


SCHEME I 

m 
Na,SPO, 0 H,N(CH,),NHCH,CH2SP0,H, - H*N(CH*)nNHCH,CH,Br2HBr - H,N(CHJ,NHCH,CH,OH - H,N(CH,),,NH, 

3a, n = 2  2a, n = 2  la, n=2 n=4-6 
b, n = 3  b, n = 3  b, n = 3  
c, n = 4  c , n = 4  c, n = 4  
d, n = 5  d, n-5 d, rt=5 

e, n = 6  e, n = 6  e, n =  6 

HBr-H,O-HOAc 

0 4a, n=2 0 
b, n - 3  8 a , n = 2  
c , n = 4  b, n = 3  

c, n’4 

90-100” \ \HBr-HOAc 

8 6 8 
5a, n = 3  7a, n=2 

b, n = 4  b, n’3 
c, n = 4  

beginning with commercially available ’-(%amino- 
ethy1amino)ethanol (la) was carried out. The product 
3a was a unique example of a phosphorothioic acid 
ester in which the acidic function can be neutralized 
internally by two amino groups. Whether the in- 
ternal zwitterionic neutralization is partial or complete 

as in H3SCH2CH2SH2CH2CH2SPOy“- in the solid 
state or in solution is not known, but for convenience 
phosphorothioate structures in this paper are written 
in the nonzwitterionic form. The radioprotective ac- 
tivity of 3a in initial screening tests encouraged the 
preparation of the homologous and also impressively 
active 5-2-(3-aminopropylamino) ethyl dihydrogen phos- 
phorothioate (3b) by the following route (eq 2 )  based 

+ + 

011 known aziridine intermediates.6 These beginnings, 
marked by a high level of activity, were then expanded 
into a series of homologs and analogs. 

The two routes that led to the S-2-(w-aminoalkyl- 
amino)ethyl dihydrogen phosphorothioates 3 are out- 
lined in Scheme I; one involved the Cortese con- 
version’ of hydroxyethylated cqw-alkanediamines, and 
the other involved the Gabriel synthesis from inter- 
mediates made available by the recently developed 

(6) H. Bestiitu, A r m  Cham.. 666, 210 (1950). 
( 7 )  F .  Cortesa in “Organia Syntlieues,” Cull. Vol. 11, A. H. Blalt, Ed. 

Joliii IViky mid Sonu, Inc., New York, N. Y. 1953, py 91-93, 

hydrogen bromide cleavage of 3-substituted 2-oxazol- 
idinones.8 The last step of-each approach was based 
on methods developed by Akerfeldt, but the favor- 
able stoichiometry10 of this particular application per- 
mitted the isolation of inner salts without additional 
acid (eq 3). 

H20 

DhlF 
2 f Na3PS03 + 3 + 3NaBr 

The stoichiometry of the conversion of the N-(2- 
bromoethy1)-a,o-alkanediamine hydrobromides 2 into 
the corresponding inner Bunte salts requires that the 
reagent Na2S203 be protected against acidity.1° Buf- 
fering with KaOAc was effective in the analogous 
preparation of a Bunte salt from 2-(bromomethy1)- 
piperazine dihydrobromide, but neutralization did not 
occur and the product was isolated as a hydrobromide.” 
In  the attempted conversion of 2 in the presence of 
NaOAc, however, only one member of the series, S-2- 
(6-aminohexylamino) ethyl hydrogen thiosulfate ( 1 0 ~ )  , 
could be obtained in crystalline form; the others were 
obtained as solvated syrups, from which XaBr and 
NaOAc could not be separated. Two members of the 
series, 10a and lob, were ultimately obtained, as in- 
dicated in Scheme 11, by aziridine-ring openings with 
(NH*)2S203; other examples of the application of this 
method have been reported.12 

(8) J. R. Piper, R. D. Elliott, C. R. Stringfellow, Jr.. and T. P Johnston, 

(9) (a )  S. Akerfeldt, Acta Chem. Scand.. 13 ,  1479 f1924); (h)  ib id . ,  14 ,  1980 

(10) Cf. ref 3. 
(11) J. R. Piper and T. P. Jollnston, J .  O r p .  Cham.,  28, 981 (1963). 
(12) D. L. Klayman, W. F. Gilmore, and T. R. Sweeney, Chem. I n d .  

(London), 1632 (1965); I). L. Klaymen, J. W. Lowri, aud T. K. S \veeue~,  
J. Oru. Chem., 30, 2175 (1905). 

Chem. Ind. (London), 2010 (1966). 

(1960); ( 0 )  ibid. ,  16, 1897 (1R62); (d) i b i d . ,  20, 1783 (1Y66). 



The feasibility of :i -yiithetic route to the S-3-(w- 
:ti~iiiio:illiylaniino)propyl dihydrogen phosphorothio- 
;it(.!, 18 based on the hydrogen bromide cleavage of 
t lie :&substituted t etrahydro-2H-1,3-oxaziii-2-ones 14 
(Scheme 111) was initially denionstrated by the con- 
vcwion of tetrahydro-2H-1,3-oxazii~-~-oIie (11) itself 
into S-3-aminopropyl dihydrogeii phosphorothioate 
(13) z'ia 3-bromopropylamine hydrobroniide (12). The 
rlc:tvago of 11 was extremely slow at  room tem- 
peraturc, but iiicreawd markedly with warming as 
evidertcd by nri accelerated evolution of CO?. The 
1)rcy:iration of the intermediate 14b by  the additioii 
of :L solution of S-(4bromobutyl)phthaliniide (5b) :tnd 
11 i i i  DlII' to ;t qtirred slurry of S a H  in the b:inio 

-olveiit excmplifietl :t terhnicnl rchnement in  this type 
of :ill<ylation. The alternative route tu 18a arid c 
provided by the Cortese treatment of the 3-(w-amino- 
: iII~~lamirio)-l-prop~~nol~ 16 and -howl in Scheme 
111 ~ v a i  developed becauw of difficultie 
111 the route iiivolving phthalimido 
( I )  dc~1iydrohroiiiiii:itioti o c c u r r d  in thc iitteinptetl 
:i I 1iyl:l t ic 11 of 1 1 with S- (L'-brc )nio e t hy I) p h t ha limi de to 
gi\ (1 S-viiiylphth:tliniide instead of t h c  wpectetl :i- 
- 1 i h t i t  utcd tetr:ihydro-"-l,:3-osnziri-'-orlc., and ( 2 )  

of thck I)liosphorotliioate 18c dcriwd by the. 
It should be poirited 

out  t1i:tt the phthalimido intermediate- 8 :~nd 15 xvew 
t 1iv  w u r w  of :L tiuniber of terniiiial phthalimido :in:i- 

higk, n lhic*h will he descdxd in a submlucnt paper. 
Scvelal ~)rniic.Iictl-c,h~Liii (wtigeriw- of the title coni- 

1)ouiid- w r e  syiitheGm1 by routc-: outlirietl in Schenic 
I L :tiid b a d  0 1 1  the addit ion of 2-nict hylaziridiiie arid 
2.L'-tlinictliglnziridiiie t o  :tcaryloiiitril(l Thc formatioil 
of ~-iric~thyl-l-:iziridinepropioriitrilc (19a) a d  2,2--cli- 
nirt  liyl-1-nxiridiriepropioiiitrile (19b) was promoted by 
hc:it, n-hich wac: not requircd i n  the  reported additionf1 
ot c~thylcriiniinc~ itqelf to  :tc~ylonitrilr. The thiols (i,so- 
121 c d  : is hydrorhlorides) :tnd thiosu1f:it (>\ \\ ere produwd 
1 1 ~ 7  :q)propriat(> nziridiiie-ring optmiiigi, but 
iiri of the  ring opcinirip ot 19a nith H,S n 
t a i i i c d  I I I  v1i:ir;icteriz:ibIe form. 

'l'liv r:itlioprot ertive : tick oi the phoiphorothio- 
:it c- d(w3rihcd ahove a- ed hy wreenirig tes t<  p ~ r -  
Iornictl i n  n i i ( ~  a t  thr  Wulter T<wd .\rmy Iiistitut(' of 
I<c-c:trc~li. lV:i4iiiigtoii, 1). ('.. :ire expressed in TahIc I 
:is per (wit -urvival it1011g v i t h  t h o v  of several of thc 

pondirig Huntc siilt' :timing othw conipouiidh. 
'I'li(- I)lio-l)li("'otliio:~t(,~ \ \ i t  11 t l i c ,  (>\wptioii of 18c 
i : t i i c I  13), \Iio\w(l gootl :tc.tivity (50 1004, 'urvii 31). 

\\ l i c ~ ~ ~ i -  tli(. ( * o ~ ~ s p ~ n d ~ i ~ g  thlo-tllt:it(+ I V ~ I Y '  1ioiiy)i.o- 

T ( V  t i \  (1 I\ i l l i  t h t ~  c~sc~clitioii 01 t l ic> hlightly p iv twt i \  ( 3  

oute n ere inc~)nsisterit. 

b. n=.i ii 
15a, t i  = .i 

b. 11 = 1 \ HBI-H ( 1  

18a, n = 2 
b. n = 3 
c.  n = l  

17a, I E  = 2 
b. n =I; 
c . n = . i  

braiic,lied-cliaiii analog 21d. 'I'hc striliiiig differciic~e 
between t'he phosphorothioates and thiosulfates in this 
series is somewhat surprising in view of t.he reported 
good :xtivity of both types of t,hioester when the sub- 
stituent is simply :t 2-aniinoethyl group.13 One of the 
outstanding yhosphorothioates in this series, 18b, is 
a structural relative of S-3-aminopropyl dihydrogeii 
phosphorothioa.te (13), which, however, showed oiily 
slight. activity. In  fact, the st'ructural r~iuire~nei i t , s  
for the high level of radioprotective activity observcd 
:iinorig the S-w-~w-:tminoalkylamitio)alliyl dihydro- 
g ' r i  p hosphoro thioat es examined here, i II ct hidi ng t h c 
branrhed-chain analogs 23a arid 23b, :Lppeiu to hc uii- 

usually hroitd, ~ V C I ~  for a series of closely related ~ i n i -  

~)ouiids. Thc effect of sutxdtution on terruiii:tl :iniiiio 

groups iii this seriw will he explored in later p;ipcrs. 

Experimental Section14 
2- (w-Aminoalky1amino)ethanols (1  a-e ).-~- ( ' I J l l l ~ O U l l d b  l a  ill I (  I 

l b  \\-ere obtained from commercial sources; le-e were prepaiwl 
from the corresponding a,w-alkanediamiues :ind cthyleiic ositlc 
by  an adaptation of the procedure of Pteck, d ai." 111 each cs- 
ample the ~noric.)hydl.o~yet,hylatetl pi~odricl wx- iso1:ited hy fr:rc,- 
tiorial didlat ion in m " o ;  re>iilts l i ~ t e d  lielow wfcr t 11 I,('- 

distilled prodnrts. The yield of IC, 111) !17-100" (0.10 nirrii : i t id  

TI *% 1.4800, was 2 5 ( ' ; ;  Id, bp 107-110° (0.10 m m )  : i t id  n% 
1.4S06, 2651; :tiid le, bp 1 18--120° (0.13 m i l )  (p:trt,ially strlidifictl 
after seccriid tiistillatiuii), 30:;. A i  i d .  ((:6?-T16x20, Icj C, 71, S.  
(CiHIXPIT20, Id)  C, TI, K. Although l e  FNP no1 obtained a i l -  

alytically pure, it was c~iiive~tecl in to  pure 2e. 
.~ ... .. 

(1.3) H. lIanben and l3. SGrtm, A r f n  Hadid . ,  66, 1.41 (lY6l). 
(14) Unless noted other\\ ise, lnriting points wit11 a range wBre detrrniineii 

with a Mel-Temp apparatus; those without a range, \vith a Kofler Heiabank. 
Ir  spectra mere determined with a Perkin-Elmer &lode1 521 spectrophotome- 
ter. Where analyses are indicated only by  symbols of the elements, analsti- 



March 1969 POTESTIAL ANTIRADIATION AGEXTS "39 

SCHEME IV 

I 
R - $ ~ ( ~ ~ l ) i ~ ~ 2  - H,N(CHL),NHCCH,Br2HBr NCH,CH,CN - I 

19a, R = H 
b, R=CHj 

CHI  
I 

20a, R = H 
b. R =  CH, 

I 
R 

22a, R = H  
b, R =  CH, 

1 

H,N(CHJ,NH~CH,SPO~H~ 
I NCCH,CHJH~CH,SY H,N(CHJ,NH~CH~SY 

1 I k k I 
R 

24a, R=HY=SO,H 21a. R = Y = H  23a, R =  H 
b.R=CH3;Y=H b, R=H; Y=SO,H b, R=CHJ 

d, R = CH,; Y = S03H 
C, R=CH,;Y=SO,H C, R=CH3; Y = H  

bNCH,CH,CN NCCHzCHzNHCHzCH2Br.HBr --+ NCCHPCH,NHCH,CH,SPO,HNa 
25 26 

3-(2-Aminoethylamino)-l-propanol (16a).-The procedure that 
follows is essentially that of Ishiguro and XIatsumura.16 A 
solution of ethylenediamine (26.4 g, 0.440 mole) and trimethylene 
oxide (25.0 g, 0.431 mole) in H20 (20 ml) was heated in a glass- 
lined pressure vessel a t  130-140" for 20 hr. The mixture was 
fractionated in DUCUO, and the fraction with bp 130-136" (14 mm) 
(16.3 g) was redistilled to give 16a as a colorless hygroscopic oil, 
bp 136-140" (14 mm), 25% yield (12.8 g) [lit.16 bp 146-149" 
(14 mm)]. Anal. (CsH14NzO) C, H; N :  calcd, 23.70; found, 
22.90. 
3-(4-Aminobutylamino)-l-propanol (16b).-Adaptation of the 

procedure described for the preparation of 16a led to 16b, bp 
128-130" (2 mm), in 297, yield. Anal. (C,H18N20) H; C :  
calcd, 57.51; found, 58.16. 
3-(w-PhthalimidoalkyI)-2-oxazolidinones (7a-c).-Compounds 

7b and 7c were each prepared by two methods represented below 
by typical examples designated methods B and B; 7a was pre- 
pared by method A only. 

7a.--A mixture of equimolar amounts of 4a and 
potassium phthalimide (66.9 mmoles each) in DMF (10 ml) n-as 
stirred at  95-100" (bath temperature) for 2 hr, diluted (H20, 70 
ml), and refrigerated overnight to give pure 7a, mp 158", in 94% 
yield (16.4 g). 

7b.-Similar treatment of 4b gave crude 7b (937, yield); one 
recrystallization from EtOAc gave an 80% yield of 7b, mp 101- 
103", suitable for use in preparation of 8b. An analytical sample 
of 7b had mp 105-106" (from EtOAc). Anal. (C14H~N204) C, H, 
1;. 

7c.--The crude product (SOYo yield) mas recrystallized from 
H,O to give pure 7c, mp 101-103", in 677' yield. Anal. (CIS- 

7b.-A solution of equimolar amounts of 5a and 6 
(81.1 mmoles each) in DMF (150 ml) was added dropwise during 
30 min to a stirred mixture of S a H  (3.24 g of 60y0 NaH in oil 
dispersion, 81.1 mmoles) in DMF (50 ml) maintained at  25". 
The result,ant mixture was st,irred at 25-30" for 18 hr. Removal 
of the solvent by distillation in vucuo (aspirator, bath temperature 
70-80') left a solid residue, which, when stirred with H2O (200 
ml), afforded crude 7b (76% yield). Recrystallization from 
EtOAc gave pure 7b (melting point and mixture melting point 
identical with that of the analytical sample prepared by method 
A )  in 509; yield (11.2 g). 

7c.-Following removal of the DhlF from alkylation of 6 with 
5b (69.0-mmole scale) essentially as described for 7b, the residue 
was stirred with PhNe (200 ml), and the mixture was filtered 
frorii NaBr. The filtrate wa* coilcentrated under reduced pres- 

Method A. 

Anal. (C13H12N204) C ,  H, K. 

HiSS204) C, H, N. 
Method B. 

(16) T. Ishiguru and bl. RIatsuniura, Yaluoahu Zasshz, 78, 153 (1959); 
Cliem. d b s l r . ,  53, 131630 (1959). 

sure to about 100 ml, and the clarified (Solit, Celite) PhlIe  
solution was diluted with 30-60" ligroin (400 ml) to precipit,ate 
crude 7c; subsequent recrystallization (HzO) gave 7c (527 , ) ,  
mp 100-102° (ir spectrum identical with that of the sample 
prepared by method A ) .  
Tetrahydro-2H-l,3-oxazin-2-one (11 ) vas  prepared from 3- 

chloro-1-propanol and KCNO using the reaction procedure of 
Phillips and Argabright.17 Because of difficulties with the re- 
ported purification procedure (involving successive recrystalli- 
zations from cold Me2CO) the crude oily product (from a run 
using 0.250 mole of 3-chloro-1-propanol) was distilled in uucuo 
(15-cm Vigreux column) to give a colorless oil (17.6 g), bp 126- 
128" (0.1 mm), which crystallized when cooled; recrystallization 
(EtOAc) gave 11, mp 80-83" (lit.I7 mp 82-83"), in 547, yield 
(13.6 g) ;  ir (KBr), 3265 (NH) and 1600 mi-' (C=O). In  sub- 
sequent runs, 11 of satisfactory purity was obtained by simply 
allowing it to crystallize from clarified (Norit, Celite) EtOAc 
solutions of the crude undistilled oil. 
3-(3-Phthalimidopropyl)tetrahydro-2H-1,3-oxazin-2-one (14a). 

--Alkylation of 11 with 5a using the same procedure as 
described for the preparation of 7b (method B) gave 14a, nip 
133-135" (recrystallized once from PhMe), in 62Yo yield. Bn 
analytical sample had mp 135-136' (from PhMe); ir (KBr), 
1775 (n-), 1710 (s) (imide C=O), and 1675 cni-l (carbamate 

3-(4-Phthalimidobutyl)tetrahydro-2H-l,3-oxazin-2-one (14b) 
was prepared from 11 and 5b by the same procedure as indicated 
for the preparation of 14a. Pure 14b, mp 146-148" (from PhXe),  
was obtained in 685& yield; ir (KBr), 1760 (w), 1705 (s) 
(imide C=O), and 1680 cm-l (carbamate C=O). Anal. 

3-Bromopropylamine Hydrobromide (12).-A solution of 11 
(1.00 g, 9.89 mmoles) in 30% HBr-HOBc (5 ml) was stirred at 
25-30" for 4 hr while extremely slow reaction occurred as evi- 
denced by evolved COP bubbling from a HzO-charged gas-absorp- 
tion trap. Gentle warming caused a marked increase in the rate 
of COP evolution. The solution n-as slowly heated to boiliiig 
duriiig 1 hr and was maintained under reflux for 10 min. The 
cooled solution deposited crystalline 12, which was collected 
with the aid of Et20 and washed thoroughly with Et20 before 
being dried in VUCUO (77', P2Oj). The yield of 12, mp 173-173' 
(lit. mp 169-172°18 and lilogC), was 100yo (2.17 9). The 
melting point, mixture melting point, and ir spectrum of this 
sample were identical with those of a sample of 12 obtained from 
a commercial source and purified for use in the preparation of 

C=O). A d .  (CiiH16N204) C ,  H, X. 

( C I S H I ~ X ~ O ~ )  C, H, N. 

(17) B. L. Phillips and P. A. Argabright, J. Heteroc&. Chem..  3 ,  84 (1Y66). 

(18) F. C. Schaefer, J .  dmer .  Chem. Soc.,  77, 5928 (1'3.55). 
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TABLE I (Continued) 

Compd Structure 
App1 ox Drug dnsr, Vehii,'e of IJH of 30-day 

LDm mg/kg mg/kgc admin prepn survival, %d 

D. Others 
13 HzN(CH2)3SP03H2 430 320 CMC-TW 5 . 5  17 

160 Water 5 . 5  13 
12.5 ChlC-TW 5 . 7 1 :5 
62.5 CMC-TW 5 .7 7 

26 NCCH2CH2NHCH2CH2SP03HNa .io0 200 Cl2 C-T w 6 .7  0 
100 C~IC,-TW 6 . 7  0 

a Antiradiation screening tests in mice against lethal radiation (823 R (X-rays) or 950-1050 R ( y  rays)] were performed at  Kalter 
* Rater of crystallization and charac- 

Drug injected intraperitoneally as 0.3-5.0G solution or suspension 15-30 
f Compound dissolved or SW- 

Reed Army Instit,ute of Research, Washington, D. C., under the direction of Dr. D. P. Jacobus. 
terizat,ion as hydrohalide salts indicated in parentheses. 
miii before irradiation. d No 30-day survival among control mice. 
perided i i i  physiological saline soliit,iori cont,aining 0.37, sodium r ~ r h o x ~ m e t h ~ l r r l l ~ ~ l o s e  and 0.1 7) Tween 80. 

e Physiological saline solution. 

13 by sncressive rerryctallizatioris from hIeCN and MeOH- 

N- [w- (~-Bromoalkylamino)aIkyl] phthalimide hydrobromides 
(8, 15) listed in Table I1 were prepared from the appropriate 7 
or 14 as illustrated by the following procedures. 

Sa and 8b.-A solution of 7a (39.5 g, 0.152 mole) in 307, 
HBr-HOAc (200 ml) was stirred at  25-30" for 21 hr. Et20 (700 
ml) \vas added, and the collected precipitate was recrysrallized 
from EtOH. Similar treatment of 7b afforded 8b, which was 
recrystallized from 957, Et,OH. 

8c, 15a, and 15b.-A stirred mixt'ure of 14b (20.0 g, 66.2 
mmoles) in 307, HBr-HOAc (125 ml) was gradually heated to 
reflux during 90 min. Following a 30-min reflux period, the 
mixture was allowed to cool, and Et20 (500 ml) was added; and 
the product was recrystallized from EtOH. Similarly obtained 
8c and 15a were recrystallized from MeOH and 95yG EtOH, 
respectively. 

N-(2-BromoethyI)-a,~-aIkanediamine dihydrobromides (2) 
were prepared from 1 essentially by the Cortese method.* The 
HBr remaining after the reaction period was removed under 
reduced pressure, and the crystalline residue was stirred with 
R2e2C0, collected, and recrystallized from hIeOH-hIezCO. 
Results are given in Table 111. 

N-(3-BromopropyI)-a,w-alkanediamine dihydrobromides (17) 
were prepared as follows with yields and characterizations being 
recorded in Table 111. 

17a.-A solution of 16a (12.8 g, 0.108 mole) in 487, HBr 
(500 ml) was refluxed 1 hr, then slowly distilled during 12 hr until 
400 ml of distillate had been collected. The remaining solution 
was evaporated to dryness under reduced pressure, and the solid 
residue was reprecipitated from hIeOH solution by addition of 

17b.-A solution of 15a (13.0 g, 32.0 mmoles) in 48% HBr 
(50 ml) and glacial AcOH (50 ml) was refluxed 17 hr, cooled while 
phthalic acid separated, and filtered. Removal of solvents from 
the filtrate by evaporation under reduced pressure left crystalline 
17b, which was purified by reprecipitation from MeOH solution 
by addition of Et20 followed by recrystallization from EtOH. 

C. 17c was obtained from 15b by the same procedure as 
described for the preparation of 17b. 
l-(4-Aminobutyl)aziridine (9b).-Pulverized IC (100 g, 0.280 

mole) was added in portions to stirred 207' KaOH solution (800 
ml). The st,irred mixture was refluxed for 1 hr and allowed t'o 
cool, and the two liquid layers were separated. The aqueous 
layer was extracted with three 100-ml portions of EhO; the 
dried (IlgSO4) Et20 solution was evaporated to an oil, which was 
combined with the organic phase from the reaction mixture. 
The crude product was dried (KOH) and fractionally distilled 
(Vigreiis column) to give 9b, bp 79-80" (20 mm) and 12% 
1.4.387, in 70yG yield (22.3 g);  purity by glpc was >99%. Anal. 
Calcd for CeHidN2: C, 63.11; H, 12.36; N, 24.53. Found: C, 
61.72; H, 12.03; N, 24.09. 

2-MethyI-1-aziridinepropionitrile (lSa).-2-Methylaziridine 
(100 g, 1.75 moles) was added dropwise to stirred acrylonitrile 
(93.3 g, 1.76 moles) preheated to 65"; the temperatnre was main- 
tained at 65-70' throughout the addition period and for about 1 
hr aftertvard by moderate cooling. Khen heat ceased to be 
evolved, the mixture was heated a t  70-75" for 2 hr. Fractiona- 
tion (30-em Vigwis coliimn) afforded 19a, bp 70-72" ( I O  mm) 

EtiO. 

A. 

B. 

A. 

Et2O. 
B. 

T ~ B L E  I1 

HYDROBROMIDES (8, 15) 
N- [W-(W-BROMO ILICYLAMIVO)hLKYL] PHTH iLIMIDE 

Yield, 5111, "C 
No. R dec Formula .4nah ses 

8a 82 190-192 C12HlaBrX202.HBr C, H, Br 
8b 82 225-227 Cl3Hl5BrN202.HBr C, H Br 
8c 94 229-231 Ci4H17BrN202.HBr C, H, Br, N 

13a 89 199-200 CllH17BrNL02.HBr C, H, Br, N 
I A b  91 392-106 Ci,HlsBr?i20i~J1Br C, T I ,  Rr, IL' 

TABLE 111 
?rT-(2-BROYOETHYL)-LU,w-ALK.kNEDISMINE DIHYDROBROMIDES (2), 
~-(3-BROMOPROPYL)-cY,W-ALKAKEDI.AMINE DIHYDROBROMIDES 

(17). AND N-(2-BROMOALKYL)-1.3-PROP.iNEDI.IMIKE 

No. 

2a 
2bc 
2c 
2d 
2e 

17a 
17b 
17cd 
22a 
22b 

Yield, 
% 
85 
80 
78 
86 
84 
81 
83 
79 
37 
54 

, I  

DIHYDROBROMIDES (22) 

Mp, oc 
174-176" 
205-206" 
200-201a 
183-185' 
17 6-1 7 sa 
144- 145 
243-245 
227-229 
211-212 
188-189 

Formula 

C4Hl1BrN2. 2HBr 
CSH13BrN2. 2HBr 
C6H15BrN2 .2HBr 
C7Hl7BrNz '2HBr 
CsHlsBrX2.2HBr 
CSH13Br?rT2 .2HBr 
C6HljBrN2 .2HBr 
C ~ H ~ ~ B ~ K Z  .2HBr 
C6H16BrX~ .2HBr 
C7H17BrN2. 2HBr 

Analyses 

C, H, Brh 
C, H, Br 
C, H, Br 
C, H, Br 
C, H, Br 
C, H, Br, X 
C, H, Br, N 
C, H, Br, N 
C, H, Br 
C, H, Br 

a Determined on a Kofler Heizbank. b Br: calcd, 72.89; 
found, 73.5. The sample prepared from l b  was not analyzed; 
it is identical (melting point, mixture melting point) with an 
analytically pure sample prepared in nearly theoretical yield by 
ring opening of 9a in the manner described for the preparation of 
22b. Pure 2b was also prepared in 92% yield from 8b using the 
procedure described for 17b. Also prepared from 16b in 625, 
yield using the procedure described for 17a. 

and n Z 4 ~  1.4368, in 807, yield (155 g). Anal. (C6HlO?u'?) H, N; C: 
calcd, 65.42; found, 64.82. 
2,2-Dimethyl-l-aziridinepropionitriIe (19b).--A solution of 

2,2-dimethylaziridine (100 g, 1.41 moles) and acrylonitrile (64.7 
g, 1.20 moles) was refluxed for 12 hr, the reflux temperature grad- 
ually rising during this period from 78 to 138'. Fractionation 
(30-cm Vigreux column) afforded 19b, bp 81-89" (11 mm) and 
n% 1.4419, in 63YG yield (94.2 9). An analytical sample, bp 
78-81' (10 mm) and n Z 7 ~  1.4406, was obtained in 19% yield 
employing the conditions described by Bestian for the preparation 
of 1-aziridinepropionitrile.6 Anal. (CvHlZNt) C ,  H, N. 
1-(3-Aminopropyl)aziridine (Sa), 1-(3-Aminopropy1)-2-methyI- 

aziridine (20a), and 1-(3-Aminopropyl)-2,2-dimethylaziridine 
(20b).-LiAlHr reductions of the appropriate nitriles (l-aziridine- 
propionitrile,6 lSa, and 19b) were performed according to a general 
procedure desrribed by Amundsen aiid Nelson.lg Piire Sa, 

(1Y) I.. 11. Amiindsen and  1,. S. Nelson, J .  Aff ier .  Chem. Sor. ,  73, 212 (1951). 



tip 58-ijO0 (1') m n i )  [ l i t . G  tip 61-63" (19  m n i ) ] ,  u-as rhtailietl i i i  

:38(;, yield. The yield of 20a, hp 72-75" i-10 nirn) :iiid n?;! l i  

I ,4466, waa tisc> n i i d  that of 20b, bp 84-86" (30 rnn)  arid n2;1) 
1.4185, wis  74';. .Inal. (CGIIIJS., 20a) c'. Fl: S. IC;ITlfiN?. 
20b) C, €I, S. 

N-(2-Bromo-l -methylethyl)-1,3-propanediamine dihydrobro- 
mide (22aj was prepared by dropwise additiciii of 20a (26.0 g, 
0 .2X  mole) to stirred 48(-; HBr (105 ml) maiiitained at  - 5  i r r  
0'. The clear ,-oliitiori was evaporaied to  dryiie.+ wider reduced 
pre.*siire wit,h the aid of several added portioiis of  1IeOH. The 
residual giim was stirred with boiling EtO.lc (1 I. j for 1 hr, aiitl 

talline 22a formed while the stirred mist lire \va5 allo\ved to 
c.oiil. The crude material TVW collected, dried (in z~aciio, SO", 
Pdk), and  recrystallized from i-PrOH (1.5 1.) to give p w e  22a. 
Result> are re(-orded in Table 111. 
N-(2-Bromo-l,l-dimethylethyl)-1,3-propanediamine dihydro- 

bromide (22b) (see Table 111) was prepared by HBr ring opening 
of 20b in the manner described ftrr 22a from 20a. Follon-ing 
evaporation to dryneis, the solid residiie \vas stirred with Me,CO. 
The collected, MezCO-insoluble solid \vas purified by oiie re- 
crystallization (MeOH-hIerCO) follon-ed by tvio reprecipitatioiii 
from MeOII solutioii by addition of Etd) 

S-2-(w-Aminoalkylamino )ethyl Hydrogen Thiosulfate Hydro- 
chlorides (loa, lob).-The folloaiiig des(-ription of the prepara- 
tion of 10b is typical of the procedure used: result3 are recorded 
i n  Table IV. -4 eoliition of 9b (1.90 g, 16.6 nirnoles) and (S€L):- 
S 2 0 3  (2.46 g, 16.6 mnioles) in  II,O (10 mlj K:I> evaporated (aspi- 
rator) diiriiig 1 hr in a bath gradnallg heated t o  90". Litst trace9 
of  volatile material were then removed in tncuo (1 nirnj at' 60' 
( : H I  niin). The residual syrup \vas diwilved in 1110 ( I O  1111 1, 
:iritl  the solution was treated with I. X I1Cl (16.6 meqiiiv). The 
re,siiltant soliition of 10b vias evaporated to dryness, final roii- 
ditioiis beirig 1 mm, 60". 1)rvirig iTar completed in z'n('uo :It' 
'I.i-:30° over PLO,. 

S-2-r 6-Aminohexvlamino'ie thvl Hvdroeen Thiosulfate Hydro- , _  . -  
bromide (lo~).--& solution of eqiiimolar amoiints of Sak%(l.~. 
511L0, St1OAc.3I1~0,  and 2e (40.0 inmoles each) in FLO (40 nll) 
:itid 1 ) l I F  ( 2 0  r i d )  was kept :it 25-~:30" f o i ~  2 h i ,  aitd then at 90- 
100° [or 1 hi.. dolveiitc were removed i i i i t fe l .  i,ediieed prewi~~'c,. 

; ~ r l t l  the resitlile was dissolved i i i  boiling I3;tOH iaboiit. ,500 ml). 
('rystalliite mnterisl that separated during :I 4-day period wti- 
c ~ o l l r i ~ ~ e t l  :rnd recrystallized agaiii f r i m  E:tO€I. The material 
<ilit:iiiiecl, iiow pale-yellow, was dissolved in  boiling AleOH; the 
hot s i~l i i t ion was decolorized (Xorit, Celite), then evaporated 
iliider rediiced preasiire t o  a cmlorless ip, which crystallized 
i,cwlily when stirred with warm iT,O" j OH 1100 ml) to give 
piire 1Oc (dried in vucuo, 25-30', PLUS) iTable I17). 

53-2- (3-Aminopropylamino)propyl Hydrogen Thiosulfate (21 b j 
and S-2-(3-Aminopropylamino j-2-methglpropyl Hydrogen Thio- 
sulfate (21d) Hydrochlorides.-The foIlii\viiig procediire for the 
pwparaiion of 2lb.HCI is illustrative: resiilts are given in Tahle 
11'. A solution of 20a (2.67 g, 2X.4 mmoles) and ( S H a ) p S d ) s  
(:(.XI g, 22.3 mmoles) in H P O  ( I 5  nil) was evaporated during 1 h r  
inspirator, 35' bath). The residiial syrup w i s  redissolved in 
T I 2 ( )  i I5 rnl) ,  aiid evaporation uiider t,he same conditions was 

The residiie \vas then riibjected to 0.2 mm, bath tem- t ~ l .  
i i i 'e  1i)O". The pasty rc-itfiw \\:is t l i s ~ ( ~ l ~ c d  i l l  1 1 2 0  (15 1111 

:itid I .Y I I C 1  (22.:; mri~riiv) \vas added; 21b.ITC'l  is th1.11 iwI-  
kited iii the bame way as 10b described above. 

h solution of 19a (2.89 g, %.,3 mrnoles) and (SH,) 
25.0 niiiioles) iii I Id)  (1.5 nil) \vas evaporated (as 
temperatiire 40"). .I solutioii of the residue in H,O (13 m l )  n.:ia 

:igaiii evaporated to dryiiess. and the product mis fiirther pul~ified 
liy reprecipitatioit irmn FTIO with EtOH. Resiills :ire incliidivl 
i l l  Table Ii-. 

-Cyanoethylamino)-2-methylpropyl hydrogen thiosulfate 
e Table TI7) \\-:is Ii1,epared from 19b by esseiitiallg t h e  
cediire ah dc-c,ril)etf for  24a rscepl that  24c \vx,< rwi,y*i:il- 

lized from 1leOH. 
2-(3-Aminopropylamino)-l -propanethi01 (21a), 2-(3-Aminopro- 

pylamino)-2-methyl-l-propanethiol (2lcj Dihydrochlorides, and 
3-~2-Mercapto-l,l-dimethylethylaminojpropionitrile (24b) Hy- 
drochloride.--Preparatioii of these compoiiiitis iiivolveti r12S 
ring opening of  the appropriate aziridiiie 20a, 20b, 01' 19b. 'l'hc 
procediire for prepariiig 21a.3HC1 in illiirtrativc~. I IeUII  i-' 
nil) was 9atiirated with €12S a1 - 10'. A do\<- stream 11 
\vas passed through the stirred wliitioii Ivhile 20a i3.00 g, L ' I  
nimoles ) was added diqmise. The r e d  
:it - . 5 O  for 30 miri niid then refrigerated ( 
iii  :i securely stoppered flask. The d i t  

S-2-i2-Cyanoethylamino)propyl Hydrogen Thiosulfate (24a). 

S, SfI. The yield of 24b.€IC'I, nip 163', w i s  72"; (from 24.2 
riiinoles of 19b, 25.4 in? of IlC1 heing i i w i l  I. . I / { ( I ' .  
IC?FII4S?S.IICl) ( '> II> N, Y : c,Rlcd, 16.98; f o l i r l d ,  15.!). 

I 3). -The g e i i p l  i,eac.tiuii puic 
described hy .\lterfeldtY~' foi .  t h  
] K J i i n t i S .  .I ,hrreci par t ia l  siiliitioii of  I\;a3PSU,! iii TIIO f I n i l  

ininole of XiipPSOp) W:IS f.rratec1 wiih the appropriate 2 (:! 6 
mole c; escess). \Vlieii dn t io l i  w:ts complete, l ) l IF  ( ( ~ i i ( ~ - l i : i l ~  

the volume of 1 1 2 0  i iced' i  wis added with esieriial cwoliiiy: 
the  reaultitrir soliitioit \v:is kept :it 25-30° uiitil the AgNOi ti+I 
for  rinchanged I'SO:j'3 --9', was iiegative. Isolation pro(w1iiw- 
iised for the iiitiividiitil rsirniples listed in Tab 

3a was the only ~neri i l )er of the 3 series that cr 
from the re:ic.iioii xrlittioli. The solid was 
(31eOH-I-IJ3, 4: I liy v( i l ) ?  then dissolved ( J I s O ,  400 r i l l  I a.iid 

it ioii n f  LIeOH ! 1 I . ) .  Followiilg ovc-imiylit 
liiir 3a \v:iq d l ev te t i ,  \whhfd OTeOFI. 

3b.---I)iliitioii of the miction w<i l r i t i c i i i  with I I ( 4 ) I l  (2:O 1111 j 

wiiised prei4pit:iiioii ( i f  white solid; followiiiy ovc'riiight r(1- 

Frigeratiiiii, the  .oliil \v:ib collrc~tcti, rlis~olvetl ! 11.0. 1111 

S-2-!w-Aminoalkylaminoj 
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and reprecipitated with MeOH (250 ml). The collected solid 
was washed (IbleOH, EtzO), and air dried. 

3c was precipitated by addition of hleOH (175 ml), repre- 
vipitated from H20-MeOH, then dried in vacuo (PZOj) for about 
3 min at  80" followed by several hours a t  25-30'. This material 
showed no tendency to gain weight when exposed to anibieiit 
conditions. 

3d.--RIeOH (200 ml) was added to the reaction solution, but 
no precipitate formed. EtOH (200 ml) was then added, and a 
white, somewhat gelatinous solid formed. After overnight re- 
frigeration the solid was collected, washed (MeOH), and then 
stirred with hleOH (200 ml) for 1.5 hr. The solid that remained 
was collected, dissolved in HzO (20 ml), and reprecipitated by 
addition of MeOH (100 ml) followed by EtOH (100 ml). After 
refrigeration (18 hr), the solid was collected, washed (MeOH), 
and dried in VUCUQ (80', PZOS). Marked shrinkage occurred 
before the sample came to constant weight (6.20 g). Equil- 
ibration with ambient conditions caused a weight increase (to 
6.62 g). 

3e-Essentially the same procedure as used in the isolation 
of 3b sufficed. 

S-3-Aminopropyl dihydrogen phosphorothioate (13), mp 293- 
295" dec, was prepared in 367, over-all yield via its uncharacter- 
ized monosodium salt (from 12 and Ka3PS03) using the methods 
described for the S-2-aminoethyl homologgb (Aikerfeldtgc has 
described preparation of the monolithium salt of 13). Anal. 

S-3-(w-Aminoalkylamino)propyl dihydrogen phosphorothioates 
(IS), which are included in Table V, were prepared as follows. 

18a.-A stirred solution of Na3PS03 (3.60 g, 20.0 mmoles) and 
17a (6.86 g, 20.0 mmoles) in H20 (20 ml) was treated with D M F  
(10 ml), and stirring was continued 1.5 hr while crystalline 18a 
separated. Addition of EtOH (200 ml) followed; the collected, 
EtOH-washed precipitate was redissolved in H20 (50 ml), then 
reprecipitated by addition of MeOH (-35 ml to cause incipient 
cloudiness). Crystalline 18a that separated during refrigeration 
was collected, washed (MeOH-H20, EtZO), and air dried. 

18b.-A solution of equimolar amounts of 17b and Na3PS03 
(10.0 mmoles each) in H20 (10 ml) was kept at 25-30' for 2 hr, 
then stored overnight in a refrigerator (-4"). The still-cold 
solution was stirred while D M F  ( 5  ml) was added, and crystalline 
18b separated immediately. EtOH (100 ml) was added, and 
the solid was collected, washed (EtOH), redissolved in HzO 
(60 ml), then reprecipitated by addition of EtOH (50 ml to 
cause incipient cloudiness). Following refrigeration, the lus- 
trous platelets were collected, washed (EtOH), and dried in vacuo 
(25-30', NaOH pellets). 

18c.-A stirred solution of Sa3PS03 (2.70 g, 15.0 mmoles) 
and 17c (5.60 g, 15.1 mmoles) in H20 (15 ml) vas  treated with 
DMF (7.5 ml). The resultant solution was kept a t  25-30' 
for 2 hr, then added dropwise to rapidly stirred EtOH (450 ml). 
The solid that separated Ras collected, washed (EtOH), then 
suspended in rapidly stirred NeOH (25 ml). H20 (-15 ml) 
was added slowly until nearly all of the solid had dissolved. 
Nore RleOH (50 ml) was then added causing crystalline product 

( C ~ H I ~ N O ~ P S )  C, H, N, P, S. 

to separate. The collected material was washed (XIeOH) and 
dried in vacuo (25-30', Pz05). Equilibration with ambient 
conditions ( 4 0 %  relative humidity) caused a weight increase 
(from 2.60 to 2.81 g). 
S-2-(3-Aminopropylamino)propyl Dihydrogen Phosphorothio- 

ate (23a).-Solid 22a (5.25 g, 14.7 mmoles) was added to a stirred 
solution of Li3PSO3 6H20 (3.36 g, 14.0 mmoles) in H,O (28 ml), 
and, after solut,ion was complete, DMF (14 ml) was added. The 
solution was kept a t  25-30' for 40 min and then poured into 
EtOH (400 ml). Solvated 23a separated as an opaque gum. 
The supernatant was removed by decantation, and the gum 
was dissolved in H20 (50 ml). The solution was added dropwise 
to rapidly stirred EtOH (500 ml), but the solvated product again 
separated as white opaque gum. Following removal of the su- 
pernatant, the residue was dissolved in H20 (20 ml); EtOH 
(50 ml) was added to the stirred solution. After a few minutes 
of rapid stirring, the cloudy mixture began depositing crystalline 
material. More EtOH (450 ml) was added, and st,irring was 
continued 1 hr. The crystalline product was collected, washed 
with EtOH followed by Et20, air dried (3.04 g), and equilibrated 
at, constant S870 relative humidity4 (equilibrated weight, 2.97 9). 
Results are included in Table I-. 
S-2-(3-Aminopropylamino)-2-methylpropyl Hydrogen Phos- 

phorothioate (23b).-A solution of 22b (4.45 g, 12.0 mmoles) and 
L&PSO3.6H?O (2.88 g, 12.0 mmoles) in HzO (12 ml) was stirred 
at  25-30' for 30 min. DMF (6 ml) was added, and, after 15-20 
min, the solution began depositing crystalline product. The 
mixture was refrigerated overnight, EtOH (60 ml) was added, 
and the precipitate was collected, washed (EtOH), redissolved in 
H20 (20 ml), then reprecipitated by addition of EtOH (100 ml). 
Hydrated 23b was collected, washed (EtOH, EtZO), air dried 
(3.18 g), and equilibrated at 58% relative humidity4 (equili- 
brated weight, 3.21 g.). 
S-2-(2-Cyanoethylamino)ethyl Sodium Hydrogen Phosphoro- 

thioate (26) Tetrahydrate.-A mixture of equimolar amounts of 
25 and Na3PSOs (40.0 mmoles each) in H2O (40 ml) was stirred 
until solution had occurred (20 min). DMF (20 ml) was added, 
and the solution was stirred at 25-30' for 1 hr. Dropwise addi- 
tion of EtOH (150 ml) with chilling (ice-water bath) and con- 
tinued stirring caused separation of hydrated 26 as a white solid, 
which %vas collected, redissolved in  HZO (40 ml), and reprecipi- 
tated by addition of EtOH. The collected product \vas washed 
(EtOH, EtzO) and air dried; yield 81% (9.85 g). Anal. 
( C ~ H I O N ~ N ~ O ~ P S . ~ H ? O )  C, H, S; N:  calcd, 9.21; found, 8.62; 
P: calcd, 10.18; found, 10.6. 

Results are included in Table V. 
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