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Compounds of the type H03SSCH2CH2SH( CH,),,Nr-I:H,CH,SSO,H ( I r ,  n = 2-6) and MHOaPSCH,CH2NH- 
(CHz),NHCH,CHzSP03HlI (TI, n = 2, 11 = Li; n = 3-6,lI  = Na) were prepared from the bromo mustards 
BrCHzCHzNH(CHz),XHCH,CH,Br .2HBr (IT, n = 2-6) for evaluation as radioprotective agents. Four of t,he 
key intermediates IV ( n  = 3-6) were prepared via a facile route involving treatment of N-(2-hydroxyethyl)-p- 
toluenesulfonamide with cup-dibromoalkanes followed by detosylation of the resulting N,N'-polymethylenebis- 
[N-(2-hydroxyethyl)-p-tol~ienesulfonamides] (111, n = 3-6) with concomitant bromodehydroxylation in reflux- 
ing 487, HBr. Blocking of the amino groups was essential in the steps leading to IV ( n  = 4 and 5 )  in order to 
preclude competitive cyclization reactions. Treatment of IV with appropriate thioanions afforded V and VI. 
Two of the phosphorothioates F-I ( n  = 3 and 4) showed good radioprotect'ive activity. 

S-2-Aminoethylthiosulfuric acid? and the corre- 
sponding phosphorothioic acid3 have been reported t'o 
protect mice against lethal doses of radiation. N,N'- 
Polymethylene bridging of two like units of t'hese com- 
pounds was undert'aken for evaluation of the effect 
of such combination on their radioprotective proper- 
ties. 

We considered N,iY'-bis(2-bromoethyl)-a,w-alkane- 
diamine hydrobromides IV (n = 2-6), which niay be 
derived from the corresponding 2,2'-(polyniethyl- 
enediimin0)diethanols I (n = 2-6), to be the internie- 
diates most practicable for general preparations of both 
V and VI. Group I compounds (n = 2,3 ,6)  have been 
prepared from 2-aniinoethanol and c~,w-dihaloalkanes,~~5 
but' I (n = 4, 5) ca'nnot be satisfactorily obtained in 
this manner because of preferential cyclization to 
pyrrolidine and piperidine derivatives as previously 
encountered in the synthesis of putrescine and cada- 
verine  mustard^,^ the chloro analogs of IV (n = 4, 5 ) .  
These mustards were eventually constructed from the 
diamines by a five-step process in which protecting N- 
benzyl groups, introduced by benzaldehyde Schiff 
base formation and hydride reduction before hydroxy- 
et'hylation, were removed by hydrogenolysis in the 
final step after chlorodehydroxylation; alternative 
reversal of the last two steps, not preferred as a route 
to the mustards, satisfactorily provided I (n = 4, 5) 
as interniediat'es.5 

Our approach to t'he preparation of the bromo 
mustards IV (n = 4, 5) involved protection of the 
amino groups by tosylation, which permitted in situ 
combination of steps and made the isolation of I 
(n = 4, 5 )  unnecessary. The reaction sequence t'hat' 
evolved from this investigation consisted of t'wo steps: 
(1) alkylation of S-(2-hydroxyethyl)-p-toluenesulfon- 
amide (11), which was prepared in  situ, with (Y,w- 

dibronioalkanes in diniethylfornianiide and potassium 
carbonate as base; and ( 2 )  detosylat'ion of the resulting 
N,iY'-polymethylenebis [?$-(2-hydroxyethyl)-p-toluene- 
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sulfonaniides] (111, n = 4, 5 )  with concomitant bromo- 
dehydroxylation in refluxing 48% hydrobromic acid 
(see Scheme I). The facility and convenience of this 
method prompted its application to the preparation 
of IV (n = 3, 6), even though preclusion of competing 
cyclization reactions was not required in these in- 
stances. The intermediates 111 (n = 3, 5) were iso- 
lated as oils and used without further purification, 
since their infrared absorption spectra compared favor- 
ably with those of pure, crystalline homologs I11 (n = 
4, 6). The attempted preparation of IV (n = 2 )  by 
this method failed in the first step. Alkylation of I1 
with 1,2-dibromoethane under the conditions de- 
scribed gave the cyclized product 4-(p-tolylsulfonyl)- 
niorpholine (VII), which was at first mistaken for the 
expected 111 (n = 2 )  because of melting point coin- 
cidence (see Experimental Section). The identity of 
VI1 became apparent when niorpholine hydrobroniide 
(VIII) mas isolated following an attempted conversion 
of the alkylated product to IV (n = 2 )  by the action of 
refluxing hydrobromic acid. Pmr spectroscopy aided in 
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Molar 
n scale 

3 0.445 
4 0,308 
5 0.268 
6 0.332 

Scale 
(mmoles Yield, 

TABLE I1 
X,N’-BIS( ~-BROMOETHYL)-~,U-ALKANEDIAMINE DIHYDROBROMIDES ( I V )  

BrCH2CH2NH( CH2),KHCH2CH2Br. 2HBr 
--‘7c hydrogen- 

7” Alp, ‘C dec Formula Calcd Found Calcd Found 

29 255-258 C7H16Br2?: 2.2HBr 18.68 18.89 4.03 4.18 
262-264 C8H18Br2N2 .2HBr 20.71 21.02 4.35 3.92 

45 241-243 C9H2aBr2K2. 2HBr 22.61 22.78 4.64 4.77 
26 249-251 CloH22Br2N2~ 2HBr 24.41 24.55 4.92 4.76 

Yield, --% carbon- 

-. 
43 

TABLE I11 
N,?; ’-POLYMETHYLENEBIS( S-2-.~MINOETHYLTHIOSULFURIC ACIDS) (I7) 

HOaSSCH2CH2KH( CH,),KHCH2CH2SSOaH 

--% carbon- 7% hydrogen- --Yo nitrogen- 
n of 11) % MI), “ C  dec Formula Calcd Found Calcd Found Calcd Found 

2 34.4 6<5 a CsHi6h7;20&.2H20 19.13 19.44 5.35 5.18 7.44 7.43 
3 1 . 6  91 185-187 CiHisx206S4 23.71 23.84 5.12 5.20 7.90 7.73 
4 44.2 74 214-217 CsH2ox2OsSc 26.07 25.96 5.47 5.26 7.60 7.45 
5 20.9 74 214-216 C9H22x206S4 28.26 28.27 5.80 5.89 7.32 7.03 
6 10.2 70 194-197 CioH,r”,O& 30.28 30.51 6.10 6.05 7.06 6.96 

a Indefinite from 110”. 

TABLE I V  
S,rU”-POLYMETHYLEKEBIS( S-%-&MINOETHYL SODIUhr HYDROGEN PHOSPHOROTHIOATES) 

KaHO3PSCH2CH2NH( CH2),NHCH2CH2SP0,HKa (VI) 
Yield, 7% carbon- 

n % Formula Calcd Found 

3 88 CiH18N2Na206P2S2.8H20 15.50 15.15 
4 86 CsH20NzNanOsPzSz.8H20 17.27 17.37 

6 86 C10H24~21ja206P2S2 .8H20 20.55 20.56 
a % Sulfur. 

<5 89 CgH2zN2Na20sP2S2.7H20 19.57 19.65 

that separated crystallized within a few minutes. Two recrystal- 
lizations from water followed by drying in vacuo at  room tempera- 
ture affordedpure V ( n  = 2) as a dihydrate. 

V ( n  = 3).-A solution of IV (n = 3)  (0.71 g, 1.6 mmoles) 
and sodium thiosulfate pentahydrate (0.79 g, 3.2 mmoles) in 
water (1.6 ml) was heated at  90-95’ for 1 hr. Ethanol (16 ml) 
was added to  the cooled solution, and the colorless syrup that 
separated soon crystallized. Reprecipitation from water (2 ml) 
solution by addition of ethanol (20 ml) afforded pure V ( n  = 3)  
(dried in vacuo a t  room temperature). 
C. V ( n  = 4-6).-A solution of IV ( n  = 5) (10.0 g, 20.9 

mmoles) and sodium thiosulfate pentahydrate (10.4 g, 41.8 
mmoles) in water (20 ml) was refluxed for 1 hr. The crystalline 
precipitate that separated when the mixture was chilled was 
collected and recrystallized from water to yield pure V ( n  = 5) 
(dried in vacuo a t  room temperature). 

Trilithium thosphorothioate hexahydrate was prepared by the 
procedure of Akerfeldt,ec who obtained a 5.5 hydrate but did not 
clearly describe the conditions used to attain constant weight. 
The prepared sample was found to undergo slight weight changes 
with respect to changes in ambient relative humidity, but analy- 
sis immediately after equilibration a t  constant 58% relative 
humidity10 indicated a hexahydrate. 

Anal. Calcd for Li3PS03.6H20: P, 12.91; S, 13.36. Found: 
P, 12.8; S, 13.6. 
N,N’-Ethylenebis(S-2-aminoethyl Lithium Hydrogen Phos- 

phorothioate) Tetrahydrate (VI, n = 2, M = Li).-Trilithium 
phosphorothioate hexahydrate (9.60 g, 40.0 mmoles) was dis- 
solved in water (80 ml), and N,N-dimethylacetamide (20 ml) 
was added. Solid IV (n = 2) (9.15 g, 21.0 mmoles) was added to 
the magnetically stirred solution followed by more N,N-dimethyl- 
acetamide (20 ml). After the solution had been stirred a t  room 
temperature for 1.5 hr, ethanol (250 ml) was added causing sepa- 
ration of a white gum. The supernatant was removed by de- 
cantation, and the gum was stirred with two 100-ml portions of 
ethauol. The now virtually solid crude product remaining 
after decantation of the ethanol was dissolved in water (60 ml), 
and the solution was treated with Norit and filtered through 
Celite. The colorless filtrate was added dropwise to magneti- 
cally stirred ethanol (600 ml). The white solid that separated 

B. 

-Yo bromine- 
Calcd Found 

71.05 71.0 
68.89 68.1 
66.75 66.8 
64.98 64.5 

--yo sulfur- 
Calcd Found 

34.06 34.5 
36.18 35.9 
34.80 34.8 
33.53 33.0 
32.34 32.2 

-% hydrogen- -% nitrogen- -yo phosphorus- 
Calcd Found Calcd Found Calcd Found 

6.32 6.33 5.17 5.03 11.42 1 1 . 0  
6.52 6.59 5.04 5.03 11.53“ 11.4a 
6.57 6.38 5.08 5.06 11.21 11.2 
6.89 6.64 4.79 4.70 10.60 10.7 

was collected, washed successively with ethanol, methanol, and 
ether, and suction dried under nitrogen pressure. Equilibra- 
tion in a 58y0 relative humidity hygrostat’o afforded VI (n = 
2, M = Li) in 807, yield (6.75 g). 

Anal. Calcd for CeHlsLi2N20eP~Sz.4H20: c, 16.99; H, 5.71; 
3, 6.61; P, 14.61; S, 15.12. Found: C, 17.26; H, 5.72; N, 
6.42; P, 14.99; S, 15.27. 

N,N’-Polymethylenebis(S-2-aminoethyl Sodium Hydrogen 
Phosphorothioates) (VI, n = 3-6, M = Na).-To a stirred partial 
solution of trisodium phosphorothioate (9.00 g, 50.0 mmoles) 
in water (50 ml) was added the appropriate I V  (25.0 mmoles). 
After complete solution had occurred (20-30 min), dimethyl- 
formamide (25 ml) was added. Stirring a t  room temperature 
was continued for 1 hr while the product partially separated. 
The mixture was then chilled in an ice-water bath while more 
dimethylformamide (50 ml) was added dropwise to cause com- 
plete precipitation of the product. After the resultant mixture 
had stood overnight in a freezer, the crude product was collected 
with the aid of ethanol and was washed thoroughly with ethanol. 
The suction-dried material was dissolved in water (about 60 ml) 
a t  room temperature, and the solution was treated with Norit 
and filtered through Celite. Ethanol (about 350 ml) was added 
dropwise to  the chilled (ice-water bath) colorless filtrate with 
vigorous magnetic stirring. The hydrated white crystalline 
precipitate that formed was collected, washed with ethanol and 
ether, and suction dried on the funnel. Equilibration a t  58% 
relative humidity’o afforded the products listed in Table IV. 
4-(p-Tolylsulfonyl)morpholine (VII). A. From 11.-Proce- 

dures A and B were designed for the preparation of I11 ( n  = 2), 
but the products so obtained were later identified as VII; the 
reported melting point (144’) of I11 (n = 2), prepared by the 
sodium ethoxide promoted reaction of N,N‘-ethylenebis-p-tolu- 
enesulfonamide with ethylene oxide,” coincides with that of 
1711. A stirred mixture of 1 1 x 2  (6.88 g, 32.0 mmoles), anhydrous 
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