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A number of terminal N-alkyl and N-aryl derivatives of S-2-(u-aminoalkylamino)ethyl dihydrogen phosphoro­
thioates and related compounds were prepared for evaluation as antiradiation agents. Several synthetic ap­
proaches were examined, and the generally preferred synthesis involved the concurrent detosylation and ring 
cleavage of 3-substituted 2-oxazolidinone intermediates containing a tosylated aminoalkyl side chain. Acetoxy 
group cleavage in conjunction with detosylation was also useful in the synthesis of N-alkyl derivatives. The 
last-step phosphorothioate displacements were generally successful in the N-alkyl series, but only thiosulfate 
displacements were successful in the N-aryl series. Among the congeners prepared, S-2-(3-ethylaminopropyl-
iimino)ethyl dihydrogen phosphorothioate (9d) and >S-2-(3-inethylaniinopropylaniino)ethyl dihydrogen phos­
phorothioate (20b) were the most effective in antiradiation screening tests in mice, their activities being com­
parable to the parent compound unsiibsfit tiled on the terminal amino group. 

The high level of radioprotective activity shown in 
mice by a number of S-2-(w-aminoalkylamino)ethyl 
dihydrogen phosphorothioates2 prompted an interest 
in the effect of alkyl and aryl substitution on the ter­
minal amino group in this series of compounds. Several 
approaches to this type of derivative have been in­
vestigated, but the most expedient and generally 
applicable approach incorporated steps tha t usually 
involved (1) protection of amino groups by prior 
tosylation and (2) concurrent detosylation and hydro­
gen bromide cleavage of 3-substituted 2-oxazolidinones.3 

A similar approach was followed, at least in part , in 
previously reported syntheses of related compounds,4 ,5 

and some general stoichiometrical aspects of displace­
ments with thioanions in the last steps of such syn­
theses have been previously discussed in some detail.s 

The synthesis of 2-(2-ethylaminoethylamino)ethane-
thiol (9a) and the corresponding phosphorothioate 9b 
was accomplished via the two reaction sequences out­
lined in Scheme I, each proceeding through X-(2-
bromoethyl)-N'-ethylethylenediamine dihydrobromide 
(8a) as a common intermediate. The longer and more 
tedious route consisted of a stepwise buildup from 
tosylated intermediates. The intermediate X-(2-chlo-
roethyl)sulfonamide 2b was more easily obtained 
in pure crystalline form and good yield than its more 
reactive bromo counterpart 2a. Although X-ethyl-
X'-(2-hydroxyethyl)-X\X'-ethylenebis-jo-toluenesulfon-
amide (4) underwent both detosylation and bromo-
(lehydroxylation with HBr under Cortese condi­
tions,6 this direct conversion into 8a was accompanied 
by considerable ta r formation due to side reactions, 
which might have been minimized by the addition of 
phenol7 as in similar detosylations.4 This difficulty 
was circumvented conveniently, however, by the prior 
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conversion of 4 into X-(2-bromoethyl)-X'-ethyl-X', .V-
ethylenebis-p-toluenesulfonamide (5) with an over-all 
improvement in yield. The subsequent development 
of the hydrogen bromide cleavage of 3-substituted 2-
oxazolidinones not only provided an expedient and 
superior route to 8a and a number of related com­
pounds bu t was easily adaptable to the preparation of 
the homologs 8b and 8c. Standard displacements 
afforded the thiols 9a, c and the inner phosphorothioates 
9b, d, e, but thiosulfate displacements, as in the case of 
the unsubst i tuted analogs2 and terminal N-methyl 
derivatives, failed to give crystalline inner Bunte salts. 

The method of choice in the synthesis of the X-(2-
bromoethyl)-XT ' -methyl-a,c»-alkanediaminedihydrobro-
mides 19 and the S-2-(w-methylaminoalkylamino)-
ethyl dihydrogen phosphorothioates 20 derived from 
them (Scheme I I ) is again the one based on oxazol-
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idinone-ring cleavage. I t was, in fact, in the con­
version of the sulfonamide 18a into 19a that a 30% 
solution of dry HBr in HOAc containing phenol was 
found to be a more suitable reagent for simultaneous 
detosylation and decarboxylative ring cleavage and to 
require less vigorous conditions than aqueous 48% 
HBr. The use of phenol as a bromine scavenger in 
this type of reaction generally affords cleaner products, 
although good results are often obtained without it. 
Prior to the advent of the oxazolidinone method the 
synthesis of the intermediate 19a was undertaken by a 
route based on the previous conversion of 1 into 8a 
(Scheme I), but proceeded no further than the con­
version of N-(2-hydroxyethyl)-N-methyl-p-toluene-
sulfonamide (10) into the 2-chloroethyl derivative 11, 
the attempted condensation of which with 3 produced 
N-methyl-N-vinyl-p-toluenesulfonamide (13) instead 
of the desired bis-p-toluenesulfonamide 12. Two 
schemes for the synthesis of 19b, one of which was 
successful but was later superseded, were based on the 
substitution of N-methyl-N,N'-trimethylenebis-p-tol-
uenesulfonamide (14) by a group that would cleave 
during subsequent detosylation. The protracted action 
of refluxing 48% HBr on the 2-phenoxyethyl derivative 
15 apparently achieved both detosylation and ether 
cleavage, but the purple amorphous product could 
not be decolorized and recrystallized. The action of 
30% dry HBr in HOAc on 15 effected detosylation, 
but not ether cleavage, and resulted in the isolation of 
a ring-brominated product, probably N-(2-p-bromo-
phenoxy ethyl) -N '-methyl-1,3-propanedi amine dihy-
drobromide (16). That forcible cleavage of 16 with 
48% HBr would produce an effect like that observed 
with 15 was indicated in a trial experiment. In con­

trast, the action of 48% HBr on the crude 2-acetoxy-
ethyl derivative 17 afforded the desired 19b. The 
cleavage of an acetoxy group in conjunction with ox-
azolidinone-ring cleavage with 30% dry HBr in HOAc 
was recently reported.8 These examples involving 
the acetoxy blocking group illustrate a means whereby 
usually troublesome hydroxyethylations of primary 
amines with ethylene oxide can be circumvented when 
the end product is to be an N-substituted 2-bromo-
ethylamine hydrobromide. 

A reaction sequence based on the conversion of 14 
into 19b was chosen for the preparation of N-(2-bromo-
ethyl)-N'-cyclohexyl-l,3-propanediamine dihydrobro-
mide (24b), but steric hindrance unexpectedly altered 
the initial steps as indicated in Scheme III. The 
preparation of 14 by the addition of p-toluenesulfonyl 
chloride to N-methyl-l,3-propanediamine in DMF is 
represented by eq 1, but the product formed by a 

2CH,NH(CH2),NH2 + 2TsCl —>-
14 + CH3NH(CH2)3NH2-2HCI (1) 

similar treatment of N-cyclohexyl-l,3-propanediamine 
was the H20-soluble hydrochloride of N-(3-cyclo-
hexylaminopropyl)-p-toluenesulfonamide (21), which 
precipitated as the free base at pH 9 and whose struc­
ture was attested by high solubility in a strongly 
alkaline solution. In the alternative synthesis of 24b 
and the lower homolog 24a from the sulfonamides 23, 
steric hindrance was evidenced by the requirement of 
more vigorous conditions for the alkylation of N-cyclo-
hexyl-p-toluenesulfonamide with the S-(co-chloroalkyl)-

(8) J. R. Piper, C. R. Stringfellow, Jr., and T. P. .Johnston, ,/. Heterocyrt. 
Chem., 4, 298 (19fi7). 
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2-oxazolidinones 6a, b; the alkylations were effected 
at 130-140° in dimethylacetamide (DMAC) after an 
a t tempted alkylation with 6a at 115° in D M F had 
failed. In marked contrast to the methyl and ethyl 
analogs, 24b gave a crystalline Bunte salt (25) hydro-
bromide (although in low yield) when treated with 
equimolar amounts of N a ^ O a and NaOAc. The 
preferred procedure, however, involved neutralization 
of the reaction mixture with NaHCC>3, which allowed 
the isolation of 25 as a crystalline hemihydrate in high 
yield. On the other hand, the displacement reaction 
of 24b with trisodium phosphorothioate in H 2 0 - D M F 
at room temperature was incomplete after 2 days. 

The N-(2-bromoethyl)-N'-octyl-a,co-alkanediamine 
dihydrobromides 29 were prepared from the oily, 
imcharacterized sulfonamides 27 and converted into 
the corresponding phosphorothioates 30a, c and the 
thiosulfate 30b as outlined in Scheme IV. In a variation 
of this sequence, the preparation of N-octyl-p-toluene-
sulfonamide (26) was by-passed by the direct alkylation 
of octylamine with 6a to give crude 3-(2-octyIamino-
ethyl)-2-oxazolidinone (28). Tril i thium phosphoro­
thioate was the reagent used in the preparation of 
30a, c; the isolation of 30b was effected by N a H C 0 3 

neutralization as in the preparation of 25. The use 
of trilithium rather than trisodium phosphorothioate 
sometimes facilitates the isolation of crystalline de­
rivatives as was the case with 20c. 

Several approaches to the synthesis of the N-(2-
bromoethyl)-N'-phenyl-a,u-alkanediamine dihydrobro­
mides 38b, C, from which the respective thiosulfates 
39a, b were derived, are delineated in Scheme V. The 

OcNH(CH,)„NHCH2CH2SY 

30a, n = 2; Y = P03H2 
b./i = 3; Y=S03H 
c.rc = 3;Y = P03H, 

convenience of the sequence beginning with the re­
duction of 3-anilinopropionitrile (31) was limited 
by the troublesome separation of 2-(3-anilinopropyl-
amino)ethanol (33) from the mixture of products tha t 
resulted from the t rea tment of N-phenyl-l ,3-propane-
diamine (32) with ethylene oxide. In the search for 
an alternative route, 32 was converted into the bis-
p-toluenesulfonamide 34, from which both the 2-
phenoxyethyl and 2-acetoxyethyl derivatives 35 and 
36 were derived as crude oils, but neither could be 
converted into isolable 38c by treatment with 48%. 
HBr. The route via 33 was eventuallj ' outmoded by 
the hydrogen bromide cleavage of the N-a>-(2-oxo-3-
oxazolidinyl)alkyl-p-toluenesulfonanilides (37). An 
initial cleavage of 37a with 3 0 % dry HBr in HOAc in 
the presence of slightly more than an equimolar amount 
of phenol and with a finishing reflux period, however, 
resulted in the isolation of an analytically pure ring-
brominated product, probably N-(2-bromoethyl)-N'-
(p-bromophenyi) ethylenediamine dihydrobromide (38a). 
Ring bromination was avoided by a threefold increase in 
the amount of phenol used and elimination of the reflux 
period. The t reatment of 38c with equimolar amounts 
of Na2S203 and XaOAc in H 2 0 at 90° gave the Bunte 
salt 39b, but the same treatment of 38b resulted in the 
precipitation of elemental S and the evolution of SO->. 
Several procedural variations designed to avoid the 
effects of acidity on Na2S203 gave similar results, in­
cluding the prior partial neutralization of 38b with an 
equimolar amount of NaHCOs. The formation of 1-
phenylpiperazine in the lat ter variation as indicated in 
Scheme V was demonstrated bv the isolation of the 
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sulfonamide 40 following treatment of the reaction 
mixture with NaHCC>3 and p-toluenesulfonyl chloride. 
The preparation of 39a was ultimately effected by the 
slow addition of powdered 38b to a warm solution of an 
equivalent amount of Na2S203 and 2 molar equiv of 
NaOAc in H20 containing DMAC as a catalyst. Sat­
isfactory procedures for the conversion of 38b, c into 
the corresponding phosphorothioates were not devised. 

The synthetic sequence shown in Scheme VI was 
followed in the preparation of the p-aminobenzoic acid 
derivatives 44. Forcible conditions were also requisite 
to the conversion of ethyl p-(p-toluenesulfonamido)-
benzoate (41) into the ethyl p-{N-[w-(2-oxo-3-ox-
azolidinyl) alkyl ]-p-toluenesulfonamido} benzoates 42. 
Completion of the sequence leading to the thiosulfate 
44c was routine, but benzene-ring bromination was 
again encountered in the hydrogen bromide cleavage 
of 42a in HOAc in the presence of an equimolar amount 
of phenol as bromine scavenger. On the basis of 

•NH(CH2)3NHCH2CH2Br2HBr 

45 

spectral evidence and B r - analysis, the identity of the 
product was rationalized as the 3-bromobenzoate hy-
drobromide 43a. The problem of ring bromination 
in the preparation of the benzoate dihydrobromide 
43b was subsequently overcome by doubling the molar 
ratio of phenol. Stoichiometric differences in the 
conversions of the monohydrobromide 43a and the 
dihydrobromides 43b, c permitted the preparation of 
the thiosulfate 44a in the absence of NaOAc as buffer. 

An initial effort to hydrolyze 43c to p-[3-(2-bromo-
ethylamino)propylamino]benzoic acid dihydrobromide 
(45) in refluxing 48% HBr resulted in decarboxylation, 
the product being identical with the previously pre­
pared 38c. Hydrolysis without appreciable decarbox­
ylation was achieved on a pilot scale by refluxing a so­
lution of 43c in 10% HBr, but decarboxylation also 
occurred in a subsequent scale-up because of an in­
advertent increase in reflux time but was not recognized 
until the derived Bunte salt was identified as 39b. 
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The N,N'-bis[a)-(2-bromoethylaniino)a.lkyl]-p-phen-
ylenediamine tetrahydrobromides 48 were prepared 
according to Scheme VII, aromatic ring bromina-
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tion iii the hydrogen bromide cleavage step being in­
hibited by a 4:1 molar ratio of phenol. Attempts to 
prepare a Bunte derivative from 48b by treatment with 
2 molar equiv each of Na2S203 and NaOAc in H20 re­
sulted in reaction mixtures that, rapidly developed a 
red color and eventually became black. This be­
havior was probably due to the formation of quinone-
diimines by oxidation. 

Although a comparison of thiols, Bunte salts, and 
phosphorothioates among these terminally substituted 
analogs is limited by discontinuity in their syntheses, 
the most effective radioprotectors among those com­
pounds prepared, as judged by the results of anti-
radiation screening in mice at Walter Reed Army 
Institute of Research, Washington, D. C , were found 
among the methyl- and ethyl-substituted phosphoro­
thioates (see Table I). The"activities of 9d and 20b, 
which were sustained at a reduced dose level, compare 
favorably with those of the unsubstituted parent 
phosphorothioates.2 On the other hand, none of the 
thiosulfates was active with the exception of the anilino 
analog 39b, which was only slightly active. The two 
thiols, 9a and 9c, were both inactive even though 9c 
corresponds to the highly active phosphorothioate 9d. 

Experimental Section" 

N-Ethyl-N-(2-hydroxyethyI)-p-toluenesuIfonamide (1).—A 
solution of p-loluenesulfonyl chloride (117.5 g, 0.617 mole) in 
DMK (400 ml) was added dropwise to a stirred mixture of 2-
ethylaminoethanol (55.0 g, 0.017 mole), K 2C0 3 (85.3 g, 0.G17 
mole), and D M F (400 ml). The resultant mixture was then 
heated at 60-65° for 1 hr. The solvent was removed by distilla-
tion in vacuo, and the semisolid residue was extracted several 
times with C6F16 (900 ml total). Dilution of the filtered C6TI,-, 
solution with 30-60° ligroin led to separation of 1, mp 60--02°, 
in 76% yield (113.6 g). Anal. ( C H . T N O S S ) C, II, N. 

N-(2-Bromoethyl)-N-ethyl-j»-toluenesulfonamide (2a) was ob­
tained from 1 in a manner similar to that previously described for 
the preparation of 2-fbromomethyl)-l,4-di(p-tolylsulfonyl)pi-
perazine.10 The crude product, obtained as a dark oil, was dis­
tilled in vacuo, and the pale yellow distillate, bp 158-168° (0.4 
mm), solidified on standing. After being triturated in 30-60° 
ligroin, the product (62'",'. yield) melted at 47-62°. Recrystal-

lization from KlOII afforded a pure rolorles.- sample, nip (i! 06 ' . 
Anal. (C , , I I ! ( ,BI 'X T O,S) (', H, Br. 

N-(2-('hloroe(hyl !-N-ethyl-/y-(oluenesull'onamide t2b i. A 
solution of 1 i5().0g, 0.206 mole). JSCK'b i25 nil, 0.3-1 mole i, anil 
PhMe (200 ml) \ra- refluxed 3 hr. Kvaporalion under reduced 
pressure and subsequent recrystallizaiion of the residue (from 
KtOII) gave pure 2b, nip 64-05° ilit ." mp 67° i. in 03' , ' vield 
((O.Og). Anal. i.CuHieCIXtb.Sj (', H, CI. 

NT-EthyI-N-;2-hydroxyethyl)-N,N'-ethylenebis-/j-toluenesul-
f'onamide (4). After a stirred mixture of 3'° i'3->. I g. I). I S3 mole i, 
KjCO:, (30.0 g, 0.217 mole), and DMK i 150 ml) had been heated 
at 120" for 1 hr. a solution of 2b ( IS.O g, 0.1S3 mole) in DMK (100 
mil was added, and stirring and healing at 120-125° was con­
tinued for 5 hr. The cooled mixture was poured into ico water 
! I I,), and the viscid oil that separated formed a waxy solid when 
the aqueous mixture was refrigerated. The collected, IKO-
washed solid was recrystnlli/ed from KlOII to give pure i, mp 
163°, in 30 ' , yield (2-K5g:, Anal. i'C,„H:„N.,< ),S,.) C, It. N. 

N-(2-Bromoe(hyl i-N'-ethyl-N,N'-ethy!enebis-/i-loluenesul-
fonamide (.5). A solution of 4 (24.0 g, 5 1.5 mmoles). SnBr, t 111. I 
g, '.11.0 mmoles i, ;nid 1'h.Me (225 ml) wa- refluxed 3 hr, elarilicd 
(Xorit, Celitei, and diluted with 30 60° ligroin. Ct A-dalline 
5 thai separated was further purified by recrystallizaiion from 
EtOH: t.iie vield of pure 5, mp 11-1 \ was SO' , (22.0 gi. Anal. 
'C,„H,7BrN2()4S2!(', 11, Br. 

N-(2-Bromoethyl i-V-ethylethylenediamine Dihydrobromide 
(8at. From 5. A stirred mixture of 5 (20.0 g, 311.7 mmolesi and 
48' ,' II Br (200 nil) was refluxed 0 hr and then evaporated under 
reduced pressure to near dryness. The residual dark oil was 
stirred with II;(t (150 ml), and the mixture was clarified (Xorit. 
('elite). The colorie.-s aqueous filtrate was evaporated to dry­
ness under reduced pressure with the aid of several added por­
tions of Me< HI. The white crystalline residue was triturated in 
MenC'O and then reeryslaliized from MeOH to give pure 8a, 
mp ~1'J5° dec, in 52'', vield '7.13 g!. Anal. ('(',41, J i rX , -2 -
II Br). 

From 4.--Treatment, of 4 t 10.0 g, 22.7 mmoles) with boiling 
•IS', HBr ('initially 300 ml) under Cortese-type conditions fol­
lowed by a work-up procedure similar to that described above 
(for the conversion from 5) afforded a 20' <" yield (1.65 g) of pure 
8a identical ('melting point, mixture melting point, and ir spec­
trum) wdth the samples prepared from 5 and 7a. Anal. <(.',;! !>•,-
B r \ Y 2 H B r j C , H. Br. 

N-(2-HydroxyethyI)-N-methyl-p-toluenesulfonamide (10) was 
prepared in SS' , yield according to the procedure of Slot la and 
Behniseh:12 bp 167-108° (0.2 mm) | l i l . , 2 bp 250° (20 mm i and 
ISO 185° (3.5 mm;I. 

\-(2-Chloroethyl)-N-methyl-/j-toIuenesulfonamide (111 was 
prepared from 10 in the manner described for the preparation of 
2b, The vield of pure 11, mp 70-71° (from EttHI"), was, 7 7 ' , . 
Anal. (Cj luCTNCbSjCl . 

N-Methy)-N-vinyl-/;-toluenesulfonamide (13) was the oul\ 
product isolated from two attempted preparations of 12 ('see 
Scheme l i t . A -l ined mixture of eqttimolar amounts of 3 and 
XaOMe (-1.64 mmoles each) in /i-l'rOH (15 ml) was retluxcd for 
1 hr: .11 (1.64 mmoles) was added, and the mixture was refluxed 
15 hr. Dilution with 114.) (~100 ml) caused separation of 13, 
mp 50-53° (lit.1"-11 mp 56-57.7° and 56-50.5°), in 04',', yield. 
(Similar results were obtained from a run in which 2-niel lio\y-
ethanolwasu.-ed in place of /c-PrOII. i Anal. (Ch,IIi:X(bS 1 C. II, 
X, 

N-Methyl-N'-(2-phenoxyethyIj-N,N -trimethylenebis-/)-lolu-
enesulfonamide ('15). A stirred mixture of 14 1.1.50 g, :17s 
mmoles) and lv.C();! IO.OO g, 4.35 mmoles) in DMK (10 ml) wa-
heated during 1 hr to 120°. (j-Bromophenetole15 (0.76 g, 3.7s 
mmoles) was added, and the mixture was maintained at. 120 125" 
for 3 hr. Dilution with 1I;<) (50 ml) caused separation of an oil, 
which was extracted with Cdlo (50 ml). Removal of the solvent 
from the IKO-washcd and dried (MgS04) CVIIG solution left a 

(9) Unless no ted o therwise , mel t ing po in t s with a r ange were de t e rmined 
with a M e l - T e m p a p p a r a t u s ; those w i t h o u t a range , with a Kofter Hei / .bank. 
Ir spec t r a were d e t e r m i n e d with a Pe rk in -Klmer Model 521 s p e c t r o p h o t o m e ­
ter . W h e r e ana lyses a re ind ica ted only l>.v symbols of t h e e lements , ana ly t i ­
cal resul t s ob t a ined for t hose e l emen t s were within O.-t'.x of t h e theoret ical 
va lues . S o m e of t h e ana lyses were per formed by Ga lb ra i t h Micro-
ana ly t i ca l Labora to r i es , KnoxviUe, Term. 

(101 J . II . P i p e r and T . P . J o h n s t o n . ./. « , , / . Cl,em.. 28 , US I (l(l(i.'!); see 
also prepnrat ion nl N,N'-l,ol,rarnel hylenebis-zi- lohicnesutfonnmide.* 

i l l ! II. II. Peacock ami Y. S. ( l i n m , ./. Chun, i-itir., 1 tlis M!i:!7'l. 
12) K. II. Sloi tu and H. Behniscli . J. I'raid. Chem.. 135, 225 U M 2 1 . 

'1:1) ,1. F u r u k a w a , A. Onishi . and T . T s i i m t a . ,/. Oru. Chun.. 23 , •17'-
(11)58). 

( I t ) V. \\ . S tacey , ,1. ( ' . Same-, and H. ('. M c K u s i r k , J. Am, r. f •>„,„. ,s„, . 
8 1 , 1187 I I (loll). 

'151 ( ' . S. Marxe] and \ . 1„ Ta. i ienbaum in " l l i - ja iur S y n t h e s e s " C o l t 
Vol. 1. 2nd ed, A. II. Ulan . I'M.. John Wiley and Sens , luc . New Yoik, \ . \ 
I'.' I I. i>|' i:t5 - Pili. 
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Coinpd 

9a 

9b 

9c 

9d 

20a 

20c 

30a 

30b 
30c 

39a 

39b 

44b 

44c 

TABLE I 

RADIOPROTECTIVE ACTIVITIES OF SOME TERMINALLY SUBSTITUTED S-2-(O)-AMINOALKYLAMINO)BTHYL DIHYDHOGEN 

PNOSPHOROTHIOATES AND RELATED COMPOUNDS" 

RNH(CH2)„NHCH2CH2SY 
Approx D r u g dose, 

R n Y6 L D M , m g / k g m g / k g c 

2 II(-2HC1) >200 150 E t 

Et 

Et 

E t 

Me 

Me 

Me 

Cyclohexyl 

Octyl 

Octyl 
Octyl 

Ph 

POaII2(-2.5H20) 

H(-2HC1) 

P0 3 H 2 ( -1 .5H 2 0) 

P0 8 I I 2 ( -2 .5H 2 0) 

P03H2(-1I20) 

P0 3 H 2 ( -4H 2 0) 

SO3H(-0.5H2O) 

P03II2(-2I120) 

SO3H(-0.5H2O) 
P0 3 H 2 ( -1 .5H 2 0) 

S0 3H 

Ph 

p-Et02CC6ll4 

•p-Ei(hCC,Ut 

3 

2 

3 

SOaH 

S03II 

SO.II 

850 

350 

750 

900 

800 

240 

250 

160 

50-150 
175 

225 

300 

>1800 

1800 

to 
400 
200 

75 
37. 

500 
250 
125 
400 
400 
200 
400 
200 
100 
50 

180 
90 

150 
150 
75 
75 
50 
25 

<50 
125 

62. 
50 
25 

200 
100 

1000 
500 

1000 
500 

Vehicle of 
admin 

Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Saline8 

P B ' 
PB 
PB 
PB 
PB 
PB 
PB 
CMC-Tw" 
CMC-Tw 
PB 
CMC-Tw 
PB 
CMC-Tw 
CMC-Tw 
CMC-Tw 
CMC-Tw 
Saline 
Saline 
CMC-Tw 
CMC-Tw 
CMC-Tw 
CMC-Tw 
CMC-Tw 
CMC-Tw 
CMC-Tw 
CMC-Tw 

pH of 
prepn 

5.7 
5.7 
6.4 
6.4 
6.1 
6.1 
6.6 
6.6 
6.6 
6.9 
6.9 
6.9 
7.0 
7.0 
7.5 
7.5 
7.5 
7.5 
6.5 
8.5 
6.5 
8.5 
6.1 
6.1 
8.1 
6.6 
6.6 
6.4 
6.4 
6.6 
6.6 
5.5 
5.5 
5.5 
5.5 

30-day 
survival. %d 

0 
0 

13 
0 
0 
0 

100 
100 

7 
73 
47 
20 

100 
87 
46 
13 
33 

0 
0 
0 
0 
0 
0 
0 

< 5 
20 

0 
0 
0 

13 
0 
0 
0 
0 
0 

" Antiradiatiou screening tests in mice against lethal radiation [S25 R (X-rays) or 1000 R (7 rays)] were performed at Walter Reed 
Army Institute of Research, Washington, D. C , under the direction of Dr. D. P. Jacobus. h H 2 0 of crystallization and characterization 
as HC1 salts indicated in parentheses. " Drug injected intraperitoneally as 0.5-5.0% solution or suspension 15-30 min before irradia­
tion. d No 30-day survival among control mice. " Physiological saline. ' Phosphate buffer. « Compound dissolved or suspended in 
physiological saline containing 0.3% sodium carboxymethylcellulose and 0 .1% Tween 80. 

yellow oil, which crystallized from warm EtOH to give pure 15, 
mp 74°, in 7 3 % yield (1.39 g). This sample proved to be iden­
tical (melting point and mixture melting point) with an analytical 
sample of 15 obtained in 60% yield via a N aOEt-promoted alkyla-
tion of 14 with /3-bromophenetole in refluxing EtOH. Anal. 
(C26Ha2N205S2)C,H. 

N-(2-jo-Bromophenoxyethyl)-N'-methyI-l,3-propanediamine 
Dihydrobromide (16).—A solution of 15 (0.60 g, 1.16 mmoles) in 
30% dry HBr-HOAc (6 ml) was stirred at 25-30° for 24 hr, then 
gradually heated during 90 min to boiling, and refluxed for 4.5 
hr. Solid that crystallized from the cooled solution was re-
crvstallized from MeOH-Me2CO; yield 77% (0.40 g). Anal. 
(C12H13BrX20-2HBr) C, H, Br, X. 

N-MethyI-N,N'-trimethylenebis-j»-toluenesuIfonamide (14) 
was prepared from N-methyl-l,3-propanediamine16 by an adapta­
tion of a previously described procedure for the preparation of 
N,N'-tetramethvlenebis-p-toluenesulfonamide.5 The yield of 
pure 14, mp 93°" (from EtOH), was 79%. Anal. (C18H24N204S2) 
C, H, S. 

N- (2-Acetoxyethy 1 )-N '-methyltrimethylenebis-p-toluenesul-
fonamide (17).—A solution of 14 (120 g, 0.302 mole) in D M F 
(400 ml) was added dropwise during 1 hr to a stirred suspension 
of Nai l (14.5 g of 50% oil dispersion, 0.302 mole of Na i l ) in 
DMF (100 ml) with the temperature being maintained at ~ 3 0 ° . 

(IUJ Ames Labora to r i es , Inc . , Millford, Conn . 

Stirring at 25-30° was continued 1 hr longer, and a nearly clear 
solution resulted. A solution of freshly distilled 2-bromoethyl 
acetate (51.0 g, 0.305 mole) was added dropwise during 30 min; 
the resultant solution was left at 25-30° for 18 hr and then heated 
at 80-85° for 2 hr. Most of the solvent was removed by distilla­
tion in vacuo, and the residual red-orange syrup was dissolved in 
C6H6 (400 ml). The C6H6 solution was washed (H20, four 250-
ml portions) and dried (Na2S04). Removal of CeH6 by evapora­
tion under reduced pressure left crude 17 as an orange oil, which 
was used as such for conversion to 19b. 

N- (2-Bromoethyl)-N '-methyl-1,3-propanediamine Dihydro­
bromide (19b). From 17.—A stirred mixture of the sample of 
crude 17 described above and 48% HBr (1 1.) was refluxed under 
a 30-cm Vigreux column for 16 hr. Heating was then increased 
to cause distillation, and 520 ml of distillate was collected during 
2 hr. The solution was then caused to reflux. After 2 hr, distil­
lation was again effected, and 90 ml of distillate was collected 
during 20 min. The dark red residual mixture was then refluxed 
40 min longer, cooled, clarified (Norit, Celite), and evaporated 
to dryness under reduced pressure. The red, semisolid residue 
was dissolved in warm MeOH (~400 ml), and the solution was 
repeatedly decolorized (Norit) until a pale yellow filtrate was ob­
tained. The MeOH was removed by evaporation under reduced 
pressure, and the residue, an orange semisolid, was triturated 
under EtOH (150 ml). Crystallization occurred, and the solid 
was collected and washed with EtOH. Addition of E t 2 0 to the 
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filtrate gave a second crop. The dried crops (37.0 and 10.0 g, 
respectively) were combined and recrystallized from EtOH to give 
19b, tnp 213-216° dec, in 38% over-all yield (41.0 g) from 14. 
Recrystallization from MeOH afforded an analytical sample, but 
did not change the melting point. Anal. (C6Hi5BrXV2HBr,) O. 
II, Br. 

N-(3-CycIohexylaminopropyl)-£>-toluenesu]fonamide (21).-- A 
solution of p-toluenesulfonyl chloride (So.4 g, 0.44S mole) in 
DMF (300 ml) was added dropwise to a stirred solution of X-
cyclohexyl-l,3-propanediamine17 (70.0 g, 0.448 mole) in DMF 
with the temperature being maintained at 15-20° by external 
cooling. The mixture was then stirred at 25-30° for 1 hr before 
being poured into H 2 0 (3 1.). The nearly clear solution was 
filtered, and the filtrate was made basic (pH 10) with 50% NaOH. 
The crystalline precipitate that formed was collected, dried, and 
reervstallized from C6H6-ligroin (bp 30-60°) to give pure 21, mp 
94-95°, in 06% yield (93.1 g). Anal. (C,6H26N20,S) C, H, X. 

N-(2-Acetoxyethyl )-N'-(3-cy clohexylaminopropyl )-/)-toluene-
sulfonamide (22).—The reaction procedure used (0.284-mole 
scale) was essentially the same as that described for 17, but the 
DMF was not removed by distillation. The reaction solution 
was poured into H2O (5 1.), and the orange oil that separated was 
extracted with Cslie. Removal of the Cell a from the IFO-
washed and dried (MgSOt) solution left crude 22 as an orange oil, 
which was used as such for conversion to 24b. 

N-(2-Bromoethyl)-N'-cyclohexyI-l,3-propanediamine Dihy-
drobromide (24b). From 22.- A mixture of the crude prepara­
tion of 22 described above (120 g) and 48% HBr (500 ml) was 
refiuxed under a Claisen head for 18 hr. Heating was then in­
creased to cause distillation, and 250 ml of distillate was collected. 
Simple refluxing was resumed, and, after 5 hr, an additional 80 
ml of distillate was removed. Refluxing was then continued IS 
hr longer. The remaining dark mixture was cooled, diluted with 
H20 (300 ml), clarified by filtration, and evaporated to dryness. 
The solid residue was twice recrystallized from AleOH to give 
24a, mp 268-271° dec, in 37% over-all yield (45.4 g) based on the 
starting amount of 21. Anal. (CtiH23BrX2 2HBr) C, H, Br. 

3-(2-Octylaminoethyl)-2-oxazolidinone (28). —A stirred mix­
ture of octylamine (3.00 g, 23.2 mmoles), K2CX)3 1.3.53 g, 25.5 
mmoles), and DMF (15 ml) was heated at 85-90° while a solution 
of 6a (3.47 g, 25.5 mmoles) in DMF (15 ml) was added dropwise 
during 2 hr. Heating with stirring at 85-90° was continued for 
IS hr. The solvent was then removed in an aspirator vacuum; 
the residue was stirred with H 2 0 (50 ml), and the aqueous mixture, 
was extracted (CeH,, three 30-ml portions'). Evaporation of the 
IMMvashed and dried (MgS()4) C J I , solution left crude 28 as a 
viscous oil, which was used as such for conversion to 29a. 

N-(2-Bromoethyl)-N'-octylethylenediamine Dihydrobromide 
(29a). From 28.—A solution of the sample of crude 28 described 
above and 48% HBr (30 ml) was refiuxed for 20 hr; H20 (25 
ml) was added, and the boiling solution was treated with Xorit 
and filtered (Celite.i. Crystalline 29a that separated from the 
cooled filtrate amounted to 28%. over-all yield (2.90 g). 

N-Phenyl-l,3-propanediamine (32j. - A LiAlHj reduction of 
31 l a based on the general procedure of Nelson and Amundsen1" 
afforded 32, bp 128-132° (3.5-3.8 mm) and n2"n 1.5761 [lit.20 bp 
134-135° (7 mm) and n-"i> 1.5747], in SS% yield. 

2-(3-Anilinopropylamino)ethanol (33). Following a hydroxy-
ethylation of 32 (0.456 mole) that was adapted from the procedure 
of Steck, el at., for the preparation of 2-(7-aminoheptylamino )-
cthanol,-1 the crude reaction mixture was roughly fractionated by 
distillation in vacuo. The major portion (67.9 g), bp 132-202° 
(0.15 mm), was redistilled through an ls-cm Yigreux column, and 
the fraction (31.4 g) with bp 158-175° (0.9-1.3 mm) was distilled 
finally through a 30-cm Yigreux column to give 33, bp 148-153° 
(0.2 0.45 mm), in 3 1 % vield (27.3 gj. Anal. Calcd for CnH, s X,0: 
(', 08.01: 11,9.34: X, 14.42. Found: C, 67.35; 11,9.48; X, 
14.S3. 

(17) Dis t i l la t ion P r o d u c t s Indus t r i e s , Roches te r , X . V. 
( I8 i .1. C y m e r m a n - ( 'raijr a n d M . Mov ie in " O r g a n i c S y n t h e s e s , " Coll . 

Vol. IV. X. R a b j o h n , E d . , J o h n "Wiley a n d Sons, I nc . , Xew York , N . Y., 
196:5, p 20"). 

(1!)) I.. II. A m u n d s e n and L. S. Xelson, ./. Amer. CI,em. Soc, 77, 5928 
(I (I")", i. 

(20) S. M. ( lu rv ich a n d A. 1'. T u i ' i u V v . .-'/.. Slut,-) Oh»hrh. Kliim.. M.tcl. 
Sauk SSSIt, 1, 409 (1953); Cliem. Ah/tr.. 49, 1047i 11905). 

(21) K. A. .Steck, .1. S. Buck, and I.. T. Fletcher , ./. . l iner. Clam. Sue. 79, 
I 114 (1957). 

N-Phenyl-N,N'-trimethylenebis-p-toluenesulfonamide (341. 
A solution of p-toluenesulfonyl chloride (102 g, 0.S52 mole) in 
DMF (250 ml) was added dropwise to a mechanicallv stirred mix­
ture of 32 (63.9 g, 0.426 mole), K2C(')., (US g, 0.852 mole), and 
DMF (250 ml i. Heat evolution occurred during addition of the 
first half of the TsCl DMF solution, and moderate external cool­
ing was applied so thai the reaction mixture temperature did not 
exceed 60°. During the second half of the addition no heat 
evolution was observed, and the mixture was warmed with a 
55-60° HoO bath. After the addition had been completed, the 
stirred mixture was healed on a steam bath for 2 hr. It was 
cooled and poured into H.O (3 1.), and the Il-.O-DMF phase was 
decanted from the precipitated viscous oil. The oil was stirred 
twice with portions of H2() (500 ml), each of which was removed 
by decantation. The remaining stiff gum was dissolved in C\,FI,.. 
and I he solution was washed (H20.) and dried (MgSO,). Removal 
of the CfilF left a glass-like residue. Trituration of this material 
in 10% NaOH solution afforded an amorphous white solid, which 
was collected, washed (IFO), and dried in vacuo (60°, P20.-,i. The 
yield of crude 34, mp 212-214° dec, was 95% (ISO g). Anal. 
(02:J]2,;X2O,S2> II, X; (': calcd, 57.62; found, 56.45. 

N- (2-Bromoethy I )-N '-phenyl-1,3-propanediamine Dihydro­
bromide (38c). From 33. A solution of 33 (27.2 g, 0.140 mole) 
in 48% IIBr (300 mlj was distilled through a Claisen head unlil 
150 ml of distillate had been collected. Heating was then 
diminished somewhat to cause reflux without distillation. The 
solution was refiuxed overnight and was then subjected to Cor-
tese-type conditions involving six distillation periods wherein 
15-ml portions of distillate were collected at 1-hr intervals. The 
cooled semisolid residue was stirred with EtOH (50 ml), and the 
mixture was evaporated to dryness under reduced pressure. 
The dry residue was trit united in Me2CO, collected, and recrystal­
lized from MeOH to give 38c, mp 217-219° dec, in 44% vield 
(20.1 g;. Anal. i( '„Il l 7BrX2-2HBi') C, II, Br. 

N-Methyl- and N-ethyl-/a-toluenesulfonamides and p-toluene-
sulfonanilide were obtained from commercial sources. 

N-Octyl-p-toluenesulfonamide (26), N-cyclchexyl-p-toluene-
sulfonamide, and ethyl p-i/>-toluenesulfonamido)rjenzoate (41) 
were prepared conveniently by treatment of the appropriate 
amine with p-toluenesulfonyl chloride (2:1 .1/ ratio! in DMF in a 
manner like that reported for N,XT'-ethylenebis-/j-tohienesul-
fonamide.1" The yield of 26, mp 53-54° (lit.22 mp 56° ), was 9 7 ' , 
and that of the X-cyclohexyl analog, nip S5° (lit.23 mp 86-87°), 
was 95%. Pure 41, mp 206-208° Oil.24 mp 206 207°), was ob­
tained in 58% yield following recrystallization from EfOH. 

N,N'-jD-Phenylenebis-,u-toluenesuIfonamide (46) was prepared 
by practically the same procedure as that referred to above.'" 
The yield of 46, mp 274 270° dec (lit.2' mp 276°), was 46% fol­
lowing recrystallizat ion from Me2CO-H2(). 

N-Substituted N-[w-(2-oxo-3-oxazolidinyl)alkyIl-p-toluenesul-
fonamides were prepared by alkylation of the corresponding X-
substituted />-tolueneMilfonamides with the appropr ia te 62li 

as described below. Some were obtained in crystalline form: 
several others obtained as crude oils were used as such in con­
versions to the X-(2-bromoethyl)-X''-substituted a,w-alkanedi-
amine dihydrobromide.-. 

7a-c. - A stirred mixture of \-ethvl-/;-toluenesulfouamido 
(40.0 g, 0.200 mole). K2C'()3 (30.0 g, 0.218 mole), 6a (30.0 g, 0.209 
mole), and DMF (300 ml) was maintained at 110-120° for 3 hr. 
Dilution with H2() (1.2 1.) followed, and the orange oil that 
separated was extracted with two 500-ml portions of Colle. The 
CJb i solution was wa-hed five times with 500-ml portions of 
H20, dried (MgSOi), and evaporated under reduced pressure to 
give 7a a- a pale orange oil in 84% yield (52.5 g). Compounds 
7b and 7c were similarly obtained as oils in respective yields of 90 
and 98%. 

18a and 18b. Treatment of N-melhyl-p-toluenesulfonamide 
with the appropriate 6 as in the above description of 7a was fol­
lowed by dilution with IFO and overnight refrigeration.27 The 

.22! H. Sasin. F. H. I.ouno. F. A. Carey , <'. M. Paulson, Jr . , and (I. S. 
Sasin, ./. Amer. Oil ChemwU Sue, 37, 152 (1960). 

(23) I ) . M . Hall and K. E . T u r n e r , ,/. Chem. Nor., 694 .1945) . 
(24) B. R. Baker , O. V. Sant i , and [I. S. Shapiro , J. l'lcirm. Sri.. 53 , 1.417 

19(11). 
;25; K. ( ' . Denii i rs l and I). J. t ' r a lu , ./. Amrr. Chr.m. Su,:., 80, CI 15 , 195S', 
2IU Jdie weight of c rude 6c s used in these p repa ra t ions corresponded in •>. 

15' ) molar excess. 
27 ' Cj. t he previousl:, r epor ted p repara t ion of 18c." 
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crystalline products that formed were recrystallized from EtOH. 
The vield of 18a, mp 111-113°, was 69%" and that of 18b, mp 
68-69°, was 73%. Anal. (C13H,sN204S, 18a) C, H, S. (C»-
H2„N204S, 18b) C, H, N, S. 

23a and 23b were obtained as oils by the following procedure. 
A stirred mixture of N-cyclohexyl-p-toluenesulfonamide (33.4 g, 
0.132 mole), K 2C0 3 (18.3 g, 0.132 mole), 6a (21.7 g, 0.145 mole), 
and DMAC (200 ml) was maintained at 130-140° for 4 hr. The 
solvent was removed by distillation in vacuo, and the residue was 
distributed between H 2 0 (300 ml) and CHC13 (500 ml). Evap­
oration of the H20-washed and dried (MgS04) CHC13 solution 
afforded crude 23a. 

27a and 27b.—The procedure described for the preparation of 
7a with the heating period increased to 17 hr and CHC13 used as 
the extraction solvent afforded the oily crude products. 

37a and 37b.—Treatment of p-toluenesulfonanilide with the 
appropriate 6 was carried out as described for the preparation of 
7a; the D M F was then removed b}' distillation in vacuo, and the 
residue was stirred with H 2 0. The H20-insoluble solid was col­
lected and recrystallized from MeOH. Pure 37a, mp 138-140°, 
was obtained in 83% yield and 37b, mp 135-136°, in 85% yield. 
Anal. (CiSH20N2O4S, 37a) C, H, N. (Ci9H22N204S, 37b) C, H, 
N. 

42a and 42b.—A mixture of equimolar amounts of 41, 6b, 
K 2C0 3 (0.100 mole each), and DMAC (150 ml) was stirred at 
130-140° for 5 hr. The cooled mixture was poured into H 2 0 
(900 ml), and the oil that separated was extracted with CHCI3. 
Evaporation of the H20-washed and dried (MgS04) CHC13 solu­
tion left 42b as a viscous oil. The same procedure using 6a 
afforded crystalline 42a when the mixture was diluted with H 2 0. 
The collected solid was recrvstallized from EtOH to give pure 
42a, mp 115-116°, in 5 1 % yield. Anal. (C21H21N206S) C, H, 
N. 

N-(2-Bromoethyl)-N'-substituted a,u>alkanediamine dihy-
drobromides, which are listed in Table II, were prepared from 
the corresponding N-substituted N-[o>-(2-oxo-3-oxazolidinyl)-
alkyl]-p-toluenesulfonamides, the procedures designated in the 
table being carried out essentially as described in the following 
typical examples. 

8a (Procedure A).—A solution of 7a (52.0 g, 0.166 mole) and 
phenol (16.0 g, 0.170 mole) in 30% dry HBr-HOAc (150 ml) was 
stirred at 25-30° for 3 days. More 30%, dry HBr-HOAc (75 
ml) was added, and the mixture was gradually heated to boiling 
and refluxed for 24 hr. The cooled mixture, which deposited 
crude 8a as a purple crystalline precipitate, was diluted with 
E t 2 0 (11.). The precipitate was collected and washed alternately 
with E t 2 0 and Me2CO until the purple color was removed. Re-
crystallization from MeOH gave pure 8a. 

19b (Procedure B).—Treatment of 18b (41.0 g, 0.131 mole) 
with 30% dry HBr-HOAc (200 ml) for 4 days at 25-30° was fol­
lowed by dilution with E t 2 0 (1.5 1.) containing Me2CO (100 ml), 
and the precipitated product was recrystallized from MeOH. 

38b (Procedure C).—A solution of 37a (47.0 g, 0.130 mole) and 
phenol (40.2 g, 0.427 mole; molar ratio 37a:phenol, 1:3.3) in 
30% dry HBr-HOAc (350 ml) was stirred at 25-30° for 42 hr. 
The product that crystallized from the reaction mixture was 
collected with the aid of E t 2 0 , washed with E t 2 0 and Me2CO, 
and recrystallized from MeOH. 

N,N'-Bis[2-(2-oxo-3-oxazolidinyl)ethyl]-N,N'-p-phenylene-
bis-p-toluenesulfonamide (47a).—A stirred mixture of 46 (41.6 
g, 0.100 mole), K 2C0 3 (29.0 g, 0.210 mole), 6a (33.5 g, 0.210 mole), 
and D M F (250 ml) was maintained at 110-120° for 5 hr. Dilu­
tion with H 2 0 (1.5 1.) precipitated crude 47a, which was purified 
by recrystallization from MeCN; yield 8 3 % (53.2 g), mp 192-
193°. An analytical sample had mp 193-194° (from MeCN). 
Anal. (C3„H34N4OsS2) C, H, N. 

N,N'-Bis[2-(2-oxo-3-oxazolidinyI)propyl]-N,N'-p-phenylene-
bis-p-toluenesulfonamide (47b) was prepared from 46 and 6b by 
the procedure described for homologous 47a; yield 74%, mp 189-
191 ° (from MeCN). Anal. (C32H38N408S2) C, H, N. 

N.N'-Bis [w-(2-bromoethylamino)alkyI] -p-phenylenediamine 
Tetrahydrobromides (48a and 48b).—A solution of 47a (53.2 g, 
82.7 mmoles) and phenol (31.2 g, 0.331 mole) in 30%, dry HBr -
HOAc (300 ml) was stirred at 25-30° for 64 hr. E t 2 0 (300 ml) 
was added, and the precipitated solid was collected, washed 
(Et.O, warm EtOH), and recrystallized from 48% HBr. The 
collected crystals were triturated in EtOH. The yield of 48a, 
mp 290-300° dec (indefinite), was 3 5 % (21.3 g). Anal (Cu-
H2 4Br2Nr4HBr) C, H, Br, N. Homologous 48b was prepared 
from 47b in essentially the same manner. The yield of 48b, mp 

TABLE II 

N - ( 2 - B R O M O E T H Y L ) - N ' - S U B S T I T U T E D 

a ,w-ALKANEDIAMINE DlHYDROBROMIDES 

Yield , M p , ° C 
C o m p d Procedure*1 % dec F o r m u l a Analyses 

8a A 55 195-200 C e H u B r X s - 2 H B r C, H , Br, N 
,3b A 70 262-263 C 7 H n B r N V 2 H B r C, H , Br 
8c B f c iie 273-275 C s H i s B r N . • 2 H B r C , H , B r , N 

19a A 93 160-161 C s H u B r X 2 - 2 H B r H , Br ; Cd 

19b B 66 212-216 e CeHisBrNs • 2 H B r Br 
19c U ' 79 217-219 C v H n B r N . • 2 H B r C, H, Br, N 
24a IV 14c 232-234 CioHsiBrNV 2 H B r C , H , B r 
24b B 24c 271-274 ' ' CuHssBrNV 2 H B r 
29a B> 23" 218-220 CisHsrBrNV 2 H B r C, H ; B r ' 
29b C 'A 44 c 268-270 C i s H ^ B r N s • 2 H B r C , H , B r , N 
38b C 65 262-264 CioHisBrNV 2 H B r C, H , Br 
38c C 57 225-226* O i H i - B r N * • 2 H B r Br 
43b c m ' n ' ° 65 158-160 Ci iHisBrXsOi • 2 H B r C. H, Br 
43c C ' ' " , 0 53 205-208 Ci iHs iBrXsCV 2 H B r C . H . B r . X 

" Unless noted otherwise, MeOH was used as the recrystalliza­
tion solvent. b Recrystallized from MeOH-Et 2 0 ; sample for 
analysis recrystallized from EtOH. c Over-all yield based on 
starting N-substituted p-toluenesulfonamide. ' C : calcd, 17.51; 
found, 17.96. e Melting point, mixture melting point, and ir 
spectrum identical with those of the sample prepared from 17. 
/ Recrystallized successively from EtOH, MeOH-Et 2 0, and 
finally from EtOH. « Reaction mixture diluted with E t 2 0 -
EtOAc (2:1 by vol) to precipitate crude product. * Ir spectrum 
identical with that of the analytical sample with mp 268-271° 
dec prepared from 22; mixture melting point was undepressed. 
* Recrystallized from EtOH. ' Br: calcd, 54.35; found, 53.6. 
k Molar ratio 27b: phenol, 1:1. ' Ir spectrum identical with that 
of the sample with mp 217-219° dec, prepared from 33. m Re­
crystallized from E tOH-Et 2 0 . " Molar ratio 42: phenol, 1:2. 
•> Ir (KBr) 1720 cm"1 ( C = 0 ) , NH band absent; cf. ir data on the 
unexpectedly obtained ring-brominated analog (43c) obtained as 
a monohvdrobromide. 

249-252° dec, was 7 1 % . An analytical sample of 48b obtained 
from a trial run had mp 255-260° dec. Anal. (Ci6H2sBroN4-
4HBr) C, H, Br, N. 

N- (2-Bromoethyl )-N'- (p-bromophenyl )ethylenediamine dihy-
drobromide (38a) was an unexpected product of the initial effort 
to prepare 38b. A solution of 37a (1.40 g, 3.89 mmoles) and 
phenol (0.40 g, 4.3 mmoles) in 30% dry HBr-HOAc (5 ml) was 
stirred at 25-30° for 18 hr. More 30% dry HBr-HOAc (5 ml) 
was added, and the solution was slowly heated to boiling and re-
fluxed 2 hr. The cooled mixture was treated with E t 2 0 and the 
precipitate present was collected, washed with E t 2 0 and MeOH, 
and recrvstallized from MeOH to give pure 38a, mp 194-197° 
dec, in 27% yield (0.51 g). Anal. (Ci0HuBr2N2-2HBr) C, H, 
Br. 

Ethyl 3-bromo-4- [2-(2-bromoethyIamino)ethyIamino] benzoate 
hydrobromide (43a) resulted from the initial effort to prepare 
43b. A solution of 42a (27.3 g, 63.1 mmoles), phenol (6,0 g, 63 
mmoles), and 30% dry HBr-HOAc (300 ml) was stirred at 25-
30° for 5 days. The mixture was then stirred with E t 2 0 (300 
ml), and the crystalline precipitate present was collected and 
washed with E t 2 0 and Me2CO. Two recrystallizations from 
EtOH followed by a final recrystallization from H 2 0 afforded 
pure 43a: 48% yield (14.3 g); mp 160-161° dec; ir (KBr), 
3290 (NH) and 1670 cm"1 ( C = 0 ) . Anal. (Ci4Hi8Br2N202 • 
HBr) C, H, Br; Br~: calcd, 16.82; found, 17.8. (Br~ content 
was determined by titration in H 2 0 with standard NaOH at 0°. 
The high value found is probably indicative of partial displace­
ment of the reactive Br attached to the aliphatic carbon, most 
likely through piperazine ring formation. Complete displace­
ment occurred when the titration was carried out in H 2 0-E tOH 
at room temperature, B r - : calcd, 33.64; found, 33.5.) 

p-[3-(2-BromoethyIamino)propylamino]benzoic Acid Dihydro-
bromide (45).—A solution of 43c (1.00 g) in 10% HBr (10 ml) was 
refluxed for 4 hr and then evaporated to dryness. The solid 
residue was stirred with MeCN, and the insoluble portion was 
collected and dried in vacuo to give nearly pure 45, mp 216-218° 
dec, in 24% yield (0.23 g). Anal. Calcd for C,2HnBrN202-
2HBr: C, 31.13; H, 4.13. Found: C, 31.75; II, 4.59. 

2-(2-EthylaminoethyIamino)ethanethiol (9a) dihydrochloride 
was prepared by an adaptation of the reported procedure for the 
preparation of 2-[3-(4-aminobutylamino)propylamino] ethane-
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I liiol trihydrochloride.3 The crude product from treatment of 8a 
(43.4 mmoles) with in tsilu prepared XaSH (0.130 mole) was frac­
tionally distilled. An uncharaeterized low-boiling fraction [hp 
47° (10 mm), probably 1-ethylpiperazine] preceded the desired 
9a, which was obtained as a colorless oil, bp 102-103° (10 mm) 
and ri25i> 1.5038, in 38 r ; ; yield (2.23 g). A solution of 9a (2.12 
g) in EtOH (25 ml) was treated with a solution of dry I1C1 in 
EtOH to give crystalline, EtOH-insoluble 9a '2HCl ~ (3.04 g, 
'M'li vield from 9a), mp 215-217° dec. Anal. (C6HiisX2S-
2I1C1) C, II, N, S, SH. 

2-(3-Ethylaminopropylamino)ethanethiol (9c) Dihydrochlo-
ride.- An adaptation of the procedure referred to above for (he 
preparation of 9a afforded homologous 9c as a colorless oil, bp 
114-115° (10 mm) and n25D 1.5112, in 60'/, yield (3.6S g, from 
37.7 mmoles of 8b and 0.113 mole of NaSH). Treatment of 9c 
(3.56 g) with HC1 in EtOH afforded pure 9c-2HCl (5.09 g, 99'.; 
vield from 9c), mp 243-245° dec. Anal. (C,H,BX2S-2HC1) 
C, II, X, S, SH. 

S-2-(2-Anilinoethylamino)ethyl Hydrogen Thiosulfate (39a). - -
Pulverized 38b (8.10 g, 20.0 mmoles) was added during 5 min to a 
stirred solution of Xa 2 S 2 0r5H 2 0 (20.0 mmoles), XaOAe-3H20 
(20.0 mmoles), D A I AC (10 ml), and II2D (10 ml) at 60-65°. 
The resultant solution was then heated at 90-95° for 1.5 hr. 
The solution was cooled, diluted with EtOH (100 ml), and filtered. 
Solvents were removed from the filtrate by evaporation under 
reduced pressure, and the residual solid was recrystallized three 
times from II20 to give pure 39a, mp 173-175°, in 39c'( yield 
(2.18 g). Anal. (C,„H16X203S2) C, H, N, S. 

l-Phenyl-4-(jO-tolylsuIfonyl)piperazine (40). XaHC0 3 (0.415 
g, 4.94 mmoles) was added to a stirred solution of 38b (2.00 g, 
4.94 mmoles) in H 2 0 (15 ml). C( )2 evolution was observed along 
with formation of a white crystalline precipitate presumed to be 
the monohydrobromide corresponding to 38b. A solution of 
Xa 2 S. /V5H 2 0 (1.23 g, 4.94 mmoles) in H ,0 (15 ml) was added 
dropwise. The white solid present dissolved, but cloudiness 
soon developed and a yellow solid precipitated. The mixture 
was stirred overnight at 25-30°. A small amount of elemental S 
was removed by filtration. The filtrate was made slightly basic 
!pH 8) by addition of 10 ' , XaOH, and the resultant solution 
was evaporated to dryness with additional S being removed In­
filtration as concentration progressed. The residue was dissolved 
in H2() (15 ml) containing enough XaHC0 3 to afford a solution of 
pH 9. ju-Toluenesulfonyl chloride (0.38 g, 2.0 mmoles) was 
added, and the mixture was stirred overnight. The solid that 
formed was collected and recrystallized (EtOH) to give 40 as 
white needles, mp 195-197°, lit,23 mp 199-200°. Anal. (Cn-
H2„X,02S)C, II, X. 

S-2-(3-Anilinopropylamino)ethyl Hydrogen Thiosulfate (39b). 
A solution of 38c (13.4 g, 32.0 mmoles) in H 2 0 (75 ml) at 

80-90° was combined with a solution of Xa2S203-5H20 and Xa-
OAe-3II20 (32.0 mmoles each) in hot H 2 0 (75 ml). The cooled 
solution deposited crystalline 39b in 639? yield (5.89 g), mp 182-
185° dec. An analvtical sample from a trial run had mp 181-182° 
dec. Anal. (CnHisN^Oa^) C, H, X; S: calcd, 22.08; found, 
21.6. 

S-2- [2- (2-Bromo-4-ethoxycarbonylanilino )ethylamino] ethyl 
Hydrogen Thiosulfate (44a).—A solution of 43a (3.50 g, 7.37 
mmoles) in hot H ,0 (150 ml) was combined with a solution of 
Xa2S2()3oII20 (1.83 g, 7.37 mmoles) in IDO (10 ml), and the 
mixture was stirred at 60-70° for 30 min. The oil that separated 
crystallized when the mixture was cooled. The solid was col­
lected and dried in vacuo (P2()6). Purification was effected by 
dissolving the material (2.82 g) in the calculated minimum volume 
of 0.1 A' XaOH and reprecipitating it from the filtered solution 
bv acidification with HOAc, The vield of pure 44a, mp 179-
181° dec, was 50S7 (1.57 g). .1 nal. (C13H,.,BrX206S2) C, H, Br, X, 

S-2- [2-(^-Ethoxycarbonylanilino)ethylamino]ethyI Hydrogen 
Thiosulfate (44b). -Solid 43b (10.0 g, 21.0 mmoles) was added in 
portions to a stirred solution of Xa2S2Os-5H20 (21.0 mmoles), 
XaOAc-3H20 (42.0 mmoles), DMAC (10 ml), and H 2 0 (10 ml). 
The resultant solution was heated and stirred at 85-90° for 1.5 
hr while crystalline 44b separated. The mixture was cooled, 
and the product was collected, washed with H 20, and dried in 
vacuo (P2O.0; 4.79 g, mp 210-212° dec. Recryslallization from 
If ,0 1700 ml) afforded pure 44b, mp 212-213° 'dec, in 54'',. yield 
(3.98g). Anal. (0l3H2„X2O;,S2) 0, II, X, S. 

<2X) V. I'rukij.' :ui.l U. J . Drizu, CulUct. f^xli. (.'hem, Cummuu., 5, 4'J7 
• I ' . K C i l . 
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" Except for 9e each compound was equilibrated at constant 
5 8 ' , relative humidity' prior to analysis. '' Observed on a Kofler 
Heizbank. c II: calcd, 8.66; found, 7.78, 

S-2-12-(p-Ethoxycarbonylanilino)propylamino]ethyl Hydrogen 
Thiosulfate (44c).—A solution of 43c (4.00 g, 8.38 mmoles) in hot 
H20 (120 ml) was combined with a solution of Xa2S203-5II20 and 
XaOAc-3H20 (8.38 mmoles each) in H 2 0 (20 ml). The oil that 
immediately formed solidified while the stirred mixture was 
heated at 90-95° for 30 min. Crude 44c was filtered from the 
cooled mixture and dried in vacuo (P2Os). The dried crude prod­
uct (2.71 g) was reprecipitated from a solution of its Xa salt by 
acidification with HOAc (in the manner described above for 
purification of 44a) to give pure 44c, mp 183-185° dec, in 8 4 ' , 
yield (2.54 g). Anal. ( C U H ^ N I A S J ) C, H, X, S. 

S-2-(3-Octylaminopropylamino)ethyl Hydrogen Thiosulfate 
(30b) Hemihydrate. -A solution of equimolar amounts of 29b, 
Xa2S,03-5H20, and XaOAc 3H20 (10.0 mmoles each) in II,<> 
(75 ml) was refluxed for 1 hr. The solution was allowed to cool 
somewhat, and XaHC0 3 (10.0 mmoles) was added. While 
solid began forming immediately, and the mixture was stirred 
while being allowed to cool to 25-30°. The solid was collected, 
washed (H20), and dried in vacuo (77°, P206). The material 
obtained (mp 94-98°, 3.0 g) was twice recrystallized from AleCX, 
but the melting point was unchanged. After the recrystalliza-
lions from MeCX", the product was dried to constant weight, 
(2.42 g) in vacuo (25-30°, P /V) . The material obtained, which 
underwent, weight increase on exposure to ambient, conditions, 
was then allowed to equilibrate at constant 58'),-,. relative humid­
ity. Pure 30b hemihvdrate was thus obtained in 74')'. yield 
(2.49 g). Anal. (C,3H3„X203S2-().5n20) C, II, X, S, 'iT-.O 
(by glpc). 

S-2-(3-Cyclohexylaminopropylamino)ethyl Hydrogen Thiosul­
fate (25) Hemihydrate.—A solution of equimolar amounts of 
24b, Xa2S203-5H20, and Xa.OAc-3H20 (10.0 mmoles. each) in 
H 2 0 (25 ml) was heated at 90-95° for 1 hr. The solution \va> 
allowed to cool, and XallCOs (10.0 mmoles) was added. The 
solution was stirred until C0 2 evolution had ceased and was then 
evaporated to dryness under reduced pressure. The white 
residual solid was twice recrystallized from MeCX to give pure 
25, as a hemihydrate, melting point indefinite from 125°, in 83' , 
vield (2.54 g) after being dried in vacuo iP2CV), Anal. (Cufljr 
X2O3S2-0.5H2O) C, II, X, S, II2() (by glpc). 

S-2-(w-AlkyIaminoalkylamino)ethyl dihydrogen phosphoro-
thioates 9b, 9d, 9e, 20a, and 20b, which are listed in Table III, 
were prepared from Xa3PSOs and the appropriate 8 or 19 by a 
standard reaction procedure2 '"' consisting of adding the X*-(2-
bromoethyl)diamine dihydrobromido to a stirred partial solution 
of XTa3PS03 in H.<) (1 ml/mmole of Xa3PS03), stirring until 
solution occurred, then adding D.MF (one-half volume of II2(> 
used), and keeping the solution at 25-30° for 1-2 hi' or until the 
AgXOj test for unchanged PS()3

3"2 '5 was negative. Compound 
9b (from X"a3PS03 and 8a, 20 mmoles each) was caused to pre­
cipitate from the reaction solution by addition of EtOH (100 
ml), and the collected solid was reprecipitated from H 2 0-EtOH 
(20:100 ml). The sime isolation method sufficed for obtaining 
20a. Both 9d and 20b were precipitated from the reaction solu­
tion by addition of D M F (100 ml) for a 40-mmole run, and the 
solid was collected with the aid of EtOH, washed (EtOH), then 
reprecipitated from H_,0 EtOH. Highly deliquescent. 9e \va.> 
precipitated from the reaction >olution by dropwise addition to 
D.MF (175 ml for a 10-inmole run), collected, washed (DMF, 
Et 2 0) under X2. and then dried in vacuo (P20;,). 

;.2'.li -S. AkiTtel. l i . Ada a„m. S.an.L, 16, IS!)7 (lwti2). 
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Homologous 20c was prepared by a different procedure. 
DMAC (7.5 ml) was added to a stirred solution of Li3PSCV 
6H204 .29 (3.60 g, 15.0 mmoles) in H 2 0 (15 ml) followed by crystal­
line 19c (5.57 g, 15.0 mmoles). The resultant solution was kept 
at 25-30° for 2 hr, chilled in an ice-water bath, and DMAC 
(15 ml) was added dropwise to the rapidly stirred solution. The 
white gum that separated initially soon solidified. E tOH (300 
ml) was added, and after a few minutes of continued stirring, 
the white solid was collected, washed thoroughly with EtOH, 
and air dried (see Table III). 

S-2-(w-OctylaminoaIkylamino)ethyl Dihydrogen Phosphoro-
thioates (30a and 30c).—DMF (20 ml) was added to a stirred 
solution of Li3PS03-6H20 (4.80 g, 20.0 mmoles) in H 2 0 (40 ml). 
To the resultant solution the appropriate 29 (22.0 mmoles, pul­
verized to a fine powder) was added in portions during 15-20 
min. In each preparation the corresponding 30 commenced 
separation before all the 29 had been added. Stirring was 

The general utility of the hydrogen bromide cleavage 
of 3-substituted 2-oxazolidinones in the synthesis of 
uniquely substituted X-(2-bromoethyl) amines has been 
described in a preliminary communication,2 and its 
subsequent application in the synthesis of potentially 
radioprotective derivatives of 2-aminoethanethiol 
(thiols, thiosulfates, and phosphorothioates), in which 
the N substituent is some type of aminoalkyl group, 
has recently been reported.3 This paper describes the 
introduction of other types of substituents through 
the use of nucleophiles other than amines and amine 
derivatives in the preparation of suitable 2-oxazolidin-
one intermediates. 

The 3-substituted 2-oxazolidinones 2, which were 
derived by the alkylation of phenol and benzenethiol 
with the commerically available 3-(co-chloroalkyl)-2-
oxazolidinones 1, proved to be suitable starting points 

O 
II 

Cl(CH2)„N^p 

la, n = 2 
b,ra = 3 

(1) This investigation was supported by the TJ. S. Army Medical Research 
and Development Command under Contract No. DA-49-193-MD-2028. 

(2) J. R. Piper, R. D. Elliott, C. R. Stringfellow, Jr., and T. P. Johnston, 
Chem. Ind. (London), 2010 (1966). 

(3) (a) J. R. Piper and T. P. Johnston, J. Org. Chem., 33, 636 (1968); (b) 
J. R. Piper, C. R. Stringfellow, Jr., R. D. Elliott, and T. P. Johnston, J. 
Med. Chem., 12, 236 (1969); (c) J. R. Piper, C. R. Stringfellow, Jr., and T. P. 
Johnston, ibid., 12, 244 (1969). 

continued 2-3 hr. 30a was isolated by the addition of EtOH 
(100 ml), and the white solid that formed was collected, washed 
with EtOH, and suction dried on the funnel. 30c was isolated by 
adding more D M F (40 ml) to the stirred mixture containing pre­
cipitated 30c as a semisolid. E tOH (100 ml) was also added, 
and continued stirring led to complete solidification of the pre­
cipitate. The solid was collected, washed (EtOH, 30-60° li-
groin), and air dried (see Table I I I ) . 
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for the conversions depicted in Scheme I. The hy­
drogen chloride cleavage of 2c in refluxing 1-propanol4 

in an initial experiment was eventually superseded by 
the milder, more convenient and productive hydrogen 
bromide cleavage in AcOH. The halides 3c and 3d 
afforded the same thiosulfate, 4g, but, apparently 
because of the reaction rate difference between 3c 
and 3d, a phosphorothioate could not be derived from 
3c, the required longer reaction time allowing extensive 
decomposition of the reagent Xa3PS03. Attempted 
purifications of the impure, hygroscopic sodium hy­
drogen phosphorothioates derived from 3d and 3e 
succeeded only in the case of 4k, but the reaction of 
3d with the more soluble Li3PS03 proceeded smoothly 
in aqueous DMF and produced the hydrated crystalline 
Li salt 4h. 

Three methods for the synthesis of N-substituted 
S-2-aminoethyl hydrogen thiosulfates in which the 
X substituent is an w-(alkylsulfonyl)alkyl or oj-(aryl-
sulfonyl) alkyl group were described recently.5 Another 
method, which is shown in Scheme II, has been demon­
strated by the preparation of N,N'-(sulfonyldiethyl-
ene)bis(S-2-aminoethyl hydrogen thiosulfate) (7b) by 
ring opening of the bisaziridine 6 with Xa2S203 and 
AcOH.6 The generality of this method, however, is 

(4) H. Arnold and H. Beekel, Arzneim.-Forsch., 14, 750 (1964). 
(5) O. L. Salerni, R. N. Clark, and B. E. Smart, J. Chem. Soc, 645 (1966). 
(6) Cf. F. C. Sehaefer, J. T. Geoghegan, and D. W. Kaiser, J. Amer. 

Chem. Soc, 77, 5918 (1955); J. R. Piper, C. R. Stringfellow, Jr., and T. P. 
Johnston, ./. Med. Chem., 9, 911 (1966). 
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The HBr cleavage of 3-substituted 2-oxazolidinones was effectively applied in the synthesis of N-substituted 
and N,S-disubstituted derivatives of 2-aminoethanethiol in which the X substituent is a 2-phenoxy-, (phenyl-
thio)-, (phenylsulfonyl)-, or (2-pyridylthio)ethyl or a correspondingly 3-substituted propyl group. None of these 
modifications of the amino group led to radioprotective activity approaching that of the parent compounds. 
Among the thiols, disulfides, thiosulfates, and phosphorothioates prepared, the following were slightly radiopro­
tective in mice: sodium S-2-(2-phenoxyethylamino)ethyl hydrogen phosphorothioate (4c), S-2-[2-(phenylthio)-
ethylamino]ethyl hydrogen thiosulfate (4g), S-2-[3-(phenylthio)propylamino]ethyl hydrogen thiosulfate (4j), 
N,N'-(dithiodiethylene)bis[3-(phenylthio)propylamine] dihydrochloride (5c), and lithium S-2-[3-(phenylsul-
fonyl)propylamino]ethyl hydrogen phosphorothioate (10c). N,N'-(Sulfonyldiethylene)bis(S-2-aminoethyl hy­
drogen thiosulfate) (7b), which was prepared by an aziridine ring-opening reaction, showed fair radioprotection. 


