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INTRODUCTION 

Following the discovery by British Investigators 
that 1,2-dlthloglycerol (DTH, BAL) Is effective In the early 
treatment of arsenical burns, the NDRC asked the oooperatlon 
of the Chemical Department of the Du Pont Company In preparing 
a variety of thlols for evaluation as therapeutic agents for 
Lewisite (L).  It was hoped that compounds might be found which 
would have equal or greater therapeutic effectiveness without 
some of the undesirable properties of BAL, such as Its re- 
latively high toxlclty and chemical Instability. The synthetic 
work covered by this report was preceded by a closely re- 
lated program oarrled out In this laboratory on the synthesis 
of thlols, which was suggested by NDRC but not supported 
by an OSRD contract. 

This report deals with that part of the synthesis 
program which was aimed specifically at the production of 
dlthlol therapeutic agents other than BAL, and was supported 
by OSRD. Pharmacological and physiological evaluation tests 
were carried out on samples submitted to several other 
laboratories working on programs sponsored by NDRC and the 
Committee on the Treatment of Oas Casualties. Experimental 
work under this project was carried out by F. K. Slgnalgo 
and A. A. Pavllc under the direction of W. A. Lazier. 

OBJECTIVES 

The primary objective of this program has been 
the synthesis of compounds containing the vicinal dlthlol 
structure In a wide variety of structural arrangements. In 
the event that a particular candidate showed promise In the 
testing program, a secondary objective was the preparation 
of homologe of that candidate so that structure and efficacy 
might be further correlated. An additional aim of the work 
was to supply the more promising compounds or their Inter- 
mediates for other testing programs. Included In the broad 
objective was provision for preliminary process development 
for any of the analogs, which, because of demonstrated value, 
might be required In large quantities, 

SUMMARY 

About sixty analogs and derivatives of BAL were 
prepared and submitted to the various medical Investigators 
designated by the NDRC and CMR for therapeutic and toxlclty 
studies (Table X). The scope and success of the synthesis 
program Is Illustrated In Table I where the compounds are 
arranged as classes related to a simple dlthlol. 

- 1 - 
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Broadening of the testing program as the work 
progressed resulted in the Inclusion of many of these 
compositions in tests as antidotes for chemical warfare 
agents other than Lewisite. For example, representative 
members of the dithiol series were submitted as possible 
antidotes for mustard, cadmium, and arslne therapy, 

2,3-Dlmercaptopropyl ethyl ether was found to be 
the most effective agent for arslne therapy, surpassing all 
other compounds submitted for this purpose. The CWS according- 
ly requested that consideration be given to the possibility 
of large-scale preparation of this analog and suggested that 
preliminary process work be initiated. Alternative routes 
for the preparation of the Intermediate allyl ether were 
devised, and the existing synthesis based on hydrogenation 
of the trisulflde polymer was replaced by the more commercial- 
ly feasible sodium hydrosulflde thlonation. 

A novel approach to the problems of dithiol synthesis 
has Involved the preparation of derivatives of BAL or its 
analogs in which existing thlol groups were converted to 
new, labile structures. Outstanding examples of this class 
were the bls-S-amldomethyl thioethers of BAL prepared simply 
by mixing the dithiol with formalin and an amide to give 
compounds of the following structure: 

R-C-N-C 

1-C-N-' 

CH2SCH2 
! I 

CH2SCH-CH2OH 

Under the Influence of Lewisite or similar hydrolytlc 
material, the thloether link Is cleaved with liberation of the 
dithiol in situ. Covering of the dithiol structure resulted 
in increased stability, lower toxlclty and complete removal of 
objectionable odor from the parent compound. In addition, 
the water solubility of the resultant composition has given 
promise of greatly simplified formulations in ointments or 
other vehicles. 

A new synthetic technique, developed in the course 
of this work, was applLed to the preparation of dimercapto- 
tetrahydrothlophene-1-dloxlde and 2,3-dlmercaptoproplonlc 
acid. The method Involves the reaction of the appropriate 
hallde with thloacetic acid In pyrldlne to form the thlol- 
acetate which, by alcoholysls, Is converted In good yield 
to the thlol. Sensitivity of the precursors of these dl- 
thiols to the usual thionating reagents, precluded their 
preparation by other routes. 

- 2 - 
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DithioglycLdol was condensed with aniline and 
methylanlllne, by opening of the ethylene aulflde ring, to 
yield monomerlc dlthlols. Polymerization of dlthloglycldol 
at the temperatures required for reaction complicated Its 
condensation with other compounds (Table III). 

Following the lead of earlier British Investigators, 
who obtained excellent biological results with the glucoslde 
of BAL, this compound was prepared from 2,3,4,6-tetraacetyl 
dlbromopropylglucoslde and Isolated as the barium salt. This 
derivative Is at present undergoing therapeutic tests. 

CLASSIFIED CONFIDENTIAL 
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PROGRAM 

Experimental work is being continued on the synthesis 
of BAL glucoside (Balintrav), thloxylitol, and related com- 
pounds for use as candidate antidotes for cadmium and arsenic 
therapy. It is also planned to investigate the applicability 
of selected BAL derivatives to the problem of preparing com- 
pound therapeutic ointments suitable for treating mixed agent 
splash contamination of the eyes« 

DISCUSSION OF THE CHEMISTRY OF 

The classical methods for obtaining thlqls have 
failed In many cases to give the desired polyfunctional 
dlthiols, and new modifications and methods had to be 
developed for most of the compounds obtained. Contributing 
to the difficulties encountered is the instability of 1,2- 
dlthlols, particularly those containing other functional 
groups. In some cases this has hampered separation of the 
dlthlol from the by-products usually present. 

Many of the dlthiols were obtained by selecting an 
appropriate unsaturated compound, converting this to the bro- 
mide and replacing the halogen atoms with mercapto groups* 
No one thionatlon techlnque worked in all cases, and usually 
several were tried before the desired dithlol was obtained. 
The side reactions encountered were chiefly those involving 
the elimination of halogen acid or reduction of the dihallde 
by the alkaline thlonatlng agent. The experimental procedure 
used for obtaining each compound is given in the pages which 
follow. A summary of the various reaction systems investigated 
which did not yield the desired compounds is given in Table II. 

Thionatlons using sodium hydrosulfide were success- 
ful In the preparation of 2,3-dimeroaptopropyl urethane; 2,3- 
dlmercaptopropylureaf 3^-dimercaptobutanol; and 2,3-dimercap- 
topropyl dlethyl acetal from the corresponding dlbromldes but 
failed in most other cases. When applied to the synthesis of 
dlmercaptoproplonic acid; dimeroaptosucclnic ester; 2,3- 
dlmercaptobutanol; etc., no dithlols were obtained but only 
mixtures which analyzed low in sulfur content. With dibromo- 
propylacetamlde, sodium hydrosulfide in methanol at room 
temperature apparently resulted in good conversion to di- 
mercaptopropyl acetamide.  The crude colorless oil, however, 
on distillation underwent dehydration to a cyclic thloamlde, 
believed to be 2-methyl-5-mercapto-4»dihydrothlazine. Cyclo- 
dehydratlon also complicated the work-up of 3,4-dlmercapto- 
butanol with formation of 3-mercaptotetrahydrothiophene. 

- 4 - 
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Although dlmereaptopropionaldehyde could not be 
expeoted to have a real existence because of reactivity 
of the aldehyde toward the dlthiol group« its dlethyl 
acetal was prepared in 90$ yield and 92J6 purity using the 
sodium hydrosulflde technique. Upon standing at room 
temperature the acetal group reacted with the dlthiol 
function, to form a polymercaptsi# liberating ethyl alcoholi 
for this reason It was not considered advisable to submit 
this compound for testing« The sulfur analog of this acetal 
(2,3-dlmercaptopropyl dlethyl mercaptal) could not be pre- 
pared by the usual methods because of the instability of the 
intermediate dlbromldei however, reaction of the crude di- 
mercaptoacetal with ethyl meroaptan in the presenoe of 
catalyst yielded, through meroaptan-acetal Interchange, the 
desired compound. Its instability precluded its biologic 
evaluation. 

A method developed earlier involved the conversion 
of the dihallde to a polymeric trlsulfide by reaction with 
sodium trlsulfide, followed by catalytic hydrogenatlon of 
the polymer to the dlthiol. This was successful in yielding 
dlmercaptopropyl ethyl ether and 10,11-dimercaptoundecanolo 
acid* On the other hand, dlthiols were not obtained by 
applying this method to dlohloroproplonlc acid, methyl dl- 
bromoproplonate, methyl 2-chloro-3-acetylmercaptopropionate 
and dlbromosulfolane. 

In only one case has it been possible to use BAL 
as an intermediate in the synthesis of a dlthiol with a new 
functional group. It was found that the hydroxyl group could 
be selectively acylated with certain acid anhydrides to yield 
2,3-dlmercaptopropyl acetate, proplonate and butyrate (see 
Table IX). Phthallo and succinlnc anhydrides, on the other 
hand, only dehydrated BAL to a polymer. 

The monododecyl ether of trithloglycerol had been 
prepared earlier by alkylatlng the trlthlol with the alkyl 
hallde in the presence of alkali. In attempting to extend 
this type of synthesis to include alkylation with ethylene 
chlorohydrln and chloracetlc acid, the sensitivity of the 
trlthlol as well as the products towards alkali resulted in 
low conversions, and the products were not Isolated in pure 
form. 

A new thlonatlon technique which was in certain 
cases applied successfully where other methods failed, was 
the use of thloacetlc acid with pyrldlne as the alkaline 
agent. Dlmercaptoproplonlc acid was obtained from methyl 
2-chloroacrylate by adding thloacetlc acid to the double 

- 5 - 
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bond and replacing the chlorine atom with thloacetlc acid 
In pyrldlne.  The resulting trlester was hydrolyzed In stages 
to methyl dlmercaptoproplonete and the free acid. This 
thlonatlng agent was also used to obtain 3,4-dlraercapto- 
tetrahydrothlophene-1-dloxlde from the dlbromlde obtained 
from butadiene cyclic sulfone. 

Other syntheses were tried In which the unsaturated 
compound was subjected to thlonatlon directly. For example, 
ethanedlthlol was obtained previously by sulfurlzlng ethylene 
and hydrogenatlng the resulting product. This method starting 
with undecylenlc add/ gave, however, only a monomercapto 
compound. Sulfurlzatlon and subsequent hydrogenatlon of 
olelc acid yielded a product that analyzed for 7^$ dlmercapto- 
stearlc add but further purification by means of molecular 
distillation did not seem warranted because of extensive 
decomposition. 

Thlocyanogen did not add to methyl acrylate nor 
could thloacetlc acid be added to butmedlol. A scheme for 
obtaining aromatic ortho-dlthlols was explored briefly. 
Dlphenyl dlsulflde was sulfurlzed with sulfur monochlorlde 
and the resulting produot catalytlcally hydrogenated. The 
dlthlol obtained proved to be the para-benzene-dlthlol. 
Starting with dl-p-tolyl dlsulflde, no dlthlol was obtained. 
A 8ample of crude d-glucoaone supplied by Or. Wolfram of 
Ohio State University was hydrogenated In the presence of 
hydrogen sulflde In the hope of obtaining 1,2-dlthlohexanehexol. 
This new technique has been generally successful as a means 
of obtaining thlols from aldehydes and ketones. The syrupy 
product rich In meroapto sulfur was submitted for evaluation, 
but there was no assurance that the desired dlthlol was present. 

Interesting compounds were obtained by modification 
of BAL and a number of Its analogs through formation of 
derivatives by reaction of the mercapto groups with various 
reagents. These derivatives were of two types, The first were 
stable mercaptals and mer?aptols prepared from aldehydes and 
ketones and the dlthlol« Therapeutic results Indicated that 
the active function, thus covered, was not available for 
reaction with the L-complex In the coratamlnated tissue. Use 
ofthe -reaction was therefore limited to stabilizing the labile 
dlthlol structure while other synthetic operations, ordinarily 
too drastic, were performed as an attempted route to new 
dlthlols. These reactions end attempted liberation of the 
new dlthlol are described below. The glucose mercaptal of 
BAL was of Interest In connection with the separation bf BAL 
Into Its optloal Isomers, a problem Investigated elsewhere, 
A second, easily reversible, modification of BAL was pre- 

- 6 - 
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pared, after the method first proposed by Dr. Kharasch of 
the University of Chicago, from the dithiol and one or two 
equivalents of formaldehyde and amine. These compositions 
were water soluble and the dithiol structure was available 
for reaction; however, the  aminomethyl compounds were 
not stable. A more satisfactory derivative was obtained 
from HAL (or analogs) if an amide was substituted for the 
amlnef thus, the bis-s-amidomethyl thioethers of BAL were 
water soluble liquids stable in dilute aqueous solution. 
When dissolved in non-aqueous solvents, they exhibited no 
properties of thiols, but when diluted with water the thiol 
sulfur was available as indicated by complete titration 
with iodine. Samples of diethanolamine and methylglucamine 
salts of BAL were also submitted when it was found that 
these compounds were sufficiently stable to bring BAL into 
aqueous solution. 

As reported previously, an interesting by-product 
encountered in BAL synthesis is dithioglycidol. This com- 
pound offered the possibility of preparing various dlthiols 
by addition reactions involving opening of the cyclic sul- 
flde ring: 

HSCHs-CH-CHs + H3N ^_j^> __^ HSCH2-CH-CHg-N <^~^> 

S SH 

The chief difficulty with this scheme is the rapidity with 
which dithioglycidol polymerizes especially under alkaline 
conditions.  In view of the known behavior of  ethylene sul- 
flde and some preliminary experiments with dithioglycidol 
the reactants were heated at 100-lj50°C. in sealed tubes. 
These experiments are summarized in Table III. 

Of the various compounds tried, only aniline gave 
a monomerIc dithiol, the main reaction with most candidates 
being polymerization of the dithioglycidol or interpolymer- 
ization with the other reactant. The N-phenylaminopro- 
panedithlol obtained in good yield from aniline was isolated 
as the crystalline hydrochloride.  This product should have 
the vicinal dithiol structure illustrated above by analogy 
with the reactions of unsymraetrteal ethylene oxides, but no 
proof of this assumption is at hand. 

Aliphatic amines reacted like alkalies toward 
dithioglycidol, causing immediate and violent polymerization 
at room temperature. Though attempts were made to temper 
the reaction by dilution in an inert solvent at sub-zero 
temperatures, the course of the reaction was not changed. 

- 7 - 
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Amlno-benzolc end sulfonlc acids did not condense,  and 
sludges of polymer containing unchanged acid vere obtained* 
Aliphatic amino-aclds and their sodium salts either did 
not react» or produced rubbery polymers (see glycine, Table 
III)* The amlnophenols gave Insoluble gums from which no 
mereapto-contalning compound could be extracted with acid. 
The substituted ureas vere interesting in that they pro- 
duced interpolymers ranging from a soft rubber (dimethyl- 
urea) to a hard» glassy material (dimethylolurea, Table III)* 
Sodium bisulfite reacted with dlthloglycldol and gave a 
solid lnterpolymer. This brittle» chalky product was not 
softened by organic solvents and after standing a week under 
ooncentrated hydrochlorio acid was unchanged» though' a feint 
odor of sulfur dioxide could be detected. 

Anticipating that the amide function would Impart 
desirable solubility characteristics to the dlthlol structure» 
considerable attention was given to the synthesis of the 
lowest member of the series» 2,2-dimercaptoproplonamlde. 
None of the attempts were successful (Table IV). A number 
of experiments which Involved theammonolysls of the available 
methyl ester with both aqueous and alcoholic ammonia yielded 
polymeric materials from which it was possible to isolate 
a crystalline composition, probably a triraer» containing 
one sulfur (nontitratable) for each acrylamlde unit. This 
would seem to Indicate that either dehydrohalogenatlon or 
dehydrosulfurlzation followed by addition had occurred. 
Reaction of methyl 2,2-dlmercaptoproplonate with liquid 
ammonia in a steel vessel gave only tarry products. Pro- 
tection of the mercapto groups by formation of the acetone 
mercaptolof the methyl ester, namely, 2,3-diraethyl-J-carbo- 
methoxydithlolane, permitted the smooth conversion to the 
corresponding amide with alcoholic ammonia. In addition, the 
same carbonamldodlthlolane was formed from the acetone 
derivative of 2,3-dimercaptoproplonlc acid by heating with 
urea; however» attempts to liberate the desired amide from 
the dlthlolane by a variety of methods which are described 
elsewhere in this report» failed» and this route had to 
be abandoned. 

Attempts to affix the mercapto groups as the last 
step in the synthesis, as in the thionatlon of dibromopro- 
pionamide with thloacetic acid in pyridlne resulted in de- 
hydrohalogenatlon that yielded only oils hydrolyzable to 
a fraction of the theoretical thiol value. In order to 
avoid the alkaline reagent which was assumed to be causing 
the dehydrohalogenatlon, a mixture of potassium thiolacetate 
and thloacetic acid was used» but reductive cleavage occurred 
with isolation of J-acetylthioproplonamlde. Details of the 
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reaction end analysis of the product are described In 
Table IV. Another line of attack Involved the selective 
dehydrobromlnatlon of dlbromopror J.onaralde to yield 2-bromo** 
acrylamide to which It was Interred to add thloacetlc acid; 
the resulting 2-bromo-'?-thloiaifci axyan'lde would then be 
converted to the dlthlolacetcxy derivative by the reaction 
of the halogen with thloacetlc acid In pyrldlne In the usual 
manner* The route to the flrst°st*pesynthesls, the selective 
dehydrohalogenatlon, could not be effected with pyrldlne, 
dlmethylanlllne and heat. Removal of the hydrobromlc acid 
with sodium acetate In methyl alcohol gave a product different 
from starting materials in one small scale run, but repetition 
on a usable scale gave only polymeric materials, Indicating 
at any rate, that the double bond had been produced. A 
similar attack Involved the addition of thloacetlc acid to 
bromoacrylonltrlle, prepared by the dehydrohalogenatlon of 
dlbromoproplonltrlle; to which It was Intended to apply the 
thloacetlc-pyrldlne thlonatlon followed by hydrolysis to the 
desired amide. However, the addition of thloacetlc acid 
could not be controlled and tarry, polymeric products were 
obtained. 

Dlmercaptoproplonlc acid was used as a starting 
material In a number of experiments, the first of which 
involved heating the acid with urea. Evolution of hydrogen 
Sulfide, ammonia and water vapor was detected and a hard, 
water-soluble mass remained which contained no thlol sulfur. 
An alternate method using the acid as starting material 
Involved, as the first step, oxidation of the sodium salt 
of dlmercaptoproplonlc acid to a polymeric disulflde. Con- 
version of this polyaold to the acid, chloride was effected 
by means of thlonyl chloride and then ammonia was added to 
form what was presumed to be the polymeric amide. Chemical 
reduction to a dlmercapto compound was attempted on this 
material but only acidic mercapto materials could be found 
In the reaction mixture, which Indicated that hydrolysis 
occurred In the reduction step.  The fact that any thlol 
sulfur could be regenerated from this oxidized form turned 
attention to the variation of the reaction. Oxidation of 
methyl dlmercaptopropionate tothe corresponding disulflde 
polymer was effected with hydrogen peroxide using potassium 
Iodide as the catalyst. AraraonolysIs of the ester group gave a 
product analyzing for a polymeric amide. However, hydrogen«- " 
ation of this polymer over cobalt sulflde catalyst was 
unsuccessful and the experiment was not repeated. A thlo- 
antlmonlte polymer was formed by trlturatlon of antimony 
oxide with methyl 2,3-dlmeroaptoproplonate, However, when 
this metallo-organlc polymer was dissolved In alcohol and 
treated with ammonia, antimony sulflde separated and the next 
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step, removal of antimony with hydrogen sulfide, was not 
carried out. 

An attempt was made to effect the controlled 
dehydration of arr.onlum dlmercaptoproplonate with sulfurlo 
acid to the corrsapending amide, but only polymeric materials 
resulted. 

A limiting factor in many of the projected syntheses 
was the lnbtlii v of fu&cticne.l «roupa and activated mercapto 
groups under 'C>..>-J   -.oxxcii + lcr.v  of in Legation.-  Thus., the basic 
gro^i'' c-r  dilvroraopro^yla'atxe was apparently rydrcsulfurized 
during thleratioa to ■j.'r.s nis reap tan ar.d hhe r.rlT,rlcl was the 
main product obta'.oer'ij as;ai:j. .'.r. prfepfa.rat.iorjs designed to 
produce dlmercfiptiOprcpio.ruijrl-ie the r.iersapto group or its 
precursor was romevod nrA  only a monothiol was obtained. 
If , however., a readily available dlthlol could be reverslbly 
protected during f'.'jT35uoct reactions designed to affix a 
desirable functional group,a great number of otherwise un- 
obtainable analogs would be made available. 

Since the raercaptals and mercaptols of 6AL and its 
analogs were most easily made and met the requirements of 
stability in ordinary chemical reactions, considerable atten- 
tion was given to the lnterconversion and eventual liberation 
of the converted dlthiols. In this series 2-phenyl-3-hydroxy 
methyl-l,3-dlthiolane, prepared from benzaldehyde and BAL, 
was used as a test compound in a number of regenerations. 
Removal of the benzal function was never realized howeveri 
hydrogenatlon of this mercaptal yielded 25$ of benzyl raer- 
captan as the only thlol that could be isolated, indicating 
that cleavage had occurred at the wrong C-S bond.  In an 
attempt to influence the point of cleavage, the ortho- 
sulfobenzaldehyde derivative was used, but very little 
hydrogen was absorbed and no dlthlol was isolated. Attempted 
preparation of the acetophenone and benzophenone mercaptals 
of BAL which might be expected to cleave at the desired 
point, failed} standard synthesis of the latter was supple- 
mented by a preparation through benzop h^none dlchloride and 
BAL in pyridine or alcoholic potassium hydroxide, but only 
a complex, uncrystalllzable mixture was obtained in which 
thiobenzophenone was recognized, indicating decomposition. 
Because of the ease of preparation and some early success 
in removal of the covering group, the acetone mercaptols 
(2,2-dlmethyldlthlolanes) of various dlthiols were prepared. 
Their preparation and reactions are outlined in Table V. 
Cleavage of the C-S bond in these dithlolanes was effected 
using mercuric chloride in acetone or alcohol. Upon treat- 
ment with hydrogen sulfide, mercuric sulfide and the dlthlol 
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was formed. In the best experiment using BAL as the dlthiol 
component of the dlthlolane, 65%  of BAL (Identified by 
tltratlon) vas recovered. However/ when the method was 
applied to other compounds, for example« the acetone-di- 
mercaptoproplonamlde and acetone-dimercaptopropyldlethylamlne 
only a fraction of the theoretical thlol sulfur was liberated 
and no pure product was ever isolated. In other experiments, 
attempts were made to disturb the acetone-dithiol equilibrium 
to such an extent that the latter could be Isolated. Thus, 
an excess of 2,^-dlnltrophenylhydrazlne was reacted with 
the acetone-mercaptol of BAL in the presence of a catalyst 
with slight formation of thlol sulfur; however, a dlthiol 
could not be isolated. In this same category was a mercaptol- 
ketal Interchange which Involved heating acetone-BAL In an 
excess of ethylene glycol In the presence of a catalyst. 
In the event of Interchange, dimethyl dloxalane and BAL would 
be the products, the dloxalane boiling lower than any other 
constituent In the mixture and by Its removal the equilibrium 
In the direction of the dlthiol would be favored. When the 
acetone derivative of BAL was used In this system an<- oil 
was  . obtained which contained but 7$ mercapto sulfur; 
the acetone derivative of dlmercaptoproplonamlde was re- 
covered unchanged after 7 hours reflux. 

As with the benzal derivative, no hydrogenatlon 
could be demonstrated with the acetone derivative of BAL using 
palladium on charcoal as a catalyst; when the hydrogenatlon 
was carried out In the presence of water and a trace of 
acid In the hope of Inducing dissociation to BAL and acetone 
there was no hydrogen up-take and the starting material was 
recovered unchanged. Other covered derivatives of dlthiol 
Included the S-amldomethyl thloethers prepared by reacting 
methylolacetamide or methylol benzamlde with BAL. In general, 
these derivatives were too unstable for lnterconverslon to 
other functional compounds. 0,0-diethyl chloromethyl 
ethylene-S-bls-thlocarbonate, prepared In good yield from 
two moles of ethyl chloroformste and one of dimercapto- 
propyi chloride, was found to be very stable in acid solution 
but rapidly hydrolyzed In basic medium, thereby making It 
unsuitable for many of the conversions to other functional 
groups which required alkali as the driving force. Other 
covering attempts including the dlsulflde polymer and 
polythioantlmonlte formation are described in the section on 
dlmercaptoproplonamlde• 
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EXPERIMENTAL PART 

2,3-Dlmercaptopropyl Acetate 

CH2SH'CHSH'CH20H 
Ac0Ac } CH2SH'CHSH»CHa0.C0'CH3 

Two drops of concentrated H2SO4 were added to 100 g. 
of BAL which was stirred and maintained at 20-30° by cooling 
while 87 g. of acetic anhydride was added drop-wise. The 
mixture was then heated to 60° and cooled. The crude pro- 
duct was washed with 3 portions of 250 cc. of water each, 
ether being used to break the emulsion. The ether solution 
was dried over sodium bicarbonate and calcium sulfate and 
distilled at 0.2 - 0.3 mm. (bath 125-137°). 94 g* of colorless 
oil containing 40 percent mercapto. sulfur was obtained. 
This appeared to be principally the acetate mixed with some 
unchanged BAL. The product was then fractionated through 
a 20 Inch packed column at 1.0 - 1.5 mm. (bath 155-l6o°; 
and the distillate, boiling range8o-90°, was collected in 
5 equal fractions. The mercapto sulfur content of these 
fractions indicated the purity of each to be respectively 
83, 91, 94, 96  and 97 percent, assuming the contaminant 
to be BAL. 

This acetate is a colorless mobile liquid with 
a sharp penetrating odor.  It is soluble to the extent of 
about 1 g. in 100 g. water and hydrolyzes rapidly in water 
as the following pH measurements on a 0.5^ solution indicate: 

PH 

Time 
(hrs.) 

4.5  4.0  3.0  2.0  1.5  1.3   1.2   1.1 

0    1.0  1.25 1.75 2.25 2.75 3.25 3.75 

The properties and analyses are given in Table IX* 

In precisely the same manner, using the approplate 
acid anhydrides, 2,3-dlmercaptopropyl propionate and butyrate 
were synthesized.  The properties and analyses of these homo- 
Jogs are summarized in Table IX* 

2,3-Dlmercaptoproplonlc Acid 

This acid was prepared by the following series 
of reactions: 
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CH2«C-C-OCH3 
i 

Cl 

HSAc           ß                 HSAc 
 i  CH8-CH-C-OCH3    

SAc Cl pyrldlne 

^0 
CH2-CH-C-OCH3 
1  1 

SAc SAc 

1$ HC1 

In MeOH 

^0 
CHa-CH-C-0CH3 

SH SH 

1%  HC1 

aqueous 

CHg-CH-C-OH 
1   1 

SH SH 

Methyl 3-Thlolacetoxy-2-chlorqproplonate 

This compound was prepared by the addition of 
thloacetic acid (5$ excess) to methyl 2-chloroacrylate. 
The reactants were mixed and the moderately exothermic reaction 
was controlled by external cooling» After 2 to 3 hrs., the 
reaction had subsided and the mixture was maintained at 
60° for 2k  hours and then distilled at reduced pressure. The 
product boiled at 89-00/2.5 mm.j N£2 «» 1.4898.  The yield 
was 84$. P 

Methyl 2,3-Dlmercaptopropionate 

To a rapidly stirred solution of 300 g. methyl 
3-thlolacetoxy-2-chloroproplonate in 300 g. of pyrldlne was 
added, over a period of 6 hours, 140 g. (10$ excess) of 
thloacetic acid. The temperature of the mixture rose to a 
maximum of kQ*  during the addition and pyrldlne hydrobromlde 
precipitated after about one-fifth of the acid had been run 
In. After stirring overnight, the slurry was heated to 50° 
for 1 hour* Removal of excess pyrldlne was accomplished by 
the dropwlse addition of 150 cc of concentrated hydrochloric 
acid to the solution cooled to -15° to -5a. Stirring, If 
hindered by the salt deposited, could be facilitated by the 
addition of 50 to 100 cc. of water. The oil was removed by 
three extractions with 200 cc. portions of ether and the com- 
bined ether extracts washed once with 10$ HC1 and twice with 
water. After drying over Na2S04, the ether was removed by 
distillation leaving 354 g« (theory, 344 g.) of brownish-red 
oil. This intermediate methyl 2,3-dlthlolacetoxyproplonate 
could be Isolated or subjected to methanolysls directly to 
yield the dlmercapto ester. 
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In the latter case, the crude triester was 
dissolved in 1500 cc. of Ifi  methanollc HC1 and refluxes 
for 4 hours. At the end of this time the thiol content 
had risen to 90# of theory and additional heating did not 
materially increase this value. 

The product was separated from the methanol and 
polymeric material by a primary distillation.  The crude 
distillate was then fractionated through a ring-packed 
column to yield 116 g. (50$) of methyl dlraercaptopropionate, 
boiling point 52-54°/0.5 mm. 

3(H) 
\%, H » 5.435*, V 
S(H) and Total " 

Analysis:    S(H) =» 42.0#,  Total S « 
Cl » Trace, C - 32.44$, H » 5.43J&, N^5 
Calc.  for C4H80i>S$: 
H - 506$6. 

42.05* 41.79#, 
I.5251, dp » I.2509. 
42.10jfe,      C « 31.6^, 

Methyl 2f3-Plthlolacetoxyproplonate 

In a run similar to that described above,  about 
one-half of the crude oil was removed and distilled through 
a small vigrtux column.    One hundred and thirty two grams 
of product,  distilling at 112-114°/°»5 mm.,  was  collected. 

Calc.  for C8Hl20^S2s    C,  40.65^1 H,   5.12#|  S,  27.11$ 

Pound:    C,  40.97,  41.09J&J H,  5.25,  5.26j5j S,  27.88, 
27.63^. 

2,3-Dlmercaptoproplonlc Acid 

The acid was prepared by hydrolysis of 59 g. of 
the methyl ester in 650 cc. of 1%  aqueous HC1.  The mixture 
was refluxed for 8 hours or 4 hours after the disappearance 
of the oily layer. Isolation  was best accomplished by 
extraction of the aqueous solution with ether until the thiol 
content of the former was decreased to less than 1%  of its 
original value. 

The ether extract, after drying over CaSO.*, was 
distilled under reduced pressure and the residual solid 
dissolved In 60 cc. of hot chloroform. From this solvent 
the dimercaptoproplonic acid crystallized In large, brittle, 
transparent crystals, melting point 73.5-74.5°C. Yield 
44 g. (83$). The melting point could be raised slightly 
by recrystalllzation from water. 
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Calc. for C-3HfiOpS2: C, 26.07#J H, 4,J>Q%;  S, 46.40$«;; 
S(H), 46.40^5? N.E., J 138.2. 

Found: C, 25.95#j H, 4.73#j 5, 45,73#> 5(H), 46.0#; 
N.E., 139.1. 

2,3-Dimercaptopropyl Gluooslde 

CHa-CH-CHs 
I   1    \ 
Hr Br    OH 

\j 1 
•       KSAc 

(CH0Ac)3 !  v 1      0   * 
CH —* 
t 

CHaOAo 

CH2—CH-CH2 
•  •    \ 
SAc SAc    OH 

Qnni 1   ■itiilw 
1       I Ba(0CH3)a 
(CH0Ac)4 0  v 

1      ,   * 

CH- 
1 

CH, OAc 

CH3-CH-CH2 
'   »    \ 
s s 

V 
(CH0H)3  I 

1      0 
CH   ■ ** 
1 

CHs0H 

The preparation of the intermediates for this 
synthesis has been described by Fischer« Z. Fhysiol. Chemie, 
108, 3 (1919), 2,3,4,6-Tetraacetyl allyl-^-glucoside was 
prepared frombr-.v.oacetylglucose and allyl alcohol in the 
presence of silver carbonate. White needles from dilute 
alcohol, melting at 89-90°were obtained in 55-65 percent 
yield. The dibromide, prepared by directions given by the 
same author, was obtained in 80-90 percent yield, m.p. 
91-92°. 

Seventy five grams (0.14 mole) of tetraacetyl 
dibromopropyl glucoslde, 38 g. (0.33 mole) of potassium 
thioacetate tnd 325 cc. of absolute alcohol were refluxed 
for 5-6 hours on a steam bath. During the early stages of 
the reaction the solution turned yellow and salt was pre- 
cipitated; hydrogen sulfide was detected in the off-gases* 
After cooling, the solution was poured into 1000 cc. of water 
and the oil extracted three times with ether* the ether 
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extracts being combined, washed once with water and dried 
over CaS04 and NaaS04.  The ether was distilled and last 
traces of solvent removed by warming the flask to 50°C. 
In vacuo. Eighty eight grams of a yellow oil, presumably 
the hexacetate of BAL glucoslde, remained. 

This oil was taken up In 80 cc. of methanol and 
cooled to -10°. While stirred In a atmosphere of nitrogen, 
0.17 mole of barium methoxlde In 3 00 cc. of methanol was 
added dropwlse over a period of 30 minutes and the slurry 
allowed to stand 15 minutes more. Barium methoxlde was 
prepared by solution of either BaO or barium metal In 
methanol; It was usually necessary to filter the solution 
before use. The barium salt was filtered, washed with 
methanol and dried In a nitrogen-filled vacuum desiccator. 
The yield was 6H  g., slightly above theory. 

Anal. Calcd. for CoHj^OgSgBa: Ba, 32.58 %,  S, 15-2l£ 

Pound» Ba, 30.64, 30.65#j S, 12.09, 11.90#J 
S(H), 11.556J Br, trace. 

Repetition of this synthesis a number of times 
gave essentially the same product and the results of the 
British, who obtained a salt with high sulfur and metal 
content (16.8$ and 33.4$ respectively) were never duplicated. 
Carbon, hydrogen analyses were difficult to check, although 
the former were consistently 2-3# low. 

If a sample of the barium salt was titrated 
immediately after preparation first with standard acid and 
then with iodine, values could be obtained which very nearly 
approximatedthe regular barium and sulfur analyses. However, 
upon standing for several weeks at room temperatures, the 
dry salt apparently underwent some change for only about 
60$ of the original tltratlon was obtained with acid, in- 
dicating that a part of the mercaptlde linkage had been 
changed to a more stable structure»  The thiol analysis 
with standard iodine was also reduced a similar amount, 
although the end point would fade after the Initial rapid 
tltratlon and eventually a thiol sulfur value higher than 
originally obtained would result. A plausible explanation 
of this phenomenon would be that a reaction had taken place 
In the dry state with partial formation of BaS and, pre- 
sumably, a mono- or dlsulflde Involving the glucoslde units. 
In this form, the barium does not titrate, at least Imme- 
diately, with dilute acid, but upon standing the BaS Is 
converted to the hallde with liberation of hydrogen sulflde. 
The sulflde Ion, requiring two equivalents of Iodine as 
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compared with one for the mercapto group, would account for 
the high, though tardy, "thlol1 value. 

Although the potassium thloacetate could be pre- 
pared In solution and used as such, best results attended 
Its Isolation and purification prior to use.  This was done 
as follows: 76 g. (1.0 mole) of thloacetlc acid was dissolved 
In 100 cc. of methanol and cooled to -10°. To this rapidly 
stirred solution was added slowly 0.95 mole of KOH as a con- 
centrated (30-46$)methanolIc solution, the temperature being 
kept below 0° with proper cooling. While stirring was main- 
tained, 500 cc. of ice-cold ether was added, the salt separ v 
rating as fine needles which were filtered and washed with 
ether. Repreclpltatlon from methanol solution with ether 
served to purify the salt} the yield of potassium thloacetate 
prepared In this manner was usually 50-60$. 

Dlmercaptopropyl äthvl ather 

Sodium trlsulflde was prepared by warming 252 g. 
(1.05 moles) of NaaS-9H20, 69 g. (2.1 atoms) of sulfur and 
100 cc. of HaO at 50* until all the sulfur had gone Into 
solution. Magnesium hydroxide, to be used as a dispersing 
agent, was prepared In situ by adding 12 g. of NaQH and a 
solution of 30.6 g. of MgCl-s6H20 In JO cc. Ha0 to the rapidly 
stirred mixture. Two hundred and forty six grams (1 mole) 
of dlbromopropyl ether was added dropwlse to the stirred 
solution maintained at 50", the addition requiring about 
4 hours. After all the dlbromlde had been added, the brown 
gummy suspension was digested with stirring at 65-75® for 
7 hours.  The paste was then filtered off and washed on a 
Büchner funnel until the washings were clear; the polymer 
was then superficially dried In a vacuum desiccator overnight. 

The 230 g, of sticky polymer was divided Into 2 por- 
tions and hydrogenated at 125* In 1?0 cc. of dloxane over 
10 g. of cobalt trlsulflde catalyst.  The suspended catalyst 
was filtered off and the hydrogen sulftde blown out of the 
solution In a stream of nitrogen.  The solution analyzed for 
79$ of theoretical mercapto sulfur content assuming only 
dlmercaptopropyl ethyl ether to be present.  The dloxane 
was removed by distillation at 80 mm. pressure) a low boiling 
thlol which co-distilled with the solvent was not Identified. 
The dlmercapto-ether, distilled at 51ö-.J>2.5*at 1 mm. The 
analysis Is given In Table VIII* 
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2,3-Dlmercaptopropyl Methyl Ether 

Allyl methyl ether, prepared from sodium methoxlde 
and allyl bromide, was broralnated In 83.5%  yield to give 
a product distilling at Jl"/ll  mm. One hundred and ninety 
three grams of polymer was prepared from 232 g. of this 
dlbromlde using the directions for the ethyl homolog as 
described above. Hydrogenatlon of the polymer yielded 
56 g. of product distilling at 63°/5»5 mm.  The analysis 
and properties of dlraercaptopropyl methyl ether are out- 
lined In Table VIII. 

2,3-Dlmercaptopropyl Isopropyl Ether 

A trlsulflde polymer was prepared from 210 g. of 
NasS«9H20, 55 g« of sulfur, 60 cc. of H2O and 200 g. of 
dlbromopropyl Isopropyl ether (b.p. 630/ 2.8 mm.). By 
the usual work-up there was obtained 67 g. of product 
analyzing for ?4.2# mercapto sulfur (theory, 38.56^). Dis- 
tillation through a precision still was not sufficient to 
purify this product, presumably because of the presence of 
unreacted dlbromlde which would be expected to codlstlll 
with the dlthlol. Consequently, the crude product was 
taken up In 150 cc. of 40^ NaOH and the neutral Impurities 
extracted from the sodium mercaptlde thus formed, with ether. 
Liberation of the dlthlol was accomplished by acidification 
followed by extraction} all operations were conducted under 
nitrogen to prevent loss due to oxidation. Distillation of 
purified product yielded 37 g« of dlthlol distilling at 
75-76"/5»5 nim. The analyses and other properties are 
recorded In Table VIII. 

2f3-Dlmercaptopropyl Butyl Ether 

The previous directions were modified slightly 
In this preparation because of the lower reactivity of the 
dlbromopropyl butyl ether. Two hundred and sixty grams 
(1.1 moles; of Na2S'9H80 and 68 g. (2.1 atoms) of sulfur 
were melted together by stirring at 508. To this stirred 
solution was added 275 g. (1 mole) of dlbromopropyl butyl 
ether (b.p. 66°/5 mm.) In 250 cc. of methanol over a period 
of 5 hours, the temperature being maintained at 50 The 
digestion was prolonged for 18 hours at 70-75*. The tacky 
polymer was washed by trlturatlon with water and then with 
methanol. 
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One half of the superficially dried polymer was 
hydrogenated In 100 cc. of dloxane at 125° over 10 g. of 
cobalt trlsulflde catalyst.  The dloxane was removed, after 
filtration of the catalyst, at 60 mm. pressure and the product 
was distilled at 6l.5°/0.35 mm. Purification of the product 
was complicated by the presence of a co-dlstllllng thlol 
recognized by a high mercapto sulfur analysis. The properties 
of the best fraction are described in Table VIII. 

Sulfurlzatlon of Dlphenyl Dlsulflde 

55 g« of dlphenyl dlsulflde was melted on a steam 
bath and stirred at 80* while 34 g. of SaCl2 was added. 
After the addition of the first part of the SaCl2, no HC1 
was evolved, so a fraction of a gram of ferric chloride 
was added as a catalyst. This brought about rapid evolution 
of HC1. When the mixture thickened, benzene was added. 
After 2 hours the evolution of HC1 ceased, the total amount 
evolved being 80 percent of the theoretical. The mixture 
was hydrogenated at 125° using a cobalt sulfide catalyst. 
On working up the hydrogenated mixture, there was obtained, 
in addition to thlophenol and non-volatile resin, approxi- 
mately 15 g. of Impure p-dimercaptobenzene, melting point 
80-90*, containing 40$ S(H).  (Calculated for C6H6S2* S(H) * 
45.0#). Reported melting point ■ 98*C. 

The same procedure starting with di-p-tolyl 
dlsulflde yielded no dlthiol. 

N-Dlbromopropylacetamlde 

For preparing this compound the work of Bergmann 
(ßer. 5jf, 2159 (1921)) was followed in bromlnating allyl- 
acetamlde. Working on a much larger scale a yield of only 
11$ of theoretical was obtained as compared with the 47 percent 
yield reported. The principal by-product was a crystalline 
amlne hydrobromide melting at II5-6-, apparently 3-bromo-2- 
hydroxypropylaralne hydrobromide,the hydrolysis product of the 
3-bromo-2-acetoxypropylamine hydrobromide obtained by Bergmann. 

Anal. Pound: N, 6.14, 6.05$j Br, 67.66, 67.86$. 

Calcd. for C^ONBrg« N, 5.96$» Br, 68.1$. 

Reaction of Dlbromopropylacetamlde with Sodium Hydrosulflde. 

Seven grams of sodium was dissolved in 75 cc. of 
methanol, the solution cooled to 0° and saturated with H-pS. 
26 g. of dlbromopropylacetamlde was added to the cooled so- 
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lutlon, the pressure bottle stoppered and allowed to warm 
slowly. When the temperature rose to 12" salt began to 
separate out. After standing for 2 days, tltratlon of a 
aliquot for alkali and thlol Indicated that reaction was 
substantially complete.  The mixture was cooled In Ice, 
acidified with concentrated hydrochloric acid, and the 
methanol removed by distillation at reduced pressure. The 
residue of oil and salt was extracted with chloroform and 
after drying the chloroform was removed from the product by 
distillation at reduced pressure. The colorless oily re- 
sidue was water soluble and rich In mercapto groups. It 
was distilled at 0,3-0.5 mm. The distillate, 6 g., was 
relatively Insoluble In water, but soluble In alkali and 
dilute acid. 

Anal. Found: 
N, 9-59, 9-73#. 

S, 41.05, 40.82J6; S(H), 20.4#; 

Calc. for C5H9NS: S, M.5%i  S(H), 21.7; N, 9-53#. 

Apparently on distillation the desired product, 
dlmercaptopropylacetamlde, underwent cyclodehydratlon to 
form either 2-methyl-5-mercaptomethylthlazollne, or 2- 
raethyl-5-mercaptodlhydrothlazlne.  The stability of this 
product toward mineral acids favors the latter structure. 

10,11-Dlmercaptoundecanolc acid 

To a prepared sodium trlsulflde solution (90 g. 
Na2S-9H20, 23 g. S In 150 ccf H?0) at 50° was added a solution 
of sodium 10,11-dlbromoundecanoate prepared from 120 g. of 
10,11-dlbroraoundecanolc acid and 1H  g, of sodium hydroxide 
in 100 oc. water.  The reaction was maintained at 50° during 
the two hours required for addition of sodium salt and was 
then raised to 60 for 6 hours. After cooling concentrated 
HC1 was added dropwlse until the solution was distinctly 
acid and the soft polymer was washed by decantatlon. 

Eighty grams of alr-drled polymer was hydrogenated 
at 125° In 125 cc. dry dloxan, over 15 g. of C0S3 catalyst. 
After removal of the suspended catalyst by filtration, 
dissolved H3S was blown out In a stream of nitrogen.  The 
dark brown solution was placed In a separatory funnel and 
600 cc. of water added which precipitated 82 g. of dark 
oil containing all of the mercapto-acld. Attempts to distill 
this crude mixture were unsuccessful because the high pro- 
portion of high boiling material present necessitated 
excessive pot temperatures.  It was found that fractional 
precipitation with petroleum ether from ethyl ether solutions 
of the crude would remove polymeric material. The proportion 
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of solvents varied with each purification, but, in general, 
for this size experiment 100 cc. of petroleum ether would 
precipitate 16 grams of heavy dark paste from a solution of 
82 g. of crude In 100 cc. ethyl ether.  The mixed ethereal 
solution was then evaporated in a stream of nitrogen and 
this partially purified product was distilled through a short 
still-head under reduced pressure. Forty six g. of distillate 
boiling at 135-l88V'J.2-0.4 ram. and 16 g. of residue were 
obtained. An attempt to fractionate a portion of the 
distillate through a 20" ring-packed column failed owing to 
excessive decomposition, but the small amount of foreshot 
collected at 150-17O°/0«3 mm. contained monoraercaptoundecanoic 
acid, melting-point 42°C. with previous softening; S(H), 
Found 14.3#. Calculated 14.8#. 

Final purification of the dlmercapto acid was 
effected by careful distillation through a short unpacked 
still-head,  the fraction boiling between l66-l67°/0.2 ram. 
being retained.  The yield was 23 grams or 26$ of the 
theoretical. 

Analysis Calcd. for 
N.E., 250.4. 

C11H22°2E2S  5> 25«6#J 

Found:  S, 27.46#; S(H), 25.2#; Br, Trace» N.E., 249. 

N-Phenylamlnopropanedlthlol Hydrochlorlde 

Eighteen and six tenths grams (0.2 mol) of aniline 
and 22.6 g. (0.2 mol + 7%)  of dlthloglycldol were heated in 
a Carius tube for 8 hours at 1308C. At the end of this time 
the contents of the tube were dissolved in ether and the 
unreacted aniline and amlnodlthlol extracted with 10%  HC1. 
The solvent was removed by distillation at reduced pressure 
and the residual cake crystallized from alcohol-ether mixtures. 
Yield 27 g. (57*0; melting point 137-139'C 

N, 5.74#. 

N, 5-94#. 

Analysis: S(H), 27.3#; Total S, 26.6%;  Cl, 15-3%; 

Calculated for CaH^NCl^H), 27.18%;  Cl, 15.08%; 

As the hydrochlorlde, the dlthlol was soluble to 
the extent of 15%  In water at 25*0. but the free base was 
practically Insoluble. 
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3,4-Dlmercaptotetrahydrothlophene-l-dloxlde 

Br Br 
I  ' 
CH—CH HSAc 
i   i 

SAc SAc 
i   i 

CH—CH MeOH 
i   i 

SH SH 
i i 

CH CH 
t i 

CH^e-CHs PyrT*   CHa PH? ""5cT*   OH, CHa 
0  0 0* 0 0«% 

Two hundred seventy eight grams (1.0 mol) of 
3,4-dlbromotetrahydrothlophene-l-dloxlde (from the brominatlon 
of butadiene cyclic sulfone In CC14) was dissolved In 400 g. 
of pyrldlne and cooled to -25°,  To the rapidly stirred 
solution was added 265 g. (3-5 mols) of thloacetlc acid as 
rapidly as compatible with malntalnnnce the temperature be- 
low -15°. After all the acid had been added, the mixture 
was stirred at -10°C. 
additional 14 hrs. 

for 5 hrs. and then at + 5 for an 

At the end of this time the yellow-orange solution, 
containing suspended pyrldlne hydrobroralde, was poured In 
a thin stream Into 350 cc. of cone. HC1 which had been pre- 
ceded to -30°, a heavy tan-colored paste precipitating. 
The paste was washed 5 times with water by decantatlon then 
dried In a vacuum desiccator overnight;  It weighed 165 g. 
after drying. 

The solid was dissolved In 1500 cc. of hot methanol, 
filtered and cooled, 66 g. of brown needles depositing. 
Recrystalllzatlon from 1200 cc. methanol and clarification 
with charcoal produced 48.5 g. (21.5#) of 3>4-dlthlolacetoxy- 
tetrahydrothlophene-1-dloxlde, m,p. 156.5-157.5°C. 

Analysis: S, 35.18#; Br, Trace; C, 35-58#; H, 4.44# 

Calcd. .for C8H12S3O4: S, 35.84#; C, 35.80#; H, 4.51ft 

The dlmercapto sulfone was obtained from the 
dlthlolacetoxy derivative by alcoholysls with \% methanollc 
HC1 for 3 hrs. at 50°C.; 18 ml. of solvent per gram of com- 
pound was the arbitrary dilution used. 3,4-Dimereapto- 
tetrahydrothlophene-1-dloxlde crystallized from the methanol 
upon cooling and was recrystalllzed from chloroform, water, 
methanol or ethanol to yield 31 g- of small, flat plates, 
m.p. 126-28°. 
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Calcd. for CjiHoOoS,: S, 52.19$; S(H), 34.79$; 
C, 26.07$; H, 4.38^.   ö  3 

Found! S, 49.41, 50.06$; S(H), 33.1$; C, 26.36, 
26.46$; H, 4.6l, 4.71$, halogen, trace. 

If the reactLon was run at room temperature rather 
than -10°, dehydrohalogenatlon accompanied replacement of 
bromine and the only product Isolated was 3-thiolacetoxy- 
2,3-dlhydrothlophene-l-dloxlde which could be hydrolyzed 
to the corresponding thlol In the usual manner.  The mono- 
thlolacetoxy derivative was obtained In 30-35$ yield by 
crystallization of the HCl-preclpltated crude from alcohol- 
ether mixtures, m.p. 71-73°. 

Analysis: S, 33-19$; C, 37.6$; H, 4.97$. 

Calcd. for CQHQO^B2
S
    

S
» 53-3$; C, 37.5$; H, 4.19$. 

The position of the double bond at 2,3 Is assumed 
from analogy to known dehydrohalogenatlon reactions of the 
dlbromlde. Further proof of the monothlolacetoxy structure 
was obtained by following the formation of mercapto sulfur 
by Iodine tltratlon during alcoholysls; one S(H; was pro- 
duced per molecule assuming the above formula. 

4-Mercapto-2,3-dlhydrothlophene-l-dloxlde was ob- 
tained as a pale yellow oil upon evaporation of the methanol 
after alcoholysls; It analyzed for 21.9$ S(H) as compared 
with 21.3$ theoretical. 

Thlonatlon of Methyl Dlbromoproplonate and Methyl 2-Chloro- 
3-thlolacetoxyproplonate with NaaS3. 

These reactlonswere carried out In an attempt to 
prepare dlmercaptoproplonlc acid. One hundred twenty three 
grams of the dlbromoester In 200 cc. methanol was added at 
room temperature to a solution of 123 g. Na2S-9H20 and 33 g» 
S In 50 cc. H20 containing Mg(0H)s as the dispersing agent. 
The resulting polymer was hydrogenated at 125 over^CoS3 
catalyst In dloxane. On distillation of the reaction mixture 
12 g. of product was obtained which boiled at 25-6°/l mm., 
49°/8 mm. NJ9 «» 1.4626, Ng5 ■ 1.4605.  This appears to be 
methyl 3-mercaptoproplonalte reported by Drummond & Olbson, 
J.C.S. 1926, 3073 to boll at 54-55Vl4 mm., NjJ9- 14628. 

Anal. Found: S(H), 26.3$; S, 26.46$. 

Calcd. for C^HßOgS: S(H), 26.67$; S, 26.67$ 
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Hydrogenatlon of the trlsulflde dlraer obtained 
from methyl 2-chloro-3-thlolacetoxyproplonate and sodium 
trlsulflde also gave methyl 3-mercaptoproplonate In 28$ 
yield. No other thlol could be Isolated. 

In these reactions It appears that the alpha 
halogen or sulflde group Is reduced off by the thlonatlng 
agent. It Is possible however that the alpha mercapto 
group is lost during hydrogenatlon. 

Dlbromoprop1onaldehyde 

Dlbromoproplonaldehyde was prepared In 89 percent 
yield by the addition of 350 g. (2.19 mols) of bromine to 
124 g. (2.21 mols) of freshly distilled (b.p., 52-53*0.) 
acroleln In 300 cc< of carbon tetrachlorlde at temperatures 
below 0°.  The product, which was distilled directly from 
the reaction mixture (b.p. 45-47*/l»5 mm.), was unstable 
and was used directly for the following preparation. 

Dlbromoproplonaldehyde Diethy1 Acetal 

Dlbromoproplonaldehyde dlethyl acetal, following 
the directions of Orard, Ann. Chem. ^Io7 13_, 37» was obtained 
in 93 percent yield from the aldehyde and orthoformlc ester; 
b.p. 60-630 at 0.4 mm. 

2T3-Dlmeroaptoproplonaldehyde Dlethyl Acetal 

Into a 1-1. stainless steel autoclave was charged 
150 g. of dlbromoproplonaldehyde dlethyl acetal and sodium 
hydrosulflde prepared by dissolving 37 g. of sodium In 500 cc. 
of methanol and saturating the resulting solution with hydrogen 
sulflde at 0". After closure, the vessel was shaken under 
100 lbs. hydrogen sulflde pressure for 48 hours at room 
temperature.  The pale green solution was transferred to a 
2-1. separatory funnel and saturated with carbon dioxide; 
flakes of what Is presumed to be sodium bicarbonate separated 
and eventually the solution set to a pink gel. Addition of 
1000 cc. of water caused the separation of an oil and this 
was extracted with ether In a carbon dioxide atmosphere.  The 
combined ether extracts were washed twice with water contain- 
ing 1/2 cc. of acetic acid to neutralize last traces of 
alkali. After drying over sodium sulfate-calclum sulfate 
under carbon dioxide, the ether was stripped off leaving 
98 g. of a tan colored oil analyzing for 29.9# thlol sulfur 
or a purity of 91»5# assuming only the desired dlthlol to 
be present. 
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Twenty five grama of this residue was distilled 
through a short path still-head at -0.25 ram. from a pot 
held at 110-120°.  Seventeen gramsAdlstillate was collected 
which analyzed for j51.2# thlol sulfur or a purity of 95.4$. 
The viscous residue, 7 g., contained 19.3$ thlol sulfur. 
Attempts to redistill the purified acetal in a precision 
ring-packed still resulted in polymerization with loss of 
all the product. 

S, 32.68J6. 
Anal. Calc. for 0^60282: C, 43.09#; H, 8.1556; 

Pound: C, 43.19, 43.12#i H, 7.94, 8.07#j 
S, 30.74, 31.26J6; S(H), 31.2J6. 

Upon standing at room temperature for about one 
week, distilled and crude samples of this derivative were 
observed to separate into two layers, the lower viscous 
layer eventually (2 months) became opaque and solid. 
No odor of hydrogen sulflde was detected. Distillation of 
4 cc. of the upper layer, which after two weeks contained but 
8$ mercapto sulfur, indicated that it was largely ethanol 
(b.p. 75-79°C, miscible with water, iodoform test, etc). 
The mechanism compatible with these facts would involve 
reaction of ethoxyl of the acetal function with neighboring 
thlol groups to yield a polymercaptal. A completely 
polymerized product would be represented by (i), although 
analysis of a distillation residue indicated a structure 
more nearly represented by (II). 

—        OEt—, 
CHa-CH-CH: 
1   t 

s 
T 

CH2-CH-CH. 
1   1 

S 
1 

(I.) (II.) 

Attempt to Prepare Dlbromoproplonaldehyde Dlethyl Mercaptel 

Two hundred thirty seven grams of dlbromoproplonal- 
dehyde was cooled to 5° In a 500 cc. 3-necked flask equipped 
with thermometer, stlrrer and dropping funnel and 3 drops 
of 48$ hydrobromic acid was added. While stirred, 140 g. of 
eth^'l mercaptan was added dropwise over a period of 3 hours, 
the temperature being maintained below 15° by cooling the 
flask with an ice bath.  After the addition was complete 
the contents were stirred at room temperature an additional 
3 hours.  The mixture was then transferred to a separatory 
funnel, the water layer removed and the product dried over 
sodium sulfate. 
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By the next day the drying product had turned jet 
black and fumes of hydrogen bromide were observed when the 
stopper was removed. An attempt was made to distill 50 g. 
of this residue but the pressure could not be maintained 
when the pot reached 100 and the oil bath was removed. 
After 1 or 2 minutes the contents of the pot began to fume 
and the still-head was blown off before the pressure could 
be relieved. 

Attempt to Thlonate Crude Dlbromoproplonaldehyde Dlethyl 
Mercaptal 

Twenty one grams of dlbromoproplonaldehyde and 
12 g. of ethyl mercaptan were reacted as described above. 
Meanwhile a solution of sodium hydrosulflde was prepared in 
a pressure bottle (7 g. of sodium, 200 cc. of methanol 
saturated with H2S).  To this cooled solution was added 
the superficially dried reaction mixture (above) and after 
saturation with H3S the bottle was capped and placed In 
the cold room for two days. At the end of this time the 
reaction mixture was transferred to a separatory funnel and 
carbon dioxide run in until the usual paste had formed. 
Five hundred cc. of water was added and the clear yellow oil 
whloh separated extracted with ether.  The ethereal solution 
was dried and then distilled, leaving 6 g. of an opaque 
paste which was only partially soluble In alcohol. Analysis 
Indicated but 8 percent thiol sulfur. 

Preparation of Dlmercaptoproplonaldehyde Dlethyl Mercaptal 

Thirty two grams of crude dlmercapto proplonaldehyde 
dlethyl acetal which analyzed for 92 percent of theoretical 
thiol sulfur was mixed with 100 g. of ethyl mercaptan and 
cooled to 30°.  Two drops of hydrochloric acid was added and 
after standing at this low temperature for 1/2 hour the 
reaction was allowed to warm up to 25°. After standing over- 
night the excess ethyl mercaptan was removed by heating the 
mixture in a stream of nitrogen. The residue was washed with 
water twice and then dried over sodium sulfate.  The mercaptal 
was transferred to a small Clalsen flask and distilled at 
0.5 mm. Thirteen grams of viscous pink liquid containing 
suspended water was collected at 70-100°. By shaking with 
a few grains of sodium sulfate the water was removed. 

Anal. Calcd. for C7H16S41 S, 56.I6& S(H), 28.08#' 

Pound: S, 50.14, 4g,73#; S(H), 28.08#. 
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All other attempts to purify thla product further by 
distillation failed. Only polymerized products: were 
obtained. 

Allyl Carblnol 

Into a dry 2-1. nitrogen-filled 3-necked flask 
was placed 73 grams of magnesium, 50 cc. of sodium-dried 
ether and a few drops of allyl bromide. Once the reaction 
had commenced an additional 120 g. (1 mole) of allyl bromide 
in 800 cc. of ether was added dropwlse while the magnesium 
suspension was vigorously stirred. This addition of allyl 
bromide required 2 days and at the end of this time titretlon 
indicated the presence of 0.93 moles of Grlgnard reagent. 

The supernatant solution was transferred by means 
of a filter stick to a dry, nltrogen-fllled 3-necked flask. 
Oaseous formaldehyde, prepared by heating paraformaldehyde 
to 180-190°, was now run Into the cooled solution (0°) and 
stirred until no further test was obtained with Mlchler's 
ketone. The two layers were vigorously stirred while 150 
cc. of saturated ammonium chloride solution was added. The 
ethereal solution of the allyl carblnol was removed and the 
remaining solid washed 3 times with ether. After drying, 
the ether was removed and the product distilled in a small 
short path still. The fraction collected at 103-113°, 42 g., 
was refractlonated in a precision still; 32 g. of allyl 
carblnol (45 percent yield) distilling at 113° was obtained. 

3,4-Dlbromobutanol 

Fifty seven grams of allyl carblnol was bromlnated 
in 150 cc. of chloroform; 125 g. of bromine was absorbed. 
The solvent was removed directly from the reaction mixture 
and the product distilled at 72-74°/4 mm. The yield was 
141 g. or 77 percent of theory. 

3,4-Dlmercaptobutanol 

Into a 1-1. stainless steel autoclave was charged 
120 g. of 3,4-dlbroraobutanol and 500 cc. of sodium hydro- 
sulflde (35 g« of sodium in methanol saturated with H2S). 
The mixture was heated at 40° for 40 hours under 135 lb. 
hydrogen sulflde pressure while Intermittently shaken. After 
discharging, the solution was acidified with 60 cc. of 
concentrated hydrochloric acid and the precipitated salt 
filtered. The clear filtrate was transferred to a short- 
path still and solvent removed under reduced pressure. The 
residue,consisting of an oil and white solid, was shaken 
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with 100 cc. of water end the organic layer removed.  The 
aqueous layer was extracted twice with ether, these extracts 
being combined with the previous extraction. Analysis In- 
dicated the presence of 49 g. (58 percent of theory) of 
dlthlol. After removal of the ether, the residue was dis- 
tilled through a short head at 2.5 mm., 40-50", a material 
co-distilled with water and some of this cut was carried 
Into the cold trap. Another fraction was collected at 
80-100° at 1.5 mm. (50 g.) vhlch, upon redistillation In * 
precision still, b.p. 9o-97°/l ram. (18 g.), analyzed for 
^5»9 percent thlol sulfur or 98.8 percent of theory for 
dlmercaptobutanol. 

H, 7.29$. 
Anal. Calcd. for Cj|H100S2« S, 46.35$; C, 34.73$; 

Found: S, 46.10. 45-86$; S(H) 45.9$; C, 35-15, 
35-35$; H, 7.39, 7-67$. NO - 1.5583. dp = 1.1842. 
Solubility, 4$ In water  D at 25°.    * 

The foreshot and the mate 
dry ice trap during the primary dls 
with water, dried, and redistilled 
The 12 g. main fraction boiling at 
26.2 percent thlol sulfur, as compr. 
for the dehydration product of dime 
no attempt was made to distinguish 
structures, 3-mercaptotetrahydrothl 
expected to be formed rather than 2 
sulflde (II). 

rial collected In the 
tlllatlon was washed 
In a precision still. 
68p/5 ram'  analyzed for 
red with 26.7 percent 
rceptobutanol. Although 
between the two possible 
ophene (1 ) would be 
-(mercaptomethyl) propylene 

HS—CHp—CH^- 
I         I A 
CH 3  CHo 

V   (i) 
HSCH.-CH       CH 

V (II) 

Anal. Calcd. for CJ,HQS2: S, 53-35$; S(H), 26.68$; 
C, 39-95$; H, 6.66$. 

Found:    S,  51-27$;  S(H),  26.2$I  C,  39-92,  40.15$; 
H,  6.76,  6.73$.     dp a 1.1862. 

2,3-Dlmercaptopropyl Urethane  (Ethyl N-(2,3-dlmercsptopropyl)) 
carbaraate 

Allj'l urethane was prepared from allyl amlne and 
chloroformlc ester In aqueous alkali, b.p. 77-78°/9 mm. 
The dlbroralde, described by Bergmann, et. el, Ber. 5_4 2147, 
was obtained in 87 percent yield as a low melting white solid. 
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A 1-1. Parr bomb was charged with 188 g. (O.65 
mole) and a sodium hydrosulflde solution prepared by 
dissolving 46 g. (2 atoms) of sodium In 450 cc. of methonol 
and saturating the resulting alkoxido with H3S at 0°C. 
After pressuring to 100 lbs. with H2S, the vessel was shaken 
for 16 hours at 25°C. and then at 50°C. for two hours.  The 
cooled solution was acidified to congo red paper with Cone. 
HC1 and after filtration of the precipitated salt the solvent 
was distilled In vacuo.  The residue of salt and oil was 
taken up In 200 cc. of water and extracted three times with 
ether. After drying, the ether was removed and the product 
distilled through a 4 inch vlgreux column. Following a 13 g. 
foreshot, 84 g. (65^) of product (S(H) ■ 32.1# as compared 
with 32.85g theory) distilled at 129-131°/l.l mm.; the white, 
opaque residue weighed 26 g.  In one instance a cloudy product 
was obtained and it was washed once with water prior to final 
distillation. 

Distillation of the crude in a precision still gave 
a product with the following properties. 

Anal.    Calcd.  for CfiH-,,09NSo:    C,  36.91$; H,  6.72#; 
S,  32.82#; N,  7.17#.    e    o      ° trf *      , 

Pound:    C, 36.98,  36.89&L H,  7.00,  6.oj#; S,  32.16, 
31.83J6,- S(H), 32d8jg; N, 7-58#.    d?° - 1.1976, d?5 - 1.1924; 
NgO . 1.5290, Njp - 1.5277. H 

2,3-Dlmercaptopropyl Urea 

A sodium hydrosulflde solution, prepared by 
dissolving 41 g. of sodium in 500 cc. of methanol and 
saturating with H?S at 0*, was charged into a one liter 
Parr bomb with I5Ö g. of dlbroraopropyl urea, prepared 
according to the method of Taal and Heupel, Ber. 24, 303- 
The bomb was agitated under a hydrogen sulflde atmosphere 
at 50-75 lb. pressure at room temperature for 50 hours 
then at 50-60 for an additional two hours.  The reaction 
mixture was acidified with 50 cc. of concentrated HC1 and 
the precipitated salt filtered off. After removing the 
solvent under reduced pressure at a bath temperature of 
less than 60° the residue of salt and moist product was 
taken up in 500 cc. of Starr solvent and 300 cc. of water. 
The organic solvent layer titrated for 55 g« of dlthlol, and 
the water layer for 17 g.  The latter was extracted four 
times with a total of 500 cc. of Starr solvent which re- 
duced the thlol content to an equivalent of 2.5 g. of the 
dlthlol In the aqueous layer.  The combined extracts were 
dried over anhydrous calcium sulfate overnight and the 
solvent was then removed at reduced pressure.  The residue 
consisted of a colorless to pale pink viscous syrup and 
weighed 85 g.  It analyzed for 83.5$ pure dlmercaptopropyl 
urea. 
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The Impure oil was shaken under nitrogen with 
8OO-850 cc. of warm distilled water, cooled to room tem- 
perature and allowed to settle.  The cloudy solution was 
decanted from undlasolved oil (18 g.) and shaken with 
20 g. of acid-extracted kleselguhrand filtered by suction. 
The clear filtrate was rapidly stirred while cooled In a 
freezing mixture of dry Ice and methanol until the solution 
solidified.  The solid Ice cake, In which fine crystals of 
product were dispersed, was allowed to warm up to the melting 
point and the crystals were then filtered by suction, dried 
In a desiccator, yielding 36 g. of tiny white flakes analyzing 
for 36.2}t meroaptosulfur or 94jg purity. 

The product was usually submitted In this form 
since further purification of dlmercaptopropyl urea was 
not generally possible although crystallization of small 
amounts was effected In isolated cases. A sample which 
analyzed for 99# of the theoretical thlol sulfur (mp. 79-81°) 
was obtained from ethanol-ether mixtures but when applied 
to the purification of larger or less pure samples, only 
oils were obtained. Evaporation of a methyl acetate 
solution of 82$ crude, after removal of the Insoluble oil, 
raised the purity to $9$, but reprocessing beyond this 
value was not possible. The total analysis of this product 
Is as follows. 

Calcd. for CuH-,o0N2Sp: C, 28.905g; H, 6.035g; 
S, 38.57JÖ; N, 16.855t. 

Pound: C, 28.75* 28.785g; H, 6.20, 6.195g; N, l6.235g,' 
S, 36.93* 36.49#; S(H), 34.45$; Br, 0.22, 0.205g. 

Ammonium 2,3-Dlmercaptoproplonate 

Thirty five grams of dlraercaptoproplonlc acid 
was dissolved In 200 cc. of ether and cooled to 0°. Ammonia 
gas was bubbled Into the solution until no further preci- 
pitation occurred.  One-half of the ether was removed by 
evaporation on a steam bath and enough absolute alcohol 
was added (about 120 cc.) to just dissolve all the solid. 
Upon cooling, the product crystallized as white flakes; 
these were filtered off and dried In vacuo, yielding 36 g. 
(935© of theory) of slightly hydroscoplc crystals which 
melted between 80 and 85° with decomposition. 

Anal, calod. for C*HQ02NS2:  C, .23.215g; H, 5.845C; 
S, 4l.315g; N, 9.025g.       J  * 

Found: C, 23.705g; H, 5.995&; Total S, 40.55g; 
S(H), 4l.35g; N, 8.895g. 
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Monoglycerlde of 2,3-Dlmercaptoproplonlc Acid 

Thirteen end eight tenths grams (0.1 mole) of 
dlmercaptoproplonlc acid and 11 g. (0.12 mole) of clear 
glycerol were placed In a 100 cc. flask provided with stlrrer 
and Inlet for purified nitrogen.  The flask was heated to 
115-118° while nitrogen was slowly bubbled through the 
solution. Analyses were taken periodically to determine 
the degree of esterIflcatlon and also the extent of de- 
composition as shown by the drop in thlol value. These 
figures are listed In the table below. 

Time (hrs.) 10 12 

%  Residual Acid 55.6 25.6 18.3 12.9 12.0 

% Acid by Thlol 55-6 
Titration 

59.0 57.0 55-5 55-5 

When corrected for volatilization of water pro- 
duced, the last figure In line 3 represents 5o# decomposition. 
The analysis indicated roughly 65$ esterlflcatlon. Attempts 
to purify the product by distillation or extraction resulted 
In decomposition. 

2f2-Dlmethyl-4-Hydroxymethyl-l,3-Dlthlolane 

Fifty grams of BAL was dissolved In 200 cc of 
acetone and dry HC1 was bubbled Into the solution for a 
few minutes. By the time the mildly exothermic reaction 
had subsided, no thlol sulfur remained.  The solution was 
poured Into water, extracted with ether and the ether 
extracts dried over Na3S04. Upon evaporation of the ether, 
the residue crystallized; recrystalllzatlon from petroleum 
ether (b.p. 50-75°) yielded 63 g. (93J6) of white needles, 
m.p. 54-55°. 

s, 39.0356. 
Anal, calcd. for C6H120S2: C, 43.86$; H, 7.36$; 

Found: C, 43.68$; H, 7-79$; S, 39.1?$. 
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Regeneration of BAL from the Acetone Derivative 

CHp-CHCH^OH 
i    "   i 

Vs 
CHO-CH-CH20H 
I " f 

CHa-CH-CHOOH 

HgClgv S   S   Hr.3  v SH 

/\ HgClHgCl 
CH3 CH3 

3H 

Twelve grams of 2,2-dlmethyl-4-hydroxyraethyl- 
1,3-dlthlolane was dissolved In 100 cc. of methanol and a 
solution of 80 g. of HgCl2 In methanol was added with 
Immediate precipitation of a white solid. After standing 
overnight, the now tan-colored solid was filtered off and 
washed with methanol. A sample dried In vacuo had the 
following analysis: 

Pound; Hg, 64.8#; S, 8.62#; Cl, 15.82}». 

Calcd. for C3H60S2Hg2Cl2» Hg, 67.4#; S, 10.8#; 
Cl, 11.95#. 

Thirty seven grams of the mercury mercoptlde was 
suspended In methanol In a pressure (citrate) bottle and 
the suspension saturated with H2S at 0°C.  The bottle 
was capped and allowed to stand overnight at room temperature. 
After filtering off the mercuric sulflde, the solvent was 
removed under reduced pressure leaving 6 g. of brown oil 
analyzing for 50.55g thlol sulfur as compared with 51.656 
theory for BAL.  The compound was not characterized further. 

2|5-Dlmercaptothladlazole 

The directions of Dubsky and Okac, Zelt. Anal. 
Chem., 2§ 268 (1934), were modified slightly to permit the 
substitution of hydrazlne hydrate for the sulfate In this 
preparation. Thirty five grams of 8556 hydrazlne hydrate, 
60 g. of carbon dlsulflde, 300 cc. of water and 100 cc. of 
alcohol were mixed In a 1-1. round-bottomed flask. A so- 
lution of 20 g. of sodium hydroxide In 80 cc. of weter was 
added carefully to the stirred solution, some heat being 
generated during this addition.  The contents of the flask, 
which consisted of 2 layers, were refluxed carefully for 
about 3 hours after the lower, carbon dlsulflde, 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 forming.  The dried solid, 30 
g., which had turned slightly yellow was recrystalllzed from 
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either ethyl acetate or benzene-alcohol mixtures to yield 
11 g. of large, yellow crystals. Analysis for raercapto 
sulfur was best accomplished In water, one hour being re- 
quired for each tltratlon.  Two melting-points have been 
reported for this derivative, 163 and 173°» this preparation 
corresponded to the lower figure. 

Anal, calcd. for CpHgNpS,: S, 64.02#; S( H), 
42.7#; C 15.99& H, 1.3«*f R# 18.65*. 

Pound; S, 64.73#; S(H), 43.0#; C, 16.14, l6.06#; 
H, 1.18, 1.59& N, 18.35#- 

BAL-bls-Phenyl Urethane 

1.1 co. of phenyl Isocyanate was mixed with 1 cc. 
of BAL, a small drop of trlethylamlne was added and the 
mixture became warm. A second and then a third addition of 
1.1 cc. of the Isocyanate was made.  The solidified reaction 
mixture was cooled, broken up, stirred with petroleum ether, 
filtered, and washed with benzene. After recrystalllzatlon 
from 95# ethanol, the white solid melted at I36-I370. 

8.01#. 
Anal: Found, S(H), 0#j S, 17.53, 17.4#; N, 7.88, 

Calcd. for CjjH^O^NgSg: S, 17.7#j N, 7.75$. 

BAL-Glucose Mercaptal 

24.8 g. of BAL and 36.0 g. of glucose were mixed. 
Forty cc. of concentrated hydrochloric acid was added during 
15 minutes with shaking and cooling.  The viscous mixture 
was then allowed to stand at room temperature for 1.5 hours. 
Tltratlon of an aliquot of the solution Indicated the dis- 
appearance of substantially all of the mercapto groups.  The 
mixture was then poured Into 300 cc. of stirred anhydrous 
ethanol. A &ummy solid separated which on recrystalllzatlon 
from dilute methanol yielded 11 g. of hard white solid.  On 
cooling the original filtrate 26 g. of white crystals were 
obtained. Recrystalllzatlon of the latter from aqueous 
methanol yielded 14 g. of the BAL-glucose mercaptal. 

This mercaptal does not melt well and the yield 
of crystalline product Is low presumably because It Is a 
mixture of dlasterloraers.  The main solid fraction shrunk 
at 110-120°, darkened and melted with decomposition at 
123-128°.  Other crops and batches similarly melting variously 
from 100 to 150°C.  The mercaptal Is but sparingly soluble 
Incold water. 
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Anal. Found: C, 37.34#; H, 6.35, 6.68#; S, 23.3, 
23.I56; Cl, O.36J6.  M.W. - 256. 

Calcd. for CQHlft06S2: C, 37-78#, H, 6.35$,* S, 22.4#. 
M.W. - 286. * 

BAL-ortho-Sulfobenzaldehyde Mercaptal 

Forty grams of the sodium salt of benzaldehyde 
orthosulfonlc acid and 23.8 g. of BAL were dissolved In 
150 cc. of anhydrous ethanol and warmed on a steam bath 
for 1 hour.  On cooling 40 g. of green crystals separated. 
These were recrystalllzed from aqueous ethanol, yielding 
20 g. nearly white solid.  The compound did not melt up 
to 220°. This mercaptal is very soluble In water. 

Anal. Found: C, 37.78, 38.13& H, 4.93, 4.80#; 
S, 28.77, 28.62J6; 

S, 30.6#. 
Calc. for C10H1104S5Na:  C, 38.25g; H, 3.52#; 

The hydrogen and sulfur analyses are not in good agreement 
possibly indicating that the salt may form a hydrate or 
alcoholate. 

BAL-Formaldehyde-Dlethanolamlne 

Twenty six and five tenths grams of 37$ formal- 
dehyde solution was added with cooling to 33«6 g» of re- 
distilled dlethanolamlne.  To the resulting mixture 40 g. 
of BAL was added in portions and with cooling.  The product 
was a viscous colorless syrup freely soluble In water. 
Titration of a sample with iodine solution indicated that 
practically all the mercapto groups in the BAL were still 
reactive toward the reagent. 

BAL-Formaldehyde-Ethylacetamlde 

This derivative could be prepared by mixing 124 g. 
(1 mole) of BAL, 174 g. (2 moles) of N-ethyl acetamlde and 
l62 g. (2 moles) of 40# formalin In that order.  The reaction 
was exothermic but cooling was not required since It seldom 
exceeded 50°. After cooling the derivative was characterized 
by titratlon of a weighed sample with standard iodine first 
in absolute and then in dilute alcohol or water.  The first 
figure represented free thiol and was used to|fdeflne "percent 
coverage j in general, 93-95$ of the BAL was "covered" in 
this derivative and was therefore not available for titratlon 
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In non-aqueous systems. Upon dilution with water» cleavage 
of the unstable thloether link of the compound occurred, end 
all the BAL present would titrate with dilute Iodine. 

If paraformaldehyde was used In the preparation, 
a high proportion of stable mercaptal linkages would form 
as shown by low values for tltratlon In dilute alcohol 
(70-80$ of theory) and formation of water Insoluble products. 

BAL-Methylglucamlne 

Forty and three tenths grams of recrystalllzed 
methylglucamlne was partially dissolved in 34.7 g. of water. 
Twenty five grams of BAL was then added and the mixture 
shaken until solution was complete. This product also 
developed a pink color and was fully water-soluble. 

Sulfurlzatlon of Undecylenlc Acid 

Sixty one grams of undecylenlc acid, 32 g. of 
sulfur, and 0.6 g. of diphenylguanldlne were stirred and 
heated at 135°.for 8 hours. The resulting product was a 
black viscous oil which contained no undlssolved sulfur. 
This material was heated in a shaker tube for 4 hours 
at 150° with 15 g. of hydrogen sulflde and 10 g. of cobalt 
trlsulflde catalyst. Hydrogen was then added to 2000 lbs. 
per sq. in. pressure, and hydrogenation continued 4 hours. 
After removal of the catalyst, excess hydrogen sulflde, 
and solvent, the residue consisted of 76 g. of a slightly 
brown viscous oil containing 11.2$ S(H). It was distilled 
at 0.3 to 0.7 mm. (bath l6o-200°). The distillate came 
over at a head temperature principally of 150-165°. On 
cooling, 19 g. of white solid separated from the distillate. 
It contained 13»7$ S(H) and melted at 40.5-41.0°.  The cal- 
culated value for monomercaptoundecanolc acid le 14.7$ S(H). 

Allyl 2,3-Dlhydroxypropyl Ether 

This Intermediate was first prepared by the re- 
action of sodium monoglycerate with allyl bromide, but 
mechanical difficulties Involved in separating the product 
from the viscous mixture resulted In low yields. For this 
reason, the Williamson synthesis was reversed as described 
below, with better results. 

Seventy nine grams (3*3 atoms) of sodium was 
dissolved in 750 cc. of allyl alcohol and to the still warm 
(50-60°) solution was added 330 g. (3.0 mole) of glycerol- 
alpha-monochlorohydrln, the addition requiring about 3 hours. 
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The contents of the flask were then heated to 50 for 
1 hour after which tltratlon of an aliquot Indicated the 
correct amount of residual alkali. 

The excess allylate was neutralized with cone. 
HC1 (17 cc.) and after cooling the salt was filtered off 
and washed with ether. The ether and excess allyl alcohol 
were removed by distillation under reduced pressure. The 
product was distilled through a 2' precision still, boiling 
range 90-93°/l-9 mm. The yLeld was 220 g. or 55$ of theory. 

2,3-Dlbromopropyl-2',3' -Dlhydroxylpropyl Ether 

One hundred and thirty two grams of allyl dl- 
hydroxy-propyl ether was dissolved In 200 cc. of chloroform 
and bromlnated with 160 g. of bromine, the temperature being 
kept below 15°. The solution was then placed over sodium 
sulfate containing 1 g. of sodium bicarbonate and 1 g. of 
sodium bisulfite. After filtering, the solvent was removed 
under reduced pressure leaving a thick brownish syrup 
weighing 252 g.  The material was used as such after some 
preliminary work Indlc ted that purification by distillation 
or crystallization was not feasible. 

Anal, calcd. for C6H120*Br2t C, 24.69$; H, 4.14#; 
Br, 54.733«. ? 

Found« C, 24.64J6; H, 4.43#; Br, 54.91, 55.27#. 

2,3-Dlmercaptopropyl-2t,3'-Dlhydroxypropyl Ether 

Into a precooled 1-1. Parr bomb was charged 165 g« 
of crude dlbromopropyl dlhydroxypropyl ether and 500 cc. of 
a sodium hydrosulflde solution prepared from 35 g- of sodium 
in methamol saturated with hydrogen sulflde. After pressuring 
to 100 lb. with hydrogen sulflde, the bomb was shaken for 
20 hours at room temperature and then 1 hour at 50° • 

The reaction mixture was acidified with 43 cc. of cone, 
HC1 and filtered from the precipitated salt. The solvent 
was removed under reduced pressure leaving a pasty mixture 
of salt and thick oil. One hundred cc. of water was added 
and the lower organic layer was withdrawn, weight 118 g., 
thlol sulfur 11.856 as compared with 32.656 calculated for 
the dlthlol. This crude product was suspended In 200 cc, 
of water and cooled, with stirring, to -10°. While a stream 
of nitrogen was flowing over the surface of the solution, 
150 cc. of 4056 NaOH was added In a thin stream. The neutral 
Impurities were extracted, under N3, with 200 cc. of ethyl 
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acetate, and the aqueous solution of sodium mercaptide 
returned to reaction flask. Cone. HC1 was added to the 
solution kept below 10° by appropiate cooling until acid 
to congo red paper.  The oil was extracted with ethyl 
acetate, dried and the solvent removed under reduced 
pressure. There remained 52 g. of oil analyzing for 
2yf>  3(H). or 71 percent, purity. 

Distillation of this product resulted in de-* 
composition and further purification by extraction of the 
mercaptide did not increase the thiol value. 

Attempted Preparation by Hydrogenatlon of the 
Trisulfide Polymer 

Sixty grams of dibromopropyl dihydroxypropyl ether 
was added dropvise to a solution of Na3S3 prepared from 
51 g. of NaaS'9Ha0, 14 g. of sulfur and 50 cc. of water. 
Magnesium hydroxide was used as the dispersing agent. The 
addition of dibromide was conducted at 50° and the stirred 
mixture was digested for 4 hours at 65-70°. 

Toe brown granular precipitate was filtered and 
washed several times with alcohol to remove a dark gummy 
coating to yield 40 g. of air-dried polymer. Hydrogenation 
of this material in dioxane at 125°C. over 7 g. of cobalt 
sulfide catalyst was apparently unsuccessful since the 
hydrogen absorption was very small. Upon removal of the 
catalyst it was observed that fine granules of the original 
polymer which apparently did not dissolve were retained on 
the filter paper. A clear yellow filtrate was blown with 
nitrogen to remove hydrogen sulfide by titration of an 
aliquot with normal iodine. Only 3 g. of the desired dithiol 
wos indicated 

Process Development Work on Dimercaptopropyl Ethyl Ether 

In the exploratory stages of the program on dithiols 
this analogue of BAL had been prepared by hydrogenatlon of 
the corresponding trlsulflde polymer, a process which does 
not lend itself readily to synthesis on a plant scale. In 
addition, yields obtainable by this method were 40$ for the 
hydrogenatlon step and precise fractionatlon was required 
to obtain samples of acceptable purity. These considerations 
suggested that other synthetic methods be Investigated to 
fulfill a special request of the services, assuming that 
toxicity and therapy data could be duplicated with the new 
compositions. One of the considerations in the choice of 
an alternate procedure was practicability for large scale 
operation and availability of starting materials and equip- 
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ment.  This ruled out the more involved techniques such as 
thloacetlc acld-pyrldlne thlonation. Direct alkylatlon of 
BAL did not seem feasible In the light of previous chemical 
experience vlth this compounds Sulfurlzatlon and subsequent 
hydrogenation of allyl ethyl ether was known to give low 
yields of a product containing a considerable amount of high 
thlol sulfur impurities and in all probability would not 
be therapeutlcally acceptable. Early in the analog program 
a run had been made on the 2,j5-dibroraopropyl ethyl ether 
under the preferred BAL conditions without success, however.lt 
seemed advisable to repeat this experiment since Its transfer 
to production could utilize existing BAL equipment and 
experienced personnel* An additional factor in any case 
would be the production of allyl ethyl ether as c starting 
material because of its present limited commercial avail- 
ability. Several leads were at our disposal and required 
investigation. 

Some of the difficulties previously encountered with 
the BAL process are not to be anticipated with this analog 
and the stability of the ether as compared with the hydroxyl 
function is reflected in increased yields and greater 
stability of the product and its Intermediates. Thlonation 
with sodium hydrosulflde proceeded with unexpected smoothness 
and yields of 60 to 68# were consistently obtained. Dl- 
bromopropyl ethyl ether of excellent purity was prepared 
almost quantitatively from allyl ethyl ether. Lacking a 
commercial source for the latter intermediate two methods 
for its preparation were studied. The classical Williamson 
method, i.e. allyl chloride and sodium ethylate, gave a 
yield of 85^ of the desired ether although the twice distilled 
product contained more than 1556 ethyl alcohol. Bromlnatlon 
in the presence of this impurity did not affect the yield 
or quality of the dlbromopropyl ethyl ether but it is con- 
ceivable that difficulty might arise if the reaction were 
not controlled. Alcohols in the presence of bromine are 
known to form perbromldes which might possibly lead to 
secondary reactions. In addition these higher bromides 
are undoubtedly corrosive to steel equipment. Operation 
of a plant using absolute alcohol would be necessarily 
limited by government regulations. 

Consequently, an alternative process, the alkylatlon 
of allyl alcohol with dlethyl sulfate was studied. In this 
case water was the main impurity and some difficulty was 
encountered in its removal. Drying agents for ethers were 
not satisfactory and fractionetlon during which all the 
water collected in the foreshots resulted in considerable 
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material losses. An undrled sample wcs carried through the 
bromlnatlon and thlonatlon procedures with no adverse effects 
on the final product.  This process should therefore have 
Important advantage over others because of Its simplicity. 

A formulation of the preferred synthesis is given 
below, together with experimental details on the several 
steps: 

NaOEt 
CH2-CHCH2C1 ♦ ~^_ Br? NeSH 

CHa-CHCHa-OEt —* CHa-CH-CHr,OEt  -} 

CHa»CHCH?OH 
Et2S04 

1 1 

Br Br 

Et 
1 

CH2-CH-CH..-O 
1        1 

SH    SH 

I. Preparation of Allyl Ethyl Ether 

A. ex-Allyl chloride 

Two hundred and forty-eight grams (10.8 atoms) of 
sodium was dissolved, with heating In the later stages, in 
3250 cc. of absolute alcohol contained In a 5-1« 3-necked 
flask equipped with a sealed stlrrer, dropping funnel and 
reflux condenser. To the still warm (50-60°) solution was 
added 765 g. (10 moles) of allyl chloride, the rate of addi- 
tion being such as to maintain slow reflux, altogether 
requiring about 4 hours. At the end of this time 0.9 mole 
of alkali remained as compared with 0.8 mole calculated. 
This excess was neutralized with 80 cc. of cone. HC1 and 
the reflux condenser was replaced with one designed for 
downward distillation. The solution was stirred, to prevent 
bumping because of the salt precipitate, while heated on a 
water bath.  The following data characterizes this primary 
distillation: 

B.p. 

64-7**' 
7^-78 
Residue 

Wt. 

I615 g. 
1290 g. 
755 g. 

I2. No.  Allyl ethyl ether content 

141.3 
22.3 

47.9# 
7-5# 

The total weight of distillate and residue was 
3660 g. compared with calculated 3679 g. which represents 
less than 0.6$ material loss. 
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Redistillation of the first cut of the primary 
distillation In a precision still gave the following 
fractions: 

1 

2 

41-61° 

61-63° 

63-78° 

(2 phases) 110 g. 

(66-67° ■     775 g. (8l# product* 
pure product)        I=No.»238,2, 

d*" -.8853) 

(EtOH) 620 g. 
1505 g. 

Cut 1, upon removal of the water and drying, gave 
an additional 64 g, of product or a total yield, with allow- 
ance for purity, of 80$. 

B. ex-Allyl alcohol 

Into a 5-1. 3-necked flask equipped with swivel 
stirrer, dropping funnel and a total-reflux, partial take- 
off condenser was charged a solution of 368 g. (8.15 moles) 
of U.S.P. sodium hydroxide in 800 cc. of water and 465 g. 
(8.0 moles) of allyl alcohol.  The flask was cooled in 
running water and 1355 g. (8.1 moles) of diethyl sulfate 
was added in a thin stream to the rapidly stirred solution. 
The reaction was only slightly exothermic and no difficulty 
was experienced in maintaining the temperature of the mixture 
below 30°. Following the addition, which required about 
1.5 hours, stirring was continued at room temperature over- 
night. At the end of this, tltratlon of an aliquot of the 
solution for excess alkali indicated that the reaction was 
95# complete. Distillation was effected by heating the 
stirred contents of the flask to 80° by means of a water 
bath, 775 cc. (590 g. ) of distillate being collected. This 
wet product was dried, after removal of a 22 cc. water layer, 
with 45 g. of CaS04 and distilled. Prior to distillation 
88 g. of the crude was withdrawn for a special use. 

Charge: 46l g. of filtered crude. 

1. b.p. 48-64°       28 g. 

2. b.p    64-67° 376 g.  (88# pure) 

3«    Residue 26 g. 
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Cut 2 represents a 65$ yield with suitable allowance 
for the 88 g. which was not further purified.  The product 
has a density at 25° of 0.7653 and an Iodine no. of 259.1, 
261.9 (theory - 296). 

A test piece of 18-8 stainless steel placed In 
the reactor was In no way affected by the reagents as shown 
by constant weight. 

II. Preparation of 2,3-Dlbromopropyl Ethyl Ether 

A. From Ally! Ethyl Ether ex-Allyl Chloride 

In a 5-1» 3-necked flask equipped with stlrrer, 
dropping funnel and thermometer well was placed 765 g. of 
allyl ethyl ether (ex-ellyl chloride, 8l# pure, therefore 
7.2 moles) and 2270 g. of chloroform. The solution was 
cooled in Ice to 10° and II85 g. (7*4 moles) of bromine 
was added at the rote of 400 g./hr., the temperature being 
maintained below 20° by appropriate cooling. A yellow 
color developed, probably due to perbroralde formed as the 
result of the presence of ethanol as an Impurity In the 
ether. At the end of the reaction, the orange solution 
was stripped of a large part (1935 g«) of the solvent by 
passage through a flash still and the residue was distilled 
through a short (4 Inch) still-head. An additional 540 g. 
of CHCI3 was collected at 200 mm. followed by a 37 g. cut 
of indeterminate boiling point. The latter was highly 
colored and probably was the cause of color In the bromlnatlon. 
Product was collected at 6l°/4 mm., 1739 g« or 96%  of theory. 

Ng5» 1.4979, djp» 1,6853. 

A test piece of 18-8 stainless pieced In the 
reactor lost 0.03 g./sq.cm. No corrosion tests were made 
during the distillation of product. 

B. From Allyl Ethyl Ether ex-Allyl Alcohol 

Two hundred forty-seven grams (88$ pure, therefore, 
2.53 moles) of allyl ethyl ether (ex-allyl alcohol) was 
bromlnated In 650 g. of chloroform with 460 g. of bromine 
as described above. The boiling point of the product was 
67-69°/6" mm,, weight 646 g, (92$). A stainless steel test 
piece suspended In the bromlnatlon lost 0.031 g./sq. cm. 
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C. Bromlnatton of Crude /llyl Ethyl Ether 

To determine whether crude allyl ethyl ether 
could be bromlnated directly without the costly distillation 
step, a sample of the ether prepared In Section I-B, above, 
which had been distilled directly from the reaction mixture, 
was reacted as follows: Eighty-six grams (about 83$ pure) 
of the superficially dried ether was dissolved In 200 cc. 
of CHCI3 and cooled Ice. A cloudiness due to separating 
water developed.  To the stirred solution was added, drop- 
wise, 160 g. (l mole, therefore an excess) of bromine. 
After all the bromine had been added, the chloroform was 
removed by distillation at 60 mm. and a highly colored 
foreshot (10 g.) of Indeterminate boiling point was collected. 
Water-white product distilled at 69-72°/7 mm. and weighed 
205 g. or 83$ based on the crude ether. 

Anal. Calc, for C^H^OBra: Br, 65.056 

Pound: Br, 65.31, 65.40# d25« 1.7000 

The refractive Index at 18° was 1.5020 as com- 
pared with I.5OII for the dlbromlde prepared from redistilled 
ether. 

III.  Thlonatlon of Dlbromopropyl Ethyl Ether 

A solution of sodium hydrosulflde was prepared by 
dissolving 66 g. (I.65 moles) of U.S.P. sodium hydroxide In 
500 cc. of methanol and saturating the solution with H2S at 
0°. Into a 1-1. stainless steel Tl8-8) rocking autoclave was 
charged this solution and 123 g. (0.5 mole) of 2,3-dlbromo- 
propyl ethyl ether. The vessel was closed and hydrogen sulflde 
admitted with Intermittent rocking until a constant pressure 
of 75-100 lbs. was obtained Indicating complete saturation. 
About 50 minutes was required for the charging and pressuring 
operations. The autoclave was then heated with rocking 
according to a schedule designed to explore for optimum 
conditions; the results are given In Table I-A. When the 
heating schedule was completed, the bomb was cooled, dis- 
charged and rinsed twice with 50 cc. portions of methanol. 
About 1 lb. of H3S was used for each run although no attempt 
was made to collect the gases during the bleedlng-off.  The 
green solution upon acidification with cone. HC1 (50 cc.) 
turned yellow. Salt was removed by filtration and the 
methanol stripped off by passage through a flash still.  The 
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residue, which consisted of a wet suspension of salt In a 
yellow oil, was diluted with 500 cc. of water and the se- 
parating oil layer removed. For Run 3»  Table I-A. ^he 
product at this point weighed 64 g. and analyzed for 39.6j6 
3(H) as compared with 42.1# theory. After drying over 15 g. 
CaS04, the dlthlol was distilled without fractlonatlon 
through a 4 Inch vlgreux still head, In this way succeeding 
runs could be compared without the complication of duplicating 
a previous fractlonatlon. Redistillation of any of the runs 
in Table I-A gave products which were Identical In every way 
chemically and therapeutlcally with the dlthlol prepared by 
the polymer-hydrogenatlon method. 

F. K. Slgnalgo 

A. A» Pavllc 

Approved by 
W. A« Lazier 
Group Leader 

AAP:JHS 
8* 
11/6/44 
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TABU III 

—action» of MthlOKlTBldol 
tUSSIFKI   tlMII»»lHi 

Compound. _ 

Anthra:.. Ii« aeld 

■r-4ntr.nbar.s4lr  sold 
p-AMnob-irut'ila   Bold 
Bt  p-amlr.r ouioete 

Anlntjiallcyllr  add 
aulfunllla  arid 

-■<-■■ 

■-Air11.,'[-   *.nl 
,.-*>* iOf"ienol 
■ yai. »Hi J» thyleluraa, 

ay*.-Dlma•hylurea 

T>tl -.KP-a 

Thloaarb. col 

i"i* ;'  ■»i-.tptan 

F.-fc:e;-  i mine 

lao-Mcy lamina 
1 1;  T! 1' T *> 
Methyl  Kiu HBiln« 
AOITI n< ,L.    \lorlde 
lljdrnxylh-filn« hydiwhlorlde 
Sulfamlo acid 
!■*(■■ -LI auliaaate 
Sid.um * i ■ ilt*. t« 
"-dl'rwthyl   ,-lvclne 
*o*i*»in c-dlmethyl   glyalnftta 
La tu1n« 
Qlyolne 

SodJua pltar.ylB» .olna-e 

Methyl   'IJ».IIHI 
Hl!rj-)t.l»r,ii 

2-7:1 trc »r.teru.l-l 

Ttlcoi t> Mail ;■• 

Tin» T.n»>. 
Hour. 

b ■30 
12 
U | 
8 150 

6,12,6, 
6 

150,1)0 
150,170 

ii 150 i 150 
H no 
6 150 
i no 
Ö 150 1 130 
t 150 '•.* 150,150 
5 150 

O,! 110,150 

6 MO 

l»,B,12, 120,120 
6 120,150 
It 150 

2 -SO 

..' 0 
2U 25 

Inatantanaoua         0 
■ 2i 
6 no 

H 10O 

■ • 
j 150 

13' 
6 12 > 

3 190 
120 u 1J0 

i. 150 

i* 130 
130 

i 2S 
J 
J 
t. ;-•) • 120 

ft 130 

6 13, 

S{H)  I7.6* before,  30.2* after haatlng. 
-    17.«      "      , 29-2* ■ 
■    16.9*     "      . 25.W      » 

0.5 Molar runa.  yield 57* aa hydreohlorlda. 
Polymerle sludgea In all oaaaa.    Some evidence of reaction ilnoo no acid waa 

rwnnnd but no monomorlo dlthlol   Isolated. 

No roaotlon except partial polrmerlsstlon of dlthlaglyoldol.    Katar recovered 
aa hydroohlorlde. a m a 

Dark vlsoous polymer.    Not workod up. 
No raactlon. 
him formation with raaldual phanol. 

No  tMol extreetable with aald. 

Contents of tub« completely polyswrlsod.     Hard,   glassy polymer,  3 ■  JO.76*, 
N - 1- .W. 

Soft,   Inaolubla (nine;  unreactad matarlal   removed with   ,HCla leaving ruhhery, 
trenapsrent polymer.     3 ■ 56.67*,  N ■   ,(*7*. 

naad  100* axoaaa   Ma, uraa  to favor mono auhatltutlnn but  tan results aa  previous 
run. 

Rubbery polyattr (S - 55.66,  55.; *r,  N ■  5*79«   '.'"''  and unraactad thlouraa. 
■■1 Ml.il".   for polymer correaponda  to  1  mel  thlouraa end  6 of DTO. 

'•   reaction except partial pol/merlration m ehown bv S(R) deoreaaa during 
raactlon, 

5H)J» eRceaa  BuSH stirred with dlthlonlycldol,   one drop EttH added.     Partial 
polymerisation but BuSI' recovered unchanged. . 

Polymerization without   Incorporation of N. 
0.05 If solution In CHC1»,  deposlta.1  ropy polymer overnight.     Polymer contained 

no  N. 
Clear« vlacoua polymer.    Ko N. 
Polymer. 
"heh-mped Me  ?lucanlne and  polymer.     3 ■ 5?.9b»  ■ ■ 0.98*. 
No reaotlon. 

Contenta of tube solidified,    brittle  polymer.    S - 1*2.1*3*»  Ha  - 15-79»  11*.51*. 
partial raactlon, but with oarboxvl   function. 
Polymeric  mater.al only. 
Polymerisation. 
Unraactad material weaned awe* with CIIC13 laavln? rubber« polymer.    S - 58*27*1 

N - 0.86*. 
Aa above  ♦ 0*5 ■•  phenol ■■   "oatelyat"  but aaine reeiilt. 
Reaction but no aoluble  thlol. 
Clear vlacoua polymer.     3(H) ■ 20.1* at   atart,   6* In polymer. 
Formed  two  layers:  unchanged eirlde and clear polvmer. 
Refluxed  In methenol,  no reaction. 

" " "       ■      drop ' ,    t-    Mo reaction. 
Heated on ateam    at)   aa  c-t pyrldlne  solution,   formed polrtner,   N - Tree«. 
Partial  pc-lymerlsetloni drop  In »rlwlnal   ».'*•. 
Two  lavera.     Mercapto irroup probably  reduced nltro group wh'ch then ceuaed 

polymarltatloB, 
"!H)   16.89E before,   27>U* after reantlne.     Product would not   dlatlll  or form a 
rryatalllne hyrlrochlorlde,  amthlorilde,   etc. 

Reaction of^her than polymerisation occurred but no dlthlol  laolatad. 
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TAW*  X 

DISTRIBUTION OF BAI.  ARALOOS  AMD RKt.ATKIi COMPOUUDS 

3ul.nl n-1   ' Ankn'ivlwdg>>ment 

P.VDlmernaptopropyl   »eetate 

607 ■,i-Dlranroaptopropyl  proplonete 

(■OB ,", l-Dlmeroaptopropyl   butyret» 

991 P,i-Dlm»reept3propyl  nmthyl  ether 

293 ?,I-Dlmeroaptjpropyl ethyl  «til»» 

609 ;*,1-Dta)eroaptopropyl   Is-propyl "th<r 

*?0 ?, «-Dliwroapt ipropyl  butyl  nther 

199 P,1-Dlmernaptopropyl urea 

,    ■ ?, 5-Dlm*r™apti>pr'jpyl   urethane 

709, 711  P,5-Dlnii'raaptopropyl  glutnald» 

lb* .', 1-Dlnereaptopropyl   d-ide^yl   ulfldc 

1* '.l-DlBernaptDpropylamlit« 

v Dlmercaptopropyl  Ohiorid« 

117 

... 

576 

111 

40b 

407 

- ■ 

.', «-Hlmereaptoproplonlo aold 

11? Methyl   .~, l- dliwpiiiptappupt jiiit» 

Wi? Am-n.nlum  ;', 1-dInerceploprjpli>;iet ■• 

)46 - , ■   Dlmet ■■.[*   <»t rahyd»   ".1 >phene-l-dioxide 

?:-. H  Phi-nyl'inliupr openedV' :    .   hydroahlorldi 

PO? I   ,11-Dlm«raeptounrtecanolo acid 

14." 1,. .   -TrlthloglyneroJ 

i, -Uli faptopropann 

1, '-Mn-T-ipt opropene 

Ethanedlthlol-1,2 

Dlthloaorbital 

TjIthlOnBtnOhOl 

nthlopentaerythrlt >1 

Dlthlobluret 

rtenylethenedltbtol-1,! 

Cyclohnxanedlthlol-1,? 

Oatanadlthlol-1,? 

H 1 . :■ ■ - 1 „•■ Ü* :.'. . ,S 

1,*-Dlmnroaptobutan3l 

Dlutnan-Uamluomethyl   llthloglyenrji-1,.' 

MnthylglJcamlnDBethyl   dlf 11!   *l y.— r ■:    ; . 

Dleihenolammonlum dlthloglycurol-1,? 

Mathyiglucamnonluiii dlthloglyanrol-1,, 

Methylgluoamlnoaethyl  propanedlthlol-1,1 

Mothylgluaamlnoejethyl  trlthloglycerol 

Methylglucenlnomnthyl  dlthloglycerol-1,' 

Mnthylgluaa&voriluiE dlthloglyaerol-l, 1 

Methyigiuoamlnomethyl   dlaaraaptopropyl   ethyl 
ether 

Mfthai. jiwlinwttiji  propenedlthlol-1, 1 

MiS-(ac^taaldonnthyl> dlthloglyoerol-1,? 

bla-S-dt-ethylacetanldsantnyl,   dlthloglyoerol- 
1,2 

mono-S- (aoetaaldoaetnyl)  dlthlugiyaapol-l,.' 

Dr. A. C. Cup«, Dr. H. S. Durlaonnr, DP. MoX-en Cattail, 
Dr. C. 8. Larval, Dr. I.S.O. Barron, Dr. H. 0. Calvi-ry, 
Dp. Wm. Bliinm, Capt. A. L. Oilman, C. J. Kenaler, I.t.TR. 
Talbot,  Jr.,  DP.   F.   H.   Adlrr 

Calvary, Oilman 

Calvnry, Oilman 

Calvnpy, Oilman 

DP.   J,   3.   P>1>" 1-r.vil 1 
DP. I. H. Laop.ild, 

Barpon, Calv«py, * 

p, Kensler, Durlachop, Talbot, Bl;iom 

DP. Mm. Bloom, Dr. H. K. Harrison, 

Dr. P. D. McMaater, Kanalap, Durlaoher, 

rvnl. Cattell, Talbot, 01 loan. 

Calvary 

Banaler,  Durlaoher,  Cattail,  011 nan 

Adler, Kanaler«   ' ■[» ■   Blojm,   Frledenvel l,  Durlanhnr, 
Talbot, Oilman 

Col.   J.   Jt.  Wood, Cop»,  Kenaler,  Adler,  Frledenvald,  Bloo 
Durlaoher, Talbot, Parrnn,  Calvnry, Oilman 

Dr.   HOTTT  Smith,   Rarrlion,   Durlaoher,   Oilman 

Col.  C.   P.  Rhoada,  Marvel 

Bi DM, Kenaler 

Pptf.   Henry Bunting,   Dr.   F    C.   Mcl.ean,   Krnaler,  Calvnry 
Bloom,   Oilman 

Ca 1. 
Adle 

H.   fl.  Thompatm   (Omit   Britain),  Kenaler,   Bloom, 
y,   Frle tT.wHl 1,   Bunting,  Cope,   McLean,  Wood, 

Durlachxr, Talbot, Oilman 

Knnaler,   •■:■":,   [■ irli"!,'T,   Calvnry,   — w ,   MHPV- 

-■■•    !■■-•<   :, Oilman 

Adl'-r,  X<*tial»p,  Oilman, 

Bloom, DurlachT,  Fplndnnnald, Talbat, 

Dr.   Karl   Polkara,  NoNaattr,  Bloom 
Durlaoher 

McMantf-r,  Kn 
Oilman 

Com.   Karion B.   flulzbergnr.   Dr.   Maurice  Sullivan, 
Dr.   D.  Wright  Wllaon,  Frledenvald, Cope,  Bloom,  Durlaoher, 
Banaler. 

Fpladcnwald,  Xenal>-p,   Bloom,   Copa,   Adlon 

Dr.   W 
Aiii- 

P.   Klni'T',   DP.   Homer A.lklr.B,   Dr.   Harry  Ragln,  Talbot, 
Cattoll,   Duplaohap,   Calvcry,  Knnalar,   Barpon 

Klrn>T, Adklna, Rhoada, Kllsm, Xenalnp, Calv#ry, Oilman 

Dr. L. I.. Watftra, Klrner, Rhuada, Konaler, Oilman, Bloim, 
Barren,  Calvxry 

Dr.  Vlnc-nt du Vlgnoaud, Dr.   M.   3    Kharaah,  Lt.  Col.  W.  E. 
CatUn,  Adklna, Wllaon, Oilman, Rhoada 

Banting,  f■■•'.!* - ' 

Bloom,  Fplndrnwald,   Xnnalnr 

Klrnnr,  Rhjada 

Dr.  M.  C.  wtnternltx, Kanaler, BIOBBI,  r ■: ■■■-■.   ;. Talbot, 
Sullivan,   Sulsbftrgrr,   Cup»,   Purlachur,  Calvary,  Oilmar 

Bl vim,   Durlachep,   Oilman 

Durlaohi-r,  Ullman 

Durlaoh"r,  Oilman 

'■■!.■■.   Oilman,  T« .1    * 

Calvnry,  Adlnr,  Talbot 

Col.  W.   D.   Flaming,   Frledanwald,  Kenaler,   IHirlafther,   Biuitlng, 
Bloom,   Copn,   Adler,  Calvepy,   Oilman 

Kenslpp,   Durlaohr-r,  Bunting,   »Ujr.,   Copa,   Adler, 

Kenaler,   Durlacher,  Bunting,  Blaom,   Cop»,   Adler, 

Frieden«aid1 
Calvnry 

Frledenwald, 
Calvnry 

Frledenvald,  Kenaler,   Durlaoher,   Bunting,   Slojm,  Cope,   Adler, 
Calvary 

Kenaler,   Cattell,   Adlnr,  Talt-ot,   Durlaoher,   lagla 

Knnaler,  Talbot,   Adler.   Cattell,  Durlaoher,   Ragle 

Kenaler,  Adlnr,   Durlaoher,  Cattell, Talbot,  Eagle 

Knnaler 

Kenaler 

Calvary 

Dr.  H.   K.  Rarrlaon, Durlaoher, Talbot.  Cattell,  Adler,  Calvery, 
Oilman,   Rhoada,   Eagle,   Blooa,  Kenaler 

Dr.   R.   W.   Oerard,   Duplaaher,  Talbot,   Cattell,  Adler,   Ceivery, 
Rhoada,   Eagle,   Blooa,   Barpon,   Ollaan 

Talbot, Cattail,   Adler,  Calvary,  Rhoada,  Eagle,  Blooa, 

Durlaoher,  Ollamn 

Prepared  by  Dr.   K.   K.   Klllngboe 

Prepared  by C.  0.   Wort? 

Prepared  by  Dr.   M.   W.   Farl.'b 

Prepared by C. 0.  Wortz with Dr.M.W.Farl.<u 

Prepared   by DP. C. M.   Langkamn»-rer 

Prepared   by Dr. C. M.   Langkammrrer 

Prepared  ty Dr. C. M.   Larigkamrner- r 

Prepared  by Dr. C. M.   '..s: mc.-r-.-r-J 

F..       derivative of Dr. ■.   S. Kharaaoh 

CLJUSiFllG   CNFIKNl'U 



TABLK X  (Cont'd.) CUS>.flU   CORfltfNTUI 

IHffl  Compound       __ 

UO 2-ltoth7lpentanedlthlol-2,* 

111 ?-EthflheMn*<llthlDl-l,J 

11? Dnctnndlthlol-i,in 

III Butan*dlthlol-l,l 

:■■ : Butwiedlthlol-?,« 

.   I Butawdlthlpl-l,* 

IV ftoianedlthlol-l.fi 

I6t DlthloglyoldoJ 

130 1-Thloiortltol 

7J'j            l-ThloJtylttol 

101 Dod<«cin>ithltu-l 

.0? PontadeaanntM   1    ' 

%?' ?*.-t hy Lprti;.,!:..^: i hlol-1 ,P 

'•"■rtijj -Vir ■/••,;    -.[iroplontttn 

, -Hfith/l-?-w"rc*pto-^^-dthjdro-l,3-thlMine 

?9l (llticoa*  -u-rshptai  of dlthloglycerol-1,? 

! -Meraspt ,>- .'-wthjrlpf'ntantjn*-1» 

..•■','• -\  y- 

'if, P g»r Adamn, R>ninl'"P, Oilman 

K.-:i8l«r, Jllman, Adams 

H-H.i    P.   »'.  Vnti THJIM,  Bnrrnn,  Ktpn*>r,   F-r.nl',  Knnalnp,  Oilman 

<;■ Limn, Marvel 

KttnMer,   31 lraan 

.'   I    ■.'•;■,  K"nsl»r,  Hurrori,  Ollmni 

K." ,  hhitdri,  Kenaler,  Unter,  Mooa,  Pirrjn,  Oilman 

Dr    n.   ;*.  Baptlntt, B'ir.tlnn, KsLaan,  Harvfl 

<*■',.  n ,,  Htrrlsrr 

;. . 
I •      v-.i.-t  'iarlr;,   Dr.   All-rt  Pntts,  K'-i.ul-T 

P't'V   Murvil 

lenalnr 

PPII 1- rival 1 

Frl-d» •iwili 

Ppledenvald,  Konalitr,  Punting,  Bloom,      :■■■■ 

PrladenMald,  Wlntepnltz,  Cope,  HUPVI 

Anlrn rm 1 wi^gnnwnt 

ppepaped by Dp.  W. J.   PeppnJ 

Prepared by br.   W. J.   ' •   p 

Prepared by DP. W. J.   '■■;>■■■ 

Prepared by IT.   C. M.   Langkanawr><<■ 

Ppepaptid bj C.  0. WoptK 

Prepared by Dr.  W. J.   Pcppnl 

Prepared by DP.  V. J.   Peppn] 

Prepared by Dr.  W.   J.   Peppel 

Prepared  by Dr.   C.   M.   Langkaamnp'tr 
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