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A number of terminal N-alkyl and N-aryl derivatives of 8-2-(w-aminoalkylaniino)ethyl dihydrogen phosphoro-

thinates and related conipoinds were prepared for evaluation as antiradiation agents.

Several synthetic ap-

proaches were examined, and the generally preferred synthesis involved the councurrent detosylation and ring

cleavage of 3-substituted 2-oxazolidinone intermediates containing a tosylated aminoalkyl side chain.

Acetoxy

group cleavage in coujuuction 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 ouly thiosnlfate

displacements were sieeessful in the N-aryl series.

Among the cougeners prepared, S-2-(3-eshylaminoprapyl-

amino)ethyl dihydragen phospharathioate (9d) and $-2-(3-methyhuninoprapylaminoe jethyl dihydragen phas-
pharothinate (20b) were the mast cffective in antiradiation sereening tests in miee, their netivities being eom-
parahle to the parent compoind nnsuhstismed on the terminal amina group.

The high level of radioprotective activity shown i
mice by a number of S-2-(w-aminoalkylamino)ethyl
dihydrogen phosphorothioates® 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 cxpedient and generally
applicable approach incorporated steps that usually
iuvolved (1) protection of amino groups by prior
tasylation and (2) concurrent detosylation and hydro-
gen bromide cleavage of 3-substituted 2-oxazolidinones.?
A similar approach was followed, at leust in part, in
previously reported syntheses of reluted compounds,*?
aud some general stoichiometrical aspects of displace-
ments with thioanions in the last steps of such syn-
theses have been previously discussed in some detail.?

The syuthesis of 2-(2-ethylaminoethylamino)ethane-
thiol (9a) and the corresponding phosphorothioate 9b
wng accomplished vz the two reaction sequences otit-
lined in Scheme I, cach proceeding through N-(2-
bromoethyl)-N'-cthylethylenediamine dihydrobroniide
(8a) as a common intermedi:nte.  The longer and more
tedious route consisted of a stepwise buildup from
tosylated intermedintes.  The intermediate N-(2-chlo-
rocthyDsulfonamide 2b was more easily obtained
in pure crystallivie farm and zood yield than its more
reactive bromo counterpart 2a.  Although N-ethyl-
N’-(2-hydroxyethy])-N,N’-ethylencbis-p-toluenesulfor-
amide (4) underwent both detosylation and bromo-
dehydroxylation  with  HBr  under Cortese  condi-
tians,® this direct conversion into 8a was accompanied
by considerable tar formation due to side reuctions,
which might have been minimized by the addition of
phenol” as in similar detosylations.* This difficulty
was circumvented couveniently, however, by the prior
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conversion of 4 into N-(2-bromoethyl)-N’-cthyl-N.N"-
cthylenebig-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 but was easily adaptable to the preparation of
the homologs 8b and 8c. Standard displacements
afforded the thiols 9a, ¢ and the inner phosphorothioates
9b, d, e, but thiosulfate displacements, as in the case of
the unsubstituted unalogs® and terminal N-methyl
derivatives, failed to give crystalline inner Bunte salts.

The method of choice in the synthesis of the N-(2-
bromoethyl)-N’-methyl-a,«-alkanediamine dihydrobra-
mides 19 and the 8-2-(w-methylaminoalkylamine)-
ethyl dihydrogen phosphorothioates 20 derived from
them (Scheme II) is again the one based on oxazol-
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idinone-ring cleavage. It was, in fact, in the con-
version of the sulfonamide 18a into 19a that a 309,
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 489,
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 489, 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
309 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-
phenoxyethyl)-N’-methyl-1,3-propanediamine  dihy-
drobromide (16). That forcible cleavage of 16 with
489, HBr would produce an effect like that observed
with 15 was indieated in a trial experiment. In con-

trast, the action of 489, 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 309, dry HBr in HOAec
was recently reported® 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-1,3-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-1,3-propanediamine in DMF is
represented by eq 1, but the product formed by a

2CH;NH(CH,);NH; + 2TsCl —>
14 4 CH,NH(CH,);NH,-2HCl (1)

similar treatment of N-cyclohexyl-1,3-propanediamine
was the H,O-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 3-(w-chloroalkyl)-

(8) I. R. Piper, C. R. Stringfellow, Jr., and T. I'. Inhnston, J. Heterocyel.
Chem., 4, 208 11967).



246 JoR.

Proes, (1 R STRINGERLLOW, Jik., axn T, P Jouvseax Vil 12

Scaemre 11

O»NH(CHQ)SNHQ — O—NH(CHg)aNHTs — OVNH(CHQ)SITICHJCH._,OAC
21 Ts

22

!

O—NH(CHZ)KNHCH!CHZSSOI,H — O—NH(CH:),INHCH!CH:BrQHBr

25

24a,n=2
b,n=3
!

(o)

Oymsom — (e
| (o

Ts
23a,n=12
b.n=3

Seiaan: TV

0
OcNHTs — OCN(CHQ,ZN/H\O
Ts
27a,n=2 \
b.n=3
0 /
OcNH, -— OcNHCH,CH,N O
-/
28

2-oxazolidinones 6a, b; the alleylations were effected
at 130-140° in dimethylacetamide (DMAC) after an
attempted alkylation with 6a at 115° in DMF 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 Na,8:0; and NaOAc. The
preferred procedure, however, involved neutralization
of the reaction mixture with NaHCOQ;, which allowed
the isolation of 25 as a crystalline hemihydrate inn high
vield. On the other hand, the displacement reaction
of 24b with trisodium phosphorothioate in H:O-DMT
@t room temperature was incomplete after 2 days.

The N-(2-bromoethyl)-N'-octyl-a,w-alkanediamine
dihydrobromides 29 were prepared from the oily,
imcharacterized sulfonamides 27 and converted into
the corresponding phosphorothioates 30a, ¢ and the
thiosulfate 30b asoutlined in SchemeIV. Inavariation
af this sequence, the preparation of N-octyl-p-toluene-
sulfonamide (26) was by-passed by the direct alkylation
of octylaumine with 6a to give crude 3-(2-octylamino-
ethyl)-2-oxazolidinone (28). Trilithium phosphoro-
thioate was the reagent used in the preparation of
30a, c; the isolation of 30b was effected by NaHCO,
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,w-alkanediamine dihydrobro-
mides 38b, ¢, from which the respective thiosulfates
39a, b wore devived, are delineated in Scheme V. The

OcNH(CH,),NHCH,CH.Br-2HBr

2% ,n=2
b.n=3

—>  OcNH(CH,),NHCH,CH,SY
30a,n =2, Y =PO,H,
b,n=23Y=S80H
c.n=3Y=PO,H,

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 that
resulted from the treatment of N-phenyl-1,3-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 38¢ by treatment with 489;
HBr. The route vig 33 was eventually outmoded by
the hydrogen bromide cleavage of the N-w-(2-oxo0-3-
oxazolidinyl)alkyl-p-toluenesulfonanilides  (37).  An
initial cleavage of 37a with 309, dry HBr in HOAc in
the presence of slightly more than an equimolar amount
of phenol and with a finishing reflux period, hawever.
resulted in the isolation of an analytically pure ring-
brominated product, probably N-(2-bromoethyl)-N’-
(p-bromophenyl)ethylenediaminedihydrobromide (38a).
Ring bromination was avoided by a threefold increase in
the amount of phenol used and elimination of the reflux
period. The treatment of 38¢ with equiniolar amounts
of Nap3,0; and NaOAce in H,O at 90° gave the Bunte
salt 39b, but the same treatment of 38b resulted in the
precipitation of elemental 8§ and the evolution of SO..
Several procedural variations designed to avoid the
effects of acidity on NasS;0; gave similar results, iu-
cluding the prior partial neutralization of 38b with as
equimolar amount of NaHCQ;. The formation of 1-
phenylpiperazine in the latter variation as indicated in
Scheme V. owas demonstrated hy the isolation of the
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sulfonamide 40 following treatment of the reaction
mixture with NaHCO; 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 NasS,0; and 2 molar equiv of
NaOAc in HyO containing DMAC as a catalyst. Sat-
isfactory procedures for the conversion of 38b, ¢ 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-(2-0x0-3-0x-
azolidinyl) alkyl ]-p-toluenesulfonamido }benzoates 42.
Completion of the sequence leading to the thiosulfate
44¢ 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

45

spectral evidence and Br— 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, ¢ permitted the preparation of
the thiosulfate 44a in the absence of NaOAc as buffer.
An initial effort to hydrolyze 43¢ to p-[3-(2-bromo-
ethylamino)propylamino [benzoic acid dihydrobromide
(45) in refluxing 489, HBr resulted in decarboxylation,
the product being identical with the previously pre-
pared 38¢. Hydrolysis without appreciable decarbox-
ylation was achieved on a pilot scale by refluxing a so-
lution of 43¢ in 109, 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[w-(2-bromocthylamino)alkyl -p-phen-
vienediamine tetrahydrobromides 48 were prepared

according to Scheme V11 aromatie viny hramine-
Scnnmrn VII
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tion in the hydrogen bromide cleavage step being in-
hibited by a 4:1 molar ratio of phenol. Attempts to
prepare o Bunte derivative from 48b by treatment with
2 molar equiv each of Na,S:0; and NaOAce in HO 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 quinotte-
diimines by oxidation.

Although a comparison of thiols, Bunte salts, and
phosphorothioates among these terminally snbstituted
analogs is limited by discontinuity in their synuthescs,
the most effective radiopretectors 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 o reduced dose level, compare
favorably with those of the unsubstitnted parent
phosphorothioates.* On the other hand, none of the
thiosulfates was active with the exception of the anilino
analop 39b, which was only slightly active.  The twa
thiols, 9a and 9¢, were hoth inactive even though 9e
corresponds to the highly active phosphorothioate 9d.

Experimental Section’

N-Ethyl-N-(2-hydroxyethyl)-p-toluenesulfonamide (1).-—A
solntion af p-toluenesulfouyl ehlorile (117.5 g, 0.617 mole) in
DMF (400 ml) was added dropwise to a stirred mixture of 2-
ethylaminoethanol (55.0 g, 0.617 mole), KsCO;y (85.3 g, 0.617
male), and DMF (400 nil). The resultani mixture was then
heated at 60-€5° for 1 hr. The solvent was renioved by distilla-
tian n vacuo, and the semisolid residue was extracted several
times with Csls (900 mi total). Dilntion of the filtered CgTls
~«1l(1t1(111 with 30-60° ligrain led to separatian of 1, mip 60-62°,
in 769 vield (113.6 g). dnal. (C,HZNOsS) C, H, N.

N-(2-Bromoethy1)-N-ethyl-p-toluenesulfonamide (2a) was ob-
tained frani 1 in a manner similar to that previously described far
the preparation af 2-tbroniamethyl)-1,4-di(p-tolylsulfouyhpi-
perazine.”® The crude prodiiet, ohtained as a dark oil, was dis-
tilled in vacuo, and the pale yellow distillate, bp 158-168° (0.4
mm), solidified ou standing. After being triturated i 30-60°
ligroin, the praduet (62¢, yield) melted at 47-61°.  Recrystal-

(9) Unless noted olherwise, melting points with a range were dletermined
witl a Mel-Temp apparatus; those without a range, with a Kofler leizbank.
{r spectra were determined with a 'erkin-{Zlmer Moidel 521 spectrophotomne-
tor. Where analyses are indieated only Ly svmbols of the elements, analy -
cal results obtained for those elements were within Q.44 of the theoretival
vabis,  Some of the analyses were perfornined by Gallwante Mieen-
snnlyviieal Laboratories, Knoxville, Tenun.
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ll(iII) wIve pare 2b myl - 1) 5° 1ht ¢ amp 67°1 e 00 ciebd

C106g) Awol y,(,,,ll,bU'.\ 23 1L, CL
N-Ethyl-N-i{2-hydroxyethyl ;-N,N ‘=ethylenebis-j-toluenesul-
fonamide (4. -Ai1er a stirred mixinre of 3¢ 55000 g, DS motes,
R.CO, 2300 ¢, 02207 moled. and DN (130 mb) had been heared
at 209 for Theo o sndetion of 2b 48,0 2, (LTS3 moke) in DME 7 11w)
mh was adided, and stivving and heating ot 120-123° was vone-
tinned for 5 b The enoled mixire was peared 1o e waner
i1 L, and the viseid oil thid separated forimed o waxy solid when
the aqueons mixture was re hig,el atedd. ‘The colleered, 1L0-
washed solid was reerysiallized from 1O 1o wive pure 4, vop
LG i a0, viebl 2405 ¢ Land 7O L ONLOR0 O LN

N- @-Bromoeth‘h-\'-( th‘l NLN ‘wethylenebis-p-toluenesul-
fonamide (5} N\ <ohntiocol 4 (200 ¢, 515 nnnoles), RO By, o9 1
g, 916 mmolesy, qnd PhidMe (225 mb was reflaxed 53 e, claritied
{Norit, Celited, and dilnved witle 30 60% Horoio, Creysiattine
3l =eparated was fnriher purified by reervstallization from

EtOLE; the vield of pure 5, mp 17, was 800 220w Tl
P Cal L Be NGO O L B
N-{2-Bromoethyli-N‘-ethylethylenediamine Dihydrobromide

{8a), From 5.--\ stirred mixture of 5 (20.0 g, 39.7 mmoles) and
807 TEBr 200 ) was reflnxed 6 hr and then gvaporated nnder
rechiced pressure o neor dryness, The residual dark ol was
siirred with 1.0 7150 miy and ihe mixinre was clarified ¢ Nt
Celitei. "The cobnless oquenns Hltrate was evaporated o dry-
ness mader rednced pressure wirh the aid of several added pra-
tinns of MceOH, The white erystalline residine was irinmeared iy
Me,CO amt then reervstallized fram MeOIL 1o give pure 8a,
nip ~105° dee, in 527, vield (48 @) Awed, FCATBEN.-2
Br
From 4. Trentment of 4 1100 g, 22.7 mmoles) with boiling
480 HBr finitially 300 mb) mnder Cartese-type conditions 1ol
towed by o work-up procedure similar ta that deseribed above
{for the conversion from 5) afforded a 20°¢ yield (1.65 g) of pure
8a ideutieal {meliing point, nixture welting point, and v spee-
iy with the smnples prepared froin 5 and 7a. aal iColhy-
BrN.-2HBr) ) H, B
N-(2-Hydroxyethy1)-N-methyl-p-toluenesulfonamide {10) wa~
prepared in 880 vield according 1o the procednre of Stotia and
Behniseh: ' hp 1671059 (0.2 nuny JHL Y Dp 250 720 i ol
ESO-TSH° (0.0 .
N-(2-Chloroethyl)-N-methyl-p-toluenesulfonamide (11} wi
prepared fron1 10 in the manner deserthed for the preparation of
2b. ‘tbe yield of pure 11, mp 70-71° drom IO, was 777
hind 1 Coel s CINOLS) CL
N-Methyl-N-vinyl-j«toluenesulfonamide {13) was 1he ol
produer isolated from 1wo ntienipted preparations oit 12 iscee
Schente Ho A stimed mixtnee of equimolar anonnts of 3 mnl
NaOMe 1464 mmeles eacli) in #-Prott 715 mb) was refbaxed o
Phr: 1T CLod mmoles b was added, and the mixtnre was refbaxet
1y b Pinnion with O c~ 100 mb eaused separation oi 13,
mpe -0 s mp 5157070 and A6-5G0.5° Y o 040 vield,
(Simikine resnlts were nhtained from a mn in which 2-merhoxy-
ethannl was nsed icplace of w-PrO e, {CWHNOSG )
N.
N-Methyl-N'-(2-phenoxyethyl-N,N’-trimethylenebis-)-telu-
cnesulfonamide (153 A stiverd mixture of 14 (LAD w, 50N
mmoles) and K.CO; 0.60 g, 4.35 mmoles) in DN ¢t mly wies
heated diring 1ohr 1o 120%0 g-Bromophenctole® (0,74 ¢, 5.75
111111(»19\) was added, s the mixinre was maintained at 260 (257
for 3 e Dilniion with HsO 150 ml) eansed separation of an oil,
which wies extracted with Colly (50 ml). Hemoval of the solvem
fromn the HO-wastod ond driet QEgROS Gl solution lefr a

(11 10 L Deaeonk oaed Yo R0 Cowan, o Chera, Sye, TR CHETLL

I KL ML St and R Bebnisely, Jo Prabo Chen, 135, 225 110325

13y 4L Pernkowae, A Onishiy, awd T Tsornta, J. Orvg. Cloy, 28, 672
(1438).
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TapLe I

LADIOVROTECTIVE: ACTIVITIES OF SoME TERMINALLY SUBSTITUTED S-2-(w-AMINOALKYLAMINO)ETHYL DIHYDROGEN
PHOSPHOROTHIOATES AND RELATED COMPOUNDS?

RNH(CH,),NHCH,CH.SY
Approx Drug dose, Vehicle of pH of 30-day
Compd R » yb LDso, mg/kg mg/kg® admin prepn survival, €9
Oa Kt 2 H(-21CDH >200 150 Water 5.7 0
75 Water n.7 0
Ob Et 2 PO,H,(-2.5H;0) 850 400 Water 6.4 13
200 Water 6.4 0
9¢ Et 3 H(-2HC]) 350 75 Water 6.1 0
37.5 Water 6.1 0
9d Et 3 PO;H,(-1.5H,0) 750 500 Water 6.6 100
250 Water 6.6 100
125 Saline® 6.6 7
20a Me 2 PO;II,(-2.51,0) 900 400 PB/ 6.9 73
400 PB 6.9 47
200 PB 6.9 20
20h Me 3 PO, (- H,0) 800 400 PB 7.0 100
200 PB 7.0 87
100 PB 7.5 46
50 PB 7.5 13
20¢ Me 4 PO;H,(-4H,0) 240 180 CMC-Twe 7.5 33
90 CMC-Tw 7.5 0
25 Cyclohexyl 3 SOH(-0.5H.0) 250 150 PB 6.5 0
150 CMC-Tw 8.5 0
75 PB 6.0 0
75 CMC-Tw 8.4 0
304 Octyl 2 PO;1,(-211,0) 160 50 CMC-Tw 6.1 0
25 CMC-Tw 6.1 0
30b Octyl 3 SO,H(-0.56H,0) 50-150 <50 CMC-Tw 8.1 <H
301 Octyl ‘ PO;H,(-1.5H,0) 175 125 Saline 6.6 20
62.5 Saline 6.6 0
30a Ph 2 SO;H 225 50 CMC-Tw 6.4 0
25 CMC-Tw 6.4 0
30b Ph 3 SO;H 300 200 CMC-Tw 6.6 13
100 CMC-Tw 6.6 0
44h p-EtO.CCells 2 80,11 > 1800 1000 CMC-Tw a.5 0
500 CMC-Tw 5.3 0
44c p-Et(A)QC(:Gl 1N 3 SO,IT 1800 1000 CMC-Tw 5.5 0
500 CMC-Tw 5.5 0

+ Autiradiation serecning tests i uice against lethal radiation [825 R (Xerays) ar 1000 I (v rays)] were performed at Walter Recd

Ary Institute of Ilesearch, Washington, D. C., under the direction of Dr. D. P. Jacobus.
¢ Drug injected intraperitoneally as 0.5-5.0% solution or suspension 15-30 min before irradia-
¢ Physiological saliue.

as HCI salts indicated in parentheses.
tiai. ¢ No 30-day survival among control mice.

b H,O of erystallization and characterization

7 Phosphate buffer. ¢ Compound dissolved or suspended in

physiological saline containing 0.3% sodium carboxymethylcellulose and 0.1 Tween 80.

yellaw oil, which crystallized from warm EtOH to give pure 15,
nip 74°, in 73¢, yield (1.39 g). This sample proved to be iden-
tical (mielting point and niixtnre melting point) with an analytical
sample of 15 obtained in 609 vield via a NaOEt-promoted alkyla-
timn of 14 with 8-bromopheuetole in refluxing EtOH. Anal.
(Cue”szNuO:S:) (f, II.
N-(2-p-Bromophenoxyethyl)-N’-methyl-1,3-propanediamine
Dihydrobromide (16).—A solution of 15 (0.60 g, 1.16 mmoles) in
30¢7 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 1hat crvstallized from the cooled solution was re-
erysiallized from MeOH-Me.CO; yield 779, (0.40 g). Anal.
(CI1,sBrN0-2HBr) C, H, Br, N.
N-Methyl-N,N‘-trimethylenebis-p-toluenesulfonamide (14)
was prepared front N-methyl-1,3-propanediamine’® by an adapta-
tion of a previously described procedure for the preparation of
N, N ‘-tetramethylenebis-p-toluenesulfonamide. The yield of
pire 14, mp 93° (from EtOH), was 79%. Anal. (CisHaN:048,)
C, H, 8.
N-(2-Acetoxyethyl)-N‘-methyltrimethylenebis-p-toluenesul-
fonamide (17).—A solution of 14 (120 g, 0.302 mole) in DMF
(400 ml) wa= added dropwise during 1 hr to a stirred suspension
of Nall (145 g of 504 oil dispersion, 0.302 mole of NaH) in
DAF (100 mi) with the temperature being maintained at ~30°.

(16) Ames Lalwralories, luc., Millford, Conn.

Stirring at 25-30° was continued 1 hr longer, aud a nearly clear
solution resuited. A solution of freshly distilled 2-bromoethy!
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
CesHs (400 ml). The CsH; solution was washed (H,0, four 250-
ml portions) and dried (Na,80,). Removal of CsH¢ 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 489, HBr (1 1.) was refluxed under
a 30-¢m Vigreux columu 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 residie
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 nuder rediced
pressure, and the residue, an orange seniisolid, was triturated
under EtOH (150 mi). Crystallization occurred, and the solid
was collected and washed with EtOH. Addition of Et0 to the
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filtrate gave a sccand vrop.  ‘The dried crops (37.0 and 10.0 g,
respectively) were canibined aud rerrystallized frani EtOH to give
19b, mp 213-216° dec, i1 389 over-all vield (41.0) g) from 14.
Recrystallization fram MeOH afforded an analytieal sample, but
did 1ot change the nmelting point.  Anal. (CsHisBrN.-2HHBr) C,
H, Br.

N-(3-Cyclohexylaminopropy!)-p-toluenesuifonamide 121).--\
solition of p-toluenesnlfonyl ehlaride (85.4 g, 0.448 mole) in
DMEF (300 ml) was addeil dropwise to a stirred salutian of N-
evelohpxyl-1,3-propanediamine’™ 170.0 g, 0.448 mole) in DMF
with ihe teniperature being maintained at 15-20° by external
cooling.  T'he mixture was then stirved at 25--30° for I hr before
iing poured inta H.O (3 L). The nearly eclear solntian was
liltered, and the filtrate was made basic¢ (pH 10) with 50¢; NaOll.
The crystalline precipitate that farmed was callected, dried, and
reerystallized fram CsHe-ligroin (bp 30-60°) ta give pure 21, mp
04-95°, in1 664, vield (3.1 g).  dnal. (CielsN2048) C, H, N.

N-{2-Acetoxyethyl)-N'-(3-cyclohexylaminopropy!)-p-toluene-
sulfonamide (22).—-The reaction pracedure nsed {0.284-1mole
senle) was essentially the same as that described far 17, but the
DAE was not renioved hy distiluion.  The reaction solition
was ponred into HyOQ (3 1), and the arange ail that separated was
exiracted with Cellg. Removal of the CgHu from 1he I1.0-
wished and ihried (MgS0),) solutian left ernde 22 as an orange oil,
which was nsed as such far conversion to 24b.

N-(2-Bromoethy})-N‘-cyclohexyl-1,3-propanediamine Dihy-
drobromide (24b). From 22— A mixture of the c¢rude prepara-
tion of 22 ileseribed ahove (120 g) and 484 HBr (500 nil) was
refluxed under a Claisen heal for 18 hr.  Heating was theu in-
creased o eanse distiltation, and 250 mt of distillate was collected.
Siniple refluxing was resumed, and, after 5 hr, an additional K0
ml of distillate was rentoved.  Refluxing was then continned 18
hr longer.  The remaining dark mixiure was cooled, dilnted wirh
1O (300 mi), clarified by filtratian, and evaporated to dryness.
The solid residue was twice recrystallized from MeOIT 10 give
24a, mp 268-271° dee, in 370 over-all yvield {45.4 g) based on the
starting amannt of 21, aal. (CyHuBrNy 2HBr) C, H, Br.

3-(2-Octylaminoethyl)-2-oxazolidinone (28).--A stirred 1mix-
ture of ociylamine (3.00 g, 23.2 mmles), K.Cl)y 3.53 g, 25.5
nnmoles), aned DMIE (15 ml) was heated at 85-90° while a sohition
of 8a 13.47 g, 25.5 nunoles) i1 DMT {15 ml) was added dropwise
during 2 . Heating with siirring at 85-00° was contiument for
18 hr. ‘The solvent was then removed in an aspirator vacinnn;
the residne was stitred with H.O {30 mb), nnd the agueans mixture
was extracted (CsHy, three 30-ml portions).  Iivaporaiion of the
HaO=washed and drird (MgSOy) Cyte solution left crnde 28 as o
viseons oil, which was nsal as sneh for canversion ta 29a.

N-(2-Bromoethy!)-N'-octylethylenediamine Dihydrobromide
129a). From 28.—A solutian of the xample af rrude 28 described
above and 484, HBr (30 mil) was reflnxed for 20 hr; 1,0 (25
mb) was added, and the boiling solution was treated with Norit
and filen«d (Celite).  Crysialline 29a that separated fronn the
cooled filtrate amonnted 1o 287, over-all yield 200 g).

N-Phenyl-1,3-propanediamine 132).--A LiAllL reduetion of
31 haxed on the general procedurr of Nelson and Annndsen!?
afforded 32, bp 128--132° (3.5-34.8 nu) and #% 1.3761 [1it.* bp
[44-135° (7 mm) and 720 1.a747], i 8877 vield.

2-(3-Anilinopropylamino)ethanol 133).-- Fallawing a hydraxy-
ethylation of 32 (0.456 mole) that was adapted frani the pracedure
of Rteck, ef al., far the preparation of 2-(7-aminoheptylamina)-
ethanol,® the ernde reaction mixtine was ranghly fractianated by
distillation 7 »ecin, The major portion 167.9 ¢), hp 132-202°
(0. L1 1mm), was rediztilled thrangh an 18-cu1 Vigrenx ealurmn, ared
the fraction (31.4 g) with hp 158-175° (0.9-1.1 mum ) was distilled
fivally tlrongh a 30-cm Vigrenx calunm to give 33, bp 148-134°
10.2-0.45 mm), in 410 vield (27,3 ¢, Inad. Caled for CaHisNyO:
¢, 6801 H, 934 N, 1442, Foand: € 67.35; H, 9.48; N,
148,

171 1hstillation Prodnees Industries, Roebester, N, Y.

{181 4. Cymerman-Craig and M. Moyle in “Organic Syntheses,'" Coll,
Vo). 1V, N. Rabjobn, Ed., Jobn Wiley and Rons, Inc., New York, N. Y.,
1963, p 200

(14) L. 1. Amundsen and I.. N, Nelson, J. Amers Chem, See., 77, 53028
[BUHATN

i S0 ML Gorviely sl AL L Tooin eve She St Ohshodes Ridae,, i,
Nk SSS, 1, 400 (1033): Chem. Abste., 49, 10477 11955).

£21) 15, AL S1eek, 408 Boek, sand LT, Fleteber, S Amees Chone See., 79,
{114 (1057).
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N-Pheny!-N,N'-trimethylenebis-p-toluenesulfonamide 134 ).

A =olution of p-talnenesulfanyl chloride (162 g, 0.851 wmole) iy
IYME (250 m) was added drapwise to n mechanically stirved mix-
fire of 32 (63.9 g, D.428 molel, KOO, 118 g 0552 mole?, minl
DAMF 1250 mlr. Heat evohition ocemred diving addition of 1he
first. half of the T=CE DMT sohition, and moderate externul ¢ml-
ing was applied so that the reaction mixure temperatnre did
exered 60° Thuing the second half ot the addition vo hem
evohition waz observed, and the mixture was warnied with
A55-60° HLO bath. After the additim had been completed, 1he
stirred nixtnre was heated o oo <temn bath for 3 I 11 was
eooled and poured into 11,0 3 L), and the FLO-DNMEF phase was
decanted from the precipitated viseons oil, The oil was stimred
wice with portions of H.O 1500 ), each of which was removed
by decamation.  The remaining =tift g was dissolved in Cell,,
andd the solition was washed (TLO ) and dvied (MgR0,), Hemoval
of the Cglls left a glass-like vesidie. Tritnration of this maierial
i 107 NaOH sohition afiorded an smorphons white solid, which
was collected, washed (11,000, and dried 7p raerno 110°, PuO The
vield of crnde 34, mp 212-214° dee, was 837, 1186 g),
1C NGO T N O raded, 5762 fonnd, Su6.40.

N-(2-Bromoethyl)-N'-phenyl-1,3-propanediamine Dihydro-
bromide 138c). From 33. A =ohition of 33 (7.2 g, 0.141) mole)
i 4870 HBr 1300 mly was distiled throngh a Claisen hewd nntil
150 ml of distifate had been collected.  Heating was then
diminished somewhat 10 canse reflnx withaut distillation.  The
sohitione was refluxed overnight and was then siubjected to Con-
tese-type conditions involving six distillation periods whercin
1a-1l portions of distillaire were collectrd at t-hre sntervals, The
cooled semisolid resithie was stirred with EiOIT (50 mb), and the
mixture was evaporaterdd 1o dryness nnder redueed  pressune.
The dry resichie was tritnratid in MesCO, colleeted, and reerystal-
lized from MeOH 1o give 38c, mp 217-210° dee, v 447, yield
(6.1 g Anel iCellpBeNL-2HBr C) 1 Bre,

N-Methyl- and N-ethyl-p-toluenesulfonamides and p-toluene-
sulfonanilide were obtained irom commereial sources.

N-Octyl-p-toluenesulfonamide 126), N-cyclchexyl-p-toluene-
sulfonamide, and ethyl p-{p-toluenesulfonamido)henzoate (41)
were prepared conveniently by treatnient of the appropdane
amine with g-tohienesulfonyt chlovide £2: 1 17 ratiog i DMF ina
nianer hike that reported for NN '-ethylenebis-p-1ohiensal-
fonamide.”  The yvield of 26, mp 53-54° (1.2 mp 55°), was 077,
and rhat of the N-eyvelahexyl analog, mp 85° (1.3 mp 86-87°5,
was 0500 Pure 41, mp 200-208° (1124 mp 206-207°), was nh-
tained m S8 vield following veervstallization fronm IILOH.

N,N’-p-Phenylenebis-y-toluenesulfonamide (46) wus prepared
by practically the <ame procedhve ns that mferred 1o ahove?”
The yield of 46, mp 274-2706° dee (1it.% mp 276°), wax 46* {ol-
lowing recrv=tallization from Me, CO-1H.0.

N-Substituted N-|«-/2-0x0-3-0xazolidinyl)alkyl] - p-toluenesul-
fonamides were prepaved by alkylation of rhe carresponding N-
substinted  p-tobienesnffonnmides  with the appmprirate 6%
as deseribed below.  Seme were obiained in ervstalline form;
several others nhiained as ernde oilx were n=ed as =neh o=
versions to the N-2-bromocthvh-N'-=ubstinted o w-atkanedis
amine dibyvdrobromides.

7a-c.~ A stiveed nmixnne of - Neethylp-tohnmeatfonanide
{40.0 g, 0.200 nwlern KaCy 130.0 g, 0.218 mole), 6a 130.0 g, 0.209
woht), and DME @30n mb) was maintained at 110-120° for 3 hr,
Dilntinn with 11O (12 L) followed, and the orange oil tha
separinted was extricted with two 500-ml portions of Celln. The
Celly solnfion was washed five times with 500-mnt portions nf
H.0O, dried (MgN0,3 and evaporated nunder vedieed pressure i
give 7a a~ a pale orange oil in 847 vield 7525 g). Componnds
7b and 7¢ were <inilarly ohtained as oils in respective vields of 90
and O87, .

18a and 18b. Treanent of N-methyl-p-tolens=ulfonumide
with the appropriate 6 as in the ahove deseription of 7a was {nl-
lowed by dilution with 1.0 and overnight refrigeration.™  The

REAIA

2 R Sasin, R Loneo, 1AL Carey, O ML Purdson, A, wud G S0
Rasn, S, Amer, O Chemasts Soew, 37, 152 (14601,

(23) 11, M, Hall and £, E. Turner, J. Chem. Sov., 694 i10475).

(241 B. R. Baker, D. V, Santi, and 1. 8. Shapiro, J. Phorm. Ser 83, 14T
AR IR

K. Dewheseowd Do gL Cesong o dmees Chepe Soc,, 80, 00110 11008
220 e weighl ol ernide 668 psed i Hhese prorparalions eoryespouded ro o
13 molar exeoss,

T 70 e previous)y veportisd preparation of 18¢°
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crystalline products that formed were recrystallized from EtOH.
The yield of 18a, mp 111-113°, was 699, and that of 18b, mp
68—690, was 73% Anal. (C13H)32\.204S, 188) C, H, S (Cu—
HxN:0.8,18b) 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,CO; (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;O (300 ml) and CHCl; (500 mi). Evap-
oration of the HyO-washed and dried (MgSQ.) CHCl; solution
afforded crude 23a.

27a and 27b.—The procedure described for the preparation of
7a with the heating period increased to 17 hr and CHCY; used as
the extraction solveut afforded the oily crude produets.

37a and 37b.—Treatment of p-toluenesulfonanilide with the
appropriate 6 was carried out as described for the preparation of
7a; the DMF was then removed by distillation in vacuo, and the
residiie was stirred with H,O. The H:O-insoluble solid was col-
lected and recrystallized from MeOH. Pure 37a, mp 138-140°,
was obtained in 839 vield and 37b, mp 135-136°, in 859 yield.
;ina/. (C1SH20NQO4S, 378) C, H, N (C10H22N204S, 37b) C, H,
N

42a and 42b.—A mixture of equimolar amounts of 41, 6b,
K,CO; (0.100 mole each), aud DMAC (150 ml) was stirred at
130-140° for 5 hr. The cooled mixture was poured into H,O
(V00 ml), and the oil that separated was extracted with CHCl;.
Evaporation of the HyO-washed and dried (MgS80,) CHCl; solu-
tion left 42b as a viscous oil. The same procedure using 6a
afforded crystalline 42a when the mixture was diluted with HxO.
The callected solid was recrystallized from EtOH to give pure
42a, mp 115-116°, in 519 yield. Anal. (CyH:N.:08) C, H,
N.

N-(2-Bromoethyl)-N'-substituted o,w-alkanediamine dihy-
drobremides, which are listed i Table II, were prepared from
the corresponding N-substituted N-[w-(2-0x0-3-0oxazolidinyl)-
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 309, dry HBr-HOAec (150 ml) was
stirred at 25-30° for 3 days. More 309, 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
Et,0 (11.). The precipitate was collected and washed alternately
with Et,0 and Me,CO 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 309 dry HBr-HOAe (200 mi) for 4 days at 25-30° was fol-
lowed by dilution with Et.O (1.5 1.) containing Me,CO (100 ml),
and the precipitated product was recrystallized from MeOH.

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

N,N’-Bis[2-(2-0x0-3-0xazolidinyl )ethyl]-N,N‘-p-phenylene-
bis-p-toluenesulfonamide (47a).—A stirred mixture of 46 (41.6
g, 0.100 mole), K,CO; (29.0 g, 0.210 mole), 6a (33.5 g, 0.210 mole),
and DMF (250 ml) was maintained at 110-120° for 5 hr. Dilu-
tion with H.O (1.5 1.) precipitated crude 47a, which was purified
by recrystallization from MeCN; yield 839 (53.2 g), mp 192-
193°.  An analytical sample had mp 193-194° (from MeCN).
Anal. (CaoH34N40gSQ) C, H, N.

N,N’-Bis[2-(2-0x0-3-0xazolidiny!)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 I\IQCN) Anal. (032H33N40382) C, H, N.

N,N’-Bis[w-(2-bromoethylamino)alky!]-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 309, dry HBr-
HOAc (300 ml) was stirred at 25-30° for 64 hr. Et,O (300 ml)
was added, and the precipitated solid was collected, washed
(Et.0, warm EtOH), and recrystallized from 489, HBr. The
collected erysials were triturated in EtOH. The yield of 48a,
mp 290-300° dec (indefinite), was 359, (21.3 g). Anal (Cu-
H..Br:Ns-4HBr) C, H, Br, N. Homologous 48b was prepared
from 47b in essentially the same manuer. The yield of 48b, mp
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TaBLE 11
N-(2-BraMOETHYL)-N ‘-8 UBSTITUTED
o,w-ALKANEDIAMINE DIHYDROBROMIDES

Yield, Mp, °C

Compd Procedure? % dec Formula Analyses
8a A 55 195-200 CsHi;BrNo-2HBr C.H.Br. N
Sh A 70 262-263 C:HyxBrN.-2HBr C.H., Br
8¢ Bh 44°  273-275 C3H1»yBrN:-2HBr C.H,Br, N

19a A 93 160-161 CsH;sBrN2-2HBr H, Br; C¢
19h B 66 212-216¢ CeHisBrNu«2HBr Br

19¢ Bf 79 217-219 C7HyBrN:: 2HBr C,H,Br, N
24a 3¢ 14 232-234 CiH2BrN:< 2HBr C.H.Br
24b 13 24¢  271-274" C;H»BrN.-2HBr

292 B? 23¢  218-220 Ci:HnBrN:+2HBr C,H; Br/
20h ik 44°  268-270 CpuH2BrN2+ 2HBr C.H.Br, N
38b c 65  262-264 CixHiBrN2-2HBr C.H,Br
38¢ C 57  225-226! CnHuBrN. 2HBr Br

43b cm.no 65 158-160 CuizH13BrN:0O2-2HBr C, H, Br
43¢ Cchimo 53 205-208 CnHaBrN:0:-2HBr C,H, Br,N

@ Unless noted otherwise, MeOH was used as the recrystalliza-
tion solvent. ? Recrystallized from MeOH-Et,O; sample for
analysis recrystallized from EtOH. ¢ Over-all vield based on
starting N-substituted p-toluenesulfoniamide. ¢ C: caled, 17.51;
found, 17.96. ¢ Melting point, mixture melting point, and ir
spectrum identical with those af the sample prepared from 17.
/ Recrystallized successively fram EtOH, MeOH-Et,0, and
finally from EtOH. ¢ Reaction mixture diluted with Et,O-
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 poiunt was undepressed.
¢ Recrystallized from EtOH. 7 Br: caled, 54.35; found, 53.6.
k¥ Molar ratio 27b: phenol, 1:1. ! Irspectrum ideutical with that
of the sample with mp 217-219° dec, prepared from 33. = Re-
crystallized from EtOH-Et,0. » Malar ratio 42: pheuol, 1:2.
o Ir (KBr) 1720 em ™ (C=0), NH band absent; ¢f. ir data on the
unexpectedly obtained ring-brominated analog (43c) obtained as
a monohydrobromide.

249-252° dec, was 71%. A analytical sample of 48b obtained
from a trial run had mp 255-260° dec. Anal. (CisHysBraNy:
4HBr) C, H, Br, N.

N-(2-Bromoethy!)-N'-(p-bromopheny!)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 309, dry HBr-HOAec (5 ml) was
stirred at 25-30° for 18 hr. More 309; 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 Et:O and the
precipitate present was collected, washed with Et;O and MeOH,
and recrystallized from MeOH to give pure 38a, mp 194-197°
dee, in 279 vield (0.51 g). Anal. (CieHuBr:N:-2HBr) C, H,
Br.

Ethy! 3-bromo-4-[2-(2-bromoethylamino)ethylamino] benzoate
hydrobromide (43a) resulted from the iuitial effort to prepare
43b. A solution of 42a (27.3 g, 63.1 mmoles), phenol (6.0 g, 63
mmoles), and 309 drv HBr-HOAc (300 ml) was stirred at 25—
30° for 5 days. The mixture was then stirred with Et,() (300
ml), aud the crvstalline precipitate present was collected and
washed with Et;0 and Me,CO. Two recrystallizations from
EtOH followed by a final recrystallization from H.O afforded
pure 43a: 489, yield (14.3 g); mp 160-161° dee; ir (KBr),
3290 (NH) and 1670 em™ (C=O0). Anal. (CiHisBraN.O:-
HBr) C, H, Br; Br: caled, 16.82; found, 17.8. (Br— couteut
was determined by titration in H,O with standard NaOH at 0°.
The high value found is probably indicative of partial displace-
ment of the reactive Br attached to the aliphatic carbou, most
likely through piperazine ring formation. Complete displace-
ment occurred when the titration was carried out in H,O-EtOH
at room temperature, Br—: caled, 33.64; found, 33.5.)

p-[3-(2-Bromoethylamino )propylamino] benzoic Acid Dihydro-
bromide (45).—A solution of 43¢ (1.00 g) in 109, HBr (10 m}) was
refluxed for 4 hr and then evaporated to dryness. The solid
residue was stirred with MeCN, and the insoluble portion was
collected aud dried 7n vacuo to give nearly pure 45, mp 216-218°
dec, in 249 yield (0.23 g). Anal. Caled for CiHiBrN.O.-
2HBr: C,31.13; H,4.13. Faund: C,31.75; H, 4.59.

2-(2-Ethylaminoethylamino)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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thiol trilyydrochlaride.  The ernde produet from treatinent of 8a
(43.4 mmoles) with ¢n sdu preparcd NaSH (0.130 mole) was frac-
tionally distilled. An uncharacterized low-boiling fraction [hp
47° (10 nun), prahably l-ethylpiperazine] preceded the desired
9a, which wax obtained as a calorless oil, bp 102-103° (10 )
and n*¥p 1.5088, i1 387 vield (2.23 g). A solution of 9a (2,12
g) in BEtOH (25 mil) was treated with a salution af dry HCH in
LGOI ta give crystalline, KtOH-lnsaluble 9a-2HCH (3.04 ¢,
06Y; vield from 9a), nip 213-217° dee. Anul. (CeHENS-
)HCI) C, 11, N, 8, SH.

2-(3-Ethylaminopropylamino)ethanethiol (9¢) Dihydrochlo-
ride.~—An adaptation af the procedure referreil to above for the
preparation of 9a afforded homologous 9¢ as a rolorless ail, bp
114-111° (10 mun) and »%»p 1.5112, in 607 vield (3.6% g, from
37.7 nunoles af 8b and 0.113 mole of NaSl{). Treatment af 9¢
(4.36 g) with HCl in E1OIT afforded pure 9¢-2HCI (2.09 g, 094,
vield froni 9¢), mp 243-245° dee.  Andl. (CHENS-2HCH
!, H, N, S, SIH.

S-2-(2-Anilinoethylamino)ethy! Hydrogen Thiosulfate (39a).--
P'ulverized 38b (8.10 g, 20.0 mmales) was added during 5 niin to a
stirred sohition of NawshQ,-5H.O (20.0 mimales), NaOAc¢-3H,0
(20.0 mmiales), DMAC (10 ml), and 1,0 (10 ml) at $50-65°.
Thi resubtant sahitian was then heated at 00-95° for 1.5 hr.
The salution was cooled, dihited with EtOH (100 ), and filtered.
Solvents were removed fram the filtrate by evaporation under
redneed pressure, and the residual salid was recrystallized three
times fram M0 to give pure 39a, mip 173-175°, i1 30%: vield
(208 ¢).  Anal. (CH,sNOzS0) G, H, N, S,

1-Phenyl-4-(p-tolylsulfony!)piperazine (40).--NaHCO; (0.415
v, 4.94 mmoles) was added to a stirred salution of 38b (2.00 g,
4.94 moles) in ILO (15 ml).  CO. rvolution was observed along
with formation of a white rrystalline precipitate presumed to be
the monohydrabromide corresponding 1o 38b. A sulution of
NieS:0;- 3HL0O (1.23 g, 4.94 nunales) in H,O (15 nil) was added
dropwise.  The white salid present dissolved, but cloudiness
=oon developed and n vellaw salid precipitated.  The mixture
wis siirred avernight a1 25-30°. A small amount of eleniental 8
was retoved by filtration.  The filiratis was made slightly basie
mH ®) by addition of 107, NaOH, and the resultant solution
wis evaporated to dryness with adilitional 8 being remaved hy
filtration as cancentration progressed.  The resiilne was dissolved
i H.0 (15 mb) containing enangh NaHCO; to afford a solutinn af
nit 9. p-Taluenesutfpuyl chlaride 10.38 g, 2.0 mmales) was
addid, and the mixiure was stirred avernight.  The solid that
farmed was rollected and recerystaltized (EtOH) ta give 40 as
white needles, mp 195-197°, lt.? mp 199-200°. Anal. (Cp-
HeNO28) C, 11, N

S-2-(3-Anilinopropylamino)ethy! Hydrogen Thiosulfate (39b).

A solution of 38¢ (13.4 g, 32.0 mumales) in HyO (75 ml) a1
R0-00° was combined with a sahition of NasS.0;-5H,0 and Na-
OAce-31.0 (32.0 mnmles caell) in hot H,O (75 ml).  The caoled
sohitien depasited erystalline 39b in 639 vield (5.589 g), mp 182--

185° dec.  An analytical ~‘11111)1L frour a trial run had mp 181-182°
dee. Anal. (L“Il,b\ 0,8,) C, H, N: & calal, 22.08;  fannd,
21.6.

S-2-[2-(2-Bromo-4-ethoxycarbonylanilino )ethylamino]ethy!
Hydrogen Thiosulfate (44a)——A salntion of 43a (3.50 g, 7.37
wmohs) in hot Hy© (150 nil) was cambinell with a salution af
N0, 5150 (1.83 g, 7.37 mmoles) in HyO) (10 ml), ami the
mixtare was stirred at 60-70° for 30 min.  Thre oil that separated
cryvstallized when the mixture was caaled.  ‘The solid was col-
leeted and dried dn veceo (1.0,).  Purification was ceffected by
dixsolving the material (2.82 g) in the ealelated minimum vohme
of 0.1 N NaOI1 and reprecipitating it from the filtered solntion
by acidification with HOA¢. The vield of pure 44a, mp 179~
1S1° die, was 5097 (1.A7g).  Andd. 1CeH,,BrN,Os8) C, 11, Br, N,
=,

S-2-{2-(p-Ethoxycarbonylanilino)ethylamino)ethyl Hydrogen
Thiosulfate (44b).-—Solid 43b (10.0 g, 21.0 mnioles) was added in
portions 1o a stitred solntion of Naw.05-5H,0 (21.0 mumoles),
NaOAce-3H.O (42.0 nunoles), DMAC (10 ml), and H,O (10 ml).
The resnltant salution was heated and stirred at 85-90° for 1.5
hr while crystalline 44b separated. The mixture was eaaled,
and the produet was collected, washed with H,0, and dried in
racico (PyQ)y); 4.79 g, mp 210-212° dec.  Recrystallization from
110 1700 mD afforded pure 44b, mp 212-2137 dee, i 547 vield
CLOS g, chodd, (Ol NGO C) 1L N S,
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+ Lixeept for 9e carh compouml was equilibratisd at corestant
S8 relative humidity® prior to analysis. * Observed on a Kofler
Heizbank., «H: caled, $.66; found, 7.75.

S-2-]2-(p-Ethoxycarbonylanilino)propylamino]ethyl Hydrogen
Thiosulfate (44¢).--A solutian of 43¢ (4.00 g, 8.38 minales) in hot
Hy0 (120 ml) was cambined with a solution of NaeS:04-511.1) and
NaOAc¢- 3,0 (8.38 mmoles each) in HyO (20 ml). ‘The «ail that
immediately formed =salidified while the stirred mixture was
heated at 90-95° for 30 min. Crude 44¢ was filiered {rom the
cuoled mixture and dried in vacuo (P.0s). ‘The dried enide prod-
uet (2.71 g) was reprecipitated from a solution of its Na sals by
aridification with HOAc (in the mauner deseribed above {nr
purification of 44a) to give pmc d4c¢, mp 1IN —lS» dee, in 847,
vield 2.54 g).  dnal. (CHuwN0:3,) C, I, N,

S-2-(3-Octylaminopropylamino)ethy! Hydrogen Thiosulfate
(30b) Hemihydrate.—-A solution of equinialar anwounis of 29b,
NaS:0;-5H;0, and NaOAc¢ 3Ha) (10.0 mmoles ¢ach) in ll,(i
(75 ml) was refluxed for 1 hr. The sohition was allowed to cool
sonlewhat, and NallCO; (10.0 mmales) was added. Whin:
salid began forming immediately, and the mixture was stirred
while being allawed 1o coal to 25-30°.  The solid was collveted,
washed (FLO), and dried 1n racwo (77°, PuQs). The material
obtained (nip 94-98°, 3.0 g) was twice reerystallized from MeCN,
but the melting point was unchanged.  After the reerysialliza-
tions fran1 MeCN, the prodnet was dried to canstant wreight
12,42 gy movacwo (25-30°, PyO;). The material obtained, which
underwent weight inercase on exposire 1o ambivnt conditions,
wis then allawed 10 cqmiibrate at constant 3877 relative Innnd-
ity.  Pure 30b hemihydrate was thns ohtalned in 7475 yvield
(249 g). Anal. (CollpyNaOS: - 0510.0) G 1L N, 8 1LO
thy glpe).

S-2-(3-Cyclohexylaminopropylamino)ethyl Hydrogen Thiosul-
fate (25) Hemihydrate.—A solution nf enuimolar amoints of
24b, Na.3:0;-5H.0, and NaOAc-3IL0O (10.0 mmoles each) in
s (25 1) was hented at 90-05° for t hr.  The solntion was
altfowed 10 cool, and NaIlCO;: {100 nunoles) was added.  The
sohntian was stirved until COs evoluiion had ceasid and was then
evaporated 1o dryness nder rednced pressure. The white
residunl solid was twice recrystallizinl fronr MeCN to give
25, ux a hemihydrale, meliing point indefinite fram 123°, in &3¢,
vield (2,54 g) after heing dried 7 racuo (POs). el (Chd b
NaOp,-05HL00 C) 1, N, 8, TLO thy glpe).

S-2-(w-Alkylaminoalkylamino)ethyl dihydrogen phosphoro-
thioates 9b, 9d, 9e, 20a, and 20b, which are listed in Tahle I,
wire prepared from NayPSO; and the appropriate 8 or 19 by i
standard reaction procedire? consisting of adding the N-(2-
bromoethyhdiamine dihvdrolromide to a stivred partial sohition
of Na,PSO; in H.0 1 ml/munole of NagPS0y), stirring until
solition occurred, il adding DM fome-halfl vohmue of H.O
uscd), and keepivg the =olution ar 33-30° for 1-2 hr or mtil the
AgNO, 1est for nvehanged PO 2 was negative.  Componnd
9b (from Nay,PS0; and 8a, 20 munoles cach) was caused 1o pre-
cipitate from the reaction sohition hy addition of INMOH (100
mb), and the collected solid was reprecipitated fram H.O-LEtO11
(20:100 ml).  The same isolation nipthad sufficed for abtaining
20a. Both 9d and 20b werc precipitated from the reaction sohi-
tian by addition of DMI' (100 mb) for a 40-mmole 11, and the
solid was 1ollecied with the aid of B1OH, washed (ITtOH), then
reprevipitated from 1LO-1E1O1. Highly delinuesceid 9e was
precipitaled from the reactinn solntion hy dropwise additioncio
DME (175 ml for o To-nmole mnyg, eolteeted, washed (DM,
11, (') under Na, el thin dvied o raewa (PaO;).
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Homologous 20c¢ was prepared by a different procedure.
DMAC (7.5 ml) was added to a stirred solution of Li;PSO;:
6H,014.29 (3,60 g, 15.0 mmoles) in H,O (15 ml) followed by crystal-
line 19¢ (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. EtOH (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).

8-2-(w-Octylaminoalkylamino)ethyl Dihydrogen Phosphoro-
thioates (30a and 30¢c)—DMF (20 ml) was added to a stirred
solution of Li;PSO;-6H,0 (4.80 g, 20.0 mmoles) in H,O (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
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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 DMF (40 ml) to the stirred mixture containing pre-
cipitated 30¢ as a semisolid. EtOH (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 I1I).
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The HBr cleavage of 3-substituted 2-oxazolidinones was effectively npplied in the syuthesis of N-substituted
and N,S-disubstituted derivatives of 2-aminoethanethiol in which the N 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 (4¢), 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 (5¢), 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.

The general utility of the hydrogen bromide cleavage
of 3-substituted 2-oxazolidinones in the synthesis of
uniquely substituted N-(2-bromoethyl)amines has been
described in a preliminary communication,? 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.® 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 allylation of phenol and benzenethiol
with the commerically available 3-(w-chloroalkyl)-2-
oxazolidinones 1, proved to be suitable starting points

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

12) J. R. Piper, R. D. Efliott, .. R. Stringfellow, Jr., and T. P. Johnston,
Chem. Ind. (1.ondon), 2010 (1966).

(3) (a) J. R. Piper and T. P. Jolnston, J. Org. Chem., 88, 636 (1968); (1))
J. R. Piper. C. R. Stringfellow, Jr.. R. D, Etljott, and T. P. Johnston, J.
Med. Chem., 12, 236 (1969); (¢) J. R. Piper, C. R. Stringfellow, Jr., and T. P.
Jolrnston, tbid., 12, 244 (1469).

for the conversions depicted in Scheme I. The hy-
drogen chloride cleavage of 2¢ in refluxing 1-propanol*
in an initial experiment was eventually superseded by
the milder, more convenient and productive hydrogen
bromide cleavage in AcOH. The halides 3¢ and 3d
afforded the same thiosulfate, 4g, but, apparently
because of the reaction rate difference between 3¢
and 3d, a phosphorothioate could not be derived from
3¢, the required longer reaction time allowing extensive
decomposition of the reagent Na;PSO;. 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 Li;PSO; 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
N substituent is an w-(alkylsulfonyl)alkyl or w-(aryl-
sulfonyl)alkyl group were described recently.’ 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 Na,S,0; and
AcOH.® The generality of this method, however, is

(4) H. Arnold and H. Beckel, Arzneim.~Forsch,, 14, 750 (1964).

(5) O. L. Salerni, R. N. Clark, aud B. E. Smart, J. Chem. Soc., 615 (1966).

(6) Cf. F. C. Schaefer, J. T. Geoghegan, and D. W. Kaiser, J. Amer.
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Johnston, J. Med. Chem., 9, 911 (1966).



