
w-(2-Mercaptoethylamino)-l-alkanesulfonic Acid Inner Salts 
and Related Compounds as Potential Antiradiation Agents' 

THOMAS P. JOHXSTOX .4SD CARL R. STRISGFELLOW, JR. 

I < e t i e r i n y - W e ~ e r  Laboratory, Soidhein Research Insiiiuie, Birmingham, Alabama Y620,i 

Received ;May 9, 1966 

Reactions of sult,ones l a  aiid l b  with cystamine, sodium S-2-aminoethylthiosulfate, and thiones, such as 
thiosemicarbazide and pyridine-2(1H)-thione, provided a number of sulfonic acid inner salt derivatives for test- 
ing as antiradiation agents. Catalytic hydrogenolysis of the cystamine derivatives afforded ~(2-mercapto-  
ethy1amino)-1-alkanevulfonic acids 3a and 3b. Sulfoalkylation products of 2-thiazolidinethione were observed 
to be particularly labile toward hydrolysis giving S-2-aminoethyl S'-w-sulfoalkyl dithiocarbonates 9a and 9b. 
3,3'-[Dithiobis(ethylenimino)]bis(l-propanesiilfonic acid) (2a) and the derived thiol 3a showed good radio- 
protective activity in contrast to the inactivity of the butane derivatives 2b and 3b, the Burite salts 4a aiid 4b, 
and the dithiocarboiiates 9a and 9b. Sone  of the ibothiuronium-type sulfonates showed significant activity with 
the possible exception of 4-(acetimidoylthio)-l-butanesulfonic acid. 

In t,he search for antiradiat'ion agents 2-alkylamino- 
ethariethiols funct,ionally substituted on the alkyl 
group constitute a pot'entially fertile area of investiga- 
tion in view of the reported2 radioprotective properties 
of S-(2-mercaptoethyl)glyciiie. One such type is 
the taurine-related w-(2-mercaptoethylaniino)-l-alkane- 
sulfonic acids, an approach to the synthesis of which 
was suggested by the previously described3 facile ring 
openings of 4-hydroxy-1-butanesulfonic acid sultone 
( lb)  with primary and secondary amines. Respective 
reactions of 3-hydroxy-1-propanesulfonic acid sultone 
( la )  and l b  with 2,2'-dit'hiobisethylaniine (cystamine) 
provided 3,3'-[dithiobis(ethylenimino)]bis(l-propane- 
sulfonic acid) and 4,4'- [dithiobis(ethylenimino) Ibis- 
(1-butanesulfonic acid) as the inner salts 2a and 2b4 
(see Scheme I). Conversion of these disulfides to 
the desired 3-(2-mercaptoethylamino)-1-propanesulforiic 
acid (3a) and 4-(2-niercaptoethylamino)-l-butanesul- 
fonic acid (3b) was accomplished by hydrogenolysis in 
aqueous solution over 30% palladium-on-charcoal 
cat,alyst a t  3.5 kg/cm2. Optimal iodomet'ric assays of 
3a and 3b were obtained when the catalyst weight mas 
50% of t'hat of t'he start'ing disulfide; hydrogenolysis 
was incomplete when the weight of catalyst was 30y0 
and negligible (with 2b, and presumably would be with 
2a) when it was only 10 and 20y,.5 Reactions of l a  
and l b  with sodium S-2-aminoethylthiosulfate in 
methanol afforded sodium S-2-(3-sulfopropylamino)- 
ethylthiosulfate (4a) and sodium S-2-(4-sulfobutyl- 
amin0)ethylthiosulfate (4b), respectively, in low yields. 

Sultone ring openings with t'hiourea, thiosemicarba- 
xide, thioacetamide, and a number of' heterocyclics thi- 
ones provided isothiuroniuni sulforiat'es and related inner 
salts for evaluation as sulfonic acid analogs of radiopro- 
tective isothiuronium salts.6 Several examples of this 
type of reaction have been reported, such as, reactions of 
thiourea with l a  and 1bjia of substitut'ed thioureas arid 
related heterocyclic conipounds with la ,7a arid of thio- 
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SCHEME I 
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acetamide with la.7b The products of sulfoalkylations 
of thiosemicarbazide are designated as w-sulfoalkyl thio- 
carbaziniidates (5a and 5b) rather than l-substituted 
thiosemicarbazides because of the close similarity of 
their infrared spectra with those of the w-(amidinothi0)- 
alkanesulfonic acids 6a and 6b; all show strong C=S 
stretching bands near 1660 cm-l, but only 5a and 5b 
show sharp S H  stretching bands near 3330 cm-l. 

1-I - - 
SI3 XHI 
I, + ~I 

II?SKHCS(CH,),,SO3- HzKCS(CHz)3bS0,- 
5a, n = 3 
b , n  = 4 

6a, n = 3 
b , n  = 4 

Sulfoalkylations of heterocyclic thiones that were 
slow or incomplete in refluxing ethanol, particularly 
with the less reactive lb ,  were effected in refluxing 1- 
propanol, which probably could have been used ad- 
vantageously in all reactioiis of this type. The prod- 
ucts, as inner salts, crystallized from the reaction mix- 
tures, oft'en in pure form. The reaction of 2-thiazo- 
lidinet'hione (7) with l a  in ethanol was no exception 
arid gave the expected 3-(2-thiazolin-2-ylthio)-l-pro- 
panesulfonic acid @a), but the reaction of 7 with l b  
in ethanol gave a low yield of a ~~ater-recrystallized 
product, whose elemental analyses indicated partial 
hydration but whose infrared absorpt,iori in the car- 
bonyl region was more consistent with a dithiocarbori- 
ate8 t'han with hydrated4 -(2-thiazolin-2-ylthio)-l- 
butanesulfonic acid (8b). Repetition of the reaction 

( i )  (a) Bohme Fettchemie G.m.b.H., British Patent 775,026 ( lY5i i :  
(b) \L'. Kied arid 1:. S<,limiclt, . i r ~ / ~ .  Cl irm. .  

(b) 

C'iieni. .- lbstr., 61, lti5:44 (19.57):  
676, 114 (1964). 

T. 1'. JolinsroIi and  .I. Oalluglier, i b i d . ,  29, 2442 (lYti4j. 
(8) (a) R.  J. Gaul and \V. J.  Fremutli,  J .  O r g .  Chem., 26, 869 ( 1 Y t i O ) ;  



7 8 a , n  .i 
b, n 1 

9a, n = 3 
b, n - 4  

:liter :1 shoit reflux period prOtluc.etl ~-2-:ulllIloclllyl 
S'-:<-sulfopropyl tlitliiot,:irboil:ite (9a). Prrvioub p i ~ s p -  
:rations of iuixlogous dithioc:brbonates 1i:ir.e iiivolvc.cl 
hydrolysis of approprint ely substituted 2-thi:izolincy 
in hydrochloric acid or hydrobroiiiic 

Comparisons of the ultraviolet spectra of the sulfo- 
:dkylatiou products of pyritlille-L'(lH)-thiollc. 12' c 
:3-(~--pyrid~ltliio)-l-propanesulfoiiic :wit1 (loa) mid 1- 
( t ' - p y r i d y l t h i o ) - l - b ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ l f o ~ i i c  acid (lob) ] with tlio,ct 
reported for ~-(al lcyl thio)py~idi~ie~ :mil  l-:dkyI-2- 
(I H)-pyridinethiones1'l provide cvideilcci for ~ 1 1 ~  :1h- 

+ped structure-. The structures of :3-(purii1-8-ylt~Iiioi- 
1 -propariesulfonic acid ( l la )  :~nd ~-(purixi-8-~-Ithio)-l- 
hiitanesulfonic ncicl ( l lb )  were similarly supportcd by 
iiltraviolet spectrill coniparisons \vith 8-(methyIthio)- 
purine.11 Allthough structure proof of thc other hclcro- 
cyc'lic conipouiids prrpnrcd (sec l':ible I) 1 1 : ~  i i o t  hw11 

pursued, the nsslgried structurcLs arr mor(' ul:tpt:iblc t i  I 
stable iiiiicr i:Ji form:ii ioii t him llle rorrcyoll(l1tig 
S-substituted isomer.. 
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loa, n= 3 
b, n = 4  

Ila, n = 3  
b, n = 4  
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1- L L K A N E S U L F O ~ I C  ACID ISNER SALTS ASD RELATED COMPOUNDS 
R lDIOPROTECTIVE ACTIVITIES OF W-(~-~IERCAPTOETHYLAMINO)-  

Drug 
dose, Vehicle of 70 

2300 
2000 
1 0 0  
500 

1000 
500 

4000 
2000 
1500 
750 

1000 
500 
ti00 
so0 

1000 
500 
ti00 
300 
230 
125 

administration 

Water 

Saline 

Water 

Water 

Water 

IVatcr 

\Vater 

MC/Tw" 

l IC /Tw 

survival 

87 
93 
54 
0 
0 
0 
0 

60 
53 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

lL Compound suspended in saline solution containing 0.2% 
iiielliylcellulose and 0 . 4 5  Tween 80. 

niarized in Table II.I3 The disparity of activity noted 
in comparable pairs of disulfides and thiols (2a us. 
2b and 3a z's. 3b) may be due simply to toxicity factors; 
the butane derivatives were toxic a t  the high optimal 
dose levels of the propane derivatives. The disulfide 
2a appears to  be more active than the corresponding 
thiol 3a, hut neither the Bunte salt 4a nor the dithio- 
carbortate 8a, was active. No significant activity has 
as yet been observed among the isothiuronium sulfo- 
nates and related heterocyclic sulfonates with the 
possible exception of 4-(acetimidoylthio)-l-butane- 
sulfonic acid (33YG survival at  900 mg/kg). 

Experimental SectionI4 
3,3'- [Dithiobis( ethylenimino)] bis( 1-propanesulfonic acid) 

(2a).-The sultone 1aI6 (16.6 g, 0.136 mole) and 2,2'-dithio- 
biset,hylamine16 (9.3 g, 0.061 mole) were mixed in a small volume 
of ethanol. A vigorous reaction ensued, which was quickly 
moderated by the addition of more solvent (300 ml). The mix- 
ture was heated under reflus for 1 hr and cooled. The super- 
nant liquid was decanted from the brown gum, which was es- 
tracted with methanol (250 ml) under reflux for 2 hr with in- 
termittent trituration. The residual white solid was washed 
with methanol and ether and dried in vacuo over P ~ O B ;  yield 
13.2 g (54%); uKBr (Soa-) in cm-l: 1220-1150 ( s ,  broad), 
1040 (Y).  

Anal. Calcd for C ~ ~ H Z ~ S ~ O & :  c, 30.28; H, 6.10; S, 32.35. 
Found: C,30.08; H ,  6.16; S, 32.0. 

4,4'-[Dithiobis(ethylenimino)] bis( 1-butanesulfonic acid) 
(2b).-A solution of 2,2'-dithiobisethylamine16 (3.60 g, 23.6 
mmoles) and 2b17 (6.60 g, 48.5 mmoles) in  ethanol (120 ml) was 

(13) Tlie authors  are indebted to  Drs. D. P. Jacobus and T. R. Sweeney 
for the antiradiation test data. 

(14) Alelting points were determined ina Mel-Temp apparatus;  no melt- 
ing points are reported for those compounds @a, ab, Sa, 4a, and 4b) t h a t  
decomposed over such an  indefinite range as t o  be considered meaningless as 
a purity criterion. Infrared absorption spectra were determined in pressed 
potassium bromide disks with a Perkin-Elmer hlodel 521 or 221-G spectro- 
photometer. 

(15)  Distillatioil Proiiurts Industries. Rochester, h'. Y. 
(lti) 'r, 1'. JdlnsuIl arid -1. Gullagher, J .  O r g ,  Che?n., 26, 8 i 8 0  (l'd61); 

Care sliould he taken to  avoid an  excess of sodium 

(1;) \\., E.  Truce  and I'. l). Haerger, J .  Am. Cliem. Soc. ,  76, 5 3 5 i  (1954). 

i b i d . .  27, 2152 (1962). 
irietlioxiile in freeing tlle base. 

heated under reflux for 1 hr and allowed to cool. The precipitate 
was washed with methanol and ether and dried in vucuo over 
P206 a t  80'; yield of white solid, 2.94 g (29%); uKBr @os-) 
in cm-l: 119C-1170 (s, broad), 1040 (s). 

Anal. Calcd for C12H28N20&34: C, 33.94; H, 6.65. Found: 
C, 33.66; H, 6.73. 

Recrystallization of a similarly prepared product from water - 
ethanol gave a fractional hydrate that was dried as described 
above for 3 hr. 

Anal. Calcd for C ~ Z H Z ~ N Z ~ B S ~ . ~ . ~ ~ H ~ ~ :  C, 33.58; H, 6.69; 
S, 29.88; H20, 1.05. Found: C, 33.39; H, 6.47; S, 29.9; H20,  
0.93 (Karl Fischer method). 

3-( 2-Mercaptoethylamino)-l-propanesulfonic Acid (3a).- 
A solution of 2a (15.0 g, 37.8 mmoles) in water (250 ml) was 
shaken in a Parr hydrogenator with 307, Pd-C (7.5 g) and 
hydrogen a t  3.5 kg/cm2. When the hydrogen uptake ceased 
(4-5 hr), the catalyst was removed by filtration under nitrogen 
and the filtrate was evaporated to dryness under reduced pres- 
sure leaving an oil. Several successive in vacuo evaporations 
after additions of methanol left a tan solid, which was triturated 
twice in methanol and dried in vacuo over P206; yield 10.3 g 
(69%); infrared absorption quite similar to that of 2a. 

Bnal. Calcd for C6H13N03S2: C, 30.13; H, 6.67; S, 7.03; 
SH, 16.6. Found: C, 29.69; H, 6.44; N, 6.74; SH, 16.1. 

4-(2-MercaptoethyIamino)-l-butanesulfonic Acid (3b).- 
A solution of 2b (4.84 g, 11.4 mmoles) in water (75 ml) was 
shaken in a Parr hydrogenator with 30% Pd-C (2.42 g) and hy- 
drogen a t  3.5 kg/cm2. When the hydrogen uptake ceased (4-5 
hr), the catalyst was removed by filtration through Celite and 
under nitrogen, and the filtrate was evaporated to dryness 
under reduced pressure (oil pump). The residue, a mixture of 
yellow crystals and an oil, was extracted with boiling methanol 
(300 ml). The methanol-insoluble solid was dissolved in water 
(50 ml), and the solution after treatment with Norit was evapo- 
rated to dryness under reduced pressure. The yellow-orange 
residue was triturated in methanol leaving 3b as a yellow solid, 
which melted a t  210-212" dec after being dried in vacuo over 
Pz05; yield, 1.66 g (34%); infrared absorption quite similar to 
that of 2b. 

Anal. Calcd for CsHlj~OsSz: C, 33.78; H, 7.09; S, 30.06; 
SH, 15.5. Found: C, 33.87; H, 7.43; S, 29.8; SH, 14.9. 

Sodium S-24 3-Sulfopropylamino)ethylthiosulfate (4a) Hemi- 
hydrate.-S-2-Aminoethylthiosulfuric acid's ( 10.0 g, 63.6 mmoles) 
was added in portions to a solution of sodium methoxide [from 
sodium (1.46 g, 63.6 mg-atoms)] in dry methanol (200 ml); 
the mixture was stirred until solution was complete. Sultone 
la l8  (8.65 g, 63.6 mmoles) was added, and the resulting solution 
was refluxed for 1.5 hr and allowed to stand overnight. Crude 
4a (11.0 g) was obtained in 4 crops with precipitation being aided 
by subsequent additions of ethanol. Recrystallization from 
methanol-ethanol gave 6.2 g (32%) of 4a as a hemihydrate in 
2 crops; uKBr (so,-) in cm-l: 1200 (s, broad), 1025 and 1045 
(m-s, doublet), 635 (m-s). 

Anal. Calcd for C 6 H 1 2 ~ ~ a 0 6 S 3 . 0 . 5 H z O :  c, 19.35; H, 4.22; 
N, 4.51; S, 30.99. Found: C, 19.66; H, 4.32; N, 4.13; S, 
30.67. 

Sodium S-2-(4-sulfobutylamino)ethylthiosulfate (4b) vias 
prepared from equimolar amounts (63.6 mmoles) of S-2-amino- 
ethylthiosulfuric acid1* and lb17 by a procedure similar to that 
used for 4a; a longer reflux period might have improved the 
yield. The reaction solution was concentrated zn vacuo to half- 
volume. The addition of ethanol (300 ml) caused the precipi- 
tation of 4b as a white solid, which was washed with ethanol 
and dried in vacuo over P205;  yield, 1.98 g (10%); &Br @os-) 
in cm-l: 1190 (s, broad), 1025 (m-s), 630 (m-s). 

Anal. Calcd for CsHlaNKaOsS3: C, 22.84; H ,  4.47; S, 
30.52. 

3-Sulfopropyl Thiocarbazimidate (5a).--A solution of thio- 
semicarbazide (8.32 g, 91.3 mmoles) and la15 (11.2 g, 91.3 
mmoles) in ethanol (100 ml) was refluxed overnight. The white, 
crystalline 5a was collected, washed with ethanol, triturated in 
boiling methanol, and dried in vacuo over P20s; yield, 13.7 
g (70%); mp 223-224' dec; uKBr in cm-l: 3325 (s, KH), 1665 
(s, C=N), 1150-1200 (s, broad multiplet), and 1040 (s, Soa-). 

Anal. Calcd for C4HllN303SZ: C, 22.52; H, 5.20; N, 19.70; 
S, 30.07. Found: C,22.63; H, 4.95; N, 19.38; S, 29.5. 

Found: C, 22 .62 ,  H, 4.66, S, 30.5. 

(18) Iiindly frirnislied by Dr. T. R.  Sweeney, \\.alter Reed . h n y  Inst i tute  
of Research; also available commercialla-. 15 
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