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N- Substituted S-2-Aminoethyl Thiosulfates as Antiracliatioii Agents' 

Ail extensive series uf N-substituted derivatives of S-2-:tmiiioethyI thiosulfate hi,+ beeti prepared f u r  the piupose 
of fiiidiiig a useful radioprotective agent. Cycloalkylalkyl, cycloalkylalkyloxyalkyl, cycloalkyloxqalkyl, aralkyl, 
xiid aryloxyalkyl groiiph were included as substitueiits oil iiitrogeii. The length of the liiiear alkyl group separat- 

Branched chaiiis also were used 
RS iliuiilating groups. hlkylaiioii of H-2-amitloethyl thiosulfate with alkyl halides was iihed extensively, :d- 
thorigh alkylatioiis with epoxides aiid a tosyl ester also were employed. Other pieparatioils of iriteriial Biiiito 
d t s  utilized iii thii work iiiclride oxidatioli of disiilfidea with sulfite ioti atid reactioti of N-substit rited arniiioethyl 
halides with thiosulfate ioti. Iiitermediateh for the alkylatioti react iotis uere prepared by v:~i(iris cwiveiitioti:iI 
iiiei hodh. irirlridiiig iiiiniero1ib c.h,ziti-letigtheuiiig aird chain-braiichi:ig react i o i i h .  Aiitiradiat ioii activity iii ri1ir.c 
hab been fouiid throughorit the ,>wies, :tiid it is appareiit that severid (wmpoiitid* caii he admiiiistered i o  obtaiti it. 

good radioprotective efi'ect :it one-tenth to one-fifteenth of toxic (LDjo) dobe?. Activity by oral adiiii,iistrHtic)ii 
also was obtained for some comporuids. 

lic portion from the amiiie n-as varied from zero to tiiiie carbon atoms. 

It i. apparent from recent reports2 that less toxic anti- 
radiation agents are needed. We discovered that S- 
cyclohexylalkyl substitution of  S-2-aminoethyl thio- 
sulfate results in radioprotectant. lmving a larger mar- 
gin of .afety than can be obtained by ordinary alkyl 
bubstitutioii. Variatioii of the vbi t i tuent  011 nitrogen 
follon-et1 We replwed the cyclohexyl group with 
cyclohutyl, cycloperityl, atid cycloheptyl group?. The 
length of the insulating linear alliyl group \vas increased 
to tiiiie carbon :itom arid decreaged to the point of 
\imply having S-cycloalkyl derivative>. 

Sitrogen sutjstitutioti by :Llicyclic ethers :~nd variou- 
:iralkyl arid ~~7loxy:llkyl g r ~ u p s  alm ere included iii 

utly. Compourid. 1i:tviiig br:inchetl chains x u  in- 
ig g r o u p  were prepared for t hc cycloalbyltilliyl 

Ycriey :iricl hoth aromatic .erie\. The tive general 
cla-se. of cornpound. prcp~retl  are repreientecl belon.. 

n 
R =  (CH ) CH-alkyl- (Table I) ,  0 
n 

(CH,),,CH(CH,),,,O(CH,),, - (Table I1 J, u 
alkyl- (Table III), 

A 

e o - a l k y l -  (Table IV), 
A 

and miscellaneous substituents (Table V). 

Uuiitc salts isolated as final products were prepared 
priricipally by alliylatiori of sodium S-2-aminoethyl 
thiosulfate v-ith alkyl  halide^.^ Alkyl chlorides used 
iii the alliylation reactions were prepared from the cor- 
responding alcohols arid thionyl chloride, with or with- 

(1) This in\-estigatiop n.as supported b y  the U. S. Army Medical Research 
and Development Command, Contract S o .  D.l-49-lY3-MD-2306. W e  
appreciate the interePt, and support of Dry. D. 1'. .Jacol,us and T. R. Sweeney 
of Yalter Reed . \ r iny Institute of liesearrii. 

( 2 )  \V. U. Fuse in "Annual Reports in Jfrdicinal Chemistry. 1965,'' C .  K. 
('ain. Cd.. Academic Press Inc.. S e i v  I-ork, N. Y . ,  1Y66, Chapter 30. 

( 3 )  .i series priniarily of S-alk5-I derivatives of d-2-arninoethyl tliiosulfatc 
liab lieen reported, I )u t  no antiradiation data nere given: D. L. Klayman and 
LV. F. Gilmore, .I. .Wed. Chem.,  I ,  823 (1964). 

out pyridine. Phosphorus trihroniide in the presence 
of up to  0.33 molar equiv of pyridine \vas uhed to pre- 
pare primary alkyl bromides from the corresponding 
alcohols. For the bromides reaction conditions varicd 
from 13 hr at room temperature to 4 hr a t  100". (;en- 
erally, better yields of alkyl bromides were obtairicd 
using higher reaction temperatures, providirig the coni- 
pounds are stable t o  these conditions. Lower tetnpera- 
tures frequently resulted in appreciable formation of 
phosphate ester. 

Throughout thiz work it xva. necessnry to  lerigthcti 
carbori chains of intermediates leading to :&yl halide5 
1)y one-, two-, or three-carbon fragment.:. Reaction of 
(;rignard reageiits 11 ith C 0 2  served to cxtend a chaiii 
113' oiie carbon :itom. Reaction of Grignard reagcnt5 
with ethylene oxide mi. the most direct route uhed for 
the addition of :L two-carbon fragment, dthough the 
method suff err from the disadvantage of giving several 
hide product 5 . 4  The more conventional and less direct 
:ilkylatioti of diethyl malonate served to  extend a chaiti 
hy two carbon atom.. .I three-carbon fragment !vas 
c.oiivc>iiieiitly introduced by the  addition of a Grignard 
reagent to trimethylene 0xide.j 

l'rcparation of alkyl halides having :I cyc10:ill~yl grollp 
attached to u hr:itichetl carbon chain was accoinplishd 
t q -  firht performing n Reformatsliy reactioti between :1 

c.yclodkuiionc~ or ;in appropriat c uldchyde atid :in u- 
t)roino (.st er. r)c~hydrntitrri : u ~ d  reduction reactions of 
t hc. I~eiormatsby product + afforded br:anched :rlcohols 
\\hiell ncre e a d y  coiivcrteci to  the halide.. Tho 
hranched h:ilitle j 2-( tjroniomet hyl) ~~ro~)yl]cyclohc~:tiie 
wa5 coiiverted t o  the 1,iioivii see-butylcyclohexane i n  ur- 
tlrr to  rulr out re:w:ingemeiit during the hxlogewitioii 
i t  ep. 

I'reparatiori of ary1-5ubbtituted branched-chniii coni- 
pouiid. required :t different kipproach. alryl malotlutes 
were treated with :in alkyl halide in the presericc of 
SaH arid the product was successively saponified, de- 
carboxylated, rcduced, and halogenated to provide 
hranched alkyl tironiide- for alkylation of' S-L'-ainirio- 
ethyl thiosulf at ti. 

Incorporation ot the I,u,is-2-phenylcycloprop:Lnc.- 

(4)  A 1  S kliaraaclr acid 0 Reinmutli. ' Grignard Reactions vi  Koi in i~~al i ic  
bulistances," Prentice-Hall Inc , K e n  1 orh, N I' , 1054 p 961 

5 )  C C; DeriLh and 1) TI '  Hissell, .I i m  Chem S u r ,  38, 2t78  ( I ' j l f ) ~  
6) + bearles, i h d  73, 124 11931) 



methyl group as a nitrogen substituent of S-2-amino- 
ethyl thiosulfate required yet another approach: trans- 
2-phenylcyclopropanecarbonyl chloride + HzNCHZ- 
CH,OH - 2-hydroxyethylamide + LiA1H4 + 2-(substi- 
tuted amino)ethanol + SOCl, - 2-(substituted amino)- 
ethyl chloride hydrochloride + Na2S203 - Bunte salt. 

The high order of antiradiation activity of S-2-{ [4-(cy- 
clohexyl) butyllamino} ethyl thiosulfate (16) prompted 
a study of the effects on biological activity of sub- 
stitution of the cyclohexane ring. Two synthetic 
approaches were considered : (1) catalytic hydrogena- 
tion of aromatic intermediates and ( 2 )  use of the three 
cyclohexenyl derivatives as intermediates for addition 
reactions giving rise to substituted cyclohexanes. 
Hydrogenation of di- and trisubstituted benzenes gives 
mixtures of isomeric products requiring physical meth- 
ods to separate racemates. However, since aryl-sub- 
stituted S-2-alkylaminoethyl thiosulfates are effective 
antiradiation agents, it seemed desirable to use the hy- 
drogenation approach in order a t  the same time to study 
substituted phenyl compounds as antiradiation agents. 
Substitution of the cyclohexane ring is not a technique 
used widely by medicinal chemists in studying struc- 
ture-activity relationships. I n  our opinion the lack of 
precedence justified the preparation and testing of a 
limited selection of mixtures of isomeric substituted 
cyclohexanes. Vapor phase chromatographic analysis 
indicated that some of the alcohols and halides used to 
prepare S-Zalkylaminoethyl thiosulfates were largely 
one component and others were mixtures. I n  the case 
of 31, racemates of the intermediate 4-(+chlorobutyl)- 
cyclohexyl methyl ether were separated using prepara- 
tive gas chromatography. Enough of one racemate was 
obtained to prepare the desired Bunte salt. 

Friedel-Crafts reactions were used to prepare the di- 
and trisubstituted benzenes for conversion to substi- 
tuted cyclohexanes. We selectively employed succinic 
anhydride, monomethyl succinate, and methyl 3- 
(chloroformy1)propionate to acylate the various sub- 
stituted benzenes. The resulting a-keto acids or esters 
were reduced in stages to obtain 4-aryl-1-butanols and 
4-(substituted cyc1ohexane)butanols (Scheme I). Frie- 

HZ, Pd-C / 1. Hz, Pd-C 

A A 

LiAlH, 
or excess 1 NaBH, 

LiAlH, 
or excess 
NaBH, 1 

A A' 
R-H or CH, 

del-Crafts acylation of p-chlorophenetole with succinic 
anhydride resulted in cleavage of the ether and isola- 

tion of' only 3-(~-chlorosalicyloy1)propionic acid. The 
chlorine atom was removed in the hydrogenation step 
which followed, giving as a final product the 4-(o-hy- 
droxyphenyl) butyl derivative 66. Ether cleavage of 
p-(4-chlorobutyl)anisole using BBr37 gave p-(4-chloro- 
buty1)phenol for the preparation of 67, a position iso- 
mer of 66. 

The series of alicyclic ethers found in Table I1 re- 
quired as intermediates alkyl halides which were pre- 
pared in benzene or toluene from cycloalkanols or cyclo- 
alkylalkanols, excess cup-dibromoalkanes, and S a H .  
I n  some cases an a-bromo-w-chloroalkane was used in 
the reaction. 

The aryl ethers in Table IV required intermediate 
halo ethers which were prepared from appropriately 
substituted phenols and a,w-dibromoalkanes in the 
presence of I<,COd. Branched-chain compounds in 
this aryl ether series were prepared similarly from a- 
bromo esters. Dehydrohalogenation of the a-bromo 
ester could be expected in this case, but apparently 
KZCO3 is not a strong enough base for dehydrohalo- 
genation to compete successfully with substitution by 
phenoxide ion. If formed, an a,p-unsaturated ester 
would add phenoxide ion to give a p-substituted ether. 
Homogeneous products were obtained and structures 
were confirmed by nmr spectra. Precedence for the 
desired a substitution has been reported in early litera- 
ture.8 

Several hydroxy-substituted compounds were syn- 
thesized. Compound 140 is an example of the use of 
an epoxide to alkylate S-2-aminoethyl thiosulfate. 
Another case is the reaction of 2-(benzy1thio)ethyl- 
amine with l-(3,4-dimethoxyphenyl)-l,2-epoxy-l-me- 
thoxy-2-methylpropane9 leading to a compound related 

C H 3 0 ~ C % ( C H , ) ,  + H2NCH2CH2SCH2C6H, - 
I 

OCH3 

CI-130-@ C O(!NHCH,CH2SCHaC6H, I 
CH, 

to epinephrine. The following transformations af- 
forded a Bunte salt from the ring-opened product : 
ketone + LiAlH4 - alcohol + Na-NH3 + thiol + O2 - 
disulfide + SO3'- + Bunte salt (143). Structures with 
this degree of substitution are almost devoid of analeptic 
activity. 

Biological Activity.-The Bunte salts were tested in 
mice10 for antiradiat'ion act'ivity a t  Walter Reed ilrmy 
Iristit'ut'e of Research." Prot'ection data are given for 
intraperitoneal administration of the compounds. 

(7) D. L. Manson and 0. C. Musgrave, J .  Chem. Soc., 1011 (1963). 
(8) C. A. Bischoff, Ber., 88, 1249 (1900). 
(9) The  compound [bp 101-103° (0.2 m m ) ]  was supplied by Dr. R .  W. 

Fleming. ParkeDavis .  For preparation of epoxy ethers of this type see C. L. 
Stevens, W. Malik, and R.  P r a t t ,  J .  Am. Chem. SOC., 72, 4758 (1950). 

For the  initial 
screening results the  maximum and one-half the  maximum tolerated doses 
are injected intraperitoneally into two groups of 15 mice each, and ten con- 
trol mice are injected with the  vehicle only. 

(11) For a description of the  test method see W. L. Field, A. Ferretti, R. R. 
Crensham, and T. C. Owen, J. Med. Chem., 'I, 39 (1964), and E. R.  Atkinson 
G. R. Handrick, R. J. Bruni, and F. E. Granchelli, ib id . ,  8, 29 (1965). 

(10) Female albino mice 6-8 weeks old are used in the  test. 
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crops (6.5 g) were triturated with 230 ml of hot EtOH leaving 
4.3 g (237,) of insoluble product, mp 150-152". Rec 
from EtOH gave 2.8 g of disulfide as the hemihydrate, mp 

A 0.5-g sample of one of the first crops from above was oxidized 
by air in EtOH soliitioii. The oxidized product was identical 
with the 2.8-g crop. 

S-2- [ (~-Hydroxy-3,4-dimethoxy-~u,~u-dimethyIphenethyl)ami- 
nolethyl Thiosulfate (143).--A solution of 4.8 g of crude o~ , (Y ' -  

[dithiobis( ethyleniminoisopropylidene)] bis( 3,4 - dimet hoxybenzyl 
alcohol) (recovered from crystallization liquors and may have 
contained some thiol) in 1.6 1. of hot EtOH was oxidized to  the 
Bunte salt using (xH,),so3." The solution was concentrated to 
100-1.50 ml under rediiced pressure and the residual mixture was 
chilled and filtered to remove a first crop of solid which probably 
contained most of the unoxidized disulfide. The filtrate was 
concentrated to dryness and a slnrry of the residiie with H,O was 
chilled and filtered. The wet solid was recrystallized from 
EtOH-I)31F giving 3.9 g (63%) of the Baiite salt 143, mp 212- 
2 1 3 O .  

2-Amino-l-decanol.-lIethyl 2-aminodecanoate hydrochlo- 
ride's (mp 90-92') was prepared from diethyl acetamidomalonate 
and 1-bromooctane. Two 75-g (0.32 mole) lots of the hydro- 
chloride salt were coiiverted (NaOH) to free base and reduced 
with LiAlH, in Et2O.I4 The crude products were combined and 
distilled to  give 84 g (7655) of 2-amino-1-decaiiol which solidified, 
bp 90-95' (0.03 mm). Anal. (C&&O) C, H, K. 
Diethyl (Cyc1obutylmethyl)maIonate.-Diet hy1 malonate (80 

g, 0.5 mole) was alkylated1g with 68.4 g (0.43 mole) of (bromo- 
methyl)cyclobutane.20 Crude product was distilled to give 14 
g of forerun, bp 135-140' (20 mm), aiid .56 g (37%) of product: 
bp 140-145' (20 mm); nmr (CCl,), 6 4.13 (9, 4, J = 7 Hz, 
CHzCH,), 3.09 [t, 1, J = 7 Hz, CH(COGHj) , ] ,  1.9 (ni, 9), and 
1.23 ppm [t, 6, J = 7 Hz, ( C H , ) ? ] .  

The preparation was repeated using 87.5 g (0.55 mole) of 
(bromomethyl)c2.clobutarie and 97.3 g (0.61 mole) of diethyl 
malonate to give 90 g (72%)  of the substituted malonate, bp 
137-147" 120 mm). 
Cyclobutanepropanol. A.-IIiethyl (cyclobiitylmethy1)malo- 

nate was saponified2' and the white solid which separated from 
the acidified solution amounted to 109 g, mp 182-185" dec. 
A sollition of the solid in 300 ml of CsHsN was heated under reflux 
until foaming ceased (1 hr).  The cooled solution was diluted with 
1.5 1. of EtaO; the resulting solution was washed with 10% 
HCl and HZO, and then dried (lIgSO4) and concentrated to dry- 
ness giving 41 g of crude solid cyclobutanepropionic acid. The 
wash solutions were concentrated and then extracted with E t 2 0  
to give 31 g of additional product, yield 7 2  g (80%). 

Reduction of 71 g (0.53 mole) of crude c3.clobutaiiepropioiiic 
acid was effected with 21 g (0.35 mole) of Li.41H4 in E t 2 0  solutioii 
(16 hr at 25" and 2 hr imder reflux). The crude product, was 
distilled to give 25 g (40%) of cyclobutanepropanol: bp 87-97' 
(17 mm); glpc, 95%; nmr (CCL), 6 3.93 (s, 1, O H ) ,  3.49 (m, 
1, O H ) ,  3.49 (m, 2,  CHsO),  and 1.2-2.3 ppm (m, 11). 

B.-A Grignard reagent prepared in T H F  from 121 g (0.8 
mole) of (broniomethy1)cyclobiitane was allowed to react with 
37 g (0.85 mole) of ethylene oxide., The criide product was 
distilled to give 49 g [bp 60-82" (21 mm)] of a multi-component 
mixture and 44 g [bp 83-91" (21 mm)] of a two-component 
mixture. Ir  analyses of all fractions showed extraneous olefin.22 
The main component of t,he 44-g fraction was the same as the 
product obtained in A and, furthermore, conversion to the alkyl 
bromide gave nearly homogeneous (glpc) 1-bromo-3-cyclobutyl- 
propane [bp 71-76' (18 mm). .-lna(. (C;H,,Br)Br] free of olefin 
and identical with material dehcribed below. 

148-150". Anal. (C~~H44~~O~S2.0.5HnO) C, H, S.  

(17) D. H. Ball. J.  11. TTilliams, and L. Long, J r . ,  J .  070. Chem., 28, 1589 
(1963). 

(18) F. Martin Panizo, Publ. I n a t .  Quim. " d ~ o n a o  Bnrbn" (Madrid),  4 ,  302 
(1950); Chem. Abstr.,  46, 8009 (1952). 

(19) R.  Adams and K .  A I .  Kamm in "Organic Syntheses," Coll. Vol. I ,  
H. Gilman, E d . ,  2nd ed, John \Tiley and Sons, Inc., S e w  I-ork, S .  Y.,  19.56, 
p 250. 

(20) H. G. Kuiviia and TI-. L. AIasterton, J .  Am. Chem. Soc., 74, 1953 
(1952). Our product (bp 125-128O and alpc 97L?C) contained no hromocyclo- 
pentane as  shown bg- the  nmr analysis suggested 11s H .  G. Richeg-, Jr.,  and  
E .  A. Hill, J .  Org .  Chem.. 29, 421 (1964). 

(21) G .  B. Heisig and  F. H. Stodoia in "Organic Sj-ntlieses," Coll. Vol. 111. 
E. C. Horning, Ed . ,  John Wiley and Sons, Inc., New I-ork,  K. I-., 1955, p 
213. 

(22) The olefin is likely to be 6-hepten-1-01 [E. .I. Hill, H. G .  Richey, .Jr,,  
a n d T .  C. Rees, J .  O r y .  Chem., 28,2181 (1963)l. 
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TABLE VI TABLE VI1 
COMPARISON OF HIGHLY EFFECTIVE ANTIRADIATIOX AGENTS RADI.4TION PROTECTION BY ORAL ADYINISTR I T I O N  

NO. 

14 

18 

30 

38 

24 

S 

16 

25 

26 

25 

9 

58 

60 

70 

113 

112 

I16 

98 

85 

RNHCHZCHZSSOJII 
Effective 

dose, 
R m g h a  

Cycloalkylalkyl Derivatives 

O K W ,  J 

C J I  

Q-LCH. 29 

C A  

17 

20 

J 

20 

B i C H . ) ,  

Cycloalkyloxyalkyl Derivatives 

@%--(CH?1, 

25 

20 

(CHI).CHO(CH,), 35 

Aralkyl Derivatives 

CH~O-Q(CH,), 10 

ilryloxyalkyl Derivatives 

1 3 

20 

Thera- 
peutic 
indexb 

15 

1 3 

10 

9 

9 

7 

7 

7 

7 

7 

7 

7 

7 

10 

13 

12 

11 

8 

8 

NO. 

8 

9 

14 

17 

19 

21 

30 

50 
61 

70 

73 

76 

88 

100 

118 

137 

LDso, 
m g / k  

>1250 

938 

900 

800 

>1000 

YO0 

>1250 

>800 
1800 

>lo00 

1000 

980 

> 1250 

1400 

>2400 

> 1000 

Dose, 
mgf kg 

800 
800 
500 
500 
500 
500 
500 
500 
800 
800 
800 
800 
800 
750 

1000 
600 

1000 
1000 
1000 
1000 
1000 
1000 
500 
250 
500 
500 
800 
800 

1000 
1000 
1000 
1000 
800 
800 

1000 
1000 

Dose, 
min preir- 
radiation 

30 
60 
30 
60 
15 
30 
30 
60 
30 
GO 

120 
30 
60 
30 
60 
30 
30 
60 

120 
180 

15 
30 
30 
30 
30 
60 
30 
60 
30 
60 
1 3 
30 
30 
60 
30 
60 

Survival, 
% 
20 
13 
20 
33 

0 
13 
13 
33 
47 
50 
0 

27 
20 
20 

7 
27 
33 
40 

7 
0 
7 

87 
20 
0 

53 

0 
27 

0 
20 

0 
53 
27 
13 

13 

_-  
J I  

- 
perature the mixtiire was poiired onto ice and the product, was 
extracted into EtZO. The extract was washed with satiirated 
XaHC03, dried (MgSOa), and concentrated. IXstillation of the 
residue provided 22 g (58%) of 1-bromo-3-cyclobutylpropane: 
bp 72-77' (19 mm);  glpc, >937,; nmr (CCL), 6 3.32 (t, 2, J = 7 
Hz, CH,Br) and 1.3-2.6 ppm (m, 11). 

S-2- [( 3-Cyclobutylpropyl)amino] ethyl Thiosulfate (2).--So- 
dium S-Z-aminoet,hyl thiosulfate (43 g, 0.24 mole) was alkylated3 
in 95yo Et,OH with 22 g (0.12 mole) of l-bromo-3-cyclobiit~1- 
propane. The solvent was removed under vacuum and a slurry 
of t'he solid residue wit'h 100 ml of HzO was filtered, giving 31 g 
of crude product. The solid was triturated with H2O and then 
recrystallized twice from 957, EtOH and once from absolute 
EtOH to give 10.8 g (337,) of 2 as shiny white crystals, mp 211- 
212.5" dec. 

S-2-[(5-Cyclobutylpentyl)amino]ethyl Thiosulfate (8).-A 
Grignard reagent prepared in T H F  from 43 g (0.24 mole) of 1- 
bromo-3-cyclobutylpropane was treated wit,h 11.7 g (0.27 mole) 
of ethylene oxide to give 22 g (65%) of impure cyclobutane- 
pent'anol, bp 110-114" (20 mm). Treatment of the alcohol with 
PBr8 in the presence of CjHjN gave 15 g (46%) of l-bromo-5- 
cyclob~itylpentane: bp 111-113' (19 mm); glpc, 907,. I r  
analysis ruled out any olefinic alkyl halide. This product was 
used to prepare3 the Bunte salt 8. 

tran,s-N-( 2-Hydroxyethyl)-2-~henylc~clouro~anecarboxamide - .  
a The dose estimat,ed to give 50% survival. b LDjo in mg/kg was prepared in- CH2C12 from 100 g -(O.i5 mole)  of trans-2- 

phenylcyclopropane-1-carboxylic acid and 74 g ( 1.2 moles) of 
2-aminoethanol: 91 g (80%), mp 110-111". 9nal. (ClzHljlr;O?) 

divided by effective dose in mg/kg. 
- -~ ~~ 

C ,  H, N. 
trans-N-( 2-Chloroethyl)-2-phenylcyclopropanemethylamine 

ylcycloDropanecarboxamide (80 e. 0.39 mole) was effected in 1.5 

l-Bromo-3-cyclobutylpropane.-To 25 g (0.22 mole) of cyclo- 

21 g (0.077 mole) of P B ~ Z . ~ ?  After stirring for 16 hr at room tem- 
biltanepropanol containing m1 Of 'jHjN was added O" Hydrochloride.-Reduction of trans-~;-(2-hydroxyethyl)-Zphen- 

(23) R. B. Wagner and H. D.  Zook, "Synthetic Organic Chemistry," Jolin i. 01 reflaxing (24 hr) T I I F  con takng  30 g (0:78 mule) of LiAIHa. 
1)iatillation of the product afforded 57 g (76%) of 2-([trans-(2- \Vile># and Sons, Inc. ,  New I ork, S .  Y,, 1953, p 91. 
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Reduction of 119 g ((I.,; mole) of ethyl 2-(p-methoxyphenoxy)- 
bntyrate with 10.6 g (0.28 mole) of LiAlH4 was effected in 1 1. 
of Et20 to give 94 g (93%) of crride 2-(p-rnethoxyphenoxy)-l- 
butanol; glpo, WYc; iimr (CCl,), 6 0.90 ppm (t ,  3, J = 7 Hz, 

A mixture of 52  g (0.26 mole) of 2-(p-methoxypheiioxy)-l- 
butanol, 7.8 ml of pyridine, and 27 g (0.1 mole) of PBra was 
heated at Y.i-11O0 for 2 hr arid then stirred at, room temperature 
for 16 hr giving 3 9  g (52cT) of l-[l-(bromomethyl)propoxy]-4- 
methoxybenzene: bp 106-118" (0.6 mm);  glpca, 97%. dnal. 

l-(4-Bromobutoxy)-4-propoxybenzene.-Alkylation of 100 g 
(0.66 mole) of p-propoxyphenol with 1,4-dibromobutane (339 g, 
l..i7 moles) was effected in AIeyCO iii the preaence of K&03.36 
1)istillatioti of the cmide prodact gave 23 g of foreriin and 95.6 g 
( . iO%)  of material: bp 143-155' (0.5-1 mm);  glpc, 987,; the 
iimr peaks were as expected. dnal .  (ClaH1,Br02) C, H, Br. 

4-Bromobutyl Cyclohexyl Ether.-Alkylation of 50 g (0.5 

CHsC H K  H ). 

(CnHLsBlO2) C, H, Br. 

(0.1 mm); the nmr peaks were as expected. i l n a l .  (CloHlqBrO> 
C, H, Br. 

5-Bromopentyl Phenyl Sulfide.-Thiophenol (3 .5 g, 0.3 mole) 
wab alkylated with 1,5-dibromopentane (343 g, l..i moles) in 
absolute EtOH containing 27 g (0.5 mole) of NaOCH3.36 h t i l l a -  
tioii of clride product gave 37 g (285:) of material. bp 120-140' 
(0.3 mm), glpc, 95.l,, IIV, A%'H 254 mp ( e  8700); the nmr peaks 
were as expected 

In addttioii, 34 g of I,.?-dt(pheny1thio)peiitane was obtaiiied 
bp 177-192" (0 3 mm); nv, A:::" 254 mp (E 15,000). 
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Fifteen bis(4-arylazo-1-naphthylamines) were synthesized for evaluation as potential antischistosomal and anti- 
mycobacterial agents. Various N,N-[bis(phenyleneazo-l,4-naphthylene)]bis(N',P\T'-dialkylalkylenediamines) 
(111) were prepared by coupling a tetrazotized dianiline derivative with the appropriate N,N-dialkyl-"-1- 
riaphthylalkyleiiediamine. Likewise, several bis [ (4-phenylazo-l-naphthylamino)alkyl]amines (ITa-c) were ob- 
tained from benzenediazonium chloride and the corresponding bis [ (1-naphthylamino)alkyl]amines. Con- 
densation of diazotized ?r'-[4-(4-amino- l-naphthplazo)-l-naphthyl]-IL'-(2-diethylaminoethyl)-2,2,2-trifluoroacet- 
amide (VII) with an W,N-dialkyl-3'-1-naphthplalkylenediamirle followed by alkaline hydrolysis of the interme- 
diate trifluoroacetamides afforded a series of N ',S '-diethyl-N "',N "'-dialkyl-N,N "-[ 1,4-naphthylenebis( azo-1,4- 
naphthylene)] bis(alkp1enediamines) (IXa-e). Five compounds (1, 2, and IXa-c) effected a 94-100(;', reduction 
of live Schistosoma manson i  in mice at drug-diet doses ranging from 110-692 mg/kg daily for 14 days. Six com- 
pouiids (2, 3, 5, 7, ITTa, and T?I) were active against XMycobacterium tuberculosis Ha7Rv in vitro. 

In previous communications various N-mono- and 
N,S-diall;yl-K'-(4-arylazo- and 4-heterocyclic azo-l- 
naphthy1)alkylenediamines (Ia and b) and related 

NHYNRl R2 
I 

Ia, Z=Ar 
b, Z=Het 

NH(CH,),N 

N=N-Z 

substances were reported to have strong therapeutic 
effects against Schistosoma mari~oni~-~ and Schistosoma 

( 1 )  Previous paper: L. M .  Kerbel. E. F. Elslager, and D. F. Worth, J .  
M e d .  Chem., 11, 950 (1968). 

japonicuma in experimental animals. Further, certain 
1-(3-{ [5,6,7,8-tetrahydro-4-(phenylazo- and 3-pyridyl- 
azo)-1-naphthyllamino) propy1)piperidines (IIa and b) 
are highly active against Mycobacterium tuberculosis 
H37Rv and !lIycobacterium lepraemurium in vitro and in 
r n i ~ e . ~ ~ ~ O  I n  a further extension of this work, repre- 
sentative bis(4-arylazo-1-naphthylamines) were syn- 
thesized for antischistosomal and antimycobacterial 
evaluation. Several of the bis(4-arylazo-1-naphthyl- 
amines) showed good activity against S. mansoni in 
mice. 

A group of K,N- [bis(phenyleneazo-l,4-naphthylene) ]- 
bis(K',S'-dialkylalkylenediamines) (111) (Table I) 
was prepared by coupling a tetrazotized dianiline de- 
rivative with the appropriate S,S-dialkyl-S'-l-naph- 

(2) E. F. Elslager, D. B. Capps, L. M. Kerbel, D. F. Worth, J. E. Meisen- 

(3) E. F. Elslager, D. B. Capps, D. H. Kurtz, L. 11. Werbel, and D. F .  

(4) E. F. Elslager, D. B. Capps, L. M .  Werhel. D. F. Worth, J. E. Meisen- 

( 5 )  E.  F. Elslager, D. B. Capps, and L. M. Werbel, ibid., 7 ,  658 (1964). 
(6) E. F. Elslager and D .  B. Capps, ibid., 7 ,  663 (1964). 
(7) E. F. Elslager, D. B. Capps, D. H. Kurtz, F. W. Short, L. RI.  Werbel, 

(8) S. T. Ch'en, I. F. Ch'en, P. C. Kun, Y. C .  Hu,  J. H. Yao, and T. H. 

(9) Y. T. Chang. Antimicrobial  Agents  Chemotherapy 1966, 465 (1966). 
(10) L. M. Werbel, E. F. Elslager, M. W. Fisher, Z. B. Gavrilis, and 4. A. 

helder, H. Najarian. and P. E. Thompson, ibid., 6 ,  217 (1963). 

Worth, ibid., 6, 646 (1963). 

helder, and P.  E. Thompson, ibid., 7 ,  487 (1964). 

and D.  F .  Worth, ibid., 9,  378 (1966). 

Chou, Yao H s u e h  H s u e h  Pao, 13, 30 (1966). 

Phillips, J .  M e d .  Chem.,  11, 411 (1968). 


