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Endorsement (l) Dr. Homer Adkins, Member, Division 9, to 
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Forwarding report and noting: 

"This report summarizes the chemical work in a search for 
an antidote for mustard and nitrogen mustards, as carried 
out by Urs. Paul L. Salzberg, W. A. Lazier, B. I« Howk, 
A. A. Pavlic, G. V. Rigby, and R, H. Vinton of the du 
Pont Company. The evaluation.of the compounds for their 
effectiveness in decontamination and therapy of eyes 
and skin, and, to a considerable extent, the determina- 

:v l.  tion of the course of the investigation, was made by repre- 
sentatives of the Committee on dedical Research. Dr. Jonas 
S. Friedenwald of Jdhns Hopkins.University was especially 
active in the evaluation of the possible value of the com- 

' pounds'in eye therapy, and he. has: been responsible in very 
considerable part for the emphasis given, to the program 
under N.D1R.C.  Many successes have been achieved by the 
du Pont group in carrying' forward-, to a successful conclu- 
sion the chemical work, oh the synthesis of difficultly./ 
accessible compounds, particularly those related to o-amino- 
benzenethiol.V 

(2) from Walter R. Kirner, Chief, Division 9 to the 
Executive Secretary of the National Defense Research Committae. 
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IWEQPPPTIP* 

.The dramatic success of BAL äs a therapeutic agent 
for Lewisite (L) has stimulated attempts to find a corresponding 
antidote for mustard gas (H) and the nitrogen mustards. 

As H penetrates Into the tissues, It appears to 
undergo a rapid and Irreversible reaction with the tissue pro- 
teins. Preliminary work has seemed to Indicate that the eye 
offers the most hopeful site for therapy, since H penetra- 
tion and fixation are perhaps not as rapid there as elsewhere 
In the body. Of the several possible methods of chemical 
decontamination, removal of the beta-chlorine atoms of beta- 
dlchloroethyl sulflde (H) by alkylatlon with compounds con- 
taining actual or potential sulfhydryl (SH) groups has given 
the greatest promise of success in eye therapy. 

Previous work under this contract resulted in the 
preparation of over 100 compounds and their submission to 
collaborating groups in CMR for therapeutic evaluation. From 
this testing program there emerged two compounds of interest, 
o-aminobenzenethlol (NDR-159) and sodium diethyldithiocarbamate. 
NDR-159 was the most active decontaminant disclosed, but its 
lrritancy and Instability limited its usefulness. This report 
covers preparative work on derivatives and analogues of 
o-aminobenzenethlol which have been submitted to the CHR. A 
detailed discussion of the activity of these compounds is 
presented elsewhere. 

Experimental work described in this report was 
carried out by Drs. A. A. Pavlic, 0. W. Rlgby, and W. H. 
Vinton under the direction of Drs. V. A. Lazier and B. V. 
Howk. 

ffiflJBTJOEB 

The chief aim of this work has been the preparation 
of derivatives and analogs of o-aminobenzenethlol whioh bear 
substltuents calculated to reduce the toxlcity of the parent 
compound without loss of therapeutic officlenuy. Another ob- 
jective has boen to supply quantities of these therapeutic 
agents as needed to the collaborating groups. 

SUMMARY AND CONCLUSIONS 

(1) Fourteen candidate compounds have been synthe- 
sized and submitted to CMR for evaluation. The great majority 

- 1 - 
CLASSIFIED  -  SECRET h 



CLASSIFIED  -  SECRET 

of these were difficultly accessible derivatives of o-amlno- 
benzenethlol.    The modifying substituents present in the 
products  include carboxyllc acid,  carbethoxy,  carboxymethyl, 
methoxy,  ethoxy, and sulfonamide groups.    These groups were 
located in various unoccupied positions  in the benzene nucleus, 
but emphasis was placed on derivatives bearing a substituent 
para to the amino group. 

(2) Of the candidates submitted, 4-amino-3-mercapto- 
benzoic acid (NDR-602) and its ethyl ester hydrochloride (NDR- 
620) were reported to have decontaminating powers for splashes 
of H and the nitrogen mustards in the oyes of the test animals 
(rabbits). 

(3) The synthesis of appropriately substituted o- 
aminobenzenethiols from the corresponding 2-aminobenzo- 
thiazoles has been shown to be a valuable synthetic tool. 
It has been used as a step in a widely applicable route  ("the 
benzothlazole synthesis") to the desired compounds.    This 
route consists of  (l) thlocyanation of a primary aromatic 
amine to yield the corresponding thiourea,   (2) ring closure 
of the thiourea by means of sulfuryl chloride to give the 
appropriate substituted amlnobenzothiazole,   (3j fission of 
the latter with 50$ caustic, and  (4) acidification of the 
caustic mixtures to give the o-aainobenzenethiol derivatives. 
The synthesis is illustrated here as applied to the formation 
of  NDR-602. 

NaSCN    ,       |       ] 
HSS04     *      I       I 

COOCH3 

NH-CS-NH2 
. 

SOoCl^ 

CH300C 

S\ N 

COOCH3 
kkr >C-NH 

KQH > 

n HOOC-lsJ 

NDR-602 

NHS 

■SH 

(4) After a number of unsuccessful attempts, 4- 
anlno-3-mercaptobenzenesulfonamlde (KDR-734) has been synthe- 
sized recently by a novel route starting with sulfanilamide. 
The compound has been submitted both as a crystalline solid 
and as a concentrated solution in dimethyl formamlde for 

- 2 - 
CLASSIFIED - SECRET "  . 



CLASSIFIED - SECRET 

evaluation by CMR. The first two steps of the synthesis 
(thlocyanatlon and hydrolysis) are described In the litera- 
ture, but the hydrogenatlon as veil as the final product are 
nev. 

-SCN NaOH 

SO.oNH8 S02NH 

. 

JL 
RuOj 

S02NHE 

S02NHj 

(5) A compound of unusual structure, dimercapto- 
thiodlazole (NDR-610), has shown promise In preliminary 
screening tests, while the other candidates, aside from the 
three previously mentioned, though generally active, have 
exhibited a poorer therapeutic Index. 

(6) Efforts directed toward the preparation of 
N-(2-mercaptophenyl)-N'-raethylurea 

""iCONHCHa 

-SH 

have resulted In successful production of solutions of the^ 
desired material. Steps to Isolate the desired solid, however, 
have led to rapid oxidation of the thlol to the dlsulflde. 
It might be possible to circumvent this difficulty by sub- 
mitting filtered solutions directly obtained from hydrogena- 
tlon. The route which gave successful synthesis is as follows: 

-SH •S-S- 
CHoNCO y 

ICONHCH3- 

■SH 

NHCONHCHg 

RuOj 
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(7) A simplified two-step process was uncovered for 
making o-amlnobenzenethlol, an important intermediate. 
o-Nltrochlorobenzene was converted to di-o-nitrophenyldisulfide 
from which o-amlnobenzenethlol was obtained In a one-step 
hydrogenation over cobalt sulfide in 60# yield.    The use 
of benzene as a hydrogenation solvent permitted the elimination 
of several troublesome operations previously used by allowing 
direct distillation of the reaction mixture. . 

-Cl 
Na330      N, 

-s-s- 
JL 
CoS_ 

-SH 

(8) Thloacetic acid was added quantitatively to 
2-vinylpyrldine and 9-vlnylcarbazole to yield the correspond- 
ing thiolacetates,  the former of which upon methanolysis 
gave 2-(beta-mercaptoethyl) pyridine, an Interesting thiol 
which,  though inactive in H therapy, may have other applica- 
tions. 

■ t :   ■ 

■ 

- 

■ 

■     ■ 
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PROGRAM 

With the Issuance of this report, vork on this phase 
of the therapeutic program has been brought to a close. 

I 

EXPERIMENTAL DETAILS 

The experimental details on the synthesis of thera- 
peutic agents for mustard and nitrogen mustards will be pre- 
sented as shown in the following outline. 

A. Application of the Benzothiazole Synthesis 
1. Preparation of 4-Aüilno-3~mercaptobenzoic Acid (NDR-602) 
2. Summary of 20 Preparations of NDR-602 

Properties of NDR-602 
Synthesis of Other Amino-mercapto-carboxylic Acids 

a. 3-Amino-4-mercaptobenzolc Acid (NDR-677) 
b. 4-Amino-3-mercapto-a-toluic Acid (NDR-676) 

5« Synthesis of Ether-Substituted Aminobenzenethiols 
a. 2-Aialno-5~aethoxybenzenethiol Hydrochloride 

(NDR-618) 
b. Analogous Compounds 

6. Inoperative Cases of the Benzothiazole Synthesis 
B. Derivatives of NDR-602 

1. Ethyl 4-Amino-3-mercaptobenzoate Hydrochloride (NDR-620) 
2. Attempts to Prepare the Olycerol Ester of NDR-608 
3. 3,3,-Dlthlobl3-(4-amlnobenzolc Acid) or NDR-602 Disulfide 

a. Preparation 
b. Utilization 

Acetylatlon 
Other Attempts 

C. Aromatic Thiols by Reduction of Disulfides 
1. Introduction 
2. Synthesis of 4-Amlno-3-mercaptobenzenesulfonamlde 
J. Preparation of N-(2-Mercaptophenyl)-N'-methylurea 

. o-Amlnobenzenethiol 
5. 5-Amino-2-mercaptobenzoic Acid (NDR-6^5) 
6. Attempted Preparation of 3~Amlno-4-mercaptobenzeno- 

sulfonamide 
7. Attempted Synthesis of 3-Amlno-4-mercaptobenzene- 

sulfonic Acid 
D. Application of the Herz Reaction to o-Amlnobenzenethiols 

1. Introduction and Model Example 
2. Chart of Attempts to Utilize the Herz Reaction (Chart II) 

B. Thiols by Methanolysis of Thlolacetates 
1. Synthesis of 2-(beta-Mercaptoethyl)pyrldine (NDR-671) 
2. Attempted Application to 9-Vlnylcarbazole 

- 5 " 
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F. Miscellaneous Sulfhydryl Preparations 
1. Dlmercaptothlodlazole  (NDR-610) 
2. S-(2-Amlnophenyl)thlosulfuric Acid  (NDR-672) 
3. 2-Amlnothlolbenzolc Acid - Attempted Synthesis 
4. Early Attempts to Prepare 4-Amlno-3-mercaptobenzene- 

sulfonamlde  (NDR-734) 
5. Attempts to Prepare 4-Aralno-2-hydroxy-3-mercapto- 

5•6-dihydropyrindene 
6. Attempted AlkyletIon of o-Amlnobenzenethlol Derivatives 

■ 

A. Application of the Benzothlazole SyntheslB 

The most useful route to aromatic o-amlnothlols has 
been the "benzothlazole synthesis".    This process vas employed 
successfully to prepare seven difficultly accessible deriva- 
tives  of  o-atninobenzenethiol,   the most  Important of which vas 
4-amlno-3-mercaptobenzolc acid  (NDR-602).    The latter Is 
considered the most promising therapeutic agent for H arising 
from this study.    An example of the benzothlazole synthesis 
Is the following: 

NH2 NH-CS-NHs 

JLJSOAV 
NaSCN7 

1 
COOMe 

-NHj 
SPiJL^ 

SK 

COOMe 

-H±. -» 

COOK 

•SH 

COOH 

NDR-602 

1.  Preparation of 4-Amlno-3-mercaptobenzolc Acid  (NDR-602) 

Step I.  Synthesis  of Methyl 2-Amlno-6-benzothlazolecarboxylate» 
(N.B. 5291-159) 

A three-liter three-neck round bottom flask was 
fitted with a reflux condenser, Hershberg /Organic Syntheses, 
Collected Volume II   Wiley 1943,  p.  111/    stlrrer made of 20 

♦An analogous synthesis has been reported by Allen and Van Allan, 
/organic Syntheses, Volume 22    Wiley 19^2, p. 167 

- 6 - 
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gauge Nlchrome wire, thermometer, and dropping funnel.    In It 
vere placed 151.0 g.   (1.00 mole) of methyl p-amlnobenzoate, 
(Eastman redistilled) and 900 ml.  of dry chlorobenzene.    The 
mixture vas warmed until the solid had completely dissolved; 
then 29.3 ml.   (0.55 mole) of concentrated sulfurlc acid vas 
added dropwlse to the well-stirred solution,  causing the pre- 
cipitation of finely divided sulfate and some evolution of 
heat.    After the acid addition was complete,  89.1 g.   (1.10 
mole) of sodium thlocyanate was added and the mixture was 
heated with a Olas-Col heating mantle to an Inside temperature 
of 100-105*0. for 4 to 5 hours with continued efficient 
stirring.    During this time, sodium sulfate precipitated and 
the Intermediate N-(p-carbomethoxyphenyl)thlourea was formed. 
(This can be Isolated,  If desired, by cooling and filtering 
the solid mixture, from which the sodium sulfate can be 
leached with 250 ml.  of 6o°C. water.    The thiourea can then 
be recrystalllzed from chlorobenzene or ethanol).    The hot 
chlorobenzene suspension was  cooled with stirring to 35"~40"C.» 
and a solution of 108 ml.   (1.33 mole)  of sulfuryl chloride 
was added dropwlse thereto, while the temperature was main- 
tained at approximately 45° by cooling at intervals.    An 
absorption train or a good hood was required to handle the 
HC1 and 30s produced by the reaction.    After adding the 
sulfuryl chloride, the reaction mixture was maintained at 50°~ 
55°C. for 3 to 4 hours.    The solid was allowed to settle, and. 
the chlorobenzene was decanted, and the resulting slurry fil- 
tered from the product.    The moist light yellow solid was 
returned to the 3-liter flask and suspended In 2 liters of 
boiling water.    Steam was blown through the stirred suspension 
until no more chlorobenzene appeared In the distillate. 
During this treatment the benzothlazole went into solution, 
leaving a small amount of orange-brown resinous material behind. 
The hot solution was decanted from this resin (which may be 
extracted with 200-300 ml.  of boiling dll. HC1 to obtain an 
additional amount of product), made strongly alkaline with 
concentrated ammonia while cooling In ice, and filtered.    The 
crude free base thus obtained was redlssolved In 2 liters of 
boiling water containing 100-150 ml. of cone. HC1,  treated 
with Norlte, filtered hot through a steam-jacketed Büchner 
funnel, and made alkaline with ammonia during cooling.    The 
filtered product when dry weighed 158 g.   (76$ of theory), m.p. 
223-224»c.   (uncorr.) 

The corresponding ethyl ester has a m.p. recorded In 
the literature of 24o°C.   (corrected).    It was therefore 
synthesized by this route and Its m.p. found to be 228.5-229 
(uncorr.), a value considered to be In agreement with the 
literature.    It should be noted that methyl p-amlnobenzoate 
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is far superior to ethyl p-amlnobenzoate In thla synthesis; 
the yields dropping as ouch as 50$ when the ethyl ester Is 
employed as a starting material. 

Reactions  Involved: 

NHa'1/2 H2S04 

NaSCN 

COOMe 

S 
MH-C-NH, 

COOMe 

SQpCla    > 

COOMe 
+ 

Na2S04 

Öi 

«Ho \    ri—if 
C-MHa'HCl TZ? 1       P.m 

S MeOOC^sAs^ 

Step II. Caustic Fission of Methyl-2-amlno-6-benzothlazole- 
carboxvlate  (M.B. 5760-5) 

A similar reaction has been reported /Hofmann, Ber. 
12, 20 (1880)7. 

A solution of 50$ KOH vas made up using freshly 
boiled, distilled vater and analytical reagent grade KOH.    One 
liter of this solution vas placed In a three-liter round bottom 
three-neck flask (standard taper joints) fitted vlth condenser 
and having a slow stream of oxygen-free nitrogen passing through 
it.    Then 310.0 g.   (1.49 moles; of finely powdered methyl 
2-amino-6-benzothlazolecarboxylate vas added and the mixture 
refluxed for 30 hours.    As the reaction proceeded, the solid 
gradually dissolved; ammonia vas evolved, and the suspension 
gradually became a clear, light green solution.    Aliquot 
samples   (1 ml.) vere removed from time to time and titrated 
In glacial HOAc vlth N/10 I2 to determine the extent of the 
fission.    The highest conversion reached vas 83.956 after 30 
hours.     (This  time may be shortened for smaller quantities 
of benzothlazole.)    1 ml. - 10.4 ml. N/10 I2.    Estimated 
theoretical amount. 12.4 ml.   (based on volume of 1200 ml.). 
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|Jtw Reaction Involved: 
: .  .- | 
a.        ■ 

"f /^\-NHs 
+ 4KQH   ^ 

^"^s KOOC- 

+ K2C03 + MeOH + NH3 

-SK 

Step III. Isolation of Crude ^-Amlno-3-mercaptobenzolc Acid 
(NDR-602^   (N.B.  S2Q1-12S^ 

A caustic hydrolysate containing O.652 mole of 
theoretically available NDR-602 vas cooled to 0°-5°  In Ice In 
the same 3-liter 3-neck flask to which a dropping funnel and 
a stlrrer were attached In addition to the condenser already 
present and diluted with an equal volume of freshly boiled, 
distilled water.    If any solid material Is present It may be 
removed by quickly filtering the solution through a fritted 
glass filter under nitrogen.    While maintaining a slow 
stream of nitrogen passing into the condenser, and vlth 
efficient cooling, the solution was cautiously neutralized 
with concentrated HClj  then brought to pH 3 by the addition 
of glacial acetic acid.    During the neutralization a white 
solid precipitated and considerable quantities of C0E were 
liberated.    Care Is required to avoid excessive effervescence. 
The precipitate was filtered quickly under nitrogen, washed 
briefly with boiled water, transferred to a porcelain 
evaporating dish and dried under vacuum over P20c for two to 
three days.    The crude faintly greenish solid contained large 
amounts of Inorganic material but showed the presence of 
0.620 mole of available NDR-602,   (95# of theory). 

-. 
Reaction: 

NH2 

-SK /^"^-SH 
+ 2KC1 

■ 

2 Hgl     v 

■ 

COOK 

- 

COOH 
■ 

Step IV. Extraction of NDR-602  (N.B.  5760-21) 

An amount  of crude material corresponding to 0.382 
mole of NDR-602 was powdered finely under nitrogen, and 

- 9 " 
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ope-half of it was transferred to a 5-liter 5-neck flask 
(standard taper joints) fitted vith a thermometer, reflux 
condenser, and mercury-seal stirrer.    Two liters of deoxidised, 
dry chlorobenzene was added to the crude solid under a bl&nket 
of nitrogen.    The slowly stirred suspension was heated nearly 
to boiling with a Glas-Col heating mantle, allowed to settle a 
few minutesj  then the clear supernatant solution was forced 
under nitrogen pressure through an inverted U-tube of 10 mm. 
glass tubing, reaching nearly to the bottom of the flask and 
extending to an adjacent Büchner funnel attached to a 3-liter 
suction flask or its equivalent.     (The filtration some times 
oan be omitted.)    The clear filtrate was chilled in ice water 
for two hours and the white to faint yellow-orange precipitate 
was quickly filtered under nitrogen, washed throe times with 
petroleum ether, and dried at 1 mm.  in a vacuum desiccator. 
The second half of the crude material was placed in the ex- 
tractor with the residue from the first and the process re- 
peated with an additional two liters of dry chlorobenzene. 
The combined yield of 64.0 g.  of 4-auiino-3-mercaptobenzoic aoid 
represented 0.378 mole or 99# of theory.    Occasionally the 
product is improved by recrystallization, utilizing the above 
technique.    Great variation is encountered in Step IV, and 
oxygen must be rigidly excluded.    NDR-602 exhibits the follow- 
ing properties:    m.p. 194-197°C.  (decomposition); fine needles 
from chlorobenzene; soluble in ethylene glycol, propylene 
glycol, ethyl acetate, dloxane, formamlde,  ethyl benzoate, hot 
chlorobenzene; sparingly soluble in acetone, ethanol,  ether, 
acetic acid, benzene, xylene,  isopropanol, and warm water; 
insoluble in chloroform and petroleum ether.    It is reasonably 
stable toward oxidation when cold and dry; but like most 
thlols extremely prone to revert to the dlsulflde (yellow) in 
the presence of air and moisture. 

In general it has not been found possible to Improve 
the purity of NDR-602 as obtained by the Initial extraction. 
A number of recrystallization procedures were attempted (N.B. 
5760-61, 62, 66, 67» 68, 69) but in no case was a significant 
improvement noted, and in most attempts the thiol value 
dropped.    A heightening of the yellow-orange color was noted 
when the material was recrystalllzed several times from hot 
ohlorobenzene.    The thiol value did not change significantly 
however,  indicating perhaps a qulnold type of oxidation. 

Analysis: Calc'd. for C7H7O9NS: N, 8.28; S. 18.93; 
N.B. 84.5.    Found N (Kjeldahl), 7.93, 7.80; S(SH),  18.7,  18.7; 
8 (total), 18.57, 18.25;    N.B. 86.0. 

- 10 - 
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2. Summary of 20 Preparations of NDR-602 

Appearing In the appendix Is a table (Table I) shov- 
ing the yields and variations In the 20 runs carried out to 
prepare NDR-602.    It will be noted that these vary extremely 
for the several steps and In the purity of product.    It Is 
believed, however, that the above directions give the pre- 
cautions essential for obtaining a satisfactory synthesis. 

3. Properties of NDR-602 

A graph (Graph I) has been placed In the appendix 
to Illustrate the relation between the m.p. and the percentage 
of thlol present In various NDR-602 preparations.    The melting 
point thus Is a rather good criterion of purity.      The 
appendix also carries a graph  (Graph II) which Illustrates the 
behavior of the pH of an alcohol solution of NDR-602 when 
titrated with N/10 sodium hydroxide.    Alcoholic solutions 
of NDR-602 can be titrated conveniently with N/10 alkali 
using phenolphthaleln as an Indicator.    Two equivalents of 
alkali are required. 

4. Synthesis of Other Andno-merpapto-carboxylle Acids 

In order to prepare certain position isomers; and 
hotaologs of NDR-602, the following syntheses were attempted» 

'.in ;; 
j.     IJ.J 

«*»■.".■» I ire 
■r.c 

s'.u.lr.lc... • ■■. 3 •; 
'.. O f .1 + 
"q    i. 

i   . ■■rn,v->;   .... 

:l £f.:..:;   .-.:■.-• .   ";:<   .   •■.ii.'.i   : 
.ii.i'.'aSi.'.C   r*Vi.'in'    : ..    ,.'-   ; ..i-J '•'■ ' 

•:ü!ai':"ft: 's  .-.  s.'-.v; ?'•:       ••; :;'   +' "  ■ .'"'  -" -■  •,;     •   ■'  •.   !  .''""■' "i 

...:).;ji.   -J..W   '■.;':.:.J   v-■.•■-.■   ■■ic-I/r;  '<•';   V-  ,?;v*nr/r.'jii: : . :.;.vio-    ■ 
:■;:•:  ■•.■•••»   vo:. 2J-   *..«'.•.'■■    :  ?.-'^i • -i'-'tf', - :J-I  tov  .*!•'■.■•: :- i «•'    ,<" t  ;■;■-' 
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MH-C-NH2 COOMe 
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MH-C-NH2 
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■ 
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1 

COOMe 0- 
'    ■ 

COOMe 
7 

MeOOC-/\ N 

kA^-NHs 

-^ 

COOH 
-> 

-NH£ 

-SH 

• 

CHaCOOH CH?COOMe CH2COOMe 

S 
NH-C-NHr 

■ 

IT     N 

 > I    S-'i.     —^ 
&& 

CH3COOMe COOMe 

:-NHa 

• 

HaC 

COOH 

It vas found possible to synthesize two of these 
three (B and C). Difficulty, however, arose In the Initial 
step of the route to A; treatment of the sulfate salt of 
methyl anthranllate led to a high melting compound (m.p. >24o°C.) 
of undetermined structure and varying analysis, which exhibited 
none of the properties of a thlourea, and produced only 
amorphous gums upon treatment with sulfuryl chloride.  (N.B. 
5291-132, 149, 150, 156, 158, 169). 

■ 
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i,       Compound B was prepared by procedures analogous to 
those used for the synthesis of NDR-602.    However, purification 
of the crude product proved a problem, since a hot chlorobenzene 
extraction (as employed in the NDR-602 process) failed to leach 
the less soluble 3"&"iino-4-mercaptobenzolc acid from the 
Impurities;    hence the latter was characterized and analyzed 
as the disulfide.    Because B showed a much lower solubility 
than NDR-602,  It was considered less attractive and no great 
effort was expended In obtaining a product of extreme purity* 

a. ^-Amlno-^-mercaptobenzolc Acid (NDR-677) 

Step I: Hvdrogenatlon of- Nitrobenzoate  (N.B. 5291-147,  l6l,* 
99, 113) 

A solution of 362.0 g.  (2.00 moles) of methyl 
m-nltrobenzoate (Eastman) In 300 ml, of purified dloxane was 
hydrogenated at low pressure over alloy skeleton nickel catalyst. 
After filtering off the catalyst and certain orange by-products 
of the reduction, the dloxane was removed in a stripping still, 
and the residue was distilled through a goose-neck, giving 184 
g. of product, b.p. 108-124/1 mm.    When redistilled through a 
precision column,  160 g.  (54$) of water-white product was ob- 
tained, b.p. 106-108/1 mm. 

Anal. Calc'd. for C7H70gN: N, 9.37« 
Pound: N (KJeldahl), 9.35. S 

Step II: Thiocvanation (N.B. 5291-162, 165, 117) 

Using the same apparatus and procedure as for NDR-602 
151*0 g* (1.00 mole) of methyl m-amlnobenzoate dissolved in 
700 ml* ohlorobenzene was caused to-react with 29.3 ml. (0.55 
mole) of cone, sulfuric acid and 89.1 g. (1.10 mole) of sodium 
thlocyanate. It was felt desirable to isolate the thiourea In 
this case; so the hot chlorobenzene solution was allowed to 
cool over night and the crystalline product was filtered off, 
thoroughly washed twice with ether; treated with 250 ml. of 
hot water to remove sodium sulfate and refiltered. The pre- 
cipitate was refluxed with 500 ml. of ethanol (to remove a 
small amount of yellow gum), filtered and air dried; wt. 160 g. 
(76$), m.p. 170-175°* A sample when titrated slowly-reacted 
with approximately the theoretical quantity of N/10 Ia. 

.1        •■ 

Step III. ormatlon of Methyl 2-Amlno-5-b«nzothiazolecarboxylate 
B. 5291-167,  117) 

The above thiourea (140 g. or 0.67 mole) 'was sus- 
pended in 700 ml. chlorobenzene and a mixture of 89 ml. sulfuryl 
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chloride and 80 ml. chlorobenzene was added as before vlth 
the temperature maintained just below 50°. The reaction was 
smoother than in the case of HDR-602; yield: 112 g. (80$) 
of pure white powder. Anal. Calc'd. for CgHsOgNgS: N, 15.46. 
Pound, H, 13.^6; 15.46. Here again it was found that the 
methyl ester gave a smoother reaction than the corresponding 
ethyl ester (529I-II7). 

Step IV. Caustic Fission (N.B. 5291-128, 175, 176) 
1 

Using a procedure similar to that employed for NDrt- 
602,  8.45 g.   (O.05 mole)  of the above benzothiazolecarboxylic 
acid ester was refluxed 6 hours with 55 ml.  of 50$ KOH under 
Ns.    Titration of an aliquot portion showed 0.0417 mole of 
thiol tobe present  (82.55g of theoretical).    Acidification 
to pH 2.8-5*0, filtration under nitrogen and four washings with 
boiled cold water gave 6.5 g. of material showing 84.5$ SH. 
This corresponded to O.O525 mole of desired product  (78$ 
based on alkali thiol). 

Step V. Extraction  (N.B. 5291-155,  176) 
• 

The material was extracted with boiling chloro- 
benzene  (550 ml.).    Only 0.4 g. was  extracted.    M.F. 200°C. 
(decomp.).    Ethanol extraction in a Soxhlet also gave a 
crystalline material which separated from the solvent.    This 
product tended to oxidize to the disulfide even when nitrogen 
was employed during the extraction. 

Anal.  Calc'd.  for C7H702NS:  N.  8.28:  S,   18.95« 
Found, N(Kjeldahl)  8.57,  8.40; S {total),  18.89,  19.05;  S(SH) 
19.01. 

b.  4-Aralno-5-mercapto-a-tolulc Acid  (NDR-676) 

The synthesis of the above compound, starting with 
methyl p-amino-alpha-toluate and utilized th*> same equipment 
as in the previous cases.    The starting material was prepared 
from the* corresponding nltro-acld by esterificatlon and 
hydrogenation. 

Esterificatlon was carried out  in the usual fashion: 
500 g.   (1.66 mole) of p-nltro-alpha-tolulc add was dissolved 
in 1000 ml.  of methanol and dry HC1 was bubbled through the 
solution for 8 hours.    The solution was refluxed 8 additional 
hours,  cooled, and 509 g.   (95.5$)  of solid obtained,  m.p. 
52°-55°C.  (reported m.p. 54°C).    The solid was dissolved in 
150 ml.  purified dloxane and hydrogenated over alloy-skeleton 
nickel catalyst at 75°C.    The filtered solution was stripped 
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of dloxane, and distilled through a gooseneck yielding 185 g. 
(71.5#)  of liquid boiling at 137-139 C./3 mtn.     (N.B. 5291-1*4, 
1*6,  90, 96,  104) 

In the fashion previously described the amine was 
converted to a thlourea, vhich was isolated.    One mole  (165.O 
g.)  of methyl p-amino-alpha-toluate yielded 169 g.   (75.5#) of 
N-(p-carbomethoxymethylphenyl)thlourea, m.p.  122°.    Anal. 
Calc'd. for C10H12N2O2S:    N,  12.5; S,  14.JO.    Pound: 
N(Kjeldahl)  11.90,   11.82;  S,   14.54,   14.13.     (N.B.  5291-152, 
93,  108) 

The thlourea was converted to methyl 2-amino-6- 
benzothiazoleacetate by treatment with sulfuryl chloride  (N.B. 
5291-166,  170,  93»  108) as previously discussed;  149 g> 
(0.73 mole) of the thlourea was treated in 700 ml.  chloro- 
benzene with 68 g.  of sulfuryl chloride in 60 ml.  chloro- 
benzene.    It was noted during neutralization of the acidic 
solution containing the benzothiazoleacetate that a white 
precipitate formed and again dissolved at pH 8-10; and only 
a small amount  of ester was  isolated.    Recalling that 
acetic acid esters hydrolyze more readily than benzole acid 
esters,  it was felt and confirmed that the compound precipitated 
by bringing the solution to pH 6 was the 6-benzothlazoleacetic 
acid; yield: 13.5 g.  of ester and 40 g. of the acid; 0.257 mole 
or 3556 of theory.    M.P. of ester l4o-l43°C; m.p. of acid 248- 
252°C. 

Anal.  Calc'd. for CgHgOoNoNoS:  N,  13.46.    Found, 
N(Dumas), I3.6O,  13.61,  13.37. 

Anal. Calc'd. for CIQHIO°2N2S:    N»  12*61.    Found, 
N(Dumas),  12.83,  12.98. 

As  in previous  caustic fissions,  10.5 g.   (0.047 
mole)  of methyl 2-amino-6-benzothiazolenoetate was refluxed 
under nitrogen for 20 hours with 50jS K0H,   (90jl> conversion to 
thlol) diluted with an equal volume of water, cooled and 
acidified to pH 2.9.    The resulting solid was filtered, washed, 
and dried.    It was found to contain 0.042 mole  (7*7 g.)  of 
thiol (99# of recovery from alkali).    Extraction with 1 liter 
of hot chlorobenzene gave,  on cooling, 5.3 g.   (0.029 mole)  of 
4-amino-3-mercapto-alpha-tolulc acid  (6956).    M.P.  127-129°C. 
(N.B. 5291-172,  177,  178,  179,  186) 

Anal.  Calc'd. for CsHoOgNS:  N,  7.65;  S,  17.49« 
Found:  N(Dumas) 7.15;  S  (total)  16.72,  S  (SH)  17.2. 
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5.  Synthesis of Ether-Substituted Amlnobenzenethlols 

Having demonstrated the value of the benzothlazole 
method in the synthesis of aromatic vicinal amino thiols,   it 
was decided to apply it to the preparation of ether substituted 
derivatives of o-amlnobenzenethiol.    The following compounds 
were desired: 

-SH •SH 

0C2H5 

-SH C2H5O- •SH 

All vere synthesized from the corresponding amines and 
isolated as the hydrochlorid.es.    For example,  the first of 
these was prepared from p-anlsidine as follows: 

• fir; 

Owe 

All four compounds were extremely sensitive to oxidation; 
they could not be exposed to air in the form of the free bases. 
As the hydrochlorldes, however,  they were reasonably stable. 
The procedure followed for the carboxyl substituted compounds 
had to be modified somewhat to make allowance for this property. 
It was also found that the corresponding 2-amlnobenzothlazoles 
vere obtained in poorer yield than with the carbomethoxy 
analogues.    The o-substituted amines were far inferior to the 
p-substltuted compounds  in this respect. 

a. 2-Amlno-5-methox:,Tbenzenethlol Hydrochlorlde  (NDR-618) 
(N.B.  5290-64,  73) 

One :aole  (123 g.)  of p-anlsldlne dissolved In 750 ml. 
chlorobenzene was caused to react with 29.3 ml.   (0.55 mole)  of 
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aulfurlc acid and 89.1 g.   (1.10 moles)  of sodium thlocyanate 
by the procedure employed with NDR-602.    A sample of the Inter- 
mediate thiourea was removed  (m.p.  204°).    A solution of 108 
moles  of sulfuryl chloride  in 100 ml.  chlorobenzene was added 
slowly and the resulting 2-amino-6-methoxybenzothiazole was 
isolated as usual; yield 56 g.  (O.3II mole)  of 31$ of theory. 
M.P.  145J-147°.    The material is appreciably water soluble. 
By refluxlng $k g.  of this product with 400 ml.  of 50# KOH, 
cooling,  diluting and acidifying under nitrogen,  the sensitive 
thiol was precipitated.     It was  extracted with three 350 ml. 
portions of ether, from which the hydrochloride was precipitated 
with dry HC1 after drying with Drierite;  yield,  32.2 g.  of a 
white powder, m.p. 130-135°C, and containing &3J8> of thiol 
(0.106 mole) representing 35^ conversion of the benzothiazole. 
(N.B.  5291 87,  74) 

b. Analogous Compounds 

The results combined with those obtained from the 
three other aromatic amines are presented in Table II of the 
Appendix. 

6.  Inoperative Cases of the Benzothiazole Synthesis 

Although the benzothiazole synthesis proved a most 
useful tool in the preparations mentioned,  it did not give 
satisfactory results  in several other cases.    Attempts were 
made to utilize the procedure to obtain the following compounds 
from the corresponding amines. 

NHg 

-SH 

COOH 
or 

S02NK; 

17 
•      • 



CLASSIFIED - SECRET 

In no case was more than a trace of amlnobenzothlazole 
derivative Isolated, and In many instances no thlourea formation 
took place. The reaction products were intractable, malodorous, 
orange guns *  The results of these unsuccessful experiments 
are summarized in Table III of the appendix. In another 
scouting experiment the following was attempted. 
90 0 go 0 

- CO 

-NO: 
Jk_ 

■» alloy skel 
nickel 

- CO 

-NHj 

Benzothlazole 
Synthesis -> 

COOH 

-COOH 

However, hydrogenation of 3-nitrophthalic anhydride did not 
give the desired product and the route was abandoned.     (N.B. 
5291-142,  151f  18* and N.B. 5760-2) 

B. Derivatives  of NDR-602 

It was felt desirable to attempt synthesis of 
certain derivatives of the parent compound by such procedures 
as esterlfying the carboxylic acid group,acetylatlng the amino 
group or solubillzing the molecule by treatment with sodium 
formaldehyde sulfoxylate or ethylene oxide.    It was recognized 
that these procedures would be difficult to carry out In view 
of the sensitivity of the compound toward oxidation and prone- 
ness to ring closures;  see for example Jacobson, Ber.  20. 
I895   (1887)   •    The experimental results confirmed expectations, 
as  it proved possible to prepare only one therapeutlcally 
active derivative,  the ethyl ester hydrochloride of NDR-602. 
Other expedients such as temporary protection of the thlol 
group by converting it to the disulfide or to the benzyl thio- 
ether did not permit synthesis  of the desired compounds. 

1.  Ethyl 4-Amlno-?-mercaptobenzoato Hydrochloride  (NDR-620) 
(N.B. 5291-91;  N.B. 5760-15,  22,  75) 

Care must be exercised in this preparation to pre- 
vent side reactions and oxidation.    The temperature must never 
exceed 50°C.    A 125 ml.  stillpot having a side arm and a 
standard taper neck was fitted with a gas  inlet tube and 
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attached to a condenser holding a Drierlte tube.    Absolute 
ethanol  (75 jl»J was placed In the pot and 4.22 g.   (0.025 
mole)  HDP.-602 was dissolved therein.    A mixture of dry HC1 and 
dry, deoxidized nitrogen was passed Into the Ice-cooled solu- 
tion for one hour.    Then the temperature was allowed to rise to 
about 25°C. and held there for four hours.    Finally,  the solu- 
tion and Its white precipitate were heated at 50°C. for one 
hour.    The HC1 flow was stopped, and the ethanol was blown off 
with nitrogen over night.    The yellow white product was 
filtered, washed with absolute ethanol, and dried In vacuo; 
wt. 4.8 g.   (0.0206 mole); 82.55g theory; m.p. 176-178*0. 

Anal.  Calc"d. for CoHipOoClNS:  3,  13.71.    Found: 
S(SH) 13.62. y 

2. Attempts to prepare the Glycerol Ester of NDR-602 

Two methods  of preparing this  ester appeared worthy 
of trial.    One consisted of the direct esteriflcatlon of 
NDH-602 with glycerol In the presence of dry HC1. The other 
Involved ester Interchange employing the ethyl ester hydro- 
chloride of NDR-602 /NDR-620/ and glycerol.    Both were tried, 
but neither gave evidence of clean cut reaction.    Direct 
esterlflcatlon  (N.B. 5376-128) gave a thick yellow syrup. 
In attempting to purify this material  (N.B. 5422-175), a water 
extraction was carried out.    It revealed lnhomogenelty of the 
mixture and provided evidence of failure to react.     In 
another attempt  (N.B. 5422-156), direct heating at 150°C.  of 
the glycerol and NDR-602 hydrochlorlde produced a brittle, 
Insoluble mass.    Ester Interchange  (N.B» 5376-119) also pro- 
duced an unpromising yellow plastic material. 

Reactions  Involved; 

3H Glycerol    \ 
HC1 7 

Qlycerpl   v 
HC1 7 

00C2K5 

NHs'HCl 
1 

-SH 
+ H20 

/ 
00CHsCH(0H)CH30H 

+ C2H5OH 

C0OCE£CH(0H)CH2OH 
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3. 3.V-Dlthlobl8-(4-amlnobenzolo_Acld) or NDR-602 Dlsulflde 
(N.B. 5291-192; H.B. 5760-^4, 81) 

a. Preparation 

In a 200 ml. 3-neck flask fitted, with st Irrer and 
dropplnß funnel,  there was placed 6.76 g.   (0.04 mole)  of NDR- 
602 and 35 ml. of water. To the finely-divided suspension was 
added with stirring and cooling (ice water )2^.0 g.   (0.022 
mole) of 3?6 H202.    The stirred mixture was allowed to rise to 
room temperature during a two-hour period.    The finely-divided 
yellow dlsulflde was flltered, washed with water, and dried; 
yield 6.6 g. (quantitative): m.p.    245°C. 

b. Utilization 

The dlsulflde of NBR-602 was found convertible hack 
to the free mercapto compound (UDR-602) by low pressure 
hydrogenatlon over a sulfactive catalyst. It was hence judged 
a suitable Intermediate for attempts to prepare derivatives of 
NDR-602. It was contemplated that variations could be made 
in the structure of the amlno and carboxyl groups of the 
dlsulflde, after which the product could be hydrogenated to 
the thlol. In particular the three following syntheses were 
visualized. The first of these was resorted to when direct 
acetylatlon of UDR-602 failed to accomplish the desired result, 
a result not unexpected after a persual of the review by 
Burness /University of Illinois Seminar Abstracts for April 5, 
1944 by Burness, 
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•s- 

COOH 

ACoO v 

NHAc 

COOH 

Ru7 

N(CH2CHeOH)s 

S- 

■ 

>v     HOCH2OSONa 
1 " ■   ) 

COOCHsCH2OH 

NHCH2OSONa 

-3- 

COOH 

fe* 

N(CH2CH3OH)2 

-SH 

COOH 

COOCHaCH2OH 

NHCH20S0Na 

SH 

Hu ^ 

COOH 

(^ Acetylatlon;  5.?'-Dlthiobis-(4-acetylamino- 
benzoio Acid) N.B.  5760-81 

To a suspension of 16.8 g.  (0.05 mole) NDR-602 
disulflde suspended  in 60 ml.  of glacial acetic acid there vas 
added with stirring 30.6 g.   (0.30 mole)  of acetic anhydride. 
The mixture was maintained at 40° for 2 hours,  cooled, and 
filtered,  thoroughly washed with water and dried,  yield,  20 g. 
(9550  of product;  ui.p.    >240°. 

Experiments  on the reduction of this  compound led 
only to the formation of benzothlazoles; hence this route was 
investigated no further. 

(2).  Other Attempts 

The action of ethylene oxide on NDR-602 disulflde was 
investigated briefly.    Starting material only was recovered 
from a mixture of the disulflde and refluxing ethylene oxide. 
(N.B. 5760-73,  74).    When "sodium formaldehydesulfoxylate" 
(H0-CH20S0Na) was allowed to act on the disulflde,   only un- 
promising plastic masses were obtained  (N.B.  5760-53). 
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4. Attempted N-Acetvlatlon  (N.B.  5290-157,  168,  187; 
N.B. 5760-65,  72) 

As might be expected,  attempts  to monoacetylate 
NDR-602 on the amino group led to mixtures  of which the chief 
component appeared to be 2-methyl-6-benzothiazolecarboxylic 
acid.    Even the mildest conditions   (low temperatures and 
operation in very dilute solution)  led to extensive ring 
closure.    The results are tabulated below: 

Chart I 

Attempts to Monoacetylate NDR-602 

. M.P. 
N.B. Recrystal- 
Refer- lized 
ence Heacents Solvent Temperature Product Analysis 

5290- Ac-O+Zn None    Spontaneous 208-220 N, 6.57 J 
157 (trace) to 80-100 decomp. S(total) 

M.57I 
S(SH) 0 

5290- 
187 

5290- 

AcE0+Zn HOAc    30-35° 230-240 S(3H) 0 

AcSH None    Room 207-212 C, 55.1; 
65 decomp. H, 4.27: 

S(total), 
15.0: 
S(SH), 0; 
N.E. 175 

5760- AcSH Ether   Room No re- 
75 action 

■ 

The properties  of the product correspond to those 
calculated for 2-methyl-6-benzothiazolecarboxylic acid,  the 
by-product whose formation ruay be explained by the following 
series  of reactions. 

Ba NHC0CH-, R 

/^N-SH       rS-SH u 
COOH COOH 

<r—        1      I        OH ~* 1      I       C-CH3 

COOH COOH +    a 
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5. Attempted Benzylatlon (N.B. 5760-45, 47, 51) 

Since the benzyl group is reportedly easily attached 
to a thiol group and also easily removed by treatment with 
sodium In liquid ammonia /Wood and du Vigneaud, J. Biol. Chem. 
151. 267 (19391/,  it has occurred to us that this might be 
utilized to advantage in protecting the thiol group of NDR-602 
while operating on the amino or carboxyl groups. Accordingly 
attempts were made to carry out the benzylatlon using the 
standard method of treating the disodium salt of the mercapto- 
carboxylic acid in liquid NH3 vith one mole of benzyl chloride, 

•SH 
Na 
In NH3' 

00H 

-SNa 
1) C5H5CH2C1 

2) ~H+ 

COONa 

•SCH2C6H5 

COOH 

In no case vas anything but a plastic uass obtained. To 
determine whether 2-mercaptobenzoic acid could be protected in 
this fashion, similar experiments were carried out (N.B. 
5760-41, 48, 52, 55), but the same type of product was obtained. 
Thiophenol, however, undergoes benzylatlon smoothly.  (5760-49). 

C. Aromatic Thlols by Reduction of Diaulfide Linkages 

R-3-S-R  a* ^ 2RSH 

1.  Introduction 

When the desired disulfides  could be synthesized 
readily,  this method proved to be extremely valuable; 
especially when  it was discovered that the reduction could be 
performed catalytlcally in the presence of ruthenium at low 
temperatures and pressures.    During the course of the work 
three following widely-differing aromatic disulfides were 
cleaved In this way,   indicating the generality of the method. 

"Hs        ] r JIHCONHCH3" 

0>—O -S 

L       SOgNHyJ 

-s- 

J2 

Dlphenyl dlsulflde was first employed as a model compound. 
When it gave a high yield of thiophenol, the other two 
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dlsulflues were reduced under similar conditions, and both 
cleaved smoothly at 6o°-75,C. In dloxane under a hydrogen 
pressure of 2-3 atmospheres.    One of the compounds most 
desired under this program-was 4-amlno-3-mercaptobenzene- 
sulfonaulde (3-mercaptosulfanllamlde), hence a considerable 
effort was made to synthesize this sulfanllamlde derivative. 
All of the efforts failed  (including a catalytic hydrogena- 
tlon of the corresponding dlsulflde over cobalt sulflde), 
until the catalytic method vlth ruthenium was tested. 

2. Synthesis of 4-Amlno-^-mercaptobenzenesulfonamlde (NDR-6354) 

The entire synthesis from sulfanllamlde Is 
accomplished In three steps as shown below: 

NH*SCN   \ 
Br 

• 
-SCN 

KPH In \ 
aq. Et Oil    7 

S03NH2 S0:2NH3 

 Ö£  
Ru02 cat. 
75° in 
dloxane 

-> 
-SH 

•3- 

SOaNH3 

- 

S03NH2 

NDR-754 

The preparation Is described In detail In the following: 

4-Amlno-?-thloc 
576Ö-B7,  7}-0&) 

yanobenzenesulfonamlde (N.B. 5973~28, 29, 30; 

_ This  Is a procedure reported by Kaufmann and Bückmann 
/Arch. Pharm. 2J2, 202 (1941j7.    To a solution cooled to 5°C. 
of 25 g.   (0.145 mole) sulfanllamlde and 40.0 g.   (0.525 mole) 
ammonium thlocyanate In 450 ml.  of methanol, there was 
added dropwlse (during three hours) with stirring and cooling 
a solution of 30.0 g.   (0.188 mole) of Bra in 75 ml.  of methanol. 
Stirring was continued for 1/2 hour; the solution was then 
slowly diluted with 5 1. of H2 0.    The fine white needles 
thus formed were filtered, washed with H20 and dried; 20.5 g« 
(61.6#); m.p.  161-2°.    The product can be recrystalllzed from 
aqueous methanol, but appears quite labile when In solution; 
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lessened.  It appeared that substitution in the amino group 
might confer the desired properties, however, this substitu- 
tion must at the same time not enhance the chances for ring 
closure (which occurs with extreme ease in the case of the 
acetyl derivative of NDR-602). 

■SH 
 ^ 

00H COOH 

• 

HOOC 

The formation of a ureide seemed to offer a possible solution 
to the problem, and the following synthesis was attempted: 

§ SH 

oxidation "> 
CH,NCO 

7 

J' 

JHCONHCH3 
rS-3- u 

JL 
RUOü cat. 
Dloxane 75e 

CONHCH3 
SH 

The first two steps were carried out smoothly and In high 
yield;   in the hydrogenation step using the conditions 
previously found effective, a theoretical absorption of 
hydrogen was  observed.    However,   in the isolation of the solid 
thlol from the dloxane reaction medium,   it was  observed that 
the desired product was  extremely sensitive to oxidation and 
isolation as such did not seem feasible.    The utilization of 
filtered solutions as  obtained from hydrogenation remains a 
possibility.    With this end In view carefully purified samples 
of the disulfides  of the ureide and of the disulflde of NDR-734 
were sent to Dr. Friedenwald to determine whether they ex- 
hibited any unusual toxiclty. 

Dl-o-amlnophenyl Disulflde  (N.B.  5975-37) 

To a solution of 46 g.   (O.368 mole)  o-amlnobenzene- 
thiol  in 30 ml.  ethanol and 10 ml. H20 was added 0.1 g.  ferric 
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chloride and air was bubbled through the solution over night. 
The solid present vas taken up In 150 ml. hot ethanol, treated 
with Darco G-60, diluted with H20 at the boiling point until 
the solution WBB hazy. Slow cooling gave 40 g. (&7#) of 
yellow crystals; m.p. 90-92°C. « 

l.l«-(Dlthlodl-o-phenylene)bls-(3-methylurea) (N.B. 5973"5, 
42, 43; 5760-161, 190) 

To a solution of 20 g.   (0.08l mole) dl-o-amlnophenyl 
dlsulflde In 25 ml. purified, dry dloxane was added 9.4 g. 
(0.165 mole) of methyl lsocyanate while access of moisture was 
prevented.    The exothermic reaction slowly brought the 
temperature to 50°C, at which point the rise was checked 
with cooling In Ice.    The material was allowed to stand for 
2-3 hours protected with a Drlerlte tube;  the yellow crystals 
were then filtered, washed with methanol and air dried, 24.3 g> 
(83^).    The compound reverts to a colorless solid at 203CC, 
and decomposes at 2l5*-2l6°C.   (uncorr.).    The material can be 
recrystalllzed from methyl benzoate, benzyl benzoate,  or large 
quantities of dloxane.    It Is soluble In dimethyl formamlde, 
formamlde,  hot ethoxyethanol,  and somewhat soluble In hot 
ethylene glycol. 

Analysis:  Calc»d.  for CigHioOoNhSp:    C,  53.0; H,  4.97; N,  15.48. 
Pound: C,  53.63; H, 5.40; N (Kjeldahl)  14.9. 

N-(2-Mercaptophenyl)-N*-methylurea  (N.B.  5973-7) 

Three grams  of dloxane-recrystalllzed 1,1*-(dlthlodi- 
o-phenylene)bis-(3-methylurea) was suspended  In 100 ml. purified 
dloxane with 0.5 g. RuOa catalyst.    The mixture was shaken for 
6 hours  In an Adams*   shaker at 65°C. under 40 p.s.l. Hr, 
pressure.    The hot solution was filtered under nitrogen to 
remove catalyst and a 1 ml.  sample removed for tltratlon with 
N/10 Ia.    Showed 41.5$ of the theoretical thlol value.    On 
cooling yellow needles appeared and were tentatively Identified 
as starting material,   (m.p. 225°C).    The filtrate from 
these needles was concentrated to dryness under nitrogen, 
but the residual material no longer showed any thlol content 
Indicating sensitivity to oxidation. 

4.  o-Amlnobenzenethlol  (N.B. 5760-160,  162~5;  5973"12,  17-25) 

During the  course of this work there was need for o- 
amlnobenzenethlol both as an Intermediate and as potential 
therapeutic agent.    While preparing the compound according to 
directions  In ESP-43-303,   It was discovered that this  latter 
procedure could be shortened considerably by conducting the 
hydrogenatlon  In benzene solution.    The reactions  Involved are 
as follows: 
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-Cl NapS 
*-> CoS. 

•SH 

The first step is conducted as described in Organic Syntheses, 
Coll.  Vol.   I,   p.  220. 

The following reactants were charged into an 11- 
liter stainless steel autoclave equipped vith a means of 
agitation:    447 g.   (1.45 moles) di-o-nitrophenyl dlsulfide; 
50 g. freshly prepared cobalt sulflde catalyst suspended in 
150 ml.  of dry benzene; and 3 liters dry benzene.    The 
autoclave vas pressured vith 100 p.s.l.  of H3, and a 50 p.s.l. 
pressure drop was obaerved.    The temperature vas slowly raised 
and between 125°-135°C. Ha was absorbed at 1000 p.s.i. producing 
a pressure drop of 270 p.s.l.    The total represents 98.5$ 
of the theoretical H2 uptake.    The autoclave was cooled to 
5°C; the solution filtered under nitrogen to remove catalyst 
and stripped  (also under nitrogen) to remove most of the 
benzene and water.    Distillation of the residual liquid was 
carried out under nitrogen through a 3' column packed with 
glass helices.    After a foreshot of benzene and aniline was 
collected, 210 g.   (58#) of pure o-amlnobenzenethiol was 
obtained; b.p.  95°C./4 mm.; sp. gr. 25/4,  1.1667;f\|5    1.6450. 

Analysis:  Calc'd.  for C6H7NS:  C,  57.5; H,  5.6O;  S,  25.60 
Pound:  C,  58.00; H,  5.89;  S   (SH) 25.6. 

About 100.5 g-  residue remained in the stlllpot,  and was 
Identified as being chiefly the dlsulfide.    It should be 
mentioned that an attempt to reduce di-o-nitrophenyl dlsulfide 
with Ru02 at 75°C. under 40 p.s.l.  of Ha gave no reduction 
whatsoever. 

5.  5-Amlno-2-mercaptobenzolc Acid  (NDR-645) 

The preparation of this compound was  one of the 
first undertaken in the period covered by this report.    It 
will be noted that the amlne and thiol groups are not ortho 
to each other; however,  it was the aim of this preparation 
to learn (a) whether the reduction of aromatic dlsulfide 
linkages offerod an attractive method for the synthesis of 
the desired type of thiols and (b) whether active H decon- 
taminants were obtained in compounds  in which the amlno and 
mercapto groups were not vicinal.    The route employed was as 
follows: 
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l-COCH 
NaoS., v, 

•COQH 

L.    NOs        J 

(«U)PP > 
•COQH 

Zn 
HOAc -> 

-C00H 

.. 

From the results of later discoveries utilizing Ru02-catalysed 
hydrogenatlons.  It Is now Indicated that the process described 
below could be materially simplified with accompanying In- 
crease In yield and purity of product by cleavage of the amino- 
dlsulflde with Ha over RuO^.    An even more abbreviated process 
(patterned after the o-aminobenzenethiol synthesis, hence on 
sound experimental basis) would involve the cobalt sulflde 
catalyzed hydrogenatlon of the nltrodlsulflde.    Since the 
product did not show therapeutic promise, these latter routes 
were not Investigated.    The preparation also served to indicate 
that chemical reduction is not an attractive route to amlno 
thiols.    It suffers from contamination of the final product 
and difficulty In the isolation of the latter. 

2.2'-pithlobl8-fcS-nltrobenzoicl Acid  fN.B. 5291-31,  32,  10, 
11, "P) 

This step was patterned on the procedure of Bogart 
and Stull  (Organic Syntheses, Collective Volume I, Wiley 1941, 
p. 220)    for preparing o-dlnltrophenyl disulflde.    A solution 
of 36.0 g.   (0.15 mole) of sodium sulflde nonahydrate was 
stirred while 4.8 g.   (0.15 mole) of sulfur powder was added, 
and refluxed until the sulfur dissolved.    This solution was 
added during a 5-10 minute period to a stirred solution of 
^0.3 g»   (0.20 mole)  of recrystallized 2-chloro-5~nitrobenzoic 
acid dissolved in 90 ml. of water containing 8.0 g.   (0.20 
mole)  of NaOH and 100 ml.  of ethanol.    The solution turned to 
a dark color and was refluxed for two hours.    On standing 
over night in the cold, 37 g.  of red solid was obtained by 
filtration.    This represented 0.168 mole of product (84# of 
theory).     It was dissolved In 120 ml. hot water,  treated with 
Norlte, filtered, and the free acid was precipitated by dll. 
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HC1, vashed vith vater and then ethanol; overall yield 24 g. 
(605g). 

Analysis: Cale'd. for 
Found: N(Kjeldahl) 6*63; S ^total)'16.35; 

7.08; 3,  16.4; N.B.  198 
~.B. 190.5. 

2.2»-Dlthlobls-fc-aminobenzoic Acldl   (N.B. 5291*33, 45) 

To 100 ml. of 6N ammonia there vas added 19.8 g. 
(0.05 mole) of the previous product; the suspension vas diluted 
vlth 30 ml. vater, and vas saturated vlth H23 In an Ice-bath 
during a period of 3 hours.    The solution vas boiled for tvo 
hours during vhlch time the color changed from dark brown to 
light yellow, and free sulfur vas deposited.    The sulfur vas 
filtered, and to the filtrate vas added 12 ml. glacial acetic 
acid.    After cooling,  the light yellow precipitate vas filtered, 
vashed vlth water and dried.    It vas completely soluble In 
dilute varm HC1, m.p. 24o°C.    Yield: 16 g.   (955*).    This 
ammonium sulflde reduction Is based on the process of Robertson 
(Organic Syntheses,  Collective; Volume I, Wiley 1941, p. 52)« 

5-Amlno-2-mercaptobengolo Acid (NDR-645)   (N.B. 5291-46,35) 

This reduction was based on the method of Allen and 
MaoKay /Organic Syntheses, Collective Volume II, Wiley 1943« 
p. 580). 

To 30 ml. of glacial acetic acid containing 3.0 g. 
of Zn dust was added 16 g.  (0.0475 mole) of the previous 
product, and the mixture vas reflined vlth stirring for 4 
hours.    The solution was filtered hot, and the cake extracted 
twice with hot aoetlc acid.    The filtrate and extracts were 
oomblned, partially neutralized with ammonia  (until a portion 
had precipitated) and filtered quickly under nitrogen.    The 
filtrate vas carefully treated vlth dilute ammonia under 
nitrogen until no more precipitate formed.    The vhlte solid 
vas quickly filtered, vashed vlth a little boiled vater and 
dried In vacuo.    Yield: 7.7 g. or 0.0455 mole (48£). 

Analysis:Calctd. for C7H702NS:    3,  18.93; Found: S(3H), 17.1. 

6. Attempted Preparation of ü-Amlno-4-mercaptobenzena- 
sulfonamlde 

It vas felt desirable to try to synthesize the 
Isomer of 3-mercaptosulfanllamlde in vhlch the sulfonamlde 
group vas para to the mercapto substituent, I.e. 
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-NH, 

S02HH2 

It seemed possible that the above compound might he made 
using a dlsulflde Intermediate according to the following 
scheme. 

Steps I, II, and III vere accomplished In nearly 
quantitative yield, but step IV gave a product of unchanged 
nature.    It seems likely In the light of recent discoveries 
that catalytic techniques vlth sulfactlve catalysts might 
bring about the desired reduction smoothly. 

4-0hloro-3-nltrobenzenesulfonylchlorlde (N.B. 5760-31,32,58) 

In a 300 ml.  3-neck flask vlth ground glass  joints 
was placed 90 ml.  of distilled chlorosulfonlc acid; the flask 
was cooled vlth Ice vater and to it was slowly added 55.0 g. 
(0.20 mole)  of recrystalllzed powdered 3-nltro-4-chloro- 
benzenesulfonlc acid (potassium salt).    A small reflux con- 
denser was attached and the mixture was heated at 80a for 14 
hours.    The cooled light-brown solution was poured onto two 
liters of chipped Ice.    The low-melting, white solid was used 

- 31 - 
CLASSIFIED  -  SECRET 

■ 



CLASSIFIED -  SECRET 

without further purification in the next step, 
was 52 g,   (quantitative)  of dry product. 

The yield 

4-Chloro-3-nltrobenzenesulfonamide (N.B. 5760-33, 34) 

The previous product was slowly added to a well 
stirred solution of cone, ammonia  (250 ml.).    The temperature 
of the ammonia was raised to about 50°C. and stirring was con- 
tinued to 2 hours.    The mixture was cooled thoroughly and 
filtered, yielding 41.7 g.   (88# of theory).    The product was 
recrystallized from 2B ethanol (100 ml.); yield, 38.3 g. of 
m.p. 173-175°. 

■ 

Analysis: Calc'd.  for CgHcNgOjiClS:  N,  11.83,  S,  13.5. 
Pound:  N,  11.60,  11.30; S,  13.87,  13-76. 

4.4'-Dithlobl8-(3-nltrobenzenesulfonamldeHN.B. 5760-40,  42) 

An alcohol solution of Na2S2 was made up from 29.0 
g.   (0.12 mole)  of Na3S'9H20,  3.9 g.   (0.12 mole) of sulfur 
and 120 ml.  of 2B ethanol.    The recrystallized product from 
the preceding preparation  (38.3 g., 0.162 mole) was dissolved 
in 280 ml. of 2B ethanol  (warm).    The NaaS2 solution was added 
fairly rapidly to the sulfonamide; an immediate darkening 
took place accompanied by the separation of a whitish solid. 
After refluxing for three hours,  the chilled mixture was 
filtered, and the yellow solid treated with 250 ml. of H20, 
filtered and washed thoroughly with water.    The dry product 
weighed 30 g.   (0.064 mole) representing a 795g yield. 

Analysis:  Calc'd. for C12H10N4O834:    3,  27.3. 
Pound: 3  (total) 27.21. 

Attempted Reduction of 4.4,-Dithlobls-(3-nitrobenzenesulfon- m ainldeHN.B.  5760-50) 

The reduction of this compound was attempted with 
four different chemical reducing agent systems:    Zn + dll. 
HC1; Zn + NaOH; Zn + othanol; and Zn + glacial HOAc.    In no 
case was the amino compound Isolated. 

7. Attempted Synthesis  of 3-Amino-4-mercaptobenzene- 
sulfonic Acid  

In a series  of reactions analogous  to those described 
abovo,  the synthesis  of a sulfonic acid analogue of NDR-602 
was  tried, with the object  of producing an amlno thlol more 
soluble In water than NDR-602. 
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■NO: 
NaoSp^. 

S03K 

•NO: 

S03K 

Reduction x 
-NH: 

SO3H 
(or Its salt) 

The first step was carried out successfully, but no pure 
product would be Isolated from the reduction step.    Evidence 
of the formation of an aromatic mercaptosulfonlc acid was 
provided by  (l) the Isolation of an S-benzylthlouronlum salt 
derivative differing from the corresponding derivative of 
the starting material and (2) the reaction of the crude 
solution vlth N/10 Iodine solution. 

4.41 -Dlthlobl8-(Vnltrobenzenesulfonlc Acid). Potassium Salt 
(N.B. 5760-25, 27, 36, 60) 

A solution of Na2SB was prepared from 400 ml. 2B 
ethanol, 90 g. Na2S*9H20 (0.375 mole) and 12 g.  of sulfur 
(0.375 mole).    It vas added vlth stirring to a Buspension of 
137.8 g.  of recrystallized 4-chloro-3-nitrobenzenesulfonlc 
acid (potassium salt) In 500 ml. of 2B ethanol.    The resulting 
black mixture vas refluxed for 4 hours vlth stirring, and 
allowed to stand over night.    The alcohol vas decanted from 
the yellow-orange precipitate; the latter was extracted vlth 
one liter of hot vater, leaving behind 13 g. of a water- 
insoluble yellow powder.    The solution vhlch contained the 
above-named compound vas used vithout further purification. 

Attempted Reduction of the Above Dlsulflde (N.B. 5760-26,27,36) 

The solution obtained above vas treated vlth 230 ml. 
of 5056 KOH and 193 g.  of zinc dust by heating and stirring on 
the steam bath for 16 hours.    After filtering off the un- 
reacted zinc, a 5 ml. aliquot vas removed and found to 
react vlth 8.5 ml. N/10 X»<    The solution vas made weakly 
acid vith glacial acetic acid and the zinc vas removed by 
precipitation vlth hydrogen sulfiie.    A sample of the clear 
filtrate reacted vith S-benzylthiouronlum chloride to 
Sive a solid derivative, m.p» l47-l496C, but no pure 3-amlno- 

-mercaptosulfonlc acid could be Isolated. 

D. Application of the Herz Reaction to o-Amlnobenzenethlols 

1.  Introduction and Model Example 

The Herz reaction is  illustrated as follows: 

»■ 
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-NH2«HC1 
SoCla    %, 

ci- **» ci-l^J- 
NH2 

SK 

or 

O-NHa-HCl II 
N j< 

\ ( V». 
S KOH 
/ 

s 
1 

X-V^-SK 

Cl 

Hence vhere X = a halogen atom It,  like the benzothlazole 
synthesis, would appear to offer an attractive path to a 
large number of substituted o-aminobenzenethlols.    However, 
the benzothlazole synthesis proved to be of more general 
applicability, and the Herz reaction was tried only In those 
cases where the former route failed.    To verify the technique 
before applying It to unreported synthesis, a preparation 
according to the patent literature (Herz. German Patents 
360,690; 364,822; 367,3^6; 367,493  (1914);      was carried out. 
It gave an excellent yield of product showing correct analyti- 
cal figures, but when the Herz reaction was extended to three 
amlne salts of Interest In this program, no reaction took 
place, and the amlne salts were recovered unchanged. 

4-Methyl-6-Chlorobenzothlazthlonlum Chloride  (N.B. 5291-13"17) 

Sulfur monochlorlde  (150 g.) was placed In a 500 ml. 
3-neck flask fitted with a mercury-seal stlrrer, reflux 
condenser, and thermometer.   With stirring 25 g.   (0.175 mole) 
of o-toluldlne hydrochlorlde was added slowly, and then the 
temperature was carefully raised to 50° and held there for 4 
hours.    The product was stirred with dry benzene, filtered and 
washed until all SSC10 had been removed.    There was  obtained 
28 g.   (0.118 mole) of a red powder which was sensitive to 
moisture  (68# of theory). 

Analysis:  Calc'd. for C7HcNS2Cl2: C,  35.3» H,  2.1; N,  5-87; 
'  3 S,  26.95;  Cl,  29.8. 

Found:  C,  35.05; H,  2.57; ■  (Kjeldahl) 5.46;  S  (total) 
27.90; ci, 27.45. 
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The above transformation Is given by the following 

CH3 

-NHa-HCl 
3*C1; 

2. Chart of Attempts to Utilize the Herz Reaction 

Chart II 

Amlne SaltB Falling to React vlth Sulfur 
 Chloride  

N.B. Maximum 
Reference Amlne Temp.   Catalyst Comment 

5291-36,57 Methyl p-Amino- 31°    None No sulfur In 
benzoate product. 

5291-42 11 70°    ZnCla 22 hr.j appar 
ently amlne 
HCl. 

5760-35 Dimethyl 4-Amino- 70*    None Starting 
phthalate material 

recovered. 
5760-37 

11 80°    ZnCla n 
n 5760-38 p-Amlnobenzene- 90°    None 

sulfonamlde 
5760-43 11 90°    None n 

E. Thlols by Methanolysis of Thlolacetates 

A convenient synthesis of thlols  (vhen the proper 
Intermediates are available)   Involves the methanolysis  of 
thlolacetates.    The latter are frequently obtained by the 
addition of thloacetic acid to properly constituted unsaturated 
compounds. 

RCH=CHS ^SL^HCHaCHa-SAc MfiOH >   RCH2CH2SH + MeOAc 

1.  Synthesis  of 2-(beta-Mercaptoethyl)pyrldine  (NDR-671) 

These reactions were effectively applied to 2- 
vinylpyridine as follows: 
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-CH=CII2 

AcSH 

0. 

(;) Meop + mi 
-CHaCHaSAc       (2) Neutralizal 

0 
■ 

2SH 
+ MeOAc 

CH aCHj 

Step I. 2-(beta-(Acetylmercapto)ethyl)pyrldlne (N.B. 5291-120, 
143;  N.B. 5290-116) 

A 500 ml.  three-neck flask was fitted with an anchor 
atirrer, dropping funnel and low temperature thermometer.    In 
it vas placed 114 g.   (1.50 moles) of thioacetlc acid, and the 
latter was chilled to -40°C.    By means of the dropping funnel, 
157.5 g.   (1.50 moles)  of freshly distilled 2-vlnylpyrldlne 
was added rapidly to the well-stirred thioacetlc acid.    The 
heat from the highly exothermic reaction was dissipated by 
cooling with a dry Ice-acetone mixture.    The temperature was 
allowed to rise gradually to 20*C. at which point it was 
maintained until addition was complete.    An iodine titration 
of an aliquot portion dissolved in alcohol showed that 96# 
of the thioacetlc acid had reacted.    The product was trans- 
ferred to a still pot and fractionated under nitrogen in a 
precision still.    After a small forerun of lower boiling 
material, the bulk of the product was collected at 95"97°/l mm. 
The yield was 247.5 g.   (91.3# of theory). 

Analysis:Calc«d. for CdHllNOS:  C,  59-6; H, 6.08; N, 7.75; 
S     17  7 

Pound:  C, 60.62, 60.82; H, 6.31, 6.47; N,  8.5^, 8.85; 
3,  16.97,  16.81. 

Step II.  2-fbeta-Mercaptoethyl)pyrldine  fNDR-67H 

To a solution of dry HC1  (1.45 moles)  in 770 ml. of 
niethanol there was added slowly with cooling 106.2 g.   (0.585 
mole) of 2-^eta-(acetylmercapto)ethyl/pyridine.    A mild evolu- 
tion of heat occurred and the temperature reached 45°C. 
After standing for 20 minutes a 1 ml. aliquot portion was 
titrated with iodine and showed that 66$ of the free thiol 
had been liberated.    The solution was allowed to stand over- 
night, and then 1.45 moles  of sodium methylate was added with 
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stirring. The resulting sodium chloride precipitate vas 
filtered off, and the bulk of the methanol solvent vas re- 
moved by passing the filtrate through a stripping still. 
The stripped residue vas distilled through a precision column 
under nitrogen and 20 g. of pure 2-(beta-mercaptoethyl)- 
pyridine vas obtained, (b.p. 94°/7 mm.). 

Analysis: Calc«d. for C7H0NS: N, 10.08; 3. 23.00. 
Found: N, 10.91; S (SH7 23.0; S (Total) 22.20. 

2. Attempted Application to Q-Vinvlcarbazole 

Thioacetic acid added Quantitatively to 9-vinyl- 
carbazole to give the desired thiolacetate, but unexpectedly, 
the latter split out thioacetic acid vhen subjected to 
methanolysls conditions. Several attempts vere made to 
conduct the methanolysls in such a vay as to avoid the split 
but none vas successful. The reactions Involved are: 

AcSH CuO MeOH 
HC1 

N' 

CHaCHaSAc 

■ 

/-GH-CHaz7n 

+ AcSH 

9-/b"eta-(Acetylmercapto)ethyl/carbazole (N.B. 5760-82, 84) 

A 500 ml. round bottom 3-neck flask vas fitted vith 
a stlrrer and lov temperature thermometer and In it vas placed 
76 g. (1.00 mole) of thioacetic acid. The contents vere 
chilled to -10'C, and finally povdered 9-vinylcarbazole vas 
added in 1 to 2 g. portions. The temperature rose gradually 
to 4o°C. vhere it vas maintained by cooling. The reaction 
mixture began to thicken vhen the carbazole addition vas 
nearly complete. When 171 g« (O.89 mole) of 9-vinyl carbazole 
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had been added, the entire .ulxtuie became virtually solid. 
At this point, 250 nil. of 2B ethanol vas added; the reaction 
mixture was heated to reflux, and filtered hot through a 
steam-jacketed Büchner funnel. The filtrate vas cooled In 
tap vater with agitation. After standing overnight In the 
cold, the solid product vas filtered and washed three times 
vith 2B ethanol. The product, vhich vas carefully dried over 
a mixture of soda lime and caustic in a vacuum desiccator, 
veighed 235 g. (98.65g of theory) and melted at 83-93'C. 

Analysis: Calc'd. for C-> 
Found: N, 5.85, 6.05 

NS: N, 5.58; 
s). 

5760-91. 
The attempts at methanolysis are described in N.B. 

F. Miscellaneous Sulfhydryl Preparations 

1. Dlmercaptothiodiazole (NDR-610) (N.B. 5321-175) 

The directions of Dubsky and Okac /Zelt. Anal. Chem., 
26, 268 (1934.1/  were modified slightly to permit the sub- 
stitution of hydrazine hydrate for the sulfate in this prepara- 
tion. Thirty-five grams of 85# hydrazine hydrate, 60 g. of 
carbon dlsulfide, 300 cc. of vater and 100 cc. of ethanol were 
mixed in a 1-llter, round-bottomed flask. A solution of 20 g. 
of sodium hydroxide in 80 cc. of water was added carefully 
to the stirred solution, some heat being generated during 
this addition. The reaction mixture which consisted of two 
layers, vas refluxed carefully for about three hours after 
the lover layer had disappeared. At the end of this time, the 
solution was cooled and acidified with a large excess of cone. 
HC1. A white, voluminous precipitate separated. The dried 
solid, 30 g. which had turned slightly yellow upon standing, 
was recrystallized from ethyl acetate to yield 11 g. of large, 
yellow crystals, m.p. 163°C. with decomposition. 

Analysis: Calc'd. for CoH^NoS,: S, 64.22; S(H), 42.7; C, 15.99; 
r    H,  1.4,     1.34;  N,  18.65. 

Found: S,  64.73; S(H),  43,0; C,  16.14,  16.06; H,  1.18,  1.59; 
N,  18.35. 

2. S-(2-Amlnophenyl)thlosulfurlc Acid  (NDR-672)   (N.D. 5422- 
131) V«2 

-s- 
+ 5S02 + 2HR0 

•S»S03H + S 
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This preparation was adapted from the patent 
literature /Clayton Aniline Co., German Patent 120,5Q&7 
vhereln 20 g.  of bis-(2-aminophenyl)dlsulflde vaa suspended 
In 200 cc. of water and the solution was then saturated with 
sulfur dioxide.    Most of the solid dissolved, and the re* 
mainlng suspended matter was filtered while the solution was 
still warm as a result of the slightly exothermic reaction. 
Upon cooling, yellow flakes or needles separated (18 g.). 
The produot was purified by extracting the dried orude crystals 
with methanol and precipitating the acid by the addition of 
ether.    Twelve grams of white silky needles of Indefinite 
melting point was recovered. 

Analysist Calc'd. for CgHyO^NSo: 3, 31*21; N, 6.82. 
Found: S, 29*12, 29*03; », 0.56. 

3. 2-Amlnothlolbenzolo Acid - Attempted Svntheala 

It was felt that the above compound might be 
therapeutloally active; the following synthesis was proposed! 

LJ-OOCH }   IJ-Ci 
-N=3s0 

C0C1 I,* "COSH 

The intermediate had been prepared by Oraf and Langer (J. 
prakt. Chem. 1^8. l6l (1937))-   ■    Difficulty was encountered 
In obtaining the yields reported, and the small amount of 
o-(thlonamlno)benzoyl chloride obtained reaoted almost 
explosively with KSH to yield a solid compound devoid of If* 
(N.B. 5291-114) 

o-fThlonamlno^bengovl Chloride  (N.B. 5290-105, 106)     ■ 

Finely powdered anthranillc acid (50.0 g.) and 
350 ml. thlonyl chloride were mixed In a 1-llter still pot 
attaohed to a ground glass  joint condenser carrying an 
efficient stlrrer.    The reactants were heated on the steam 
bath with stirring,  causing the evolution of much HC1 and S0a. 
After 30 minutes refluxlng, the solid vas completely dis- 
solved and the condenser was replaced by a still bead. 
Thlonyl chloride was removed under vacuum, and an attempt 
was made to distill the residuum at low pressures  (2 mm.); 
only a small amount of yellow liquid was obtained before 
decomposition produced a blaok tar. 

- 39 - 
CLASSIFIED - SMfflB 



CLASSIFIED -  SECRET 

4. Early Attempts  to Prepare 4-Anlno-3-mercaptobenzene- 
sulfonaalde   (NDR-734)  

In addition to the previously mentioned unsuccessful 
attempts to prepare NDR-734 by the benzothlazole synthesis and 
the Herz reaction,  four other routes  to this compound vere 
tried and found to be  Inoperative before the successful pro- 
cedure using Ru02 was discovered.    These routes are shown 
here: 

Route 1 

-NHCNH3 SO 

I 

(1! HOSO^Cl 
NH3 

•RHi 

f (1)   NH^SCN 
M2) HC1 

S 

ACyO 

-NHNHs-HCl 

For a literature report 
on this step, see 
Fischer and Besthorn 
Ann. 212, 331 (1882) 

C-NHAc 

SO-.NH-. 

1/ 
■N <>NHa 
|| -(1)  KOH v [       I 
J\_ (2) HOI ?    My~a 

S'     NHAo 
S02NH: 

" 

- 40 - 
CLASSIFIED  -  SECRET 



CLASSIFIED  -  SECRET 

AcpO [llHOSOoCl. 

SO-.NH- 

J   Redn. 

-SH 

S02NH£ 

w aoso^ci 

SO-,NH- SOoNHr 

ft) 
HOSO 

(1) AcSH or Na2S2- 
Redn, v 

(2) H+ * 

-SH 

S02NHr SOaNHs 

The various reactions are tabulated In the appendix  (Table IV). 
It will be noted that the above reaction schemes failed at the 
following steps:    Route I was  invalidated in the final step 
where the sulfonamide was hydrolyzed by the 50# caustic. 
Route II failed in the treatment with ammonia, while III and 
IV both failed to chlorosulfonate smoothly. 

5. Attempts to Prepare 4-Amino-2-hydroxy-3-mercapto-5>6- 
d ihydr opyr inden e  

It was felt that this vicinal arainothiol might be 
obtained by clean-cut reactions from l-imino-2-cyanocyclo- 
pentane.     In the following syntheses,  route A was thoroughly 

- l+l  - 
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explored and found to be inoperative, since sulfur vas not 
introduced by any of the reagents tested.  Other more 
elaborate routes (B) and (C) also failed to accomplish the 
desired result. Compounds I-VII are all previously known, 
and their preparation vill not be described.  (N.B. 5376- 
101 to 130). 

Chart III 

Routes to 4-Amino-2-hydroxy-3-mercapto-5.6-dihydropyrindene 

>»-/l-CN 

Route C 

KEt Xanthate 
or 
Na:iS,. and redn. 

Zn + 
Acid 

A summary of the various unsuccessful thlonations 
and acetylations will be found in Table V of the appendix. 
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6, Attempted Alkylatlon of o-Amlnobensenethlol Derivatives 

It was considered theoretically Important at one 
stage of the work to prepare an N-alkylated o-amlnobenzenethlol. 
Several efforts vere made In this direction but no produots of 
Interest vere Isolated.    The outcome of these runs Is presented 
In Table VI of the appendix. 

r '•-•■, 
•  ■  > 

Submitted by 
Chemical Department 
Experimental Station 
8. I. du Pont de Nemours & Co. 

10/3/45 
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Index of Coapounuo 

An Index of all aromatic amlnothlol candidate com- 
pounds and Intermediates synthesized during the period from 
July 21, 19^3 to September 1, 19^5» has heen prepared and Is 
to he found In the appendix. All those vhlch have heen sub- 
mitted to CMR Investigators for evaluation have heen 
designed hy their NDR code number, and the date of transmlttal 

has heen Indicated. 
The classes of compounds are as follows: 

1. Aromatic Amlnothlols 
2. Benzothiazole Derivatives 
?. Thlourea Derivatives 

. Aromatic Amines 
5. Nltroesters 
6. Nltrodlsulfldes 
7. Aminodlsulf Ides 
8. Thlolacetates 
9. Pyrlndene Intermediates 
10. Miscellaneous Compounds 
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