July 1969

Cyclic Disulfides. 1I.

Cycric Disurripes, 11 617

1,2-Dithiepan-5-amine'

H. F. HerBraNDsON AND REBECCA H, Woob

Department of Chemistry, Rensselaer Polytechnic Institute, Troy, New York 12181

Received August 21, 1968

As part of a study of the effect of ring strain on the radiation-protective action provided by amino-1,2-dithia~
cyclanes and related compounds, the comparatively unstrained 1,2-dithiepan-3-amine was synthesized. 3-
Bromo-1-(2-bromoethyl)propylamine was converted to 3-amino-1,3-pentanedithiol hydrochloride and to 3-

amino-1,5-pentanebis(2-thiopseudourea) trihydrobromide.

Although oxidation of the 3-amino-1,5-pentane-

dithiol by a number of methods gave polymeric disulfide, oxidation with iodine in high dilution gave 1,2-di-

thiepan-j-amine.

Noue of the compounds tested, 1,2-dithiepan-3-amine hydrochloride, 3-amino-1,53-pentane-

dithiol hydrochloride, 3-amino-1,5-pentanebis(2-thiopseudourea) trihydrobromide, or tetrahydro-1-thiapyran-
4-amine hydrobromide, provided significant protection from the effects of radiation.

Twisting of the dihedral 8-S angle from the normal
value of about 90-100°2 to 27° as found for the five-
membered cyclic disulfide 1,2-dithiolane-4-carboxylic
acid? gives rise to ring strain which has prevented isola-
tion in the pure state of the unsubstituted 1,2-dithio-
lane.#~! The six- and seven-membered ring disulfides,
o-dithiane and 1,2-dithiepane, are more stable ! as a
consequence of diminished dihedral strain, but there is
conflicting evidence concerning the relative reactivities
of these two compounds to ring-opening reactions.!?

Since numerous compounds that contain a thiol group
or a potential thiol group 8 or ¥ to an amine function
protect, to a degree, experimental animals from the
effects of ionizing radiation,'® it was of interest to
synthesize amine-substituted cyclic disulfides and the
related acyeclic dithiols in order to determine the effect of
ring size on protective action. Whatever may be the
mechanism or mechanisms for the protection afforded
by amino disulfides, variation in ring strain with ring
size in eyclic amino disulfides might be reflected in the
degree of protection provided by these compounds.
Similarly, if oxidation of thiol to disulfide in any way
were involved in the protective action of thiols, the
degree of protection afforded by dithiols might be
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related to the ease of ring closure to the cyeclic disulfides.
Aminodithiols, furthermore, should form very stable
chelates with numerous metal ions, a property of amino-
thiols which has been correlated with radiation-protec-
tive properties.* In this and subsequent papers we
shall report on the synthesis and properties of a variety
of amine-substituted five-, six-, and seven-membered
ring disulfides and related compounds.

1,2-Dithiepan-3-amine (V) was prepared from 3-
bromo-1-(2-bromoethyl) propylamine (I) according to
Chart I. Prelog has used this amine®® and the anal-
ogous 3-chloro-1-(2-chloroethyl)propylamine!® in the
preparation of 4-aminopiperidines, and our objective
was to cyclize similarly the dibromo compound with
insertion of the disulfide link. The reaction with so-
dium disulfide, paralleling Giinther and Mautner’sV
synthesis of 1,2-dithia-3-azepane from 2,2’-dichloro-
diethylamine, was unsuccessful yielding only tetra-
hydro-1-thiapyran-4-amine (II) and a large amount of
polymer. Since the steam distillate from treatment of
the polymer with CN~ contained an excellent yield of
IT, one can conclude that the polymer was a di- or
polysulfide and the depolymerization to II was similar
to other reactions which form dialkyl sulfides from the
reaction of CN~ on dialkyl disulfides.®®

The synthesis of 1,2-dithiepan-5-amine (V) was
successfully accomplished through the intermedi-
ate 3-(benzylthio)-1-[2-(benzylthio)ethyl Jpropylamine
(III) obtained by treatment of I with sodium benzyl
sulfide in alcoholic solution. Although the half-life
for ring closure of 3-bromopropylamine to azetidine in
H,0 at 78° is only about 4 min,!® no evidence was ob-
tained that a comparable ring closure occurred with I
during reaction with the sodium benzyl sulfide. Re-
duction of IIT with Na-liquid NH;%* containing added
propylamine?! gave 3-amino-1,5-pentanedithiol (IV),
purified through its Hg salt. Isolation of the dimer-
captan as its hydrochloride without prior conversion to
the mercury mercaptide led to difficultiesin purification.
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The 1,2-dithiepan-5-amine (V) was obtained from oxida-
tion of the dithiol with I, at high dilution. Itwasessen-
tial to extractthe1,2-dithiepan-5-amine from the aqueous
solution with benzene rather than ether sinee use of the
latter solvent resulted in complete polymerization of the
product when gaseous HCl was passed into the dried
extract. This may have been a consequence of cationic
polymerization!!-12:2> in the more polar ethereal solvent
or of free-radical polymerization?*?*® initiated by
peroxides in Et,O.

Polymeric disulfide VI was the major product when
other methods were used for oxidation of the amino-
dithiol IV: oxidation with I, not under conditions of
high dilution or oxidation by . in basic solution.
Oxidation by air in basic solution proceeded very slowly
and oxidation by air or oxygen using FeCl; as a catalyst
was unsuccessful. The polymer VI, as the hydrochlo-
ride, had a uv spectrum cammensurate with that to be
expected of a disulfide?* polymer (A2 249 my, € per
S-S unit 393) and was soluble in H,0, giving a solution
of pH =35. In more basic solutions the polymer was
insoluble as the free amine.

The uv spectra of cyclic disulfides reflect the change
in the dihedral S-S angle. This has been attributed by
Bergson® to the ground-state conformation being of
lowest energy if the dihedral angle is 90° and the energy
of the lowest excited state being independent of the
dihedral angle. The observed shift of the uv maximum
from about 250 mu found for acyeclic disulfides?4 and 1,2-
dithiepanes® to about 290 mpu for o-dithianes'™* and
about 330 mu for 1,2-dithiolanes?® is thus a consequence
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(24) Ethyl disnlfide has AB22 2451 &: 8. I McGlynu, J. Nag-Chaudhurt.
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[,2-InrHIPAN=3-aMINE HYDROCHLORIDE AND INTERMEDIATES

Yiehl,
Compd Mp, 20 et Yormula Analyses
11 917-220.5 64 CHpBrNS I, Br, N, S; (
111 113.5114 58  CulluBrNg, G, H, Br, N, &
v 1284132 72 GHCINS. G H, Cl N, 8
v 924028 75 GiHRCINS, G, 1, CL N, 8
VII 206-2090 66 C;HyBr NS, ¢, I, Br, N, &

* All melting points were with decomposition.  (: caled,

40.31; found, 30.93. ¢ Dependent on rate of heating.

of an increase in energy of the ground state us the
disulfide ring becomes smaller. 1,2-Dithiepan-5-amine
hydrochloride with A2 257 mp (e 404) exhibits a slight
bathochromic shift, from typical acyclic disulfide absorp-
tion and from that of the polymeric amino disulfide VI,
perhaps indicating a small deviation from the preferred
dihedral angle for the disulfide link.

The availability of 3-bromo-1-(2-bromoethyl)propyl-
amine (I) from this work and the fact that aminoisothio-
uronium salts provide protection from the effects of
radiation® also led us to =synthesize 3-amino-1,3-
pentanebis(2-thiopseudourea) trihydrobromide (VII).

None of the compounds tested, II, IV, V, or VII,
exhibited significant activity in the antiradiation test
system.?”  The testing methods have been described.”

Experimental Section?*

Tetrahydropyran-4-amine Hydrobromide.—D1ry CHCl; (1.43
1) was added to a solution of 162 g (1.24 moles) of tetrahydro-
pyran-4-carboxylic acid® in 500 ml of concentrated H.8O,, and
121 g (1.86 woles) of powdered NaN; was added in small portions
to the stirred mixture over a period of 3 hr, the rate of addition
being such that the mixture remained below reflux temperature
and 1o excessive foamning occurred. The mixture wag stirred at
roout temperature for 15 hr.  The CHCl; layer was decanted and
discarded. The acid layver was cooled and then slowly poured ov
ice. Safety precavtions should be taken during this step.®t A
single loud ‘“‘pop”’ was heard in this preparation. The solution
was covered with a layer of Et;Q), made basic to pH 12 with 10
N NaOH solution, and allowed to stand overnight. The super-
uatant liquid was decanted from the large antount of Na,SOy- 10-
H.O0 which had crystallized. The Na,S04-10H,0 was dehydrated
to small crystals by heating on a steam bath and was washed
{H,0). The H:0 solution and washings were extracted coutinu-
nusly with Et,0 for 72 hr.  Remioval of ether from the extract
left the free amine ns a yellow liquid. The amine was cooled in
an ice bath and treated with excess 48¢; HBr. Removal of
excess acid at reduced pressure left 145 g (64.59;) of tan solid
amine hydrobromide. A sample decolorized with Norit and
crystallized twice from absolute 1-PrOH had mp 189.5-192° dec,
1it.32 mp 190-191° cor.

3-Bromo-1-(2-bromoethyl)propylamine Hydrobromide (I).--
Crude tetrahydropyran-4-amine hydrobromide (77.0 g, 0.432
mole) was heated under reflux with 960 ml (8.42 moles) of 489,

(2¢) These determinations were made by Dr. J. P. Jacobus and bis
associates, Walter Reed Army Institute of Research, Washington, 1. C.
20012.

(28) E. R. Atkinson, G. R, lHawmlrick, R. J. Bruni, anil F. I}, Grancuell,
J. Med. Chem., 8, 29 (1065).

(29) Sume experimental details are presented in Table I. All melting
points are uncorrectel. Uy speutra were obtained on a Beckman Model
DU spectrophotometrr. 1r spectra were measured with a Perkin-Elmer
Model 137 spectropbotometer. Analyses were performed by Drs. G.
Weiler and F. B. Strauss, Oxford, Fngland. Where analyses are indicated
only by symbols of the elements, analytical results obtained for those ele-
ments were within ==0.497 of the theoretical values.

(30) G. H. Harnest and A. Burger, J. Amer. Chem. Soc., 68, 370 (1943).

(31) Extremely Urisaut explosions occurred during two subsequent
preparations in which the reaction scale was increased by one-third and a
longer reaction time was used. 1t was found that the explosive mixtures
Lecame harmless after standing for 3 weeks in humid air.

(32) V. Prelog, E. Cerkovnikoy, and G. Ustricev, 4nn., 838, 37 (19:38).



July 1969

HBr for 47 hr.  Distillation of the excess acid at reduced pressure
left 119 g (869,) of solid residue. Crystallization of the solid
from the minimum volume of EtOH-EtOA¢ and washing with
Me,CO gave 89.1 g (659,) of product. A sample crystallized
five times from EtOH-EtOAc¢ had mp 181-182.5° dec, lit.3? mp
182-183° cor, and a neutralization equivalent of 325 (theory
326).53 On the basis of results obtained in the preparation of
3-(benzylthio)-1-[2-(benzylthio)ethyl]propylamine hydrobromide,
the product obtained after one crystallization from EtOH-EtOAc
was a mixture cousisting of about 709, 3-bromo-1-(2-bromoethyl )-
propylamine hydrobromide (1) and 309 unreacted tetrahydro-
pyran-4-amine hydrobromide. This mixture was used in subse-
quent reactions carried out on I, and separation of the tetrahydro-
pyran derivative from the product was easily achieved in most
cases.

3-(Benzylthio)-1-[2-(benzylthio)ethyl]propylamine Hydrobro-
mide (III).—Benzyl mercaptan (99.2 g, 0.800 mole) was added to
a NaOEt solution prepared from 27.6 g (1.20 g-atoms) of Na and
600 ml of absolute EtOH. The resulting solution was added to
130.4 g (0.400 mole) of I (containing about 309, tetrahydropyran-~
4-amine hydrobromide as a contaminant) dissolved in 600 ml of
absolute EtOH ; the stirred solution was heated under refluxfor 18
hr under dry N.. After the mixture had been cooled in an ice
bath, 87.5 g of NaBr was removed and the filtrate was acidified to
pH 1 with 120 ml of 489, HBr. Two-thirds of the solvent was
removed by distillation at reduced pressure and under Ns.
Dilution of the residue with H;O to 1 1. caused the precipitation of
an oil which rapidly ecrystallized to a white solid. The solid
(104 g, 639 yield, 919, conversion, mp 108-112° dec) was re-
moved by filtration and washed (H,O, Et;0). Tetrahydropyran-
4-amine hydrobromide (40.5 g) was recovered by evaporation of
the filtrate to dryness at reduced pressure and extraction of the
residue with hot absolute ~-PrOH. The bis(benzylsulfide) deriv-
ative was extracted (Et,0, Soxhlet extractor) for 20 hr to remove
PhCH,SH. After the extraction, 96 g of undissolved product
remained which had mp 112-113.5° dec. Crystallization once
from H;0 and four times from absolute -PrOH gave the analyti-
cal sample. Potentiometric titration in 639, EtOH with aqueous
AgNO; solution gave equiv wt 413 (caled 412).

3-(Benzylthio)-1-[2-(benzylthio )ethyl]propylamine Hydro-

chloride.—NaOH (500 ml, 3 N) was added to a suspension of 192
g (0.464 mole) of 3-(benzylthio)-1-[2-(benzylthio)ethyl]propyl-
amine hydrobromide in 400 ml of HO and the stirred mixture
was heated on a steam bath until all the solid had dissolved and
the free amine separated as an oil. The mixture was cooled and
extracted with five 100-ml portions of Et;0. The combined
Et,0 extract was washed with two 100-ml portions of H:O and
dried over Na,SO,; Passage of dry HCI into the extract caused
a voluminous precipitation of product which, after addition of
more Et;0, was removed by filtration and washed thoroughly
(Et:0). The filtrate was treated repeatedly with dry HCI until
no further precipitation of product occurred. A yield of 160 g
(93.59%,) of white solid, mp 117.5-118° dec, was obtained. A
sample was recrystallized three times from absolute i~PrOH to
constant mp 120-120.5° dec.

3-Amino-1,5-pentanedithiol Hydrochloride (IV).—3-(Benzyl-
thio)-1-[2-(benzylthio)ethyl] propylamine hydrochloride (80.0 g,
0.217 mole) was dissolved in 250 ml of n~-PrNH, and 2.1 1. of
liquid NH; was added, Na (17.1 g, 0.743 g-atom) was added in
small pieces to the stirred solution, moisture being excluded from
the system, until a permanent blue color was attained. An
additional 0.9 g of Na was added and the solution was stirred for
1 hr, the blue color remaining during this time. Solvent was
completely removed at reduced pressure and under N,. EtOH
(150 ml) was added to the cream-colored solid residue and, after
thorough stirring and cooling in an ice bath, the mixture was
acidified to a pH of 1 with 650 ml of 6 N HCl. A solution of
103.8 g of Hg(OAc); in 350 ml of HyO was added to the cloudy,
colorless solution which had a layer of PhMe floating on the sur-
face. The mercury mercaptide precipitate was coagulated by
warming on a steam bath and the mixture was allowed to stand
overnight. The solid was removed by filtration and was extracted
for 15 hr in a Soxhlet extractor with EtOH to remove bibenzyl.
The dried mercury mercaptide (117.5 g) was suspended in 400 ml
of absolute MeOH and decomposed by passage of H.S into the
mixture for 1 hr. HgS was removed by filtration through Celite,
suspended in 75 ml of absolute MeOH, and again treated with

(33) Determined by titration of the sample in methanol-benzene with
sodium methoxide-benzene by the method of J. 8. Fritz and N, M, Lisicki,
Anal. Chem., 38, 589 (1951).
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H,S. After filtration, the combined filtrate was evaporated to
dryness in a vacuum desiccator over NaOH. The product was
obtained as a white, crystalline solid (29.2 g, 71.89), mp 128-132°
dec, The solid was recrystallized three times from absolute
~PrOH; equiv wt 93.1 (caled 93.9) by iodimetric titration; ir,
2620 and 2550 em ! (SH).

An attempt to prepare 3-amino-1,5-pentanedithiol hydro-
bromide by debenzylation of 3-(benzylthio)-1-[2-(benzylthio)-
ethyl]propylamine hydrobromide and isolation of the dimercap-
tan vie the mercury mercaptide was unsuccessful because the
mercury mercaptide hydrobromide was much less soluble in
MeOH than the hydrochloride and could not be decomposed with
H.S. The mercury mercaptide hydrobromide could be converted
to the hydrochloride by repeated precipitation from concentrated
HCL. Isolation of the dithiol hydrobromide without prior con-
version to the mercury mercaptide was found to be unsatisfactory
due to subsequent difficulties in purifying the product.

1,2-Dithiepan-5-amine Hydrochloride (V).—A solution of
2.15 g (0.0114 mole) of crude IV in 50 ml of distilled H,O and a
0.1 N I,-KI solution were added dropwise and simultaneously to
175 ml of distilled H:O with efficient magnetic stirring. The
dithiol was added at such a rate that it was always in excess and
the solution remained colorless until the end point. IV was
added over a period of 1.5 hr, and after 3.25 hr the end point was
reached with the addition of ca. 200 ml of I, solution, The
solution was made basic to pH 10 by the addition of 4 g (0.038
mole) of Na,CO; and a small amount of polymer precipitated.
More I, solution (18 ml) was added dropwise to the stirred solu-
tion until a faint yellow color seemed to persist for a few seconds.
The solution was cooled in an ice bath and saturated with about
60 g of Na.COs.  The cold solution was extracted with five 50-ml
portions of thiophene-free C:Hs and the combined extract was
dried (Na;SO,). The C¢H; extract was deoxygenated by bub-
bling N. through the solution for 10 min and then dry HCI was
slowly passed in until in slight excess. The white solid which
precipitated was removed by filtration,

A second 2.13-g sample was oxidized as described above and a
total of 3.2 g (75%) of product was obtained from both oxidations.
The aqueous phases from the two oxidations were combined and
extracted continuously for 3 days with CsH,. After the extract
had been dried (Na;30,) and deaerated with N,, dry HCl gave an
additional 0.3 g of product. A total of 3.5 g (829,) of product
was thus obtained. Crystallization of the product once from N~
saturated EtOH-EtOAc removed 0.3 g of insoluble polymeric
material and three more crystallizations from boiled, Ny-saturated
absolute EtOH gave the analytical sample; equiv wt 185 (caled
186) by potentiometric titration with aqueous AgNOQ; MEQOH
258 my (e418), Noa 257 my (e 404).

The polymeric by-product, isolated in this preparation, in hot
EtOH was an insoluble gum which hardened on cooling to a light
yellow granular solid having A% 249 mu (e 393). The polymer
was soluble in aqueous solutions of its own pH (ca. 5) but was
insoluble in solutions more basic.

It was found essential to extract the free amino disulfide from
aqueous solution with CsHg rather than Et,0 since use of the latter
resulted in complete polymerization of the product to a white
rubbery mass when HCl was passed into the extract,

Tetrahydro-1-thiapyran-4-amine Hydrobromide (II).—The
method of preparation was based on that used by Giinther and
Mautner!” for the preparation of 1,2-dithia-5-azepane hydro-
chloride.

A mixture of 28.5 g (0.117 mole) of Na,S-9H:0 and 3.74 ¢
(0.117 g-atom) of powdered S was heated under N; until a clear,
dark red melt was obtained. A solution of Na,CO; (17.8 g) in
the minimum volume of H,O was added to the hot melt, the solu-
tion was thoroughly mixed, and crushed ice was added until the
total volume was 475 ml. The mixture was cooled to 0° in an
ice—salt bath and a mixture of 32.6 g (0.100 mole) of I (containing
tetrahydropyran-4-amine hydrobromide as a contaminant) in 30
ml of H:0 and 90 g of ice was added. The mixture was stirred
thoroughly and then was allowed to stand, with occasional
stirring, for 72 hr at 0°. A large amount of brown polymer had
precipitated from solution after 2 hr. After 72 hr the mixture
was steam distilled. A solution of 0.5 g of KCN in 60 ml of 6 N
NaOH was added after 4 1, of distillate had been collected and the
pH of the distillate had dropped from 9 to 8.5. The distillation
was continued until a total of 8 1. had been collected. The poly-
mer which had precipitated during the reaction slowly dissolved
after the addition of CN~. At the end of the distillation, 3.7 g of
polymer remained undissolved. The distillate was acidified with
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excess 6 ¥ HBr and solvent was removed at reduced pressure.
The residue, consisting of a mixture of a brown gum aud a tan
crystalline solid, was triturated with warm absolute EtOH and
filtered to remove insoluble guni. Removal of solvent from the
filtrate left 12.6 g (63.69;) of a brown crystalline solid. Five
crystallizations from absolute -PrOH removed more iusoluble
gum and gave the analytical sample, a white solid which crystal-
lized from -PrOH iu the forin of rosettes.
3-Amino-1,5-pentanebis(2-thiopseudourea) Trihydrobromide
(VII).——The preparation was based upon the method of Doherty,
e al3* 1 (50.0 g, 0.153 mole; crystallized twice from EtOH-
LtOAc and containing tetrahydropyran-4-amine hydrobroniide
ax a contaminaut) was added to a hot solution of 20.0 g (0.382

(84) D. G. Doherty, R. Shapira, and W. ‘I Chem.

Sov.. 79, 5667 (1957).
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mole) of thiourea tn 452 ml of absolute i-PrOH (containing 0.25¢;
H.0). After being stirred for 5 min at 85°, the solution became
cloudy and a white semisolid began to precipitate. Heating was
discontinned for a few minutes until the mild reaction subsided,
and then the mixture was heated under reflux with stirring for 0.5
hr uutil the precipitate had solidfied and the supernatant liquid
was clear. The mixture was cooled, the supernatant liquid was
decanted, and the remaining solid was washed with /-PrOH and
dried. The =olid (48.5 g, 66C%) had mp 168-194° dec and neut
equiv 184 (caled 159), determined by titration of a sample i [: 1
CgHe-MeOH with NaOMe--CeHs solution by the method of
Fritz and Lisicki."* Removal of solvent at reduced pressure
fromt the decanted solution left a white solid, mp 88-130° dec.

The svlid which precipitated during the reaction was crystal-
lized three times from MeOH to give a product, nip 205-206° dec,
and neut eqaiv 180-198. Three more crystallizations from
MeOH gave the analytical sample.

(—)~(8)-1,2-Dithiepan-4-amine and Related Compounds'
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The eonversion of aminodiols to N-benzenesulfonyl bis(benzenesulfonates), displacentent of the sulfonate
groups with S8-containing nucleophiles, and reductive removal of the N-benzenesulfonyl group leads to amino-

dithiols which can be oxidized to cyclic disulfides.
acid through (8)-2-amino-1,5-pentanediol,

By such a sequence of reactions from (4 )-
(—)-(8)-1,2-dithiepan->-amine (Ia) was synthesized. This com-

(S)-glutanic

pound and 2,2'-iminodiethanethiol (ITIa), prepared in a similar way, have been found to provide no significant

protection from the effects of ionizing radiation.

In extending our study of the relatively unstrained
amine-substituted seven-membered ring disulfides as
possible radiation-protective drugs, it was of interest to
prepare 1,2-dithiepan-4-amine (Ia) since this compound
has the amine group 8 to one sulfur function and & to the
other. Little protective action apparently is provided
if the sulfur and amine functions in monothiols are
separated by more than three carbon atoms.?

The synthesis of Ia by the method used for the prep-
aration of 1,2-dithiepan-3-amine! would require the
use of a 4-halo-1-(halomethyl)butylamine. Such u
substituted amine, as the free base, easily would under-
go cyclization to a piperidine and/or an aziridine.
Blocking groups such as the phthaloyl,® benzoyl,? and
arenesulfonyl®4 substituents on N have been used to
diminish the basicity of the amine group and prevent its
participation in neighboring-group reactions in the
synthesis of aminothiols. Of particular interest was
the use of arenesulfonyl and methanesulfonyl (mesyl)
groups as blocking agents on amino aleohols, since the
aleohol converted to its sulfonate ester could be sub-
jected to a nucleophilic displacement by any of a variety
of sulfur-containing nuecleophiles to yield 2 mercaptan
precursor. It was anticipated that the aminothiol
then could be obtuined in a single hydrolysis or reduc-
tion step that would remove the blocking group on the
nitrogen and form the free thiol from its precursor.
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R‘CH,CH(CH.),R’

la, R = H Ia,R = H:R' = SH
b, R = C4H,80. b R - CsHaS04 R = CoHZS0.
. R = CH.SO. ¢.R = CH.S0. R = CH,SO0.
d R = CH:S05; R’ = SCN
e.R = CH.,S05 R’ = SCN
f R :CHbO R’ = S.0:Na
g R = CsH:SOs R’ ~ AcS
R - CH,SOx R = SH
i R = CH.SO.R’ = SH
RN(CH.CH.R'). R
llla, R = H; R’ = SH IL
b, R = CsH:80. R' = C,H;80
¢, R = CH:S0. R’ = SCN (
d, R == CH,80.: R’ = CH.SO 5
e, R = CH.S0, R' - SCN -8
IVa, R = CsHs30.
bR = H
¢, R = CH,S0.
:.\1: “CH,SCH,C,H,
SO,CH,
v

The behavior of diethauolamine, 2,2’-iminodiethauol,
was studied as a model compound because of its avail-
ability and because the aminodithiol which would
result, 2 2’-iminodiethanethiol (ITIa), had not been
tested on this program although it had been prepared?®:®
and tested® elsewhere.
N,N-Bis(2-hydroxyethyl)benzenesulfonamide diben-
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