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An extensive series of N-substituted derivatives of 3-2-aminoethyl thiosulfate has been prepared for the purpose

of finding a useful radioprotective agent.

as insulating groups.

Cyecloalkylalkyl, cycloalkylalkyloxyalkyl, cycloalkyloxyalkyl, aralkyl,
and aryloxyalkyl groups were included as substituents on nitrogen.
ing the cyclic portion from the amine was varied from zero to nine carbon atoms.
Alkylation of S-2-aminoethyl thiosulfate with alkyl halides was used extensively, al-
though alkylations with epoxides and a tosyl ester also were employed.

The length of the linear alkyl group separat-
Branched chains also were used

Other preparations of internal Bunte

salts utilized in this work include oxidation of disulfides with sulfite ion and reaction of N-substituted aminoethyl

halides with thiosulfate ion.

Intermediates for the alkylation reactions were prepared by various conventional
methods, including numerous chain-lengtheuing aud chain-branching reactions.

Antiradiation activity in mice

has been found throughout the series;, and it is apparent that several compounds can be administered to obtain a

good radioprotective effect at one-tenth to one-fifteenth of toxic (LiDso) doses.

also was obtained for some compounds.

It is apparent from recent reports? that less toxic anti-
radiation agents are needed. We discovered that N-
cyclohexylalkyl substitution of S-2-aminoethyl thio-
sulfate results in radioprotectants having a larger mar-
gin of safety than can be obtained by ordinary alkyl
substitution. Variation of the substituent on nitrogen
followed. We replaced the cyclohexyl group with
cyclobutyl, eyelopentyl, and cycloheptyl groups. The
length of the insulating linear alkyl group was increased
to nine earbon atoms and decreased to the point of
simply having N-cycloalkyl derivatives.

Nitrogen substitution by alieyclie ethers and various
aralkyl and aryloxyalkyl groups also were included in
the study. Compounds having branched chains as in-
sulating groups were prepared for the cycloalkylalkyl
series and both aromatic series. The five general
classes of compounds prepared are represented below.

RNHCIHCH:SS0:H

N ‘
R= (C&),/,CH—alkyl- (Table 1),

(Table I1}),

@—alkyl- (Table III),

A

@—O-alky]- {(Table IV),

A

N
(C&)n/ICH(CHZ)mO(CHz)n e

(Table V).

and miscellaneous substituents

Bunte salts isolated as final products were prepared
principally by alkylation of sodium S-2-aminoethyl
thiosulfate with alkyl halides.® Alkyl chlorides used
in the alkylation reactions were prepared from the cor-
responding alecohols and thionyl chloride, with or with-

(1) This investigation was supported by the U. 8. Army Medical Research
and Development Command, Contract No. DA-49-193-MD-2306. We
appreciate the interest and support of Drs. D. P. Jacobus and T. R. Sweeney
of Walter Reed Army Institute of Research.

(2) W.D. Foyein “Annual Reports in Medicinal Chemistry, 1965,” C. Is.
Cain, I2d., Academic Press Inc., New York, N. Y., 1966, Chapter 30.

(3) A series primarily of N-alkyl derivatives of $-2-aminoethyl thiosulfate
has been reported, but no antiradiation data were given: D. L. Klayman and
W. F. Gilmmore, J. Med. Chem., T, 823 (1964).

Activity by oral administration

out pyridine. Phosphorus tribromide in the presence
of up to 0.33 molar equiv of pyridine was used to pre-
pare primary alkyl bromides from the corresponding
alecohols. For the bromides reaction conditions varied
from 15 hr at room temperature to 4 hr at 100°.  Gen-
erally, better yields of alkyl bromides were obtained
using higher reaction temperatures, providing the com-
pounds are stable to these conditions. Lower tempera-
tures frequently resulted in appreciable formation of
phosphate ester.

Throughout this work it was necessary to lengthen
carbon chains of intermediates leading to alkyl halides
by one-, two-, or three-carbon fragments. Reaction of
Grignard reagents with CO. served to extend a chain
by one carbon atom. Reaction of Grignard reagents
with ethylene oxide was the most direct route used for
the addition of a two-carbon fragment, although the
method suffers from the disadvantage of giving several
side products. The more conventional and less direct
alkylation of diethyl malonate served to extend a chain
by two carbon atoms. A three-carbon fragment wus
conveniently introduced by the addition of a Grignard
reagent to trimethylene oxide.>¢

Preparation of alkyl halides having a cycloalkyl group
attached to a branched earbon chain was accomplished
by first performing a Reformatsky reaction between a
eyeloalkanone or an appropriate aldehyde and an -
bromo ester. Dehydration and reduction reactions of
the Reformatsky products afforded branched alcohols
which were easily converted to the halides. The
hranched halide [2-(bromomethyl)propyljeyclohexane
was converted to the known sec-butyleyelohexane in or-
der to rule out rearrangement during the halogenation
step.

Preparation of aryl-substituted branched-chain com-
pounds required a different approach. Aryl malonates
were treated with an alkyl halide in the presence of
NaH and the product was successively saponified, de-
carboxylated, reduced, and halogenated to provide
branched alkyl bromides for alkylation of 8-2-amino-
ethyl thiosulfate.

Incorporation of the ¢rans-2-phenyleyclopropane-

(4) M. 8. Kharasch and O. Reinmuth, “Grignard Reactions of Nonmetallic
Substances,” Prentice-Hall, Ine., New York, N. Y., 1954, p 961.

i5) C.G. Derick and D. W. Bissell, J. Am. Chem. Soc., 38, 2478 (1916).
(6) 8. Searles, ihid., T8, 124 (1951).
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methyl group as a nitrogen substituent of S-2-amino-
ethyl thiosulfate required yet another approach: trans-
2-phenyleyclopropanecarbonyl chloride -+ H,NCH.-
CH,0H — 2-hydroxyethylamide + LiAIH,— 2-(substi-
tuted amino)ethanol + SOCIl, — 2-(substituted amino)-
ethyl chloride hydrochloride 4+ Na,8,0; — Bunte salt.
The high order of antiradiation activity of $-2-{ [4-(cy-
clohexyl)butyl]amino}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 at 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. In 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-2-alkylaminoethyl thiosulfates were largely
one component and others were mixtures. In the case
of 81, racemates of the intermediate 4-(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 suceinic
anhydride, monomethyl succinate, and methyl 3-
(chloroformyl)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 cyclohexane)butanols (Scheme I). Frie-

ScHEME 1

/@vcocmcmcozr{
A
1. H,, Pd—C
H, Pd-c/ &H% e

/@—(cmcom LAISR /@—(cm)scozR
A A

LiAlH, LiAlH,
Or excess or excess
NaBH, NaBH,
H, Rh—C
/@—(CHZLOH —, @—(cmorl
A A

R=H or CH;

del-Crafts acylation of p-chlorophenetole with succinic
anhydride resulted in cleavage of the ether and isola-
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tion of only 3-(5-chlorosalicyloyl)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 BBry? gave p-(4-chloro-
butyl)phenol for the preparation of 67, a position iso-
mer of 66.

The series of alicyclie ethers found in Table II re-
quired as intermediates alkyl halides which were pre-
pared in benzene or toluene from cycloalkanols or cyclo-
alkylalkanols, excess a,w-dibromoalkanes, and NaH.
In 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 ICO; Branched-chain compounds in
this aryl ether series were prepared similarly from «-
bromo esters. Dehydrohalogenation of the a-bromo
ester could be expected in this case, but apparently
K,CO; is not a strong enough base for dehydrohalo-
genation to compete successfully with substitution by
phenoxide ion. If formed, an a,f-unsaturated ester
would add phenoxide ion to give a S-substituted ether.
Homogeneous products were obtained and structures
were confirmed by nmr spectra. Precedence for the
desired « substitution has been reported in early litera-
ture.?

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-(benzylthio)ethyl-
amine with 1-(3,4-dimethoxyphenyl)-1,2-epoxy-1-me-
thoxy-2-methylpropane? leading to a compound related

CHO
CH,0 CC(CH), + HNCHCHSCHCH, —
OCH,
CH,0 cH,
CH30~©—CO(||3NHCH2CHZSCHZCSH5

CH,

to epinephrine. The following transformations af-
forded a Bunte salt from the ring-opened product:
ketone 4+ LiAlH, — alcohol + Na~NH;—~ thiol + Q,—
disulfide 4 8O3~ — Bunte salt (143). Structures with
this degree of substitution are almost devoid of analeptic
activity.

Biological Activity.—The Bunte salts were tested in
mice® for antiradiation activity at Walter Reed Army
Institute of Research.!! Protection data are given for
intraperitoneal administration of the compounds.

(7) D. L. Manson and O. C. Musgrave, J. Chem. Soc., 1011 (1963).

(8) C. A, Bischoff, Ber., 83, 1249 (1900).

(9) The compound [bp 101-103° (0.2 mm)] was supplied by Dr. R. W.
Fleming, Parke-Davis. For preparation of epoxy ethers of this type see C. L.
Stevens, W. Malik, and R. Pratt, J. Am. Chem. Soc., T2, 4758 (1950).

(10) Female albino mice 6~8 weeks old are used in the test. 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.
Crenshaw, and T. C. Owen, J. Med. Chem., T, 39 (1964), and E. R. Atkinson
G. R. Handrick, R. J. Bruni, and F. E. Granchelli, 1bid., 8, 29 (1965).
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(protec-

Rat-

ings in Tables I-V are based on protective indices.!?
A high survival rate and a low rating (low protective
index) indicates that the compound did not protect

well at doses lower than those shown.

Substitution

of the cyclohexane ring results in highly active com-
Several com-

The protective
pounds showed slight or fair protection at doses close to

and cyclohexyl

)

Irradiation of the
It is interesting that

ranching of the insulating group in this series, rather

than decreasing biological effectiveness, in some cases
The cyclooctyl deriva-

Among the alicyclic alkyl

compounds, the cyclopentanehexyl derivative 19 is the

The therapeutic index as
most promising candidate for oral administration.

The effective dose given in Table VI
given in the table is the L.D; value divided by the

is the dose estimated to give 509, survival of the ani-
Among the group of cycloalkylalkyl

derivatives highly active compounds were obtained by

incorporating cyclobutyl, cyclopentyl
The presence of mixtures of isomers in

the group of substituted cyclohexanes complicates

The best activity in this series was obtained
interpretation of the test data.

Most of these were active at more than one
when the alkyl group insulating the ring from the amino

dose and it was possible, therefore, to obtain dose—
It has a therapeutic index of 10, but its protec-
(12) “‘Protectiveindex’’ is a term used by the Division of Medicinal Chem-

General activity was found among aralkyl derivatives
istry, Walter Reed Army Institute of Research. Protective index

The antiradiation activity data given in Tables I-V
generally represent the lowest dose of drug for which a
Table VI shows a comparison of the most active com-
exenyl derivative (14) is one of the most highly effec-
Activity by oral administration of the drugs (Table
VII) does not correlate with high therapeutic indices
Use of 1-methyleyclohexyl and eyclooctyl groups in
the series of alicyclic ethers resulted in eompounds
giving radiation protection.
(Table III), but therapeutic indices are lower for the

ounds, although it should be noted that a 3-cyclo-

roup was butyl, pentyl, or hexyl.
toxic limits, but only a few gave good protection and

tion factor) (LDso/minimum effective dose), where doses are in mg,/kg and the

tive 61 was reasonably effective when given by the oral
group. The p-anisylbutyl derivative 70 is an excep-
protection factor is 1.2 for 209, survival, 1.3 for 30% survival, ete.

specified. Data for more than one dose of drug are
included for selected compounds which exhibited good
protection at more than one dose.

mice with X-rays or cobalt-60 vy rays was not always at
the same level, but the radiation was consistently lethal
for all control animals well within the 30-day period.

The number of minutes the drugs were administered
index in a sense is a measure of protection at the lowest

Highly active compounds also were tested by oral ad-
ministration and these data are used in some of the
high rate of survival was obtained. The per cent sur-
vival (30 days) of the test animals is given for the dose
preirradiation was varied upward from 15 min.

dose for which some antiradiation activity was obtained.
Twenty per cent survival is the smallest value used to

actually increases the therapeutic index.
based on parenteral administration.
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1. . e . . R
s tive effect when given orally is the more important
g = , = , = B D s L
2~ ++ - = -+ = : T :
£ H i"' i ++ i+ T i ++ z  feature. The p-cthylphenyl (73) and p-ethoxyphenyl
= + 4 = (76) derivatives also exhibited significant activity hy
= oral administration, even though parenteral data are
Lo E R .
T o e e s & o le e e 2m R e = e = 1 . =7 mediocre.
R B SR IR=e S = N LZELZET e 2o . . . : :
7 < N tEEL £2  Aryloxyulkyl compounds as a class are highly cffec-
o San ks m s s n s D = tive. Methyl substitution, either oithe or di-ortho,
5020 LRAfZZIZZI ZZZZZZ % leadsthelist. The insulating alkyl group can be butyl,
g SEE HAPEE===2ZL =2 EEE £Z pentyl, orhexylfor the o-tolyl ether (Table VI).  Activ-
3 z = —_ - = = — - =2 =2== =z . ) . . . .
= 2% ity by oral administration was not obtained with these
3 ‘ L ,
Eeis AR A A s mm = = m = s amam % ozocompounds,  however.  p-Tolyloxybutyl (100), -
=z £ = L LSRR LR S22 R E . v . ’ - .
e === = = £ chlorophenoxybutyl (88), and p-ethyl-o-methoxy-
i; | g ¢ phenoxybutyl (118) derivatives showed moderate
Foxg& - lL“: _ 2 o : = % activity by oral dosing.  In the case of unsubstituted
& L RN o NN L NN D L .
oo EEEBIEEMNREERS ST S88R~33 2 phenyl the butyl ether 94 and hexyl ether 114 were in-
< ) = 2 aetive, whereas the pentyl ether 101 displayed good
) E¥ 2 e meogoam =ame= e ean - = activity., Branching of the alkyl group in the aryl
—_ - B N an Y N TMn s = = =& : . . .
= St S 2= RES =R 27T 23 ether serles gave compounds devoid of antiradiation
4 = - .
o=t ~ Z= properties.
" B NN N NP AN [t ix apparent that within these several series are
&) & e T IS ] ST Es < . B .
£ s} S S gc:s k= % =k S £ £ . numerous compounds which in the mouse can be ad-
= % 55 ZZN 5 éZA 3 Z; 3 2;2:7; Z ministered to obtain a good radioprotective effect at
Z ZEEER ZEXR —EREIZRERE - one-tenth to one-fifteenth the toxie (1.1D;) doses
& RN .- g e = R T A R . > LOALC (L 50 SCS.
= ORCRCRGINRSRSRS LOoLLTOLLU I
< =%
2 UENS® Ssomgecssnescoz il Experimental Section'
= MR E=R=E= == s =222 -m 228
= _-NaN NANAN NN =N AN - = T . . .
= s L - e T I\ oAl LT =l 2-{[2-(Benzylthio)ethyl]amino}-3’,4'-dimethoxy-2-methyl-
= - L oS X T IS =TT L Lo . . : P
B =SS 23225 -ZS 22 2% T T propiophenone Hydrochloride.—A solution containing 24 g (0.1
> —_— N = N — ot N A = AN A] e e mm O] e e S . A
S =T mole) of 1-(3,4-dimethoxyphenyl)-1,2-epoxy-1-methoxy~2-meth-
2 & S ylpropane® and 33 g (0.2 mole) of 2-(benzylthio)ethylamine was
= 2 a5 ST 23w £ L allowed to stand at room temperature for 3 days and then at
4 = steam-bath temperature for 3 days. Excess 2-(benzylthio)-
z g7 ethylamine was removed by distillation, recovering 12 g of liquid,
Z =% = — 2.5 bp 100-103° (0.1 mm). A mixture of the pot residue and char-
= L8 O = Z™ coal in 400 ml of Et,0 was warmed and filtered. Dry HCI was
- I e o For
“ 2 A o~ = o~ A .~ .7 added to the light vellow filtrate, precipitating a semisolid salt.
—_ e T e < = — y A - - _ T - . E P N .
- = T e PN NS N = The Et:0) laver was decanted and the product was triturated with
- - ~ . - M #™D D et — ~ - - . . .
- - == il i R e <= 200 ml of warm Me,CO 1o effect crystallization. The mixture
) S = é was chilled and filtered to give 21 g (519) of crystalline produect,
< e e e e e e o e &2 mip 177-180°. Recrystallization from Me.CO provided 16 g of
z T s s s e e e = = s = oduet with no inerease in melting point.  dAnal. (CalaNOGS -
- 2 . v ; . et . R0 .
8} s g = HCHC, H, N. A 0.2-mole preparation gave 40.5 g (509%) of the
2 S 2 = 1202 21 T same product, mp 177-179°. »
Z e = T 2E a-(1-{[2-(Benzylthio)ethyl]amino|-1-methylethyl)-3,4-dime-
L ; > = thoxybenzyl Alcohol.--A slurry of 20.5 g (0.05 mole) of 2-{{2-
“ 1 sz -3 2 ==~ =~~~ 2% {(benzylthio)ethyllamino}-3’,4" - dimethoxy - 2 -methylpropiophe-
= FE- j RN e _' 2% none hydrochlovide in 15t.0-CsHg (1:1) was treated with 50 ml
< L ETESe TTSTToTS TS ST oS T oof 1.V NaOH. The organic layer was separated, washed with
Z v Ririenr SRELEELNEEZLERS S o ILO, died OMgS0y), and concentrated.  The residual oil was
o) - &l —_— - o =i L A L . M c e ~ . . »
=3 = : b t ‘; N : TN Z = reduced with 1.9 g of LiAlHy in 250 ml of E1;0.1* Filtration of
- CER RXES = EREEREERE f = 57 Z  the decomposed (NaOH) mixture and concentration of the filtrate
= - — — e A . .
pet ooafforded only 1 g of oily material. A slurry of the separated
oy T 7 solid (mostly inorganic) in 1597 NaOH solution was filtered and
& o =~ the insoluble material was washed well with H:O. Two recrystal-
o z —~ ,: = lizations of the solid from EtOH gave 13 g (T09,) of produet, mp
- FRET AT ORI EEIREEREREREET - O146-149° Another 2.2-g sample (mp 146-149°) was obtained
= = .2 from the erystallization liquors; total yield, 15 g (829). A
= = S T l-gsample was recrystallized from EtOH giving 0.95 g of product,
= L2 e & 2% mp 145-148° Anal. (CHuNOGS) C, H, N, &,
ek == o =E a,a’-|Dithiobis(ethyleniminoisopropylidene)]bis(3 4-dime-
Zoe 2% - ¢ £ thoxybenzyl Alcohol).—-Debenzylation of 12.2 g (0.032 mole) of «-
S Y SC2 oo = Z‘ S (1-{[2-(benzylthio)ethyl]lamino}-1-methylethyl)-3,4-dimethoxy-
S AS SRS IR A T benzyl alcohol was cffected by the use of Na in lquid NTHj.2618
= = =gz d = = . | . ;
2CTT © SRS = = 9{ 9& % S :/:“ The solid obtained from the decomposed (}{20_VH4Cl). mixture
S8 ZEFEZos il SEET S E= was washed well (1,0) and recrystallized from EtOH giving 6.5
LIEEEES SEEECEZUO0TEESEZT ®E gof erudeproduct in several crops, mp 144-152°. The combined
TRl Rz =eegy=r 1
DaEas @A a e a e e e
; E\ = E :»-':\4 E :—: T = 5 % 5 Eﬂ == E\ :t-: g (13) Melting points were determined using a Thomas—Hoover melting
bt E’/ 9 e == @, g S - 8 9, 9, g \‘Z 2 é point apparatus. Where analyses are indicated only by symbols of the ele-
E S ments or functions, analytical results obtained for those elements or functions
é 7 are within £0.49 of the theoretical values.
. < = (14) W.G.Brown, Urg. Reactions. 6,469 (1951).
S = e - R N - R S (15) J. Baddiley and E. M. Thain, J. Chem. Soc., 800 (1952).
= = iA A=A TR AR B SR L o= 3 ) '
4T W TR @ am e an s s s e =T (16 I Carroll. DL White, and M. E. Wall, J. Org. Chem., 28, 1230
E ; \
¥ (1963).
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TasLE VI
CoMPARISON OF HIGHLY EFFECTIVE ANTIRADIATION AGENTS
RNHCH,CH,SSO;H
Effective Thera-
dose, peutic
No. R mg/kg* index?

Cycloalkylalkyl Derivatives

14 O_(CH”‘ 5 15
CH;
18 @—clncng 23 13

OCH,

30 @»mm 17 10
C.H,
38 @—(CHQ:('JHCH; 5 9
CH,
24 @—émcm 9 Y
S [T 20 T
16 @—wﬂzn 5 7
CH,
25 @— C[H(CHz)z 20 7
CH,
26 @—CHQCIZHCH_, 20 7
CH, C,H;

28 @éncaz 23 7
9 D—(CH”‘ 25 7

Cycloalkyloxyalkyl Derivatives
CH,

58 @Lo—mﬂm 20

60 (CH.»CHO(CH,), 35

-1

-1

Aralkyl Derivatives

70 CH,0 (CHy), 10 10

0

Aryloxyalkyl Derivatives
CH,

113 @—0@{95 15 13
112 @(Xcm 20 12
H,

116 @—O(CH;);, 14 11
CH;
98 @_O(CHZ,‘ 18 8

Cl

&

85 Cl

Q

O(CH,), 16 8

@ The dose estimated to give 509, survival.

b LDs in mg/kg
divided by effective dose in mg/kg.

1-Bromo-3-cyclobutylpropane.—To 25 g (0.22 mole) of cyclo-
butanepropanol containing 2 ml of C;H;N was added below 0°
21 g (0.077 mole) of PBr;.2* After stirring for 16 hr at room tem-

(23) R. B. Wagner and H. D. Zook, ‘‘Synthetic Organic Chemistry,” John
Wiley and Sons, Ine., New York, N. Y., 1953, p 91.

N-SUBSTITUTED S-2-AMINOETHYL THIOSULFATES AS ANTIRADIATION AGENTS

1199
TasLe VII
RaD1aTION PROTECTION BY ORAL ADMINISTRATION
Dose,
LDy, Dose, min preir- Survival,
No. mg/kg meg/kg radiation %%
8 >1250 800 30 20
800 60 13
9 938 300 30 20
500 60 33
14 900 500 15 0
500 30 13
17 800 500 30 13
500 60 33
19 >1000 800 30 47
800 60 50
800 120 0
21 900 800 30 27
800 60 20
30 >1250 750 30 20
1000 60 7
50 >800 600 30 27
61 1800 1000 30 33
1000 60 40
1000 120 7
1000 180 0
70 >1000 1000 15 7
1000 30 87
500 30 20
230 30 0
73 1000 500 30 53
500 60 a7
76 980 800 30 0
800 60 27
88 >1250 1000 30 0
1000 60 20
100 1400 1000 15 0
1000 30 33
118 >2400 800 30 27
800 60 13
137 >1000 1000 30 7
1000 60 13

perature the mixture was poured onto ice and the product was
extracted into Et;0. The extract was washed with saturated
NaHCO;, dried (MgSO,), and concentrated. Distillation of the
residue provided 22 g (589 ) of 1-bromo-3-cyclobutylpropane:
bp 72-77° (19 mm); glpe, >93%,; nmr (CCL), §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 8-2-aminoethyl thiosulfate (43 g, 0.24 mole) was alkylated?
in 959 EtOH with 22 g (0.12 mole) of 1-bromo-3-cyclobutyl-
propane. The solvent was removed under vacuum and a slurry
of the solid residue with 100 ml of H.0O was filtered, giving 31 g
of crude product. The solid was triturated with H,O and then
recrystallized twice from 959 EtOH and once from absolute
EtOH to give 10.8 g (33%) of 2 as shiny white crystals, mp 211~
212.5° dec.

S-2-[(5-Cyclobutylpentyl)amino]ethyl Thiosulfate (8).—A
Grignard reagent prepared in THF from 43 g (0.24 mole) of 1-
bromo-3-cyclobutylpropane was treated with 11.7 g (0.27 mole)
of ethylene oxide to give 22 g (65%,) of impure cyclobutane-
pentanol, bp 110-114° (20 mm). Treatment of the alcohol with
PBr; in the presence of C;H;N gave 15 g (469;) of 1-bromo-3-
cyclobutylpentane: bp 111-113° (19 mm); glpe, 90%. Ir
analysis ruled out any olefinic alkyl halide. This product was
used to prepare® the Bunte salt 8.

trans=-N-(2-Hydroxyethyl)-2-phenylcyclopropanecarboxamide
was prepared in CH.Cl: from 100 g (0.55 mole) of trans-2-
phenyleyclopropane-1-carboxylic acid and 74 g (1.2 moles) of
2-aminoethanol: 91 g (809 ), mp 110-111°. Anal. (C;2H;;:NOs)
C, H, N.
trans=-N-(2-Chloroethyl)-2-phenylcyclopropanemethylamine
Hydrochloride.—Reduction of trans-N-(2-hydroxyethyl)-2-phen-
vlcyclopropanecarboxamide (80 g, 0.39 mole) was effected in 1.5
1. of refluxing (24 hr) THT containing 30 g (0.78 mole) of LiAlH,.
Distillation of the product afforded 57 g (769 ) of 2-{[trans-(2-
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pheml(\(lupr()p\l)melh\lJammu ethanol:  bp [140-146° (0.3
mm); nmr (CCL), § 6.95 (m, 5, CeH;), 3.40 (m, 4, NH, CH,OH ),
2.38 (m, 4, CH.NCH,), and 0.62-1.83 ppm (m, 4, ( "HCH.CH .

To 20 g (0.11 moley of 2-{ [trans-(2-phenyleyvelopropylimethyl ]—
amino]ethanol was added dropwise at 0° 25 g (0.2 mole) of
SOCL.  The mixture was stirred at room temperature for 16
hr and then af 40-50° for 0.5 hr. The =olvent was removed under
vacuum and a solution of the solid residue in BtOH was treated
with charcoal and reconcentrated. Crystallization from EtOT]
0 gave 15 g (609 ) of trans-N-(2-¢ hlumelhxl) 2-phenvyleyelo-
propanemethylamine hydrochloride, mp 117-119°.  The sample
for analysix melted at 120-122° tpa/. (CLlNCLHOD
¢, 1, N, ClL

S-2-} [{rans-{ 2-Phenylcyclopropyl)methyllamino | ethyl Thio-
sulfate (64). —trans-N-{2-Chloroethyl)-2-phenyleyelopropane-
methylamine hydrochloride (15 g, 0.06 mole) was converted o
the Bunte salt using NaxS:03-5H.0.8 Two recrystallizations of
the crude product from ItOH-DMF gave 13.5 g (787) of 64,
mp 188-190°.

S-2-{(2,2-Diethylbutyl )amino]ethyl Thiosulfate (132).—Reduc-
tion of 50 g (0.32 mole) of 2,2-diethylbutyric acid by LiAlH,
in KGO gave 44 g of erude lig md 2-diethyl-1-butanol. Reaction
(24 hr of reflux) of this al(()h()l \\1th 62 g (0.23 mole) of PBry
in the presence of 48 g of quinoline and 350 ml of bromobenzene
gave 32 g of iquid: bp 53-38° (14 mm); glpc analysis, 1-bromo-
2,2-diethyvlbutane and PhBr in a ratio of 1: A solution con-
taining 230 ml of 2-aminoethanol and the (mde I-bromo-2,2-
diethyvlbutane was refluxed for 16 hr.  An ethereal extract of the
solution was washed (H,0)), dried (MgsOy), concentrated, and
distilled giving 7 g of 2-[(2,2~ leth\lhm\l)amino]ethannl, bp
[25° (1> mm). A =olution of thl~ amino alecohol in 21 ml of 487
HIBr was refluxed for 1 hr. The crude HBr salt (8.4 g, 657,) on
reaction with 6.3 g (0.026 mole) of Na,=:0,;-53H() in 20 ml of
IO afforded 3.6 g (327, ) of the Bunte =alt 132: mp 190-105°
dee: nmr (D0-NaOD), 6 2.8-3.3 (m, 4, NCH,CH,™), 2.31
(x, 2, Bty,C-CH,N ), und 0.50-1.48 ppm [m, 15, (CoH; )],

4-(4-Chlorobutyl)bicyclohexyl.—-A =olution of 225 g (0.86
mole) of 3-(p-cyelohexyvibenzovlpropionic acid®t in 11, of MeOH
was hydrogenated at abowt 3 atm in the presence of 5 ml of
concentrated LSOy and 5 g of 20¢, Pd-C.  The reduction was
alluw ed 1o proceed for 17 hr (I, g )mke corresponded to reduction

f carbonyl group ) and then I()gnt 107, Rh-C was added followed

})) hydrogenation for 48 hr (I, up (Lk(‘ corresponded to reduction
of the aromatic 1ing) A slwrrey of the filtered solution with 10
g (0.094 mole) of anhydrous Na,CO; was allowed to stand for
16 hr. The solvent was removed under reduced pressure, the
residite was extracted with 300 ml of E60, and the ethereal
extract was washed with =mall portions of ) and dried (Mg-
=0y

The solwlion containing 4-¢ \(lohe\\lc\(l(»hc\dnebut\xi(' zi(id
was reduced with 33.8 g (0.80 mole) of LiAlH, giving 149
(700, of 4-cyelohexyleyclohexanebutanol: bp 209-215° (8 mm ).
glpe, 990, Conversion of the aleohol to the chloride (ROCI,
I, N )2 resulied in 137 g of erude product.  Distillation of 117
g of crude product gave 97 g of 4-(4-chlorol )ut\l)bi(\(lohex_\'l:
bp 205-200° (19 mm); glpe, 80:20 mixture of isomers. Anal.
(CilleCL C, H, CL

2-(4-Bromobutyljcyclohexyl Methyl Ether.——4-(0-Methoxy-
phen\l)hulyriw acid® (80 g, 0.41 mole) was hydrogenated (3

wm) for 20 hr in 400 ml of MeOU containing 5 g of 105; Rh-C.
(umemmti(m of the filtered solution gave 77 g of crude 2-
methoxyevelohexanebutyric acid. Reduetion of 50 g (0.25 mole)
of the crude acid with 9.3 g (0.25 mole) of LiAlTL, in Et:0 solution
gave 32 g (719) of 2-methoxycyclohexanebutanol, bp 83-93°
(0.4 mm). The substituted butanol (32 g, 0.18 mole) was con-
verted (PBry and CHN at 23°) to 2-(4-bromobutyl)eyclohexyl
methyl ether: 18 g (400.), bp 75-85° (0.2 mm).  Anal. (Cula-
Broy)y ¢, H, Br.

1-(4-Chlorobutyl)-4-methylcyclohexane..—A solution contain-
ing 75 g (0.45 mole) of 4-p-tolyl-1-butanol® and 2 ml of concen-
trated TS, in 400 ml of MeOH was hydrogenated for 2 days
at 3 atm over 5 g of 106, P1-C. An additional 2.3 g of 109, Pt-C
wus added and hydrogenation was continued for 3.5 days in
order ta complete the reduction.  Another hydrogenation using

24 N. P Buu-Hoi, P. Cogniami, and Ch. Mentzer, Bull. Soc. Chim
France, 11, 127 (1941).

(25) Reference 23. p92.

(26) J. Lockett and W. F. Short, J. Chem. Soc,, 787 (1936).

i27) R. Huisgen and V. Vossius, Monatskh. Chem., 88, 517 {1857).
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32 g (0.19 moley of $-p-tolyl-1-butanol and 1 ml of concentrated
HoSO; in 250 ml of MeOH was completed in 24 hr over 4 g of
10, Rh-C. The HS04 in the two lots was nentralized with
NaCOy ax dexeribed above.  The products were combined giving
7O g (717,71 of crude oily product. T}w aleohol wux chlorinated
(SOCL NG o give 39 g (4570 of  I-(4-chlorobut vl -4+
methylevelohexane: hp 69 72° ((J S mm): glpe, 6024 mixture
of isomers. nal. (Cy1,CH C) HL

4-(4-(Jhlorobutyl)cyclohexyl Methyl Ether.- A
solution containing 125 g (0.56 mole) of methyl 3-p-anizovi-
propionate™ was hydrogenated in a stepwise manner as in the
reduction given above for 3-(p-vyclohexylbenzoylpropionic aeid.
Only 8 hrowas required o saturate the aromatic ring in this
case.®  The crude oily methyl 4- methu\\(\(luht\anel)n?\mtt-
(100 g) was further reduced with 180 ¢ (4.7 molex) of Nal3H, in
2 Lol absolure K103 The mixture was allowed to stir for
IS heot before dilution in 7 1 of HoO. The product was extracted
into CHCL; and the crude 4-methoxyeyelohexanebutanol (65 g,
T40) was converted to 46 g of impure 4-(4d-chlorobutyljeyclo-
hexvl methyl ether, bp 110-140° (15 mm). Fractional distilla-
tion gave u forerun, bp 24- 11R° (6 mm); N g, bp 118-130°
(6 mmj, glpe L) R mixture of A and B; 17 g, bp 130-137°
(6 mm), glpe 73018 mixewre of A and B, Components A and
B were .~ep(n(md from the two fractions by preparative gax
chromatography (F & N Model 770: mmpumn( ;\, JN g
icontaminated with 1.7, of Bj, nmr (CCly) 8 3.48 ¢ S =6
Hz, CH,CLy, el 3.3 (my 1, MeOCH ), and 3. -1 ppm { ( HyO )
component B, 1.1 g iconfaminated with 2.8C; of A), nmr (CC l.,
6 ca. 3.5 im, 1, MeOCH), 3.47 (1, 2, = 6 Hz, CH.CD), and 3.23
ppm (s, 3, CH0) Elemental analvtical data confirmed that
A and B are the two racemates of 4-(4-chlorobutyhevelohexyl
methyl ether.  tnalc A (CHHLCIOY €, H, CL (Cy L, CHOn
O, 1.

p=(4-Chlorobutylphenol.—A ~olution of 79.5 g (.40 mole) of
p-{4-chlorobutyDanisole®? i1 1.2 1. of CH,CL, was treated with 100
g (0.40 mole; of BBry 1o give 37 g (770¢) of p-(4-chlorobutyl)-
phenol, bp 141-145° (2 mm). Anal. (C,HiClO) C, H, CL

[2-(Bromomethyl)propyljcyclohexane.—Reduction of 200 g
{118 molex) nf a-ethyleyelohexanes 1(911(‘ acid in GO with 44.6 ¢
(1,18 moles) of Tl&llh gave 133 g (720,) of a-ethylevelohexane-
Mhanul. bp 78-84° (0.8 mm) [lit.3 L form, bp 119-121° (18
mmjl: nmy (CCLy, 8 3.4Y (d, 2, J = 4 Hz, CHyO), 3.09 (s, I,
OH ), and 0.75-1.92 ppm (m, 14). (,()llVelalt)ll of the almhul to
the alkyl bromide (PBry-C, N, 2 hr at 100°) gave 39.6 g (670,
of [2-(bromomethyDpropyvl]eyelohexane: bp 125-131° (28 mm);
glpe, 9490 nmr (CCLY, 6 349 (d, 2, J = 4 Hz, CH,Br) and 0.75
1LOR ppm {m, 17). .lnal. (C,HBr) C, H, Br.

sec-Butyleyclohexane.**--Reduction of 39.6 g (.18 mole) of
R2-(bromoethyDpropyl]eyelohexane with 2.3 g (006 mole) of
LIALH: wax allowed to proceed for 18 hr in 300 ml of refluxing
E1.0. The ernde oily producet (32.8 g) was distilled to give 7.3 g
of see-butyleyelohexane:  bp 79-81° (28 mm) [lit.# bp 177° (760
mm)j]; glpe, 9870 Ir and nmr =spectra of the hydrocarbon were
nearly =uperimposable with a commercial sample (glpe, 96¢,0 of
sec-butyleyelohexane.

1-{1-(Bromomethyl )propoxy|-4-methoxybenzene.—A mixiure
of 80 g (0.64 mole) of p-methoxyphenol, 136 g (0.7 mole) of ethy]
2-bromobutyrate, 96 g (0.7 mole) of anhydrous K.CO;y, and 500
ml of absolute EtOI was refluxed for 18 hr. The filtered =olution
wax concentrated and the residue was diluted with 400 ml of
IL,O before being extracted into Kt,0. The ethereal ~olution
wax washed (H.0), dried (MgS0,), and dixtilled giving 6.5 g of
forerun and 119 g (7T8C.) of ethyl 2-(p-methoxyphenoxy)-
butyvrate: bp 1IS-121° (0.5 mmy; glpe, 9097 nmr (CCly), 8 1.03
ppm (t, 3,/ = 7 1z, CH,CH,CH).

methanolie

(28) M. I, Soffer and M. C. Hunt, JJ. Am. Chem. Soc., 6T, 692 (1443},

i29) Catalyvtie reduction of 4-(p-methoxyphenyl)-1-hutanol using Rh-C
resulted in onlv the unsubstituted S-2<{[(il—c}'(‘luhex)'l)hut_vl}amino}et.hy!
thiosulfate as a final product. The ether must have heen cleaved during
catalytic reduction; dehydration and saturation of the ring must have fol-
lowed.

(30) M. X, Brown and H. Rapoport, J. Org. Chem., 28, 3261 (1463).

{31) At one point vigorous evolution of hydrogen occurred. We prefer
LiATHs for these reductions.

132} See Table 111, footnote /.

(33) E. Bowden and H. Adkins, J. Am. Chem. Soc., 56, 689 (1934).

(34) This preparation provided evidence that no rearrangement of
branched-chain compounds occurred in the synthesis of alkyl bromides irom
aleohols using PBr: and pyridine.

(357 J. Timmermans, Bull, Soc. Chim. Belges, 36, 502 (19271, Chem. Abstr.,
22, 56 (1U28).
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Reduction of 119 g (0.5 mole) of ethyl 2-(p-methoxyphenoxy)-
butyrate with 10.6 g (0.28 mole) of LiAlH; was effected in 1 1.
of Et:0 to give 94 g (95%) of crude 2-(p-methoxyphenoxy)-1-
butanol; glpe, 99%; nmr (CCly), § 0.90 ppm (t, 3, J = 7 Hg,
CH,CH.CH).

A mixture of 32 g (0.26 mole) of 2-(p-methoxyphenoxy)-1-
butanol, 7.8 ml of pyridine, and 27 g (0.1 mole) of PBr; was
heated at 95-110° for 2 hr and then stirred at room temperature
for 16 hr giving 39 g (529%) of 1-[1-(bromomethyl)propoxy]-4-
methoxybenzene: bp 106-113° (0.6 mm); glpe, 97%. Anal.
(CuHu,BI‘OQ) C, H, Br.

1-(4-Bromobutoxy )-4-propoxybenzene.—Alkylation of 100 g
(0.66 mole) of p-propoxyphenol with 1,4-dibromobutane (339 g,
1.57 moles) was effected in Me,CO in the presence of KsCOj.%
Distillation of the crude product gave 25 g of forerun and 95.6 g
(509 ) of material: bp 143-155° (0.5-1 mm); glpe, 989; the
nmr peaks were as expected. Anal. (CisHi,BrO,) C, H, Br.

4-Bromobutyl Cyclohexyl Ether.—Alkylation of 50 g (0.5
mole) of cyclohexanol as the Na salt (NaH) with 162 g (0.75
mole) of 1,4-dibromobutane was effected in a benzene-toluene
mixture. Distillation gave 44 g (389) of produet, bp 56-67°

(36) Reference 23, pp 226-228.
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(0.1 mm); the nmr peaks were as expected. Anal. (C,HsBrO;
C, H, Br.

5-Bromopentyl Phenyl Sulfide.—Thiophenol (55 g, 0.5 mole)
was alkylated with 1,5-dibromopentane (345 g, 1.5 moles) in
absolute EtOH containing 27 g (0.5 mole) of NaOCH;.?®  Distilla-
tion of crude product gave 37 g (289) of material: bp 120-140°
(0.3 mm); glpe, 95%; uv, Amec’ 254 mu (e 8700); the nmr peaks
were as expected. Anal. (Cy;HiBrS) Br.

In addition, 34 g of 1,5-di(phenylthio)pentane was obtained:
bp 177-192° (0.3 mm); uv, A\ 254 mu (e 15,000).
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Synthetic Schistosomicides.

X. Bis(4-arylazo-1-naphthylamines)
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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-1,4-naphthylene)]bis(N’,N’-dialkylalkylenediamines)
(IIT) were prepared by coupling a tetrazotized dianiline derivative with the appropriate N,N-dialkyl-N’-1-
naphthylalkylenediamine. Likewise, several bis[(4-phenylazo-1-naphthylamino)alkyl]amines (IVa—c¢) were ob-
tained from benzenediazonium chloride and the corresponding bis[(1-naphthylamino)alkyllamines. Con-
densation of diazotized N-[4-(4-amino- 1-naphthylazo)-1-naphthyl]-N-(2-diethylaminoethyl)-2,2,2-trifluoroacet-
amide (VII) with an N,N-dialkyl-N’-1-naphthylalkylenediamine followed by alkaline hydrolysis of the interme-
diate trifluoroacetamides afforded a series of N',N'-diethyl-N"’*,N’//-dialkyl-N,N"’-[1,4-naphthylenebis(azo-1,4-

naphthylene)]bis(alkylenediamines) (I1Xa—c).

Five compounds (1, 2, and IXa~c) effected a 941009, reduction
of live Schistosoma mansoni in mice at drug-diet doses ranging from 110-692 mg/kg daily for 14 days.

Six com-

pounds (2, 3, 5, 7, IVa, and VII) were active against Mycobacterium tuberculosis HyRv in vitro.

In previous communications various N-mono- and
N,N-dialkyl-N'-(4-arylazo- and 4-heterocyclic azo-1-
naphthyl)alkylenediamines (Ia and b) and related

NHYNRR,
X
N=N—1Z
Ia, Z= Ar
b, Z=Het
NH(CH,;N i
R

N=N—12Z

substances were reported to have strong therapeutic
effects against Schistosoma mansoni*~7 and Schistosoma

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

Japonicum?® in experimental animals. Further, certain
1-(3-{ [5,6,7,8-tetrahydro-4-(phenylazo- and 3-pyridyl-
azo)-1-naphthylJamino} propyl)piperidines (IIa and b)
are highly active against Mycobacterium tuberculosis
HsRv and Mycobacterium lepraemurium in vitro and in
mice.*® In 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 N,N-[bis(phenyleneazo-1,4-naphthylene) |-
bis(N/,N’-dialkylalkylenediamines) (III) (Table I)
was prepared by coupling a tetrazotized dianiline de-
rivative with the appropriate N,N-dialkyl-N’-1-naph-

(2) E. F. Elslager, D. B. Capps, L. M. Werhel, D. F. Worth, J. E, Meisen-
helder, H. Najarian, and P. E. Thompson, ibid., 6, 217 (1963).

(3) E. F. Elslager, D. B. Capps, D. H. Kurtz, L. M, Werbel, and D. F.
Worth, ibid., 6, 646 (1963).

(4) E. F. Elslager, D, B. Capps, L. M. Werbel, D. F. Worth, J. E, Meisen-
helder, and P. E. Thompson, tbid., T, 487 (1964).

(5) E. F. Elslager, D. B. Capps, and L. M. Werbel, tbid., T, 658 (1964).

(8) E. F. Elslager and D. B. Capps, ibid., T, 663 (1964).

(7) E. F. Elslager, D. B. Capps, D. H. Kurtz, F. W. Short, L. M. Werbel,
and D. F. Worth, ibid., 9, 378 (1966).

(8) 8. T. Ch’en, I. F. Ch’en, P. C. Kun, Y. C. Hu, J. H. Yao, and T. H.
Chou, Yao Hsueh Hsueh Pao, 18, 30 (1966).

(9) Y. T. Chang, Anttmicrobtal Agents Chemotherapy 1965, 465 (1966).

(10) L. M. Werbel, E. F. Elslager, M. W. Fisher, Z. B. Gavrilis, and A. A.
Phillips, J. Med. Chem,, 11, 411 (1968).



