyl
hydroxylamine 1is comparable to sulfanilamide therapeutically.
All compounds have not been fully tested as yet, but the
experiments are being carried on at the present time. These

results will be published in some Pharmacology Journal.

Yours very truly,

%.za,ywq?,&é%

% Ag’39

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



ACKNOWLEDGMENTS

The writer wishes to express his appre-
clation to Dr. H. S. Greene the Director of
Research for his cordial cooperation and encourage-

ment.

Thenks are also due to Dr. L. H. Schmidt
of the College of Medicine, University of Cincimnati,
for testing the chemotherapeutic effect of the pre-~

pared compounds.

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



TABLE OF CONTENTS

Page

I. A‘ History G 8 88 548 8 Q0 0 g 9C S3 6N SO LT BB e EC O eI OB ROTSES 1

B. Types of Compounds Prepéred .teeecsecsccsccresccees 4
II. Purpose of Present Investigation .....;............. 9

III. General Introduction
A. Nomenclature .-0...00.0...#‘0..'..OODOICIOOI'IOQ 10

B. Reagents and Analytical Methods e.cccceecoseess 12

Iv. Experimentai Work
1. N4-Acetyl Sulfanilyl Semicarbazide eceeeveceso. 14
2. N4-Acetyl Sulfanilyl Phenyl Hydrazine .cc....o.. 21
3. N4-Acetyl Sulfanilyl Glycine cececeseccoccceses 24
4. N4-Acetyl Sulfanilyl Hydroxamic ACid e..eeeeees 27
5. N4-fcetyl Sulfanilyl Hydrazine .ceececocecessss 30
6. Leucine Derivative ciecevescecevosessonscncscsae O
7. Tyrosine Derivative ;..:;...................... 35
8. Therapeutic Effect of CoOMPOUNAS eecosrsnccescccsoes B8

9. Biblicgraphy s |

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



1.

SOME DERIVATIVES OF SULFANILAMIDE
I. 4: EIsTORY(1)(2)

Sulfanilamide was first prepared by Gelmo(3) o
Germen debbler in theoretical chemistry, in 1909. Just
before the World War, Horlein, Dressel, and Kothe(4) pro-
duced the first a20 dyes from Gelmo's little known compound
which dyed textiles a brick-red color and which wWere very
fast to light and washing. '

Sulfanilamide is & drug used for the treatment of
streptococeal and other Infections. The accident by which
the power of sulfanilamide was discovered will probably
remain i‘orever' a mystery. The action of sulfanilamide
would have been known twenty years sooner had the two
Americen scientists, Heidelberger and Jacobs(5) in 1919
gone & little further. They combined & guinine molecule
with sulfanilamide and reported successful bactericidal
properties of some of thelr azo dye compounds in vitro.
Later studles showed these compounds alsc had therapeutic
action in vivo.

' Investigations were renewed in 1925 at the Elber-
feld laboratories In Germany. The first paper was read on
the fiftieth anniversery of the great sclentist Koch, who
discovered the tubercle bacillus. This work was done with
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the red dye prontosil.

Dust collgcted on this work and it was not until
1935 that s patent was lssued to Mietzsch and Klarer(6)(7)
who worked with Professor Domagk, the director of the
Elberfeld pathological laboratdry of the great dye factory
in Elberfeld, Germeny. The results of the action of this
and similar compounds vseemed too good to be true; before
publishing any psper on this work, several years were
devoted to intensive clinical and experimental work. Thus,
the chemotherapeutli'c action of prontosil in experimental
streptococecal infections in mice and rabbits was not pub-
lished until February, 1935(8), These results were at this
time checked by workers in England, F:Eance and soon there-
efter in America.

At about this time NMr. and Mrs. J. Trefousl{®) ag
the Pasteur Institute in Paris reported that the azo-linkage |
(in prontosil) was not essentiel, and that sulfanilamide
was just as effective. This equal efficacy was explained
by the assﬁmption thet the prontosil and sulfenilamide were
ebout equally dlstributed in the human organism. Conse-
quently the sulfanilamide group in the paras position was
assumed to be the active group. Other French workers
(Fourneau and his coworkers ) (10) demonstraﬁed that by shift-
ing and substituting other groups for the sulfonamide group,

the activity of sulfanilamide was either reduced or
destroyed.
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In England Colebrook and his investigetors(1l)
specialized in the xtreatment of puerperal sepsis with pronto-
sil and later with sulfanilemide. Buttle and his coworkers
showed that sulfanilamide would gilve protec’cion ageinst dif-
ferent types of streptococel and some protectlion against
menvingococcal infections, but not against staphylccocei or
pneumocecceci. It was also found by the latter that sulfaniliyl
aniline was as effective as sulfanilemide.

In 1935 the Royal Acedemy of Medicine in London
became the exchange place of sulfanilamide progress. Two
Americans, Drs. Perrin Long and Eleanor Bliss, were at this
gathering. Thelr presence was made possible through a gener-
ous fund established by Francis P. Garvan in memory of his
lovely daughter, who had fallen prey to the deadly strepto-
cccel infection. Francis P. Garvan, the father, dedicated
his finances to finding a cure for this dreaded dlsease. Drs.
Long end Bliss had the honor of reporting the first human
treated and saved in 1936. _

Also at this time three other Americans, Drs. Mellon,.
Gross, and Cooper(lz) began thelr work .with sulfanilamide at
the Western Pennsylvania Hospitel. One of these men owes his
life to this chemical and is a very falthful worker with
sulfenilamide compounds to this da_y.
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B. TYPES OF COMPOUNDS PREPARED

In the last three years several thousand derivatives
of sulfanilamide have been syntheslzed, and their therapeutic
action investigated. Many of these compounds have been
reported in literature, whlle meny others have not, especially
those synthesized in private industry. Due to the large nume
ber of derivatives prepared, it will be impossible to list
all in this work, but the derivatives can be classified into
types(ls)(14)(15)(16)(17). Conseguently, only the types will
be listed and thelr therapeutic effect briefly stated.

l. Position of amiﬁo to sulfonamide group.

Substituting the groups into the other possible
positions in the benzene nucleus reduces the therapeutic sction
(parae > meta > ortho). The rule a2lsc holds if a radical is sub-
stituted on the hydrogen of the amino group.

2. Replacement of hydrogen of the amide group
( ~SO2NHR)

(a) Aliphatic
The activity of this type of compound decreases.
The decrease is proportional to the molecular weight of the
radical, The mono- and di- substituted derivatives have
approximately the seame effect as sulfanilamide, i.e. 1f R is
a small aliphatic radical as CgHg or CHz.
(b) Aromatic
When R 1s an aromatic or pyridine ring, the
therapeutic action is asg good or better than sulfenilemide.
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Substitution of a carboxyl or sulfonic group in second phenyl
redical changes the action noticeably (ortho,> mete,> para)(ls).
When R is a phenyl p-sulfonamide group, the action is in-
ecreaged. Uniting as meny as seven phenyl p-sulfonamide radil-
cals has been done, but the poly sulfanilamides beccme so

insoluble that its action decreases with such & large molecule.

3. Replscement of amino group by another group
6.g. hydroxyl.

The therapeutlc actlion decreases.

4. Replacement of sulfonemide group by other groups.

All such compounds have no noticeable thera-~
peutic action.

5. Substitutlion derivatives of amino group as -NHR.

The therapeutic action is sharply lowered in
this type of compound. Derivatives where R was an acetyl
group, the toxicity increased in every lkmown compound.

6. Azo Derivatives.

When sulfanliliamide is diazotized and coupled
with aromatic amines or sulfonic nephthols, the therapeutic
action is approximately the same as sulfanlilamide. If other
compounnds such as phenols or phenolic ethers are coupled, the

action 1s decreased.

7. Addition of a third group into benzene ring of
sulfanilamide.

The therapeutic action is sharply lowered, and
in many cases totally lost.
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Many other derivatives have been prepared but they
fall into one of these types by changing the meaning of the
Rt's. All of these are inactive or slightly active.

The derivatives which have now the widest use are:

sulfanilamide, prontosil, and prontosil soluble.

o 5O GROE

50 $0.
N#, N He,
Sulfanilamide Prontosil Prontosil Soluble

Sulfanilamide has such trade names as, Prontylin,
Streptocide, Zeamine, Sulfamidyl, etc. Sulfanilemide is 1%
soluble in water at body temperature. It has no perceptible
odor and possesses & bitter taste.

Another compound which only this year has come into
prominence is A =gulfanilamidopyridine, whose structure is

It 1s reported that this compound is very
o s NAO

effective ageinst all thirty-two types of pneumococci but it
is too early to draw definite conclusions. It is nevertheless
safe to say that it 1s more effective than sulfanilamide
against pneumococeal infectionsa.

The therapeutic action 1s determined with mice
infected with a virile strain of beta hemolytic streptococei,
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The infected mice are given the chemotherapeutic agent either
subcutaneously in a suitable sélvent, or orally as.a paste
made up with gum acacla and water. The time elapsing between
the subeutaneous injection with streptococci and the initisl
dose of the therapeutic agent was two hours. A similar dose
was then given every elght hours over a period of seventy~-two
hours. The mice surviving were compared in number and physi-
cel condition with those that had been similarly infected and
then given sulfanilamide as the protective agent. Thus a
relationship between the effectiveness of the new substance
and that of sulfanilsmide could be obtained.

| From the foregoing it can be seen that most compounds
which are derivatives of the amido substituted nitrogen have
anti-streptococcal activity. All other compounds prepered,
except the diazo, sulfone, and sulfide compounds heve not.
Therefore, in the present work, derivatives of amido substi-
tuted nitrogen were prepared. This generalization was proven
definitely a year later by Crossley, Northey and Hultquist(17).
They proved 1t with the fellowing compounds: Na' sulfanilyl
metanilemide and N4~ metanilyl sulfanilemide. The first com=~
pound 1s behaving as a sulfanlilamide substituted on the amido
nitroger while the second is behaving as & sulfanilamide
substituted on the amino nitrogen. The actlon of the two
compounds was ag expected, In that the first had high activ-
ity while the second had none. Due to this proof, it can be
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assumed without doubt that, if new derivatives are synthe-
sized having high activity, they will be substituted on the
amido nitrogen.
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II, PURPOSE OF PRESENT INVESTIGATION

Sulfanilamide is unstable, a precipitate forming
in an aqueous solution on standing 5-7 days. Because of
lack of equipment, 1t is also difficult for general medi-~
cal practitioners to meke up thelr solutions when needed.
Its general use is therefore greatly curteiled. Further-
more, sulfanilamide is only 1% soluble in water. There-
fore, this inveétigation had the following purposes:

l. To synthesize a stable compound.

2. To synthesize a water soluble
compound .

2. To synthesizs a compound whose
therapeutis action is as effec~
tive as sulfanilamide.
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III. GENERAL INTRODUCTION

A. Nomenclature

The nomenclature used in literature for sulfanila-
mide derivetives is very difficult to comprehend. The system
of nomenclature suggested in The Americen Chemical Society(15)
simplifies the naming of complex derivatives of sulfenila-
mide. The systems suggested are the following:

(e) Naming as substituted sulfanilamides

M

N

o

InA;uifanilamidé the sulfonamide group occupies the
l=-position since it is the prineipal functional group. The
nitrogens are differentiated by glving them subscripts cor-
responding to the carbon in the benzene ring on which the
nitrogen'substitﬁents are found.

The following illustrsates the method.

s ©
g
~&-ch,

e Hy
30~
IZI‘(': s
2-methyl N%acetyl N-sthyl sulfanilamide
~ (b) Radical names
Simple derivatives can be named very easily by the

use of the above method. For compounds with complex

substltuents, the above method of naming as substituted
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sulfanilamides becomes very unwieldy. For this reason the

following radicals will be used throughout this paper:

NHa NH.
. NA

Osez N

SOy

Sulfanilyl- Metenilyl- Orthonilyl-
| 8- & ey
The importent intermediate i1s called
. S0,
13

N%acetyl sulfanilyl chloride, instead of p-acetamido benzZene

sulfonyl chloride.

The other radicels which are useful are the follow-

ing: '
N & ‘ N o,
Se N
o Ux O
z\/—-
a¥ =~
Sulfanilamido Metanilamido Orthonilamido
N‘N- z-cllg
As sn example the compound is
H H =9 )

0,8= N-c-Cmon
H

called N4acety1 sulfanilamidoe acetic acid.
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B. Reagents and Analytical Methods
1. Reagents

A very important Intermediate in the symthesis of
all derivatives was N%acetyl sulfenilyl chloride. This wes
prepared by the reaction of acetanilid (1 mol) with chloro=-
sulfonic acid (2-1/2 mols). The mixture was heated for 2-1/2
hours at 60°C. when it was cooled, slowly poured on ice
(2 Kg.) with' stirring and then filtered. The crude paste was
used directly in some synthesis and in others the N-%acetyl
sulfanilyl chloride was purified. Purification was accom-
plished by drying the paste at room temperature, end then
recrystallizing from benzene (solubility l.5-2g. per 100 cec.).
The purified Niacetyl sulfenilyl chloride could be kept
indefinitely in & glass stoppered bottle.

Since the desired free amino compound could not be |
synthesized directly without protecting the emino group, the
acetyl derivative was first prepared for all .compounds and
then the acetyl group was hydrolyzed in 2N acid or base,
depending on the type of compound. One and one-half mols of
acid or base were used for each acidlc or basic group pro-
duced in the hydrolysis. The actual hydrolysis will be
described in the procedurs for each compound.

2. Analytical Method

The sulfur was determined with a Parr bomb. Usuelly
O.2g. of sample was added to & welghed Parr bomb which cone-
tained 2-3g. of ENOz-sugar mixture as oxidizing agent. The
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13.

XNOz=-suger ratio was 3 to 1 by welght. At first KCl0, was
nsed as accelerator, but thils did not oxidize all of the
compounds . Therefore the KNOz=sugar mixture was substituted.
The KNOz=sugar was added with the aid of a small calibrated
test tube. To the KNOz-suger-sample mixture 15g. of NasOo
were added. The bomb was sealed and ignited by heating over
8 Bunsen burner. Ignition took place in 30-60 seconds. The
bomb was cooled with water, opened, and placed in a 400cec.
beaker to which water was added. After digestion the bomb
was washed. The solution was allowed Go cool and con ECl
added until just acid. The iron was reduced by adding alum~
inum filings and heating wntil colorless. The solution was
filtered, diluted to 300cc., and heated to its boiling point.
Normal BaClg (Scc.) was added and then allowed to stand for
ten hours after which the BasSO4 was filtered into weighed
sintered glass crucihles.

C. Remarks

All melting points are uncorrected.
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IV. EXPERIMENTAL WORK

1. N Acetyl Sulfenilyl Semicarbezide

A. Nomenclature

1. N¥Acetyl Sulfenilyl Semicerbazide
2. N4Acety1 Sulfanilamido Urea

B. Preparation

1l. Eguation
o 0
”‘N-c'i-cﬂa H;J- g'c}{i
B PYridine s
Q + :;~~N-u-N‘A'HC& “§o-90'a O . o +He
0. 0,5~ Al ot
Yel
2. Reactants

Grams Mols [Melting

Point
N4Acetyl Sulfanilyl Chloride  2.33 0.01 —
Semicarbazide Hydrochloride 1.12 0.01
Pyridine 1.6 0.02
3. Yield
Theoretical 2.72 0.01
Actual 1.0-1,2 232°
{decomposed)

4. Procedure
The semicarbazide hydrochloride was added to the
pyridine, The speclfied amounts of pyridine must be taken,
as otherwise lower yields result. The hydrochloride forms
& semi-gsollid with the pyridine which dissolved when the puri-
fied N*-acetyl sulfanilyl chloride was slowly added. The
viscous material which resulted was heated on a steam bath

for one hour, then allowed to cool and 30 cc. of water added
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15.

on which the N4-acety1 sulfanilyl semlcarbazide precipitated
out, as the viscous material dlssclved. The mixture was
filtered, and the precipitate washed with water, followed by
ethyl alcohol (95%) and then ethyl ether.

Crude yield = 2.1g.

C. Purification
The impure product was sdded to & boiling 50% ethyl
alcohol-water mixtﬁre (solubility 1 g. per 100 ccs.), decolor-
ized with activated charcoal, filtered, and then chilled.
The white precipitate was filtered, waghed with water, ethyl
alcohol (954) and then with ethyl ether,
¥ = 1l.0=1,2g. Melting Point = 232°C.(decomposes)

The followlng methods of purification were also
tried. The impure product was dissolved in an aqueous solu=-
tion of sodium hydroxide or sodium carbonate, and reprecipita-~
ted by the addition of hydrechloric acid. The N4-acetyl
sulfenilyl semicarbazide so purified does not become white as
does the pure product obtained by the first method. It
retains & slight pinkish color.

Since the solubility of the compound is a function
of the acidity and precipitation cccurs very quickly by the
addition of acid, gaseous carbon dioxide was bubbled through
the alkaline solution, so that occlusion would not take place.
The precipitation was thus accomplished more slowly, allowing

the erystals to grow. The compound so obtained also hed a
slight coloration.
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N4-acety1 sulfanilyl semicarbazide iz soluble in
hot glacial acetic acid and can be reprecipitated by the adal-
tion of water. When this was tried the compound had a slight
pink color, but the physical characteristics were the same as
those of the pure product obtained by recrystallizing from
50% ethyl alcohol-water solution.

D. Analysis

To prove that the obtained product was the desired
one, the sulfur content was checked, and found to be 11.68%.
The theoretical is 11.77%4. This wes done by the Parr bomb
method using 1 g. of potassium perchlorate as accelerator.

The nitrogen content by the Kjeldahl method was also
investigated. The results were inconsistent, and could not
be taken as reliable proof for the structure. The reason for
the inconsistent results ls unknownm.

The N4-acetyl sulfanilyl semicarbazide gave & silver
mirror test with Tollen's reagent. Since hydrazine reduces
ammoniecal silver oxide, thls positive test indicated a
hydrazine llinkage.

Since N4-acetyl sulfanilyl semicarbazide is not solu-
ble in benzene, camphor or water, the molecular welght could
not pe determined. A welghed sample however was titrated with
standard sodium hydroxide using & Beckmen pH meter. By plot-
ting the volume of added base against pH, the quantity of base

necessary to neutralize the compound could be determined. If
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it is assumed thet the N4-acetyl sulfanilyl semicarbazide is

mono-acidic, the molecular weight can be calculated.

Molecular Weight = 1000 Welght of Sample
N x ces.

Molecular welght found = 284g.
Molecular welght calculated = 272.28g.

E. Properties

‘1. The compound is not soluble in aqgueous acid solu-
tions, benzene, carbon disulfide, ethyl ether and acetone.

2. The compound is soluble in bases. Sodium carbo-
nate willl dissolve 1t with evolution of carbon dloxide. The
solubility in‘alkaline solution ls explaeined by the probable

keto~enol isomerism.

(=]
ILN_&’O..c}{, AN— &-edly
(;] base
e_—._—_
° o _%.oNa
0=32 9 N~ &= N HL cid 0= N-,&’.a’f NH,
(insocluble) (soluble)

S N4-acetyl sulfanilyl semicarbazide gives a silver

nirror test with Tollent!s reagent.

F. Other Possible Methods of Prepsration

1. Recrystallized N4-ecetyl sulfanilyl chloride (0.1u)
was added to the pyridine (0.3M). The N4=-acetyl sulfanilyl
chloride dissolved readily in pyridine. The semicarbazide
hydrochloride {0.lM) was added slowly with constant stirring.
The mixture was held at 35-40°C. by extermal cooling. After
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all the semicarbazide hydrochloride was added, stirring wsas
continued for 30 miﬁutes at room temperature. The mixture
was then transferred to a dlstilling flask and the excess pyri-
dine distilled off under reduced pressure (water pump) at
40°C. Distillation was continued until nc more pyridine dis-
tilled over and there remained a viscous material. To this
150-200 ces. of wﬁter were added. Since the viscous material
dissolved very siowly, the flask ﬁas shaken. The reddish
precipitate was filtered, washed with water, ethyl alcohol
(95%) and ethyl ether.

Yield = 10-1l g.

Eveporation of the filtrate under reduced pressure
at 40-45°C,, or if mineral acid or sodium chloride were added
to 1t, no additional yleld was obtained.

2. Semicarbazide hydrochloride was added to ethyl
elcochol (95%)'and the N4-acetyl sulfanilyl chloride at room
temperature. N4-acety1 sulfanilyl etholate was formed.
Negative results.

3. The semicerbazide hydrochloride and N4-acety1
sulfanilyl chloride were added to a 504 ethyl alcohol-water
solution. N4acety1 sulfanilic acid was formed. Negative
results.

4, Semicaerbazide hydrochloride was added to weter
end the acid neutralized with sodium carbonate. The N4-aecetyl
sulfanllyl chloride was then added and the mixture heatsed to
40-~45°C. If the temperature of the reaction was changed, all

trisls gave negative results.
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.«
. )
.
..........

5. When procedure (3) was repeated but 1nstead sodium
bicarbonate was used as neutralizing agent, negative results

were also obtained.

6. A suggestion 1s here offered, that it probably is

possible to prepare the compound by the use of phosgene.

(-] (-]
u, &l Hy-d-aty Y-dten /5
0 e
v b — >

NG H W) 1L o
05 Aw4, 23 < 0,5~ N=NwemNthe

G. Hydrolysis to Sulfanilyl Semicarbazide

1. Equation _
Hoe ety P&
N HCh, + HC. H, O
+ HOH Reploa o v 2
a%- orie & i, Q¥ N-n- -V K

2. Reactankts

Meltin
Grams Mols Pointg

N4-acetyl sulfanilyl :
semicarbazide 2.72 0,01

HC1 0.02
3. Yield
Teoretical 2.30 0.01
Actual 1.5 65% 232°C.

(decomposes)
4, Procedure

Crude N4-acetyl sulfanilyl semicarbazide was
placed in a round bottom flesk and 2N HC1l (2 mols acid for
every mol) were added and the mixture refluxed for 30 minutes

after the preclpitate disappeared. The mixture was cooled and
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anhydrous sodium carbonate added untlil alkaline at which time
the sulfanilyl semicarbazide separated. The precipitate was
filtered, washed with water, ethyl alcohol (95%) and then with

ethyl ether.
Crude yield = 2.2g.

5., Purification
Sulfanilyl semicarbazide was added to a boiling
50% ethyl alcohol-water solution (solubility 2g. per 120cc.)
and decolorized with activated charccal. The hot solutlion was
filtered and the filtrate chilled, at which time beautiful white
erystals formed.
Yield = 1.5g. (60~65%) Melting Point = 232°C. (decomposes)

6. Analysis.

{(2) The sulfur was determined by the Parr bomb
method using 2.5g. of potagsium nitrate-sugar mixture with a
O.2g. sample.

Sulfur found = 13.80%
Sulfur calculated = 13.92%

(b) The compound was diazotized and coupled to
beta-naphthol on which an orange color formed. Thils positive
result indicated a free amino group.

7. Properties

(a) Melting point = 232°C. (decomposes)

(b) White needle crystals

(c) Soluble in acids

(d) Insoluble in aqueous carbonate solution.
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2. N%-Acetyl Sulfanilyl Phenyl Hydrazine

A. Nomenclature

N4-acetyl sulfanilyl phenyl hydrazine
N4-scetyl sulfanilamido enilid

B. Preparation

1. Equation

o
o H o
P &0y y- ke
Yy )
+ HN-N S O ., +7
y o
T
N
)

2. Reactants

Melting
Grams Mols Point
N4-acetyl sulfanilyl chloride 2.3 0.0L

Phenyl=hydrazine 3.2 0.03
3. Yield
Theoretical 3.05 0.01
Actual 1.00 .003 161°C.

4. Procedure 4

Impure N4-sulfanilyl chloride paste (.0lif) was added
slowly to .03 mols of phenyl-hydrazine at room temperature.
When the reaction became too violent, the mixture was cooled
externally. Charring resulted 1if the reaction became too
fast. The semi-solid mass was occasionally stirred and when
the reaction became slower the mixbture was heated to 70° for
one minute and then allowed to cool. This procsdure was
repeated two times. The excess phenyl-hydrazine was removed

by adding 20 ocs. of water to the solid mass and strongly
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acidifying with concentrated hydrochloric acid. The semi-
80113 mass was filtered and thoroughly flushed with water.
This procedure was repeated. The precipitate was washed with
ethyl alcohol (95%) and then with ethyl ether until the fil=-
trate became clear. The ether removed the remaining phenyl-
hydrazine.
Crude yleld = 2.5 g.
C. Purification
Purification was accomplished by dissolving the product
in a boiling 50% ethyl alcohol-water solution (solubility 1 g.
per 30 ces.) and decolorizing with charcoal. The N%-acetyl
sulfanilyl phenyl-hydrazine decomposes very easily, so that
long heating must be avoided.
Yield = 1.0 g.; ' Melting Point = 161°C.

D. Analysis

Sulfur determined with Parr bomb

Sealeq. = 10.50% Sfoung = 10-66%

E. Propertiles

Soluble in aqueous sodiuwm hydroxide and sodium carbo-
nate solutlon. The solubility is explained by the probable

keto~enol lsomerism:

g P
LA Y A A&~k
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F, Hydrolysis
It was impossible to hydrolyze the acetyl group with
2N hydrochloric acid, as decomposition occurred. Even &t room

temperature for a length of two months with &N acid, no hydrol-
ysis took place.
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3. N%-Acetyl Sulfanilyl Glycine

A. Nomenclature _
N4-acetyl sulfanilyl glycine(18)

B. Preparation

1. Equation
gLy ' *-faty '
Ny Pl + Hel
S\oz 01. _N{. oHy ~ cf_oaﬂ
2. Reactants Melting
Grams Mols Point
N4-acetyl sulfanilyl chloride 3.5 0.015
Glycine 0.75 0.01
Sodium carbonate 3.1 0.03
3. Yield
Theoretical 2.72 0.01
Actual 1.80 = 235° dec.

4, Procedure for Preparation

The glycine (.01M), sodium carbonate (.03M) and water
(6 ccs.) were heated to 40-45°C. with vigorous stirring.
N4-acetyl sulfenilyl chloride paste (.0L5M) were added slowly,
keeping the temperature at 40-45°C. The precipitate dlssolved,
indicating complete reaction. The solution was filtered,
strongly acidified with con. HCl, and on cooling the product
precipitated. The precipitate was washed with water, followed
by ethyl alcohol (954) and then ethyl ether.

Crude yield = 2.2 g.
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C. Purification

| The product was purified by dissolving in hot
water (solubility 1 g. per 30 ccs.) and decolorizing with
charcoal, On cooling, white needles formed.

Yield = 1.8 g.; Melting Point = 235°C(decomposes)

D. Analysis

The sulfur was determined wlth a Parr bomb.

Scaled. = 11.78% Sfouna = 11.70%

E. Hydrolysis to sulfanilyl glycine(1B8)(19)

1. Crude N%-acetyl sulfenilyl glycine (2.2g.) was
refluxed with 10 ces. of 2N HC1l one half hour after the pre=-
cipitate disappeared. Thls mixture was evaporated under
reduced pressure (water pump) until dryness at 40-45°C.

2. Purification

The solld remeining was extracted with 40 ces. of
ethyl alcohol (95%) and decolorized with charcoal. The
product was thrown out of solution by the addition of 200-
250ces. of ethyl ether. The ether was sadded in small quanti-
ties until cloudiness appeared. This was continued until
no cloudiness appeared on the addition of ether. The pure
compound has white needle like crystals.

Yield = 1.2 g.; Melting Point = 154°C.

Note: The sulfanilyl glycine 1s much ﬁore solubls
in alcchol, but if more is dissolved per cec., it will precip-
ltete out as an oily liquid on the addition of the ether. On
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standing this oil turns to & solid,; but has a slight
coloration.
3. Analysis
() The sulfur was determined with & Parr bomb.
Scaleq. = 13.93% Sfoung = 13.94%
(b) On diazotization and coupling with beta naph-

thol a color formed. This indlecated a primery amino group

on a benzene ring.

4. Properties
1. Soluble in water.

2. Soluble in scidic and basic solutions.
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4. N4-scetyl Sulfanilyl Hydroxamic Acid

A. Nomenclature

N4-acetyl sulfanilyl hydroxamic acid
N4-acetyl sulfanilyl hydroxylemine

‘B. Preparation
1l. Equation

o
Pt -ty
#el
+ p-Now T *
N
015‘ el 0:‘.5‘ Niow
2. Reactants Melting

Gramgs Mols o¢cs. Point
Hydroxylamine Hydrochloride .69 .01

N4-acetyl sulfanilyl
chloride 1.17 .005

Methyl alcchol 3.5
Ethyl alcochol 4.2
Scdium 21
3. Ylields
Theoretical - 1.15
Actual .86 199°C.

4. Procedure for Preparation
The hydroxylamine hydrochloride (.01M) was dissolved
in 3.8 ces. of boiling methyl alcochol with the 2id of reflux-
ing. To this hot sclution 4.2 ccs. of ethyl alcohol,in
which 0.21 g. of sodium had been previously dissolved, were
added. The mixture was cooled and the sodium chloride file

tered giving free hydroxylianmine. N4~acety1 sulfanilyl chloride
(.01M) was added to the mixture. The product precipiteted on
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cooling and was filtered. The flltrate was evaporated on
which additionel crystals formed.
Crude yleld = 1l.4 g.

C. Purification
The product was purified by diésolving in 80 ce¢. of
water and decolorizing with charcoal. On cooling, white
crystalline plates formed.
Yield = 0.86 g. Melting Point = 199°C.

D. Analysis
The sulfur was determined with the Parr bomb.

Scalcd. = 15-92% Sfound = 15.97%

E. Properties
Slightly soluble in water.

F. Other Posslble Method of Preparation

N4-acetyl sulfanilyl hydroxamic acid was at first
prepared by dissolving hydroxylamine hydrochloride in water,
neutralizing with sodium carbonate, and adding N4-acetyl sul-
fanilyl chloride. The mixture was heated to 40-45°C. The
acid precipitated. When thlis procedure was repeated, no
yields were often obtained. Therefore, the first time it must
have been coincidence so the method was dlscarded. The ylelds
were also low. This procedure may have possiblilities as it

was not fully investigated.
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G. Hydrolysls to sulfanilyl hydroxzemic acid
1. Procedure ‘

Crude N4-acetyl sulfanilyl hydroxamic acid (1l.4g.)
were refluxed with 7 cec. of 2N HCL until the precipitate dis-
appeared. Bolling longer lowered the yileld. On cooling the
mixture was made alkaline wlth NagCOz, at which time the
product precipitated.

Yield = 0.7 g.

2. Purification

The product was recrystallized from 7 cc. of water.

Yield = 0.5 g. Melting Point = 172°C.

3. Anelysis
The sulfur was determined with the Parr bomb.

Scaled., = 17.04% Sfound = 16.89%

4. Properties

Slightly soluble in water, 1.5%.
Soluble in acid.
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5. N4chetzl Sulfanilyl Hydrazine

A. Nomenclature
N4-acetyl sulfanilyl hydrazine

B. Preparation
1. Equation

Y
~d-cH,
n Bk N
+ HCL
b Hn-nk, Ao, DS ,
0}_5~ N-NFo,
oS- el
Melting
2. Reactants Grams Mols Point
Hydrazine sulfate 1.3 .01
Nao GOz 3.1 .03

N4-acetyl sulfanilyl chloride 2.3 .01

3. Yields
Theoretical 2.29 0.1
Actusl 1.6 183°C.

4., Procedure for Preparation
To the hydrazine sulfate (.,01M), NasCOz (.03M) and
25 cc. of water was added N4-acetyl sulfanilyl chloride
paste (.01M) with vigorous agitation. The mixture was then
heated for 1 hour at 40-45°C. The product precipitated and

was filtered, washed with water, ethyl alcohol (95%) and
ethyl ether.

Yield = 1.93 g.

C. Puriflcation

Purification was effected by dissolving (1.9 g.) in
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hot water (70 cc.) and decolorizing with charcoal. Ths
product crystallized in long white needles.

Yield = 1.6 g. Melting Point = 183°C.

D. Analysis
The sulfur was checked with a Parr bonmb.
Scalod. = 13.98% Sfound = 14.20%

E. Hydrolysis to Sulfanlilyl Hydrazine

1. Hydrolysis was accomplished by adding to the
N4-acetyl sulfanilyl hydrezine (34 g.) 140 ce. of 2N HC1
and letting the mixbture stand at room temperature for three
weeks. The product was thrown out of solution by the addi=-
tion of NagCOz until alkaline. Hydrolyzing in hot acid or

basic solution reduces the compound to a sulfide.

Yield = 21.7 g.
2. Purification
The product was recrystallized from water
(solubility 18 g. per 75 cc.). The product crystallized
with three molecules of water.
Yield = 12.5g. M.P. = 92°C.
3. Analysis
(a2) The sulfur was determined with a Parr bomb.
Sealeq. = 17.13% Sfoung = 15.16%
When the product was dried in a 100°C. oven,
1t darkened, bub on analysis, 14.504 sulfur was found. This
indicated water of crystallization was present. On
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calculating, the amount of water present is approximately
three molecules. The melting point also inereased to over
140°C., which also is a good indication that a hydrate
formed.

b) Diszotization and coupling to beta naphthol
gave & color, which indicates a free amino group. Thus,

it was assumed that the desired product was obtained.
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6. Leucine Derivative

A. Preparation

1. Reactants Grems Mols M;i?%%g
Leucine 1.3 01
N4-acetyl sulfanilyl chloride 5.9 .025
NaQH 0.4 .01
NagCOsz 1.59 .015
2. Yield
Theoretical 5.5 .01
Actual 2.8 195-205°C.

3. Procedure for Preparation
The leucine (1.3 g.), N%=-scetyl sulfanilyl chloride
(5.9 g.), NaOH (.4 g.) and NagC03 (1l.59 g.) were added to
25 cc. of water and heated to 50~60°C. for 40 minutes. The
solution was made acid with con. HC1l on which the product

precipitated in a viscous mass.

B. Purification

The product was purified by dissolving 1t in 15 cc.
of ethyl alcohol (95%) and pouring this sclution into 125 ce.
of water. The produét precipitated on standing 24 hours.

Yield = 2.8 Melting Point = 195-205°C.
C. Anelysis
The sulfur was determined with a Parr bomb.
S caleq.~ 12.58% Seound = 124474

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



34.

D, Posgible Stractures

The sulfur analysis indicates that twoe molecules
of sulfur are assoclated with one molecule of leucine.

Therefore, two structures are possible.

1.
4 H =0
C//,-s_- e, - c,v.—g-. Cm oy
CHy Al
so,
] :
IN-EeH,

2.
H H - O -
CH, —a. - —a—n =
'3 ?‘ eH~ChHy ?— (U 0.0
4 N
Sa,
o
wly-E-ck,
g
H-N- c‘,‘.uﬁ

E. Hydrolysis of Acetyl Group

The product could be hydrolyzed by refluxing for

20 minutes with 2N NaO0H. On tke addition of HC1l to its

iso=-electric point the product precipitated. No method

of purificetion was found.
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7. Tyrosine Derivative

A. Preparation

. Reactant Meltin
1 © S Grams Mols Pointg

Tyrosine : 1.8 .01
N4-acetyl sulfanilyl chloride 5.9 .025

Ne.0H 0.4 .01
NagCOz 1.59 .015
2. Yield
Theoretical 5.7 Nexk
Actual 4.7 252°¢C.

3. Procedure for Preparation
The tyrosine (1.8 g.), N4escetyl sulfanilyl chlor-
ide (5.9 g.), NaOH (.4 g.) and NapgCOz (1.59 g.) were zdded
to 40 cc. of Hp0 and heated for 30 minutes at 50-60°C. The
solution was then acidified with HCl, on which the product
precipitated.

B. Purification
Purificatlion was accomplished by dissolving the
product in 100 cec. of ethyl elcohol (95%) and pouring this
solution into 300 cc. of HoO. The product precipitated on
standing 10 hours.
Yield = 4,7 Melting Point = 252°C.

C. Analysis
The sulfur was determined with a Parr bomb.
Scaled. = 11.14% Sfound = 10.98%
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" D. Possible Structures
Since two molecules of sulfur are combined with
one molecule of tyrosine as indicated by the sulfur analy-~

sis, four structures are possible.

o
II-N-(.-% 2
2.
I d =0
eH~ ¢~ ¢ o
N ‘so
Ho 30, t
g 2
H-N-Eet, FN-C-CH,
3.
4 = 0
(g =
'3
p 1o,
S0,
o °
¢ oy
AN-Eeq, FN-Coehy
4,

[}

# =
N oHm e O
/?A(L o\.S OL
) /
oz—
:, o
0 K N-bcp
wh-~ dch, g

The structures 1 and 2 are most probable as in

the leucine derivative the same type of compound is formed

h
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in that 2 molecules of sulfur are sasssoclated with one
molecule of leucine. Only these two structures are possi-

ble in the leucine derivative;

E. Hydrolysis of Acetyl Group

The product could be hydrolyzed by refluxing
with ZN NaOH. When the solutlon was acidified with HCL
to 1ts iso-electric point, the product precipitated. No

method of purification was found.
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" THERAPEUTIC EFFECT OF COMPOUNDS

" Of all the amide derivatites that were

‘ﬁi nrepared’ only the sulfanilyl hydroxylamine derivativefff 

fsame magnitude as sulfanilamide to which it was com-

pared, but it.appeared that 1ts toxicity was 1ess than;v'”

sulfanilemide.
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,had chemo-therapeutic action. “Its action is of the ) B
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