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INTRODUCTION

Following the discovery by British investigators
that 1,2-dithioglycerol (DTH, BAL) 1s effective in the early
treatment of arsenical burns, the NDRC asked the cooperation
of the Chemical Department of the Du Pont Company in preparing
a varlety of thlols for evaluation as therapeutic agents for .
Lewisite (L). It was hoped that compounds might he found which
would have equal or greater therapeutic effectiveness without
some of the undesirable properties of BAL, such as its re-
latively high toxicity and chemical instability. The synthetic
work covered by this report was preceded by a closely re-
lated program carried 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 syntheslis
program which was aimed specifically at the production of
dithiol therapeutic agents other than BAL, and was supported
by OSRD. Phermacological and physiological evaluation tests
wvere carried out on samples submitted to several other
laboratories working on progrems sponsored by NDRC and the
Committee on the Treatment of Gas Casualties. Experimental
work under this project was carried oui by F. K. Signaigo
and A. A. Pavlic under the direction of W. A. Lazler.

OBJECTIVES

The primary objective of this program has been
the synthesls of compounds containing the vicinal dithiol
structure Iin a wide variety of structural arrangements. 1In
the event that a particular candidate showed promise in the
testing program, a secondary objective was the preparation
of homologs of that candidate so that structure and efficacy
might be further corr<lated. An additional alm 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 derivatli=s of BAL were
prepared and submitted to the various medical investigators
designated by the NDRC and CMR for therapeutic and toxicity
studies (Table X). The scope and success of the synthesis
program ls 1llustrated in Table I where the compounds are
arranged as classes related to a simple dithiol.

-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 antldotes for chemical warfare
agents other than Lewlsite For example, representative
members of the dithiol series were submitted as possible
antidotes for mustard, cadmium, and arsine therapy.

2,3-Dimercaptopropyl ethyl ether was found to be
the most effective agent for arsine therapy, surpassing all
other compounds submitted for this puyrpose. 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 lnitlated. Alternative routes
for the preparation of the intermedlate allyl ether were
devised, and the exlsting synthesls based on hydrogenation
of the trisulfide polymer was replaced by the more commerclal-
ly feasible sodium hydrosulfide thionatlion.

A novel approach to the problems of dithiol syntheslis
has involved the preparation of derivatives of BAL or 1ts
analogs in which existing thiol groups were converted to
new, laplle structures. Outstanding examples of this class
were the bls-S-amidomethyl thioethers of BAL prepared simply
by mixing the dithiol with formalin and an amide to glve
compounds of the following structure!

c 1
2 OR
R'geN'CHQSCHZ

1
6’0 R
R-C-N-CH.SCH-CHo0H

Under the influence of Lewisite or similar hydrolytlc
material, the thioether link is cleaved with liberation of the
dithiol in situ. Covering of the dithiol structure resulted
in increased stability, lower toxlicity and complete removal of
objectionable odor from the parent compound. In addition,
the water solubility of the resultant composition has glven
promise of greatly simplified formulations in oilntments or
other vehicles.,

A new synthetlc technique, developed in the course
of this work, was applied to the preparation of dimercapto-
tetrahydrothiophene-1-dioxide and 2,3-dimercaptopropionic
acld. The method involves the maction of the appropriate
hallide with thioacetic acid in pyridine to form the thlol-
acetate which, by alcoholysis, ls converted in good yleld
to the thiol. Sensitivity of the precursors of these dl-
thiols to the usual thionating reagents, precluded thelr
preparation by other routes.

-2 -
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Dithloglycidol was condensed with aniline and

methylaniline, by opening of the ethylene sulfide ring, to
yield monomeric dithiols. Polymerization of dithioglycidol

at the temperatures required for reaction complicated 1ts
condensation with other compounds (Table III).

Following the lead of earlier British investigators,
who obtained excellent biological results with the glucoside
of BAL, this compound was prepared from 2,3,4,6-tetraacetyl
dibromopropylglucoside and isolated as the barium salt.
derlvative is at present undergoing therapeutic tests.

This

CLASSIFIED CONFIDENTIAL
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PROGRAM

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

SCUSSION O MISTRY OF

The classical methods for obtalning thiqls have
failed in meny cases to gilve the desired polyfunctional
dithiols, and new modifications and methods had tq be
developed for most of the compounds obtained. Contributing
to the difficulties encountered is the instability of 1,2-
dithiols, particularly those contalning other funotional
groups. In some cases thls has hampered separation of the
dithiol from the by-products usually present,

Many of the dithiols were obtsined by selecting an
appropriate unsaturated compound, converting this to the bro-
mide and replacing the halogen atoms with mercapto groups.

No one thionation techinque worked in all cases, and usually
several were tried before the desired dithiol was obtalned.

The slde reactions encountered were chiefly those involving

the elimination of halogen acid or reduction of the dihallde

by the alkaline thionating agent. The experlmental procedure
used for obtalning each compound 1s given in the pages which
follow. A summary of the various reaction systems investigated
vhich did not yleld the desired compounds 1s given in Table I1I,

Thionations uslng sodium hydrosulfide were success-

ful in the preparation of 2,3-dimercaptopropyl urethane; 2,3-
dimercaptopropylureas 3,4-dimercaptobutancl; and 2,3-dimercap-
topropyl diethyl acetal from the corresponding dibromides but
falled in most other cases. When applied to the synthesls of
dimercaptopropionic acid; dimercaptosuccinic ester; 2,3-
dimercaptobutanol; etc., no dithiols were obtalned but only
mixtures which analyzed low in sulfur content. With dibromo-
propylacetamide, sodium hydrosulfide in methanol at room
temperature apparently resulted in good conversion to di-
mercaptopropyl acetamide, The orude colorless oil, however,
on distillation underwent dehydratigg to a cyclic thloamlde,
belleved to be 2-methyl-5-mercapto-44dihydrothiazine. Cyclo-
dehydration also complicated the work-up of 3,4-dimercapto-
butanol with formation of 3-mercaptotetrahydrothiophens.

-4-
CLASSIFIED CONFIDENTIAL




CLASSIFIED CONFIDENTIAL

Although dimercaptopropionaldehyde could not be
expected to have a real existence because of reactivity
of the aldehyde toward the dithiol group, its diethyl
acetal was prepared in 90% yleld and 92% purlty using the
sodium hydrosulfide technique. Upon standing at room
temperature the acetal group reacted with the dithiol
function, to form a polymercaptsl, liberating ethyl alcoholj
for this reason it was not considered advisable to submit
this compound for testing. The sulfur analog of this acetal
(2,3-dimercaptopropyl diethyl mercaptal) could not be pre-
pared by the usual methods because of the instability of the
intermediate dibromides however, reaction of the crude di-
mercaptoacetal with ethyl mercaptan in the presence of
catalyst yielded, through mercaptan-acetal interchange, the
deaireglcompound. Its instabllity precluded its blologlo
evaluation.

A method developed earlier involved the conversion
of the dihalide to a polymeric trisulfide bty reaction with
sodium trisulfide, followed by catalytic hydrogenation of
the polymer to the dithiol. This was successful in ylelding
dimercaptopropyl ethyl ether and 10,ll-dimercaptoundecanoic
acid. On the other hand, dithlols were not obtained by
applying this method to dichloropropionic acid, methyl di-
bromopropionate, methyl 2-chloro-3-acetylmercaptopropionate
and dibromosulfolane.

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

The monododecyl ether of trithioglycerol had been
prepared earlier by alkylating the trithiol with the alkyl
halide in the presence of alkali. In attempting to extend
this type of synthesis to include alkylation with ethylene
chlorohydrin and chloracetioc acid, the sensitivity of the
trithiol as well as the products towards alkali resulted in
low conversions, and the products were not isolated in pure

form.

A nev thionation technique which was in certaln
cases applied successfully vhere other methods falled, was
the use of thioacetic acid with pyridine as the alkallne
agent. Dimercaptopropionic acid was odbtained from methyl
2-chloroacrylate by adding thioacetic acid to the double

-5 =
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bond and replacing the chlorine atom with thioacetic acid

in pyridine. The resulting triester was hydrolyzed in stages
to methyl dimercaptopropionate and the free acid. This
thionating agent was also used to obtain 3,4-dimercapto-
tetrahydrothiophene-l-dioxide from the dibromide obtained
from butadiene cyclie sulfone.

Other syntheses were tried in wvhich the unsaturated
compound was subjected to thionation directly. For example,
ethanedithiol was obtained previously by sulfurizing ethylene
and hydrogenating the resulting product. This method starting
vwith undecylenic acid, gave, howvever, only a monomercapto
compound. Sulfurization and subsequent hydrogenation of
oleic acid yielded a product that analyzed for T4% dimercapto-
stearic aocid but further purification by means of molecular
distillation did not seem warranted because of extensive

decomposition.

Thiocyanogen did not add to methyl acrylate nor
could thioacetic acid be added to butinediol. A scheme for
obtaining aromatic ortho-dithiols was explored briefly,
Diphenyl disulfide was sulfurized with sulfur monochloride
and the resulting product catalytically hydrogenated. The
dithiol obtained proved to be the para-benzene-dithiol.
Starting with di-p-tolyl disulfide, no dithiol was obtained.
A sample of crude d-glucosone supplied by Dr. Wolfrem of
Ohio State University was hydrogenated in the presence of
hydrogen sulfide in the hope of obtaining l,2-dithiohexanehexol.
This new technique has been generally successful as & means
of obtaining thiols from aldehydes and ketones, The syrupy
product rich in merocepto sulfur vas submitted for evaluation,
but there was no assurance that the desired dithiol was present.

Interesting compounds were obtained by modification
of BAL and & number of its analogs through formation of
derivatives by reaction of the mercapto groups with various
reagents, These derivatives vere of two types, The first were
stable mercaptals and mer~aptols prepared from aldehydes and
ketones and the dithiol. ‘Therapeutic results indicated that
the active function, thus covered, was not available for
reaction with the L-complex in the comtaminated tissue. Use
ofthé ‘reaction was therefore limited to stabilizing the labile
dithiol structure while other synthetic operations, ordinarily
too drastic, were performed as an attempted route to new
dithiols. These reactions and attempted Iiiberationof the
nev dithiol are described below, The glucose mercsptal of
BAL vas of interest in connection with the separation of BAL
into its optloasl isomers, a problem investigated elsevhere,

A second, easily reversible, modification of BAL was pre-

-6-
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pared, aftcr the method first proposed by Dr. Kharasch of
the Unlversity of Chicago, from the dithiol and one or two
equivalents of formaldehyde and amine. These compositions
were water soluble and the dithiol structure was avallable
for reactionj however, the aminomethyl compounds were

not stable. A more satisfactory derivative was obtalned
from BAL (or analogs) if an amide was substituted for the
aminey thus, the bis-s-amldomethyl thloethers of BAL were
vwater soluble lliqulds stable in dllute aqueous solution.
When dissolved in non-aQueous solvents, they exhiblited no
properties of thiols, but when diluted with water the thiol
sulfur vas avallable as indicated by complete titration
with ifodine., Samples of dlethanoclamine and methylglucamine
salts of BAL were also submitted when i1t was found that
these compounds were sufflclently stable to bring BAL into
aqueous solutlon.

As reported previously, an lnteresting by-product
encountered in BAL synthesis 1s dithloglycidol. This com-
pound offered the possibllity of preparing various dithiols
by addition reactions involving opening of the cyclic sul-
fide ring:

H
HSCHo-CH-CH> + HaN @ «~ HSCHo-CH-CHz-N @
\/ = ' ==

) SH

The chief difficulty with this scheme is the rapldity with
which dithioglycidol polymerizes especially under alkaline
conditions. In view of the known behavior of ethylene sul-
fide and some preliminary experlments with dithioglycidol
the reactants were heated at 100-130°C. in sealed tubes.
These experiments are summarized in Table III.

Of the various compounds trled, only aniline gave
a monomeric dithiol, the main reaction with most candlidates
being polymerization of the dithloglyclidol or interpolymer-
lzation with the other reactant. The N-phenylaminopro-
panedithiol 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 unsymmetrical ethylene oxides, but no
proof of thls assumption 1s at hand.

Aliphatic amines reacted like alkalles toward
dithioglycidol, causing ilmmediate 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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Amino~-benzoic z2nd sulfonic acids did not condense, and
sludges of polymer containing unchanged acid were obtalned.
Aliphatic amino-acids and their sodium salts elther did

" not react, or produced rubbery polymers (sce glycine, Table
III). The aminophenols gave insoluble gums from which no
mercapto-containing compound could be extracted with acld.
The substituted ureas were interesting in that they pro-
duced interpolymers ranging from a soft rubber (dimethyl~-
urea) to a hard, glassy material (dimethylolurea, Table II1I),
Sodium bisulfite reacted with dithioglycidol and gave a
solid interpolymer. This brittle, chalky product was not
softened by organic solvents and after standing a week under
concentrated hydrochloric acid was unchanged, thoughi a faint
odor of sulfur dioxide could be detected.

Anticipating that the amide function would impart
desirable solubility characteristics to the dithiol structure,
oconsiderable attention was given to the synthesis of the
lowest member of the series, 2,3-dimercaptoproplonamide,

None of the attempts were successful (Table IV). A number
of experiments which involved theammonolysis of the avallable
methyl ester with both aqueous and alcoholic ammonia ylelded
polymeric materials from which it was possible to isolate

a crystelline composition, probably a trimer, containing

one sulfur (nontitratable) for each acrylamide unit, This
would seem to 1indicate that either dehydrohalogenation or
dehydrosulfurization followed by addition hed occurred.
Reaction of methyl 2,3-dimercaptopropionate with liquid
ammonla in a steel vessel gave only tarry products. ~#Pro-
tection of the mercapto groups by formation of the acetone
mercaptol of the methyl ester, namely, 2,3-dimethyl-3-carbo-
methoxydithiolane, permitted the smooth conversion to the
corresponding amide with alcoholic ammonia. In addition, the
same carbonamidodithiolane was formed from the acetone
derivative of 2,3-dimercaptopropionic acid by heating with
urea; however, attempts to liberate the desired amide from
the dithlolane by a variety of methods which are described
elsevhere in this report, failed, and this route had to

be abandoned.

Attempts to affix the mercapto groups es the last
step in the synthesis, as in the thionation of dibromopro-
plonamide with thioacetic acid in pyridine resulted in de-
hydrohalogenation that ylelded only oils hydrolyzable to
a fraction of the theoretical thiol value. In order to
avold the alkaline reagent which was assumed to be cawsing
the dehydrohalogenation, a mixture of potassium thiolacetate
and thioacetlc acld was used, but reductive cleavage occurred
with isolation of 3-acetylthliopropionamide. Details of the

-8 -
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reaction and enalysis of the product are described 1ln

Table IV. Another line of attack lnvolved the selectlve
dehydrobromination of dibromoprorionamide to yleld 2-bromo+
acrylamide to which it was internced to add thloaretlc acld;
the resulting 2-bromo-3-thlolazerciyamide would then be
converted to the dlthlolaceicxy derivative by the reaction
of the halogen with thioacetlc agi in pyridine in the usuel
manner. The route to the firstf t&PCsynthesis, the selectlve
dehydrohalogenation, could not be effected with pyridine,
dimethylaniline and heat. Removal of the hydrobromic acld
with sodium acetate in methyl alcohol gave a product different
from starting materlals in one small scale run, but repetitlion
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
bromoacrylonitrile, prepared by the dehydrohalogenation of
dibromoproplonitrile; to which it was intended to apply the
thioacetic~pyridine thionation followed by hydrolysis to the
desired amide. However, the addition of thloacatic acld

could not be controlled and tarry, polymeric products were

obtalned.

Dimercaptoproplonic aclid was used as a starting
material in a number of experiments, the first of which
involved heating the acld with urea. Evolution of hydrogen

sulfide, ammonia and water vapor was detected and a hard,
water-soluble mass remeined which contained no thiol sulfur.
An alternate method using the acld as starting material
involved, as the first step, oxidation of the sodium salt

of dimercaptopropionic ccid to a polymeric disulfide, Con-
version of this polyacid to the acld, chloride was effected
by means of thionyl chloride and then ammonla was added to
form what was presumed to be the polymeric amide. Chemical
reduction to & dimercapto compound was attempted on thils
material but only acidlc mercapto materisls could be found
in the reaction mixture, which indicated that hydrolysis
occurred in the reduction step. The fact that any thiol
sulfur could be regenerated from this oxidlzed form turned
attention to the varlation of the reaction, Oxidation of
methyl dimercaptoprorionate tothe corresponding disulflide
polymer was effected with hydrogen peroxide using potassium
1fodide as the catalyst. Ammonolysls of the ester group gave &
product analyzing for a polymeric amide. However, hydrogens ° .
ation of this polymer over cobalt sulfide catalyst was
unsuccessful and the experiment was not repeated. A thio-
antimonite polymer was formed by trituration of antimony
oxlide with methyl 2,3-dimercaptopropionate, However, when
this metallo-organic polymer was dissolved ln alcohol and
treated with ammonls antimony sulfide separated and the next

-9 -
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step, removal of antimony with hydrogen sulflide, was not
carrlied out.

An attempt was made to effect the contrclled
dehydration of arsionium dlmercaptopropionate with sulfuric
acld to the corresncnding emide, but only polymerlc materials
resulted.

A limiting factor in meny of the projected syntheses
was the labtili+y of foucticnal arourz and activated mercapto
grouos under the zonaitlons of thicnartion. Thus, the basle
groiun cf Citwoncproxzylaniie wead aprarantly bydrzsulfurlzed
during thiensilon o Lhs mercaptan ardl #re trlinicl was the
main preduct chwa‘wer) uxgeis, L prejuratlorns designed to
producs dimercaptoprorlconariie the nerzapto group or 1its
precursar was rancval and only & nmonotinlol was obtalned.

If , hovever, u reocily aveliable dithlol could be reversibly
protected duxing swhrsiucnt reanstions deslgned to affix a
deslirable funciicnal grous,a great number of otherwlse un-
obtainable analogz wou.d b: made avallable.

Since the mercaptals end mercaptols of BAL and 1its
analogs were most easlly made and met the requirements of
stabllity in ordinary chamical reactlons, conslderable atten-
tion vwas glven to the intserconversion and eventual liberation
of the converted dithliols. In thls series 2-phenyl->-hydroxy
methyl=-1l,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 however;
hydrogenation of thls mercaptal yielded 25% of benzyl mer-
captan as the only thiol that could be 1solated, indicating
that cleavage had occurred at the wrong C-5 bond. In &n
attempt to Influence the point of cleavage, the ortho-
sulfobenzaldehyde derivative was used, but very little
hydrogen was absorbed and no dithlol was 1lsolated. Attempted
preparation of the acetophenone and benzophenone mercaptsals
of BAL which might be expected to cleave at the desired
point, falleds standard synthesls of the latter was supple-
mented by a preparation through benzophnnone dichloride and
BAL 1n pyridine or alcoholic potasslum hydroxlde, but only
a complex, uncrystallizable mixture was obtalned in which
thiobenzophenone was recognized, Indicating decomposition.
Because of the ease of preparatlon end some early success
in removal of the covering group, the acetone mercaptols
(2,2-dimethyldithioclanes) of various dithiols were prepared.
Thelr preparation and reactions are outlinedin Table V.
Cleavage of the C-3 bond in these dithiolenes was effected
using mercuric chloride In acetone or alcohol. Upon treat-
ment with hydrogen sulfide, mercuric sulfide and the dithlol

- 10 -
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vas formed. In the best experiment usi BAL as the dithiol
component of the dithiolane, 65% of BAL (identified by
titration) was recovered. However, when the method was
applied to other compounds, for example, the acetone-di-
mercaptopropionamide and acetone-dimercaptopropyldiethylamine
only a fraction of the theoreticel thiol sulfur was liberated
end 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 2,4-dinitrophenylhydrazine wae reacted with

the acetone-mercaptol of BAL in the presence of a catalyst
with slight formation of thiol sulfur; hovwever, a dithiol
could not be isolated. In this same category was a mercaptol-
ketal interchange which involved heating acetone-BAL in ean
excess of ethylene glycol in the presence of & catalyst.

In the event of interchange, dimethyl dioxalane and BAL would
be the products, the dioxalane boiling lower than any other
constituent in the mixture and by its removel the equilibrium
in the direction of the dithiol would be fevored. When the
acetone derivetive of BAL was used in this system an.. oil

was . obtained which contained but 7% mercapto sulfur;

the acetone derivative of dimerceptopropionemide was re-
covered unchanged after 7 hours reflux.

As with the benzal derivative, no hydrogenation
could be demonstrated with the acetone derivative of BAL using
palladium on charcoal as a catelysts when the hydrogenation
was carried out in the presence of water and a trace of
acid in the hope of inducing dissociletion to BAL and acetone
there was no hydrogen up-take and the starting material was
recovered unchanged. Other covered derivatives of dithiol
included the S-amidomethyl thiocethers prepared by reacting
methylolacetamide or methylol benzemide with BAL. In general,
these derivatives were too unstable for interconversion to
other functional compounds. O,0-diethyl chloromethyl
ethylene~S-bis~thliocarbonate, prepared in good yield from
tvo moles of ethyl chloroformate and one of dimercapto-
propg¥ chloride, was found to be very stable in acid solution
but rapidly hydrolyzed in basic medium, thereby meking it
unsuiteble for many of the conversions to other functional
groups which required alkali as the driving force. Other
covering attempts including the disulfide polymer and
polythioantimonite formation ere described in the section on
dimercaptopropionamide,

CLASSIFIED CONFIDENTIAL
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EXPERIMENTAL_PART

2,3-Dimercaptopropyl Acetate

CH.SH *CHSH*CH.0H _AEQAQ__;9 CHoSH°*CHSH*CH.0+CO°*CHa

Two drops of concentrated HyS0, were added to 100 g.
of BAL which was stirred and maintailned 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 belng used to break the emulsion. The ether solution
was dried over sodium blcarbonate and calcium sulfate and
distllled 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 throu?h
a 20 inch,packed column at 1.0 - 1.5 mm. (bath 155-160°
and the distillate, boiling range80-90°, 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 1s a colorless moblle liquid with
a sharp penetrating odor. It i1s soluble to the extent of
ebout 1 g. in 100 g. water and hydrolyzes rapldly in water
as the folloving pH measurements on a 0.5% solution indicates

pPH 4.5 4.0 3.0 2,0 1.5 1.3 1.2 1.1

Time 0 1.0 1.25 1.75 2.25 2.75 3.25 3.75
(hrs.)

The properties and analyses are glven in Table I1X,

In preclsely the same manner, using the approplate
acld anhydrides, 2,3-dimercaptopropyl proplonate and butyrate
were synthesized. The properties and analyses of these homo-
logs are summarized in Table IX,

2,3-Dimercaptopropionic Acid

This acid was prepared by the followlng serles
of reactions: ‘

CLASSIFIED CONFIDENTIAL
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/p HSAc 40 HSAc
CHa-g-C-OCHa —_—3 QHE-QH-C-OCHS

Ccl SAc Cl pyridine

20 0
CH2~CH-C~

<z
OCHs 1% HCl ?Ha-?H-C-OCHa

SAc SAc in MeOH L SH SH

20
1% HC1 ?Ha-?H-C-OH

—_—

agueous SH SH

Methyl 3~-Thiolacetoxy~-a-chloropropionate

This compound was prepared by the addition of
thioacetic 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 malntalned at
60° for 24 hours and then dlstilleg at reduced pressure. The
product bolled at 89-90/2.5 mm.s Nﬁﬁ = 1.4898., The yleld

vas 84%.

Methyl 2,2-D1mercagtogropionate

To a rapldly stirred solution of 300 g. methyl
3-thiolacetoxy~2-chloropropionate in 300 g. of pyridine vas
added, over a period of 6 hours, 140 g. (10% excess) of
thioacetic acid., The temperature of the mixture rose to a
maximum of 40° during the addition and pyridine hydrobromide
preclipitated 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 pyridine was accomplished by
the dropwlse addition of 150 cc of concentrated hydrochloric
acid to the solution cooled to ~15° to -5°., Stirring, If
hindered by the salt deposited, could be facllitated by the
addition of 50 to 100 cc. of water. The olil was removed by
three extractlions with 200 cc, portions of ether and the com-~-
bined ether extracts washed once with 10% HCl and twice with
water. After drying over NazSO¢, the ether was removed by
distillation leaving 354 g. (theory, 344 g.) of brownish-red
oll. Thils intermediate methyl 2,3-dithiolacetoxypropionate
could be isolated or subjected to methanolysis directly to
yleld the dimercapto ester. 13
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In the latter case, the crude trlester was
dissolved in 1500 cc. of 1% methanolic HCl1l and refluxed
for 4 hours. At the end of this time the thiol content
had risen to 90% of theory and additlonal heating did not
materlally lncrease this value.

The product was separated from the methanol and
polymeric materlal by a primary distillation. The crude
distillate was then fractionated through a ring-packed
column to yleld 116 g. (50%) of methyl dimercaptopropionate,
boiling point 52-54°§0.5 nm.

Analysis: S(H) = 42,0%, ngal S = 42,05, 41.79%,
Cl = Trace, C = 32.44%, H = 5,43%, NS5 = 1.5251, d 5 = 1,2309.
galcé gg; C4Hg0oS2: S(H) and Total ¥ S = 42.10%, C = 31.6%,

Methyl 2,3-Dithiolacetoxypropionate

In a run similar to that descrlbed above, about
one-half of the crude oll was removed and distilled through
a small vigreux column. One hundred and thirty two grams
of product, distilling at 112-114°/0.5 mm., was collected.

Calc, for CgHyp0ySo: c; 40.65%y H, 5.12%3 S, 27.11%
Found: C, 40.97, 41,09%3 H, 5.25, 5.26%; S, 27.88,

27.63%.
2,3-Dimercaptopropionic _Acid

The acld was prepared by hydrolysis of 59 g. of
the methyl ester in 650 cc. of 1% aqueous HCl. The mixture
was refluxed for 8 hours or 4 hours after the dlsappearance
of the olly layer. Isolatiom was best accomplished by
extraction of the aqueous solution with ether until the thilol
content of the former was decreased to less than 1% of its
original value.

The ether extract, after drylng over CaS0O4, was
distilled under reduced pressure and the residual solid
dissolved in 60 cc. of hot chloroform. From thls solvent
the dimercaptopropionlic acld crystallized in large, brittle,
transparent crystals, melting polnt 73.5-74,5°C. Yield
44 g. (83%). The melting point could be ralsed slightly
by recrystallization from water.

CLASSIFIED CONFIDENTIAL
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Calec. for CzHg0-S5: C, 26.07%3 H, 4.38%; S, 46.40%;
S(H), 46.40%3 N.E., SHe02%27 ) B

Found: C, 25.95%3 H, 4.73%s S, 45,73%s S(H), 46.0%;
N,Eo, 139010

2,3-Dimercaptopropyl Glucoside

CHa-CH-CHa CHa-CH-CHa
I b N\ ot

Br Br QH SAc SAc

o_H
v ‘ KSAc g | Ba(OCHa )2
(9H0Ac)3 b — (CHOAc)s O ;
g— g ——]
CHz0Ac CH..0Ac

CH2-CH-CH>
t t \
S S 0

\_/ ,é“-———]
5 (?HOH)S o

CH-0H

The preparation of the lntermedlates for thls
synthesls has been described by Flscher, Z. Physlol. Chemle,
108, 3 (1919). 2,3,4,6-Tetraacetyl allyl-A-glucoslde was
prepared fromhr.::eacetylglucose and allyl alcohol in the
presence of sllver carbonate. Whlte needles from dilute
alcohol, melting at 89-90°were obtained Ln 55-65 percent
yleld. The dibromlde, prepared by directlions glven by the
simeaauthor, was obtalned in 80-90 percent yleld, m.p.
91-92°,

Seventy filve grams (0.l4 mole) of tetraacetyl
dibromopropyl glucoside, 38 g. (C.33 mole) of potassium
thloacetate &nd 325 cc. of absolute alcohol were refluxed
for 5-6 hours on a steam bath. During the early stages of
the reactlion the solutlon turned yellow and salt was pre-
clpltated; hydrogen sulflde was detected Iin the off-gases,
After cooling, the solutlon was poured into 1000 cc. of water
and the oll extracted three times with ether, the ether

- 15 -
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extracts being combined, washed once with water and dried
over CaS0¢ and Naz504. The other 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 glucoside, 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 methoxide in 300 cc. of methanol was
added dropwise over a period of 30 minutes and the slurry
allowed to stand 15 minutes more. Barium methoxide was
prepared by solution of elther BaO or barium metal In
methanols 1t was usually necessary to filter the solution
before use. The barium salt was flltered, washed with
methanol and dried in a nitrogen-filled vacuum desiccator.
The yield was 64 g,, slightly above theory.

Found: Ba, 30.64, 30.65%3 S, 12.09, 11.90%;
S(H), 11.5%; B, trace.

Repetition of thls synthesis a number of times
gave essentislly the same product and the results of the
British, who obtalned 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
fmmedlately 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 titration was obtained with acid, in-
dicating that a part of the mercaptide linkage had been
changed to a more stable structure. The thiol analyslis
with standard fodilne was also reduced a similar amount,
although the end point would fade after the initial rapid
titration 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 disulfide involving the glucoside units.
In this form, the barium does not titrate, at least imme-
diately, with dilute acid, but upon standing the Bat 1is
converted to the halide with liberation of hydrogen sulfide.
The sulfide ion, requiring two equivalents of ifodine as

- 16 -
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compared with one for thﬁ mercapto group, would account for
the high, though tardy, thiol value.

Although the potassium thioacetate could be pre-
pared in solution and used as such, best results attended
1ts isolation and purification prior to use. This was done
as followss 76 g, (1.0 mole) of thioacetic 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 (30-40%)methanolic solution, the temperature being
kept below 0° with proper cooling. While stirring wes main-
tained, 500 cc. of 1ce~-cold ether was added, the salt separ
rating as fine needles which were filtered and washed with
ether. Reprecipitation from methanol solution with ether
served to purify the salts the yleld of potassium thioacetate
prepared in this manner was usually 50-60%.

Dimercaptopropyl kthyl Ether

Sodium trisulfide was prepared by warming 252 g.
(1.05 moles) of Naz8:9H20, 69 g. (2.1 atoms) of sulfur and
100 cc. of Ha0 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 NaOH and &
solution of 30.6 g. of MgCiz6H20 in 30 cc. Hp0 to the rapidly
stirred mixture. Two hundred and forty six grams (1 mole)
of dibromopropyl ether was added dropwise to the stirred
solution maintained at 50°, the addition requiring about
4 hours. After all the dibromide 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
Buchner funnel until the washings were clear; the polymer
was then superficially dried in a vacuum desiccator overnight.

The 230 g. of stickg polymer was divided into 2 por-
tions and hydrogenated at 125  in 130 cc. of dioxane over
10 g. of cobalt trisulfide catalyst. The suspended catalyst
vas flltered off and the hydrogen sulfide blown out of the
solution in a stream of nitrogen. The solution analyzed for
79% of theoretical mercapto sulfur content assuming only
dimercaptopropyl ethyl ether to be present. The dloxane
was removed by distillation at 80 mm. pressure; & low boiling
thiol which co-distilled with the solvent was not identified.
The dimercapto-ether, distilled at 51.%-22.5%at 1 mm. The
analysis is given in Table VIII,

CLASSIFIED CONFIDENTIAL
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2,3-Dimercaptopropyl Methyl Ether

Allyl methyl ether, prepared from sodium methoxide
and allyl bromide, was brominated in 83.5% yleld to glve
a product distilling at 71°/11 mm. One hundred and ninety
three grams of polymer was prepared from 232 g. of this
dibromide using the directions for the ethyl homolog as
described above. Hydrogenation of the polymer ylelded
56 g. of product distilling at 63°/5.5 mm. The analysis
and properties of dimercaptopropyl methyl ether are out-
lined in Table VIII.

2,3-Dimercaptopropyl Isopropyl Ether

A trisulfide polymer was prepared from 210 g. of
NaoS+*9H20, 55 g. of sulfur, 60 cc. of Ho0 and 200 g. of
dibromopropyl isopropyl ether (b.p. 63°7 2.8 mm.). By
the usual work-up there was obtained 67 g. of product
analyzing for 34.2% 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 dibromide which would be expected to codistill
with the dithiol. Consequently, the crude product was
taken up in 150 cc. of 40% NaOH and the neutral impurities
extracted from the sodium mercaptide thus formed, with ether.
Liberation of the dithiol was accomplished by acidification

followed by extractionsy all operations were conducted under
nitrogen to prevent loss due to oxidation. Distillation of
purified product yielded 37 g. of dithiol distilling at
75-76°/5.5 mm. The analyses and other properties are
recorded in Tuble VIII.

2,3-Dimercaptopropyl Butyl Ether

The previous directions were modified slightly
in this preparation because of the lower reactivity of the
dibromopropyl butyl ether, Two hundred and sixty grams
(1.1 moles) of NaoS‘9Hz0 and 68 g. (2.1 atoms) of sulfur
were melted together by stirring at 50°., To this stirred
solution was added 275 g. (1 mole) of dibromopropyl butyl
ether (b.p. 66°/5 mm.) in 250 co. of methanol over a period
of 5 hours, the temperature being malntalned at 50°. The
digestion was prolonged for 18 hours at 70-75°, The tacky
polymer was washed by trituration with water and then with

methanol.
CLASSIFIED CONFIDENTIAL
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One half of the superflclally dried polymer was
hydrogenated in 100 cc. of dioxene at 125° over 10 g. of
cobalt trisulfide catalyst. The dloxane was removed, after
filtration of the catalyst, at 60 mm. pressure and the product
vas distilled at 61.5°/0.35 mm. Purification of the product
vas complicated by the presence of a co-distilling thiol
recognized by a high mercapto sulfur analysis. The properties
of the best fraction are described in Table VIII.

Sulfurization of Diphenyl Disulfide

55 g. of diphenyl dlsulfide was melted on a steam
bath and stirred at 80° while 34 g. of SxCl, was added.
After the addition of the first part of the SzCl.,, no HC1l
was evolved, 80 a fraction of a gram of ferric chloride
was added as a catalyst. This brought about rapid evolution
of HCl., When the mixture thickened, benzene was added.
After 2 hours the evolution of HCl ceased, the total amount
evolved being 80 percent of the theoretical. The mixture
was hydrogenated at 125° using & cobalt sulfide catalyst.

On vorking up the hydrogenated mixture, there was obtained,
in addition to thiophenol and non-volatile resin, approxi-
matelg 15 g. of impure p-dimercaptobenzene, melting point
80-90°, containing 40% S(H). (Calculated for CgHgS2: S(H) =

45,04). Reported melting point = 98°C,

The same prQcedure starting with di-p-tolyl
disulfide yielded no dithiol,

N-Dibromopropylacetamide

For preparing this compound the work of Bergmenn
(Ber. 54, 2139 (1921)) was followed in brominating allyl-
acetamide. Working on a much larger scale a yleld of only
11% of theoretical was obtained as compared with the 47 percent
yield reported. The principal by-groduct was a crystalline
amine hydrobromide melting at 115-6", apparently 3-bromo-2-
hydroxypropylamine hydrobromide,the hydrolysis product of the
3=-bromo-2-acetoxypropylamine hydrobromide obtained by Bergmann.

Anal. Found: N, 6.14, 6,05%s Br, 67.66, 67.86%,
Calcd. for C}HQONBI'QS N, 5096%’ Br, 68.1%0
Reaction of Dibromopropylacetamide with Sodium Hydrosulfide.

Seven grams of sodium was dissolved in 75 cc. of
methanol, the solution cooled to 0° and saturated with HoS,.
26 g. of dibromopropylacetamide was added to the cooled so-

- 19 -
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lution, 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, tltration of a
aliquot for alkell and thiol 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 oll and salt was extracted with chloroform and
after drying the chloroform wes removed from the product by
distillation at reduced pressure. The colorless olly re-
sidue was water soluble and rich in mercapto groups. It
vas distilled at 0,3-0.5 mm. The distillate, 6 g., was
relatively insoluble in water, but soluble in elkalil and
dilute acid.

Anal. Found: S, 41.05, 40.82%; S(H), 20.4%;
N, 9.59, 9.73%.

Calc. for C5H9NS= S, 43.5%; S(H), 21.7; N, 9.53%.

Apparently on distillation the desired product,
dimercaptopropylacetamide, underwent cyclodehydration to
form elther 2-methyl-5-mercaptomethylthiazoline, or 2-
methyl-5-mercaptodihydrothlazine. The stability of thlis
product towerd mineral aclds favors the latter structure.

10,11-Dimercaptoundecancoic _acid

To & prepered sodium trisulfide solution (90 g.
NaS:9H20, 23 g. S in 150 cc, H-0) at 50° was added a solution
of sodium 10,1ll-dibromoundecanocate prepered from 120 g. of
10,11-d1ibromoundecanoic acid and 14 g. of sodium hydroxide
in 100 cc. water. The reaction was maintained at 50° during
the two hours required for addition of sodium selt and was
then raised to 60° for 6 hours. After cooling concentrated
HC1l was added dropwise until the solution was distinctly
acld and the soft polymer was washed by decantatlon.

Eighty grams of alr-dried polymer was hydrogenated
at 125° in 125 cec. dry dioxan, over 15 g. of CoSs; catalyst.
After removal of the suspended catalyst by filltration,
dissolved H:S was blown out iln a stream of nitrogen. The
dark brown solution was placed in a separatory funnel and
600 cc. of water added which preclplitated 82 g. of dark
oll containing all of the mercapto-acld. Attempts to distill
this crude mixture were unsuccessful because the high pro-
portion of high bolling material present necessitated
excessive pot temperatures. It was found that fractional
preclplitation with petroleum ether from ethyl ether solutlons
of the crude would remove polymeric matenial. The proportion

- 20 -
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of solvente varled with each purification, but, in general,
for this size sxperiment 100 cc. of petroleum ether would
grecipltate 16 grams of heavy dark paste from a solution of

2 g. of crude in 100 cc. ethyl ether. The mixed ethereal
solution was then evaporated In a stream of nitrogen and

this partiaslly purifled product was distllled through a short
still-head under reduced pressure. Forty six g. of distillate -
boiling at 135-188°/7.2-0.4 mm. and 16 g. of residue were
obtalpned. An attempt tp fractlonate a portion of the
distillate through a 20" ring-packed column falled owing to
excessive decomposition, but the small amount of foreshot
collected at 150-170°/0.3 mm. contained monomercaptoundecanoic
acid, melting-point 42°C., with previous softening; S(H),
Found 14.3%. Calculated 14.8%.

Final purification of the dimercapto acid was
effected by careful distillation through a short unpacked
still-head, the fraction boiling between 166-167°/0.2 mm.
being retained. The yleld was 23 grams or 26% of the
theoretical.

Analysis Caled. for Cj1Hps02Sp5: S, 25.6%;
N.E., 250.4. 117eatemet = ’

Found: S, 27.46%; S(H), 25.2%; Br, Traces N.E., 249.

N-Phenylaminopropanedithiol Hydrochloride

Eighteen and six tenths grams (0.2 mol) of aniline
and 22.6 g. (0.2 mol + 7%) of dithioglycidol were heated in
a Carlius tube for 8 hours at 130°C. At the end of this time
the contents of the tube were dissolved in ether and the
unreacted aniline and aminodithiol extracted with 10% HC1l.
The solvent was removed by distillation at reduced pressure
and the reslildual cake crystalllized from alcohol-ether mixtures.
Yield 27 g. (57%); melting point 137-139°C.

Analysis: S(H), 27.3%; Total S, 26.6%; Cl, 15.3%;
N, 5.74%.

Calculated for CqHyyNC1l:S(H), 27.18%; Cl1l, 15.08%;
N, 5.94%. 9714

As the hydrochloride, the dithiol was soluble to
the extent of 15% in water at 25°C. but the free base was
practically insoluble.

- 21 -
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3,4-Dimercaptotetrahydrothiophene-1-dioxide

?r Pr ?Ac §A0 SH SH
| ]
CH—CH HSAc CH—CH MeOH CH CH
1 ]
——) m—
CHe CHz pyr, CH{{HZ HCl  ~ CHp CHz
0

0“0 0¢ 0%

. Two hundred seventy eight grams (1.0 mol) of
3,4-dibromotetrahydrothiophene-1-dioxide (from the bromination
of butadiene cyclic sulfone in CCls) was dissolved in 400 g.
of pyridine and cooled to -25°, To the rapidly stirred
solution was added 265 g. (3.5 mols) of thioacetic acld as
rapldly as compatible with maintainance the temperature be-
low -15°, After all the acid had been added, the mixture
was stirred at -10°C. for 5 hrs. and then at + 5° for an
additional 14 hrs.

At the end of this time the yellow-orange solution,
containing suspended pyridine hydrobromide, was poured in
a thin stream into 350 cc. of conc. HCl which had been pre-
cooled to -30°, a heavy tan-colored paste precipitating.
The paste was washed 5 times with waeter by decantation th:=n
dried in a vacuum desiccator overnight; it welghed 165 g.
after drying.

The solid was dissolved in 1500 cc. of hot methanol,
filtered and cooled, 66 g. of brown needles depositing.
Recrystallization from 1200 cc. methanol and clarification
with charcoal produced 48.5 g. (21.5%) of 3,4-dithlolacetoxy-
tetrahydrothiophene-l-dioxide, m,p. 156.5-157.5°C.

Analysis: S, 35.18%; Br, Trace; C, 35.58%; H, 4.44%
Caled. .for CgH oS30yt S, 35.84%; C, 35.80%; H, 4.51%

The dimercapto sulfone was obtalned from the
dithiolacetoxy derivative by alcoholysis with 1% methanolic
HCl for 3 hres. at 50°C.; 18 ml. of solvent per gram of com-
pound was the arbitrary dilution used. 3,4-Dimercapto-
tetrahydrothiophene-l-dioxide crystallized from the methanol
upon cooling and was recrystallized from chloroform, water,
methanol or ethanol to yield 31 g. of small, flat plates,
m.p. 126-28°,

CLASSIFIED CONFIDENTI..L
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Caled. for CyHq0-S.: S, 52.19%; S(H), 34.79%;
C, 26.07%; H, 4.38g, 823 ) R &

Found: 8, 49.41, 50.06%; S(H), 33.1%; C, 26.36,
26.46%; H, 4.61, 4.71%, halogen, trace.

If the reaction was run at room temperature rather
than -10°, dehydrohalogenation accompanied replacement of
bromine and the only product 1isolated was 3-thlolacetoxy-
2,3-dihydrothiophene~1-dioxide which could be hydrolyzed
to the corresponding thiol in the usual manner. The mono-
thiolacetoxy derivative was obtained in 30-35% yleld by
crystallization of the HCl-precipltated crude from alcchol-
ether mixtures, m.p. 71-73°.

Analysis: S, 33.19%; C, 37.6%; H, 4.97%.
Caled. for CgHgOsSp: S, 33.3% C, 37.5%; H, 4.19%.

The position of the double bond at 2,3 1g assumed
from analogy to known dehydrohalogenation reactions of the
dibromide. Further proof of the monothlolacetoxy structure
was obtained by following the formation of mercapto sulfur
by fodine titration during alcoholysis; one S(H) was pro-
duced per molecule assuming the above formula.

4-Mercapto-2,3-dihydrothiophene~1-dioxide was ob-
tained as a pale yellow oll upon svaporation of the methanol
after alcoholysis; it analyzed for 21.9% S(H) as compared
with 21.3% theoretical.

Thionation of Methyl Dibromopropionate and Methyl 2-Chloro-
h Na-3,.,

3-thiolacetoxypropionate wit

These reactlionswere carried out In an attempt to
prepare dimercaptoproplionic acid. One hundred twenty three
grams of the dibromoester in 200 cc, methanol was added at
room temperature to a solution of 123 g. NaoS:-9H.0 and 33 g,
S in 50 cc. H20 containing Mg(OH)- as the dispersing agent.
The resulting polymer was hydrogenated at 125  over.CoS,
catalyst In dloxane. On distillation of the reaction mixture
12 g. of product was obtaéned which boiled at 25-6°/1 mm.,
49°§8 . N&9 = 1,4626, 5 = 1.4605, This appears to be
methyl 3-mePcaptoproplondate reported by Drummigd & Gibson,
J.C.S. 1926, 3073 to boil at 54-55°/14 mm., Np7= 14628.

Ansl. Found: S(H), 26.3%; S, 26.46%.
Caled. for CyHg0y3: S(H), 26.67%; S, 26.67%
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Hydrogenation of the trisulfide dimer obtalined
from methyl 2-chloro-3~thilolacetoxyproplonate and sodium
trisulfide also gave methyl 3-mercaptopropionate in 28%
yleld. No other thiol could be lsolated.

In these reactions it appears that the alpha
halogen or sulfide group 1s reduced off by the thionating
agent. It 1s possible however that the alphe mercepto
group 1s lost during hydrogenation.

Dibromopropionaldehyde

Dibromopropionaldehyde was prepared in 89 percent
yleld by the addition of 350 g. (2.19 mols) of bromine to
124 g. {2.21 mols) of freshly distilled (b.p., 52-53°C.)
acrolein in 300 cc. of carbon tetrachloride at temperatures
below 0°. The product, which was distilled directly from
the reaction mixture (b.p. 45-47°/1.5 mm.), was unstable
and wvas used directly for the following preparation.

Dibromopropionsldehyde Diethyl Acetal

Dibromopropionaldehyde diethyl acetal, following
the directions of Grard, Ann. Chem. /107 13, 37, was obtained
in 93 percent yleld from the aldehyde and orthoformic ester;
bopo 60"63. at 0.‘4 mme.

2,3-Dimercaptopropionaldehyde Diethy) Acetal

Into a 1-1, stalnless steel sutoclave was charged
150 g. of dibromopropionaldehyde diethyl acetal and sodium
hydrosulfide prepared by dissolving 37 g. of sodium in 500 cc.
of methanol and saturating the resulting solution with hydrogen
sulfide at 0°. After closure, the vessel was shaken under
100 1lbs. hydrogen sulfide pressure for 48 hours at room
temperature., The pale green solution was transferred to &
2-1. separatory funnel and saturated with carbon dloxides;
flakes of what 1ls 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 oll and this
was extraected with ether in a carbon dloxide 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 drylng over sodium sulfate-calcium sulfate
under carbon dioxide, the ether was stripped off leaving
98 g. of a tan colored oil analyzing for 29.9% thiol sulfur
or a purity of 91.5% assuming only the desired dithiol to
be present.
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Twenty flve grams of thls residue was distilled
through a short path still-head aQﬁ0.25 mnm. from a pot
held at 110-120°., Seventeen gramsadlstillate was collected
which analyzed for 31.2% thiol sulfur or a purity of 95.4%.
The viscous residue, 7 g., contalned 19.3% thiol sulfur.
Attempts to redlestlll the purifled acetal in a preclsion
ring-packed gtill resulted In polymerlization with loss of
all the product.

Anal. Calec. for CoH 602822 C, 43,00%; H, 8.15%;

s, 32.68%.

Found: C, 43.19, 43.12%; H, T7.94, 8.07%;
S, 30.74, 31.26%; S(H), 31.2%. ’ A

Upon standing at room temperature for about one
week, dlstllled 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 sulflide was detected, Distillation of
4 cc. of the upper layer, which after two weeks contained but
8% mercapto sulfur, indicated that 1t was largely ethanol
(bep. 75-79°C, miscible with water, fodoform test, etc.).
The mechanism compatible with these facts would involve
reaction of ethoxyl of the acetal function with nelghboring
thiol groups to yleld & polymercaptal. A completely
polymerized product would be represented by (I), although
analysis of a dlstlllation residue indlcated a structure
more nearly represented by (II).

QE&

CHz-CH-CH gnz-gH-CH(
S s s s
1 1 b'e 1 t

(x.) (11.)
Attempt to Prepare Dibromopropionaldehyde Diethyl Merceptal

Two hundred thlirty seven grams of dibromoproplonel-
dehyde was cooled to 5° in a 500 cc. 3-necked flask equipped
with thermometer, stirrer and dropping funnel and 3 drops
of 48% hydrobromic acld was added. While stirred, 140 g. of
eth;l mercaptan was added dropwlse over & perlod of 3 hours,
the temperature being maintalned below 15° by coollng the
flask with an 1ce bath. After the addition was complete
the contents were stlirred at room temperature an addlitionel
3 hours. The mixture was then transferred to a separatory
funnel, the water layer removed and the product dried over
sodium sulfate.

- 25 -
CLASSIFIED CONFIDENTIAL




CLASSIFIED CONFIDENTIAL

By the next day the drying product had turned jet
bleck 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 maintalned
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 Thionate Crude Dibromopropionaldehyde Diethyl
Mercaptal

) Twenty one grams of dibromopropionaldehyde and
12 g. of ethyl mercapten were reacted as described above.
Meanwhile a solution of sodium hydrosulfide was prepared in
a pressure bottle 87 g. of sodium, 200 cc., of methanol
sgturated with HxS). To thls cooled solution was added

the superficially dried reaction mixture (above) and after
saturation with H:S the bottle was cepped and placed in

the cold room for two days. At the end of this time the
reaction mixture wds 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
wvhilch 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 Dimercaptopropionaldehyde Diethyl Mercaptal

Thirty two grams of crude dimercapto propionaldehyde
diethyl 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 aclid 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
wvater twice and then dried over sodium sulfate. The mercaptal
wvas transferred to a small Clalsen flask and distilled at
0.5 mm. Thirteen grames of viscous pink liquid contelning
suspended water was collected at 70-100°., By shaking with
e few greins of sodium sulfate the water was removed.

Anal. Calcd. for CpH36S4¢ S, 56.16%; S(H), 28.08%°
Found: S, 50.14, 49,73%; S(H), 28.08%.
CLASSIFIED CONFIDENTIAL
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All other attempts to purify this product further by
distillation failed. Only polymerized productc were
obtained.

Allyl Carbinol

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 dropwise vhile the magnesium
suspension was vlgorously stirred. This addition of allyl
bromide required days and at the end of this time titretion
indicated the presence of 0.93 moles of Grignard reagent.

The supernatant solution was transferred by means
of a filter stick to a dry, nitrogen-filled 3-necked flask.
Gaseous 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 Michler's
ketone. The two layers vere vigorously stirred while 150
cc. of saturated ammonium chloride solution was added. The
ethereal solution of the allyl carbinol was removed &nd 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.,
vas refractionated in a precision =till; 32 g. of allyl
carbinol (45 percent yleld) distilling at 113° was obtained.

3,4-Dibromobutanol

Fifty seven grams of allyl carbinol was brominated
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 yleld was
141 g. or 77 percent of theory.

3,4-Dimercaptobutanol

Into a 1-1. stainless steel autoclave was charged
120 g. of 3,4-dibromobutanol and 500 cc. of sodium hydro-
sulfide (35 g. of sodium in methanol saturated with H.S).
The mixture was heated at 40° for 40 hours under 135 1b.
hydrogen sulfide pressure while 1nterm1ttantlg shaken. After
discharging, the solution was acidified with 60 cc. of
concentrated hydrochloric acld 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 organle layer removed. The
aqueous layer was extracted twlce with ether, these extracts
being comblined with the Erevlous extraction. Analysls in-
dicated the presence of 49 g. (58 percent of theory) of
dithiol. After removal of the ether, the residue was dis-
tilled through a short head et 2.5 mm., 40-50°, a mrterial
co-distilled with water and some of thls cut was carried
into the cold trap. Another fraction was collected at
80-100° at 1.5 mm. (30 g.) which, upon redistillation in n
Erecision st1ll, b.p. 96-97°/1 mm. ?18 g.), anelyzed for
5.9 percent thiol sulfur or 98.8 percent of theory for
dimercaptobutanol.

Anal. Caled. for CyH,405,t S, 46.35%; C, 34.73%;
H, 7.29%. 107"2

Found: 8, 46.10, 45.86%; S(H) 45.9%; C, 35.15,
35.35%; H, 7.39, T7.67%. N25 = 1.5583. dﬁg = 1,1842,
Solubllity, 4% in weter D at 25°.

The foreshot end the materlel collected in the
dry ice trap during the primary distillation was weshed
with water, drled, and redlistilled in a precision still.
The 12 g. maln fraction bolling at 68°/5 mm. anelyzed for
26.2 percent thiol sulfur, as compered with 26.7 percent
for the dehydration product of dimercaptobutanol. Although
no attempt was mede to distinguish between 'the two posslble
structures, 3-mercaptotetrahydrothiophene (1) would be
expected to be formed rather than 2-(mercaptomethyl) propylene

sulfide (II).
HS-CH>-CH- ' CH-
' ' \
CE: ;JHg HSECH~-CH /CH.;
S (1) (11)

Anal, Calcd. for CyHpSo: S, 53.35%; S(H), 26.68%;
c, 39'95%5 H, 6'66%' I

Found: 51.27%; S(H), 26.2%; C, 39.92, 40.15%;
H, 6.76, 6.73%. d%5 =1.1862,

2,3-Dimercaptopropyl Urethane (Ethyl N-(2,3-dimerceptopropyl))
carbamate

Al1;1 urethene was prepared from allyl emine and
chloroformic ester in =queous slkall, b.p. 77-78°/9 mn.
The dibromide, described by Bergmenn, et. sl, Ber. 54 2147,
was obtained 1n 87 percent yleld ss a low melting white solid.
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2 1-1. Parr bomb was charged with 188 g. (0.65
mole) and a sodium hydrosulfide solution prepared by
dissolving 46 g. (2 atoms) of sodium in 450 cc. of methanol
and saturating the resulting alkoxide with H,S at 0°C.

After pressuring to 100 1lbs. with H>S, thewssel 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 tonc.
HC1 and after flltration of the precipltated galt the solvent
was distilled in vacuo. The resldue of salt and oll 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 vigreux column. Following a 13 g.
foreshot, 84 g. (65%) of product (S(H) = 32.1% as compared
with 32.8% theory) distilled at 129-131°/1.1 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 finsal
distillation.

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

Anal. Calcd. for CgH,20-NS»: C, 36.91%; H, 6.72%;
s, 32.82%; N, 7.17%. 6%1372"~2

Found: C, 36.98, 36‘89?6 H, 7.00, 6'3§%’ S, 32.16,
3%.83%; S(H), 3558%; N, 7.58%. ag = 1.1976, dgo = 1.1924;
NDO = D

1.5290, N = 1,5277.
2,§-D1mercaptoprogzl Urea

A sodium hydrosulfide solutlion, 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 150 g. of dibromopropyl urea, prepared
according to the method of Taal and Heupel, Ber. 24, 303.
The bomb was agitated under & hydrogen sulfide atmosphere
at 50-75 1b. gressure at room tempersture for 50 hours
then at 50-60° for an additlional two hours. The reaction
mixture was acldified with 50 c¢c. of concentrated HC1l and
the preclpitated salt flltered off. After removing the
solvent under reduced pressure at a bath temperature of
less than 60° the residue of salt and molst product was
taken up in 500 cc. of Starr solvent and 300 cc. of water.
The organic solvent layer titrated for 55 g. of dithiol, and
the water layer for 17 g. The latter was extracted four
times with a total of 500 c¢c. of Starr solvent which re-
duced the thiol content to an equivalent of 2.5 g. of the
dithiol in the aqueous layer. The comblned extracts wvere
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
welghed 85 g. It analyzed for 83.5% pure dimercaptopropyl
urea.
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The impure oil was sheken under nitrogen with
800-850 cc. of warm distilled water, cooled to room tem-
perature and allowed to settle. The cloudy solution was
decanted from undissolved oil (18 g.) and shaken with .
20 g. of acid-extracted kieselgulrand filtered by suction.
The clear flltrate was rapidly stirred while cooled in a
freezing mixture of dry ice and methanol until the solution
solidified. The 8solid ice cake, in which fine crystals of
product were dispersed, was allowed to warm up to the melting
point and the crystals were then flltered by suction, dried
in a desiccator, ylelding 36 §. of tiny white flakes analyzing
for 36.2% mercaptosulfur or 94% purity.

The product was usually submitted in this form
since further purification of dimercaptopropyl urea was
not generally possible although crystallization of small
amounts was effected in isolated cases. A sample which
analyzed for 99% of the theoretical thiol 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 & methyl acetate
solution of 82% crude, after removal of the insoluble oil,
raised the purity to 89%, but reprocessing beyond this
value was not possible. The total analysis of this product

1s as follows.

Calcd. for CyH,a0NoS»: C, 28.90%; H, 6.03%;
S, 38.57%; N, 16.85¢. @ 1022

Found: C, 28.75, 28.78%; H, 6.20, 6.19%; N, 16.23%;
S, 36.93, 36.49%; S(H), 34.4%; Br, 0.22, 0.20%. ’

Ammonium 2,3-Dimercaptopropionate

Thirty five grams of dimercaptoproplonic acid
was dissolved in 200 cc. of ether and cooled to 0°. Ammonia
gas wes bubbled into the solution until no further preci-
pltetion occurred. One-half of the ether was removed by
evaporation on & 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, ylelding 36 g.
(93% of theory) of slightly hydroscoplic crystals which
melted between 80 and 85° with decomposition.

Anal. caled. for CzHqOoNS»: C,.23.21%; H, 5.84%;
S, 41.31%; N, 9.02%. 3H902N2

Found: C, 23.70%; H, 5.99%; Total S, 40.5%;
S(H), 41.3%; N, 8.89%.
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Monoglyceride of 2,3-Dimercaptopropionic Acid

Thirteen &nd eight tenths grams (0.1 mole) of
dimercaptopropionic acid and 11 g. (0.12 mole) of clear
glycerol were placed in & 100 cc. flask provided with stirrer
and inlet for purified nitrogen. The flask was heated to
115-118° while nitrogen was slowly bubbled through the
solution. Analyses were taken perliodically to determine
the degree of esterification and also the extent of de-
composition as shown by the drop in thiol value. These
figures are listed in the table below.

Time (hrs.) 0 4 7 10 12
% Residuel Acid 55.6 25.6 18.3 12.9 12.0

% Acld by Thiol 55.6 59.0 57.0 55.5 55.5
Titration

When corrected for volatilization of water pro-
duced, the last figure in line 3 represents5.5% decomposition.
The analysis indicated roughly 65% esterificetlion. Attempts
to purify the product by distillatlion or extraction resulted
in decomposition.

2,2-Dimethyl-4-Hydroxymethyl-1,3-Dithiolane

Fifty grams of BAL was dissolved in 200 ce¢. of
acetone and dry HCl was bubbled 1into the solution for a
few minutes. By the time the mlldly exothermic reaction
had subsided, no thiol sulfur remeined. The solution was
poured into water, extracted with ether end the ether
extracts dried over Na,S504. Upon eveporation of the ether,
the residue crystalllized; recrystalllization from petroleum
ether (b.p, 30-75°) ylelded 63 g. (93%) of white needles,

m.p. 54-55°.

Anal. calcd. for CgHy50S,: C, 43.86%; H, 7.36%;
S, 39.03%. a7

Found: C, 43.68%; H, 7.79%; S, 39.13%.
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Regeneration of BAL from the Acetone Derivative
gHg-?HCHEOH gﬂg-?H-CHQOH ?Ha-CH-CHQOH

H501g) ? § Ha5 3 SH ©SH

HeC1 HgCl

Twelve grams of 2,2-dimethyl-4-hydroxymethyl-
1,3~-dithiolane was dissolved in 100 cc. of methanol and a
solution of 80 g. of HgCl: in methanol was added with
immedlate 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:
Found: Hg, 64.8%; s, 8.62%; Cl, 15.82%.

Calcd. for CzHgOSpoHg,Clo: Hg, 67.4%; S, 10.8%;
Cl, 11.95%. 3Hg0S2HgCl2 ’

Thirty seven grams of the mercury mercaptide was
suspended in methanol in a pressure (citrate) bottle and
the suspension saturated with H-S at 0°C. The bottle
vas capped and alloved to stand overnight at room temperature.
After flltering off the mercuric sulfide, the solvent was
removed under reduced pressure leaving 6 g. of brown oll
analyzing for 50.3% thiol sulfur as compared with 51.6%
theory for BAL. The compound was not characterized further.

2,5-Dimercaptothiadiazole

The directions of Dubsky and Okac, Zelt. Anal.
Chem., 96 268 (1934), were modified slightly to permit the
substitution of hydrazine hydrate for the sulfate in this
greparation. Thirty five grams of 85% hydrazine hydrate,

0 g. of carbon disulfide, 300 cc. of water and 100 cc. of
alcohol were mixed in a 1l-1. round-bottomed flask. A so-
lution of 20 g. of sodium hydroxide in 80 cc. of water was
added carefully to the stirred solution, some heat being
generated during this addition. The contents of the flask,
vhich consisted of 2 layers, were refluxed carefully for
about 3 hours after the lower, carbon disulfide, layer had
di:appeared. At the end of this time, the solution was
cooled and acidified with a large excess of conc. HCl, a
wvhite voluminous precipitate forming. The dried solid, 30
g.» which had turned slightly yellow was recrystallized from
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elther ethyl acetate or benzene-alcohol mlxtures to yleld

11 g. of large, yellow crystals. Analysls for mercapto
sulfur was best accomplished in water, one hour belng re-
quired for each titration. Two melting-polnts have been
reported for this derivative, 163 and 173°; this preparation
corresponded to the lower flgure.

Anal. calcd. for CoHaN,S,: S, 64.02%3 S( H),
42.7%5 C,» 15.99%; H, 1,34%; §,-18.85%.

Found: S, 64.73%; S(H), 43.0%; C, 16.14, 16.06%;
H, 1.18, 1.59%; N, 18.35%.

BAL-bis-Phenyl Urethane

1.1 co. of phenyl 1lsocyanate was mixed with 1 cc.
of BAL, a small drop of triethylamine was added and the
mixture became warm. A second and then & third addition of
1.1 cc. of the 1socyanate was made. The solidified reactlon
mixture was cooled, broken up, stirred with petroleum ether,
filtered, and washed with benzene, After recrystalllzatlion
from 95% ethanol, the white solid melted at 136-137°.

Anal: Found, S(H), O%3 S, 17.53, 17.4%; N, 7.88,
8001%0

Caled. for Cl7H1803N282: S, 17.7%s N, T7.75%.

BAL-Glucose Mercaptal

24.8 g. of BAL end 36.0 g. of glucose were mixed.
Forty cc. of concentrated hydrochloric acld was added during
15 minutes with shaking and cooling. The viscous mixture
was then allowed to stand at room temperature for 1.5 hours.
Titration of an aliquot of the solution indicated the dls-
appearance of substantially all of the mercapto groups. The
mixture wag then poured Ilnto 300 ce¢. of stirred enhydrous
ethanol. A gummy solld separated which on recrystallization
from dllute methanol ylelded 11 g. of hard white sollid. On
cooling the original flltrate 26 g. of white crystals were
obtained. Recrystallization of the latter from aqueous
methanol ylelded 14 g. of the BAL-glucose mercaptal.

This mercaptal does not melt well and the yleld
of crystalline product 1s low presumably because it 1s a
mixture of dlasteriomers. The main so0lid fractlion shrunk
at 110-120°, darkened and melted with decomposition at
123-128°. Other crops and batches similarly melting veriously
from 100 to 150°C. The mercaptal 1is but sparingly soluble
incold water.
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Anal. Found: C, 37.34%; H, 6.35, 6.68%; S, 23.3,
23.1%; Cl, 0.36%. M.W. = 256,

4.y, & pge_iiods For GoHg06821 0, 37,76, K, 6.35%; 8, 22.4%.

BAL-ortho-Sulfobenzaldehyde Mercaptal

Forty grams of the sodium salt of benzaldehyde
orthosulfonic acid and 23.8 g. of BAL were dissolved in
150 ecc. of anhydrous ethanol and warmed on & steam bath
for 1 hour. On cooling 40 g. of green crystals separated.
These were recrystallized from aqueous ethanol, ylelding
20 g. nearly white gsolid. The compound did not melt up
to 220°. This mercaptal is very soluble in water.

Ansl. Found: C, 37.78, 38.13%; H, 4.93, 4.80%;
S, 28.77, 28.62%;

Cale. for CjoH;;04SsNa: C, 38.2%; H, 3.52%;

S, 30-6%-

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

BAL-Formaldehyde-Diethanolamine

Twenty £ix and five tenths grams of 37% formal-
dehyde solution was added with cooling to 33.6 g. of re-
distilled diethanolamine. 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 lodlne solution indicated that
practically all the mercapto groups in the BAL were still
reactive toward the reagent.

BAL-Formaldehyde-Ethylacetamide

This derivative could be prepared by mixing 124 g.
(1 molez of BAL, 174 g. (2 moles) of N-ethyl acetamide and
162 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 titration of a welghed sample with standard ilodine first
in absolute and then In dllute alcohol or water. The"first
figure represented free thlol and was used to define  percent
coverage 3 in general, 93-95% of the BAL was covered in
this derivative and was therefore not avallable for titration
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in non-aqueous systems. Upon dilution with water, cleavage
of the unstable thioether link of the compound occurred, end
all the BAL present would titrate with dilute 1lodine.

If paraformaldehyde was used in the preperation,
a high proportion of stable mercaptal linkages would form
as shown by low values for titration in dilute alcohol
(70-80% of theory) and formation of water insoluble products.

BAL-Methylglucamine

Forty and three tenths grams of recrystallized
methylglucamine was partlally dissolved in 34.7 g. of water.
Twenty five grams of BAL was then added and the mixture
shaken untll solution was complete. Thle product also
developed a pink color and was fully water-soluble.

Sulfurization of Undecylenic Acid

Sixty one grams of undecylenic acid, 32 g. of
sulfur, and 0.6 g. of diphenylguanidine were stirred and
heated at 135°.for 8 hours. The resulting product was a
black viscous oll which contalned no undissolved sulfur,
This material was heated in a shaker tube for 4 hours
at 150° with 15 g. of hydrogen sulfide and 10 g. of cobalt
trisulfide catalyst. Hydrogen was then added to 200Q 1lbs.
per 8q. 1n. pressure, and hydrogenation continued 4 hours.
After removal of the catalyst, excess hydrogen sulfide,
and solvent, the residue consisted of g. of a slightly
brown viscous oll contalning 11.2% S(H). It was distilled
at 0.3 to 0.7 mm. (bath 160-200°). 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 monomercaptoundecanoic acid is 14.7% S(H).

Allyl 2,3-Dihydroxypropyl 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 ylelds. For this
reason, the Willismson synthesls was reversed as described
below, with better results.

Seventy nine grams (3.3 atoms) of sodium was
dissolved in 750 cc. of allyl aleohol and to the still warm

(50-60°) solution was added 330 g. (3.0 mole) of glycerol-
alpha-monochlorohydrin, 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 titration of an aliquot Iindicated the
correct amount of residual alkall.

The excess allylate was neutrallzed with conc.
HC1 (17 cc.) and after cooling the salt was flltered off
and washed w'th ether. The ether and excess allyl alcohol
wvere removed by distillation under reduced pressure. The
product was distilled through a 2' precision still, bolling
range 90-93°/1.9 mm. The yield was 220 g. or 55% of theory.

2,3-Dibromopropyl-2',3'-Dihydroxylpropyl Ether

One hundred and thirty two grams of allyl di-
hydroxy-propyl ether was dissolved in 200 cc. of chloroform
and brominated with 160 g. of bromine, the temperature being
kept below 15°. The solutlion 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 & thick brownish syrup
welghing 252 g. The material was used as such after some
preliminary work indic ted that purification by dlstillation
or crystallization was not feasible.

Ansl. calcd. for CgHypO3Bra: C, 24.59%; H, 4.14%;

Br’ 54 . 73% 3
Found: C, 24.64%; H, 4.43%; Br, 54.91, 55.27%.

2,3-Dimercaptopropyl=-2',3'-Dihydroxypropyl Ether

Into a precooled 1-1. Parr bomb was charged 165 g.
of crude dibromopropyl dihydroxypropyl ether and 500 cc. of
a sodium hydrosulfide solution prepared from 35 g. of sodium
in methanol saturated with hydrogen sulfide. After pressuring
to 100 1b. with hydrogen sulfide, the bomb was shaken for
20 houps at room temperature and then 1 hour at 50°.

The reactlion mixture was acldified with 43 cc. ofconc.

HCl and filtered from the precipitated salt. The zolvent
was removed under reduced pressure leaving a pasty mlxture
of salt and thick oil. One hundred cc. of water was added
and the lower organic layer was withdrawn, weight 118 g.,
thiol sulfur 11.8% as compared with 32.6% calculated for

the dithiol. 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 40% NaOH was added in a thin stream. The neutral
impurities were extracted, under N2, with 200 cc. of ethyl
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acetate, and the aqueous solution of sodium mercaptide
returned to reaction flask. Conc. HCl was added to the
solution kept below 10° by approplate cooling until acid
to congo red paper. The oll vas extracted with ethyl
acetate, dried and the solvent removed under reduced
pressure. There remained 52 g. of oll anelyzing for
23% <(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 Hydrogenation of the
Trisulfide Polymer

Sixty grams of dibromopropyl dihydroxypropyl ether
was added dropwlse to a solution of NasS,; prepared from
51 g. of NazS*'9H-0, 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°,

The brown granular preciplitate was filtered and
vashed several times with alcohol to remove & dark gummy
coating to yleld 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 normaliodine. 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 hydrogenation of
the corresponding trisulfide polymer, a process which does
not lend itsclf readily to synthesis on a plant scale. 1In
addition, ylelds obtainable by this method were 40% for the
hydrogenation step and precise fractionation 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 cduplicated with the new
compositions. One of the considerations in the choice of
an alternate procedure was practicabllity for large scale
operation and availability of starting materiels and equip-
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ment. Thls ruled out the more lnvolved techniques such as
thloacetic acld-pyridine thionation. Direct alkylation of
BAL did not seem feaslible in the light of previous chemical
experience with this compound. Sulfurization and subsequent
hydrogenation of allyl ethyl ether was known to give low
yields of a product containing a considerable amount of high
thiol sulfur impurities and in all probablility would not

be therapeutically acceptable. Early in the analog program
a run had been made on the 2,3-dibromopropyl ethyl ether
under the preferred BAL conditions without success, however. It
seemed advisable to repeat this experiment since i{ts 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 & starting
materisl because of its present limited commerclal avalil-
ability. Several leads were at our dlsposal and required
investigation.

Some of the difficultlies previously encountered with
the BAL process are not to be anticipated with this analog
and the stabllity of the ether as compared with the hydroxyl
function is reflected in increased yields and greater
stablility of the product and its intermediates. Thionation
with sodium hydrosulfide proceeded with unexpected smoothness
and ylelds of 60 to 68% were consistently obtained. Di-
bromopropyl ethyl ether of excellent purity was prepared
almost quantitatively from allyl ethyl ether. Lacking a
commerclal source for the latter intermedlate two methods
for its preparation were studied. The classical Williamson
method, 1.e. allyl chloride and sodium ethylate, gave a
yleld of 85% of the desired ether although the twice distilled
product contained more than 15% ethyl alcohol. Bromination
in the presence of this impurity did not affect the yleld
or quality of the dibromopropyl ethyl ether but it is con-
celvable that difficulty might arise 1If the reaction were
not controlled. Alcohols in the presence of bromine are
known to form perbromides 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 alkylation
of allyl alcohol with dlethyl sulfate was studled. In this
case wvater was the main impurity and some difficulty was
encountered in 1its removal. Drying agente for ethers wvere
not satisfactory and fractionetion during which all the
water collected in the foreshots resulted in considerable
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material losses. An undrled sample was carried through the
bromination and thionation procedures with no adverse effects
on the final product. Thles process should therefore have
Important advantage over others because of its simpliclity.

A formulation of the preferred synthesls 1s glven
below, together with experimental detalls on the several

steps?

NaOEt
Bro NeSH

CH2=CHCHZC1 +
> CHa=CHCHz-OEt —3 CHz~CH-CH-O0Et ——3

CH>=CHCH-0H Br Br
Et2504
. t

K
|
0

9H2‘?H‘CHQ‘
SH ©SH

I. Preparation of Allyl Ethyl Ether

A. ex-£1l1lyl chlorlide

Two hundred and forty-elght 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 stirrer, drogplng 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 belng such as to maintaln slow reflux, altogether
requiring about 4 hours. At the end of this time 0.9 mole
of alkall remained as compared with 0.8 mole calculated.
This excess was neutralized with 80 cc. of conc. HCl and
the reflux condenser was replaced with one designed for
downward distillation. The solution was stirred, to prevent
bumping because of the salt precipltate, while heated on a
water bath. The following data characterlzes thils primery
distillation:

B.p. Wt. I, No. Allyl ethyl ether content

64-74° 1615 g. 141.3 47.9%
T4-78 1290 g. 22.3 7.5%
Residue 755 g-

The total welght 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 flrst cut of the primary
distillation in a precision stlll gave the following
fractions:

1 41-61° (2 phases) 110 g.

2 61-63° (66-67° = 775 g. (81% product,
pure product) I;Uo.-238.2,
3 63-78° (EtOH) 620 g.
1505 g.

Cut 1, upon removal of the water and drylng, gave
an additional 64 g, of product or a total ylold, with allow-
ance for purlty, of 80%.

B, ex-Allyl alcohol

Into 2 5-1. 3-necked flask equipped with swlvel
stirrer, dropplng funnel end a total-reflux, partlal take-
off condenser was charged a solutlion of 368 g. (8.15 moles
of U.S.P. sodlum hydroxide in 800 cc. of water and 465 g,
(8.0 moles) of allyl alcohol. The flask was cooled in
running vater and 1355 g. (8.1 moles) of dilethyl sulfate
vas added Iin a thin stream to the rapldly stirred solutlon.
The reaction was only slightly exothermic and no difficulty
vas experlenced 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 thls, titration of an allquot of the
solution for excess alkall indlcated that the reactlon was
95% complete. Distlillation was effected by heating the
stirred contents of the flask to 80° by means of a weter
bath, 775 cc. (590 g. ) of distillate being collected. This
wet product was drled, 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 speclal use.

Charge: 461 g. of flltered 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% yleld with sultable 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 plece of 18-8 stainless steel placed 1In
the reactor was in no way affected by the reagents as shown
by constant weight.

II. Preparation of 2,3-Dibromopropyl Ethyl Ether
A. From Allyl Ethyl Ethep ex-Allyl Chloride

In a 5-1. 3-necked flask equlpped with stirrer,
dropping funnel and thermometer well was placed 765 g. of
allyl ethyl ether (ex-allyl chloride, 81% pure, therefore
7.2 moles¥ and 2270 g. of chloroform. The solution was
cooled in ice ‘to 10° and 1185 g. (7.4 moles) of bromine
was added at the rate of 400 g./hr., the temperature being
maintained below 20° by appropriate cooling. A yellow
color developed, probably due to perbromide 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 & flash stlll end the residue was distlilled
through a short (4 inch) still-head. An additional 540 g.
of CHCls was collected at 200 mm. followed by a 37 g. cut
of indeterminate bolling point. The latter was highly
colored and probably was the cause of color in the bromination.
Product was collected at 61°/4 mm., 1739 g. or 96% of theory.

85= 1.4979, a25= 1.6833.

A test plece of 18-8 stalnless plesced in the
reactor lost 0.03 g./eq.cm. No corroslon 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
brominated in 650 g. of chloroform with 460 g. of bromine
a8 described above. The bolling point of the product was
67-69°/6 mm., welght 646 g, (92%). A stalnless steel test
plece suspended in the bromination lost 0.031 g./sq. cm.

CLASSIFIED CONFIDENTIAL
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C. Bromination of Crude .11yl Ethyl Ether

To determine whether crude allyl ethyl ether
could be brominated directly without the costly distillation
step, & sample of the ether prepared in Section I-B, above,
vhich had beecn distilled directly from the reaction mixture,
was reacted as follows: Eighty-six grams (about 83% pure)
of the superficlally dried ether was dissolved in 200 cc.
of CHCls and cooled ice. A cloudiness due to separating
water developed. To the stirred solution was added, drop-
wise, 160 g. (1 mole, therefore an excess) of bromine.
After all the bromine had been added, the chloroform was
removed by distillation at 60 mm, and & highly colored
foreshot ¥10 g.) of indeterminate boiling point was collected.
Water-white product distilled at 69-72°/7 mm. and welighed
205 g. or 83% based on the crude ether.

Anal. Cale. for C5H1008r2: Br, 65.0%
Found: Br, 65.31, 65.40% df5- 1.7000

The refractive index at 18° was 1.5020 as com-
pered with 1.5011 for the dibromide prepared from redistilled

ether.

III. Thionation of Dibromopropyl Ethyl Ether

A solution of sodium hydrosulfide was prepared by
dissolving 66 g. (1.65 moles) of U.S.P. sodium hydroxide in
500 cc. of methanol and saturatinf the solution with HoS at

18-8) rocking autoclave was
charged this solution and 123 g. (0.5 mole) of 2,3-dibromo-
propyl ethyl ether.  The vessel was closed and hydrogen sulfide
admitted with intermittant rocking untlil & constant pressure
of 75-100 1bs. was obtaeined indicating complete saturation.
About 50 minutes wes 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 1n Table I-A. When the
heating schedule was completed, the bomb was cooled, dis-
charged and rinsed twice with 50 cc. portions of methenol.
About 1 1lb. of HoS was used for each run although no attempt
was mede to collect the geses during the bleeding-off. The
green solution upon acidification with conc, HCl (50 cc.)
turned yellow, Salt was removed by filtraetion and the
methanol stripped off by passage through a flash still. The

0°., Into a 1-1. stalnless steel
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residue, which conslisted of a wet suspension of salt in a
yellow o1l, was diluted with 500 cec. of water and the se-
parating oll layer removed. For Run 3, Table I-A. "he
product at this point weighcd 64 g. and analyzed for 39.6%
S(H) as compared with 42,1% theory. After drying over 15 g.
CaS04, the dithiol was distilled without fractionation
through a 4 inch vigreux still head, in this way succeeding
runs could be compared without the complication of dupliceting
& previous fractionation. Redistillation of any of the runs
in Table I-A gave products which were identical in every way
chemically and therapeutically with the dithiol prepared by
the polymer-hydrogenation method.,

F. K. Signaigo
A. A, Pavlic

Approved by
W. A. Lazler
Group lLeader

AAP :JHS

8*
11/6/44
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Tnchanged ¥e glucamine and polymer. S = 63,96, N = 0,98¢,
No ﬂ:ntion.

-

"
"
Cententa of tubs sclidifisd. Brittle pnly-nr. S = 42.43¢, N = 15.79, 14.33%,
Partisl reaction, but with carbexyl functien
Polymeric matarinl only.
Polymariration.
Unro" gtaz'n-hri-l waahsd sway with CHCl, leevins Tubbary polymer. S = 58,27%,
867,
As above ¢ 0.5 g. phenol as "eatalyst” but ssma reault,
Nssction but ns solubla thiol.
51 visoous polymsr, S5(%) = 27,1% at start, 6f in polymsr.
Formed two layara: unchanged amids and clear polywmer,
bﬂux-d ln -sth-nol, ns reaction.
+1 drop Hp%0q4. Mo reacticn.
Faatad on ateam hath an 5% pyridine sclution, formed pelymar, N = Trace.
Partial polymerization; drop in originsl Q(H‘
Two laera, Mercapto group probably reducad nitre greup which then ceuaed
polymerizat ion
2(N) 16.8% hnforn 27.4% aftar rescting. Froduct would net Aistill or form s 146,106
cpystalline hy irachl-u-ldn mathiodtda, etc,
Reactien cther than puly—rhnuun accurred but no d!thiol iaclated, 149

N TN 8 s O0n 8

e

O D TN OEN

ca
Nitruathane

CLASSIFIED - CONPIBENTIAL
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Compound
4 ¥-Dimnarcaptspropyl mostate

» 3-Dimnranyt spropyl proplonat
o 3-Dimercaptopropyl butyrat
,3-Dimeronptopropy} mwethyl ether

» }-Dlmereaptoprapyl «thyl ether

» ¥-Dimeronptopropyl iacpropyl athar
>, %-Diaeraaptspropyl butyl eiher
>, 3-Dimoraapt spropyl urs

»3-Dimspeaptopropyl uraihane

o3-Dinmepenptopropyl glusonide
» V-Dimepeapt opropyl doderyl malfid:
2 '-Dimerengt dpropy lamt

temrcaptopropyl chlorids

) 3-Diaereaptoproptonts actd

%-thyl 2,3-dimeronptoproptonate

imnonium 2, 3-dimeronptoproplonat

4 -Dimeresptotetrahydrothisphens -1 -dlox e

% Pheny lantnopropanedi thl sl hydroohlartde

s 11-Dimnroaptoundecanalo aold
1,. .*-Trithioglycrrol

1, -Dimspronptopropan

1, 4-DImercaptopropans
thaned1thiol-1,2

1 rrLitol
1thisontnohol
thiopentaerythritol

1thlobiumst

rhrnylethanndithl

Cyclohexammdithiol-i,
)etanedithiol-1,

inedithiol-1,

3,4-Dimerosgt chutansl

Haxnd

DMethansluminosethyl Althioglyoercl-1,
Mothylglicamlnomathyl dithioglycerol-1,
Dimthanclammonlyn dithiogiyoerol-1,2
MWethyiglucanmonium dithloglyserol-1,

Mothylgluoaminomsthyl propanedithiol-1,%
Mothylglucanminomethyl trithioglyceral
Methylgiucamtinoasthyl dithioglyoarol-1,3
Methylgluoammoniuz dithioglyserol-1,%
Mathyligiucaminomethy. dissrcaptopropyl ethyl
ether

Dimthunolaminomsthyl propanedithiol-1,3%
bis-8-(montamidomothyl | dithtoglycerol-1,:
bls-3 dithioglycerol -
1,

20no-3- (aoatamldomnthyl) dithiogiyeerol-1,2

N-ethylacetaztdomsthyl

TARLE X
DISTRIBUT1ON OF BAL ANALOGS AND RELATED
Sutmltted to

Dr. A. C. Copn, Dr. H. S, Durlachar, Dr. MeKren Caitrll,
Dr. C. 8. Karvel, Dr, K.3.0. Barron, Dr. H. Cnlvery,
Dr. #@m. Blaom, Capt. A, L. Ollman, &, Kensler, LL.TP.
Talbat, Jr,, Dr. F. H. Adler

alvery, Of1man

Calvery, G1lman
Calvery, G{lman, Adler, Kenaler, Durlmchar, Talbot, Rloon

Dr. J. 8, Friedrnwald, Dr. #m, Rloom, Dr. R. K. Harrison,
Dr. 1. M. Laopald, Dr. P. D. McMastor, Kenmler, Durlacher,
Rarron, lvery, Marvel, Cattell, Talhot, 01lman

Calvary

Kenaler, Durlaghar, Cattell, G1lman
Adlar, Kensler, Copr, Rlaosm, Friedenwald,
Talbot, Gllman

Col. J. K. Wand, Cope, Kensler, Adler, Friedenwald, Rloom,
Durlacher, Talbot, Hapron, Calvery, G1lman

n, Durlachar, 1iman

urlachar,

Dr. Hom=r Smith, Harrt
1. C. Rhoadm, Marvel
Bl » Keonalrpe

Prof. Henry Runting, Dr. F
Bloom, M iman

. Thompson {(Oreat Britaln), Kensler, Rloom,
pe-, Malann, wood,

€, Mclomn, Kensler, Culvery

Dr. H. M.
mlvery, Frirdenuald, Puntlng,
Adler, Durlacher, Talbot, Gllman

Kenasler, Rloom, Durlacher, Calvery, ®opn, Marvel, Talbot,
Friednnuald, Gllman

Dr. Karl Folkers, MaMaster, Rloom, Adler, Kenaler, Gflman,
burlacher

MoMaster, Kensler, Rl
Glimar

'm, Durlacher, FPricdenwald, Talbot,

Com. Harion B. Sulzberger, Dr. Maurloe Sullivan,

Dr. D. wright #iincn, Friedenvald, Cope, Rloom, Darlachar,
Kannlnr.

Prirdenwnld, Kens!ier, Bloom, Cops, Adler

Dr. #. R. Ktrner, Dr. Homer Asikins, Dr. Harry Kagle, Talbot,
Adlrr, Cattell, Durlachar, Calvery, Kenaler, Rarran

Kirner, Adkins, Khoads, Wilson, Kenslwr, Calvery, 01lman

Dr. L, L. Wats
Barron, Calvery
Dr, Vincsnt 4y Vigneand, Dr. M, 3. Kharaah,
Catlin, Adkins, Wilson, Ollman, Rhoads

» Kirner, Rhoads, Kenalrpr, 01 1man, Rloom,

Bonting, Kenslor
Rloom, Friedanwald, Kensler
Kirnar, Rhonds

Dr. M. C. Winternitr, Kensler, Hicom, Frlevdenwald, Talbot,
Sulllven, Sulzbarger, Cops, Durlacher, Calvery, (1l=s
Bloom, Durlmcher, 0lman
Durlacher, Oilman
Durlecher, Gilman
Durlacher, O1iman, Talbot

Calvery, Adlor, Talbot

Col. W. ', Flaming, Friedenwald, Kensler, Durlacher, Runting,

Bloom, Copms, Adler, Caivery, Gliman

Frirdenvsild, Kensler, Durlacher, Bunting, Bloom, Cops, Adler,

Calvery

Friedenwald, Knnsler, Durlacher, Buntlng, Bl ,
Calvery

Friadenwald, Kensier, Durlachrr, Bunting, Pl
Calvery

Kenaler, Cattall, Adler, Talbot, Durlacher, Fagie
Kenaler, Talbot, Adlar, Cattell, Durlaoher, Emgle
Kenalar, Adler, Durlachar, Cattmll, Taibtot, Kagin
Kenalar

Kenaler

Calvary

Dr. R, E. Warrison, Durlacher, Talbot, Cattell, Adler, Calvary,

Gliman, Bhoads, Kagle, Ploom, Kenslier

Dr. K. ¥, Garard, Durlacher, Talbot, Cattell, Adiar, Caivery,

Rhoads, Ragle, Sloom, Barron, Ollman
Talbot, Cattsll, Adler, Calvery, Ehoads, Eagle,
Durlaochar, Gllwan

Sloom,

Copm, Adler,

+ Cope, Adier,

Acknov ladgamant

Frepared by Dr. E

K. Flllnghoe

Prepared by C. 0. Wortz

Prupared Dr. M,

Prrpared

Preparad by Dr. C,
Prapasnd by Dr, C.
Prepared by Dr, C

Prepared Lty Dr. C.

KD-2 dertvatiw of

C. 0, W

Farlow

M. Langkamesrer
M. Langknmmersr
M. Langkamuerer

M. Largkammerer

Dr. N. 5. Kharasch

wrtz with Dr.H.W. Faris



TABLE X (Cont'a

e Acknowledgomen®
thylpr Prepared by Dr. W, J. Pappei
Prepared by Dr. W. J. Pappel

=Ethylhexanedltht illman, Adna

«. Van Tuyle, Parron, Kirper, Fhoads, Kennler, Gilman Prepared by Dr. W, J. Poppel
Prepared by Ir. C, M. Langkammere
Prepared by C. G. Worte

Dneanedtthiol-1,
Rutan~dit 1, » Marvel
Butanedithiol-?,* .

Putanedithlol-1,8

32 1ma
« G11n Prepared by Dr. W, J. Poppel
Prepared by Dr. W, J. Pappel

. Kenaler, Rarr
Maxunadlthiol-1,4 nds, Kensler, Water, Bl
Di*hlogly=iad T, tirg, MolLen

1-Thianormlt

1-Thioxylle
Preparsd Dr. W. J. Poppel

1 Prepared Dr. C. M. Langkammurar

-1,
ropionatse
wpt oof T -dlnydro-1,3-thlarl
ptal of dithleglycerol-1, mald, Kensler, Puntlng, P m, Aller
aald, Winternitz, Cope, Marvel

Meeraagp® wthylpentAnony-§
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