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An extensive series of N-snbstitnted derivatives of S-2-mninoethyl thiosulfate his been prepared for the purpose

of finding a nsefnl radioprotective agent.

as insnlating groups.

Cycloalkylalkyl, evcloalkylalkyloxyalkyl, eycloalkvloxyalkyl, aralkyl,
and aryloxyalkyl groups were included as substitnents on nitroger.
ing the eyelic portion from the amine was varied from zero to niue carbon atons.
Alkylation of 8-2-aminoethyl thiosulfate with alkyl halides was nsed exteusively, al-
though alkylations with epoxides and a tosyl ester also were employed.

The length of the linear alkyl group separat-
Branched chains also were 11zed

Other preparations of internal Bunte

<alts utilized tn this work include oxidation of disnlfides with sulfite ion aud reaction of N-substituted aminoethyl

halides with thiosulfate ion.

Intermediates for the alkylation reactions were prepared by varions conventional
methods, inclnding mumnerous chain-lengthening and chain-branching reactions.

Antiradiation activity in mire

has been found thronghont the series, and it is apparent that several compounds can be adnrinistered to obtain a

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

also was obtained for sonie componnds.

It 1s 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 mai-
gin of safety than can be obtained by ordinary alkyl
substitution. Variation of the substituent on nitrogen
followed. We replaced the cyclohexyl group with
cyelobutyl, eyclopentyl, and cycloheptyl groups. The
length of the insulating linear alkyl group was increased
to nine carbon atoms and decreased to the point of
simply having N-cveloalkyl derivatives.

Nitrogen substitution by alieyclic ethers and various
aralkyvl and aryloxyalkyl groups also were included in
the study. Compounds having brauched chains as in-
sulating groups were prepared for the cyeloalkylalkyl
series and both aromatic series, The five general
classes of compounds prepared are represented below.

RNHCIT.CHSS0H

)

R= (C&),/,CH-alkyl-

7N
(C@CH(CHZ)MO(CHZ)/L,—

@—alkyl- {Table II1),
A
@—o-am— (Table IV),

A

(Table 1),

(Table II),

(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 alcohols 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
appreciace the interest and snpport of Drs. D. PP, Jacobus and T. R. Sweeney
of Walter Reed Army Instituce of Research.

12) W. D. Foyein “Annual Reports in Medicina) Chemistry, 1965," C. K.
Cain, I2d., Academic Press Ine., New York, N. Y., 1966, Chapter 30.

{3) A series primarily of N-alky) derivadves of 8-2-aminoethyl thiosulfate
bas lieen reported, b no andradiation data were given: D. L. Klayman aml
W. F. Gilnare, 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.  Ior 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 comn-
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. Resction 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 produets.* The more conventional and less direct
alkylation of diethyl malonate served to extend a chain
by two carbon atoms. A three-carbon fragment wis
conveniently introduced by the addition of a Grignard
reagent to trimethylene oxide.>¢

Preparation of alkyl halides having a cycloalkyl group
attached to & branched earbon chain was accomplished
by first performing a Reformatsky reaction between n
cycloalkanone or an appropriate aldehyde and an o-
bromo ester.  Dehydration and reduction reactions of
the Reformatsky produets afforded branched aleohols
which were easily converted to the halides. The
branched halide [2-(bromomethyl)propyl]eyclohexane
was converted to the known see-butyleyelohexane in or-
der to rule out rearrangement during the halogenation
step.

Preparation of aryl-substituted branched-chain cou-
pounds required a different approach. Aryl malonates
were treated with i 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 S-2-amino-
ethyl thiosulfate.

Incorporation of the trans-2-phenylcyclopropane-

(4) M. 8. Kharasch and O. Reinmuth, "Grignard Reactions of Nommnerallic
Subscances,” Prentice-Hal), Inc., New Yark, N. Y., 1954, p 961.

5 C. G. Derick and D. W. Bissell, J. Am. Chem. Soc., 88, 2478 1101067,
(i) 8. Searles, thid., 78, 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,O0H — 2-hydroxyethylamide + LiAlH,;— 2-(substi-
tuted amino)ethanol + SOCl; — 2-(substituted amino)-
ethyl chloride hydrochloride 4+ Na,8,05 — Bunte salt.
The high order of antiradiation activity of S-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 alecohols and halides used to
prepare S-2-alkylaminoethyl thiosulfates were largely
one component and others were mixtures. In the case
of 31, 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 succinic
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 I

@vCOCHZCHZCOZR
A
1. H,, Pd—C
x H;. Rh—C

H., Pd~c/
@(CHz)acozR K R07C, /@—(CHZ»COZR
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LiAIH, LiAIH,

Or excess Oor excess

NaBH, NaBH,

H, Rh~
/@_@HZLOH HuRh-C, @—<ca2>4oa
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 alicyclic ethers found in Table II re-
quired as intermediates alkyl halides which were pre-
pared in benzene or toluene from cycloalkanols or ecyclo-
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 I(,CO; Branched-chain compounds in
this aryl ether series were prepared similarly from o-
bromo esters. Dehydrohalogenation of the a-bromo
ester could be expected in this case, but apparently
I,CO; is not a strong enough base for dehydrohalo-
genation to compete successfully with substitution by
phenoxide ion. If formed, an «,8-unsaturated ester
would add phenoxide ion to give a g-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,
CHO _C(CH), + HNCHCHSCHCH, —
OCH,
CH,0 o,
CH@—@—CO(:JNHCHZCHZSCHZCSHﬁ

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., 88, 1249 (1900).

(9) The compound Jbp 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., T3, 4758 (1950).

(10) Female albino mice 6~8 weeks o)d are used in the test. For the initial
screening res:nlts 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, ibid., 8, 29 (1965).
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1 (CHa)sCH 14 A 9 222024 CsH i NO5S: 175 100 0 0
2 (CHa);CH(CH.,); e f I B, A 33 211-212.5  ColLisNO3S, 200 25 30 1000 G 7 0
3 (CH,);CHCH, Te B 26 210-216 CoH 3N O3Sy 350 125 15 825 X 20 +
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B 1H 1050 G 79
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z- . Y - . N
= tive effect when given orally v the more important
u o . = ) = 2 3 : ' s &
- ++ ++4+4++= =+ Z : T '
E + o+ L + i+ ;i+ + = feature. The p-cthylphenyl (78) and p-cthoxyphenyl
= + L £ (76) derivatives also exhibited significant activity by
= oral administration, even though parenteral dats are
LSS EL RIS S S =7 mediocrc.
i DL =NXT LT LTS b S . :
B « £~ Aryloxyalkyl compounds as a class ave highly effec-
T = tive. Methyl substitution, either orthe or di-ortho,
2.2 wmwmeso=ZS=Z ZZZZZZ % leads the list.  The insulating alkyl group ean be butyl,
2:Z JdUNZEZZEZEZE ZZEZEZE o-: - o] £ 7 ;
28 E O SEEZZ2ES =32z Z Z penyl or hiexyl for the p-tolyl ether (Tauble VI).  Activ-
& £% ity by oral administration was not obtained with these
. N . -
P compounds,  however. p-Tolyloxybutyl (100), n-
g=— ~ T -—--—==%3 -=%-=-=="2= chlorophenoxybutyl (88), und p-ethyl-o-methoxy-
= £ ¢ phenoxybutyl (118) derivatives showed moderate
-) ; i I - ~ =z Lo . X
7 2 e e e g e s = o o D E activity by oral dosing.  In the case of unsubstituted
= 2 S B R A== SAAE~-3S 22 pheuyl the butyl ether 94 and hexyl ether 114 were iu-
= = 2 active. whereas the pentyl ether 101 displayed good
—_— Z x .o . . . -
o 52 22R%ZPE z2mszcssnE activity.  Brauching of the alkyl group in the aryl
o PSR Vonguuiol ~ - B Tl Tl . . 9 . . N
= - == =TT =T 22 ether series gave compounds devoid of antiradiation
= Z= properties.
2 CRELE EREELL LR LA g [t s apparent that wi.thin‘ these several series are
& % % o % % s g % S % = = % S 2 = . numerous compounds which in the mouse cau be ad-
5 SN IE i EEERREAS = Z 72 T2 ministered to obtain o good radioprotective effect at
> == CESCSES=ZSSZ==ESE ofl N
Z STTERTE OETETEETETETTTRT I IR - oue-tenth to onefifteenth the toxie (LDs) doses.
= O Y ULl ol U I
= =
2 URNEY Sg-mssssmen—= Sy Experimental Section'?
o) Sz S =220 cFz2Z2 -2 T3
= — ] NN~ =N=N—== % . : s
;— Edbd o= LA U T A G & e 2-{[2-(Benzylthio)ethyl]amino}-3’,4'-dimethoxy-2-methyl-
) =EQISR ZEKES5EXEZEE=ZEX T I propiophenone Hydrochloride.—A solntion eontaining 24 g (0.1
= . =T mole) of 1-(3,4-dimethoxyphenyl)-1,2-epoxy-1-methoxy-2-meth-
2 & 2. vylpropane® and 33 g (0.2 mole) of 2-(benzylthio)ethylamine was
“ FRAET DRI TS gz oos ~ allowed to stand at roowt temperature for 3 days and then at
= = steam-bath temperature for 1 dayvs. Excess 2-(benzylthio)-
Z g7 ethylamine was removed by distillation, recovering 12 g of lignid,
Z = _ =.; bp 100-103° (0.1 mm). A mixtnre of the pot residue and char-
= ) o I coal in 400 mnl of Et.() was warmed and filtered. Dry HCI was
4 LS4 = s2a sor . 227 added to the light yellow filtrate, precipitating a semisolid salt.
5 P A . £ The Et,0) laver was decanted and the proditet was triturated with
= CO=E < =FEIalTw=E = 2% 00 nl of warm Me,CO o effect vrystallization. The mixture
= S = é was chilled and ﬁltured to give 21 g (519%) of ervstalline produet,
< z il =l ===l ==t = =l == :: Z mp 177-180°. .{evrystal!imtion' from .‘.\IegCO provided 16 g of
< < - - — T~ prodiet with no inerease in melting point.  dnal. (CaHaNOsS-
8 . 2= HCLHC, H, N. A 0.2-mole preparation gave 40.5 g (50%%) of the
< Lz = = 1202 21 s T same producet, mp 177-179°.
= £ T T T 2 E a-(1-{[2-(Benzylthio)ethyl]amino| -1-methylethyl)-3,4-dime-
L P < > 2 thoxybenzyl Alcohol——A slurry of 20.5 g (0.05 mole) of 2-{]2-
z ! _ 53 = sssosSa 2~ {benzylthio)ethyllaminoi-3’,4” - dimethoxy - 2 -methylpropiophe-
Z LT — = - - E N j B 'A == none hydrochloride it Ft.0-CeHg (1:1) was treated with 50 ml
4 LIS S TToTSToTTSo TS o T oof 1N NaOIL The organie layer was separated, washed with
- = ~ f Ve = 2 P T R T S T . _ . .
z M Rz oan N Z e = = = SZokExgg < o 1,0, dried (MgSOp, and coucentrated.  The residual oil was
= =o : j] t‘i t: 1 1 30 ; N 3 ;T ; = E n }: = redneed with 1.9 g of LiAlH; i 250 ml of Et,0.14 Filtration of
pe 2 A% FE ZEXLSER 28R = : = g7 Z the decomposed (NaOF ) mixtire and conceutration of the filtrate
Pt ©afforded ouly 1 g of oily matertal. A shrry of the separated
“‘ solid (mostly inorganie) in 1539 NaOH solution was filtered and
y ° the insoluble material was washed well with H.O. Two recrystal-
o c = lizations of the =olid from EtOH gave 13 g (70¢%) of prodnet, nip
= 2T LT OREEFRREERRTREEE 146-149°.  Another 2.2-g sample (mp 146-149°) was obtained
= from the crystallization lignors; total vield, 15 g (829%). A
= = 1-g sample wax recrystallized from E(OH giving 0.95 g of produet,
5 = g smp lized fr giv p
. 2Rs = mp 145-148°. Anel. {CxHaeNOw3) C, H) N, 3.
R ==-e = < = a,o’=|Dithiobis(ethyleniminoisopropylidene )] bis(3 4-dime-
=252l e =) £ thoxybenzy! Alcohol),--Debenzylation of 12.2 g (0.032 mole) of «-
S S = R £ (1-}[2- (benzylthio)ethyl]amino) -1-methylethyl)-3,4- dinethoxy-
= S = < XAz T O =S = = benzyl aleohol was offected by the nse of Na in liguid NTi;. 1008
DT Llld ; 93 93 E-“Jz SESAS] =0 'T =z The solid obtaimed fl’()lll the de(s()lllpqsed (HZO~VH4CI). nllixl‘nro
SSSS ST SfESOC SO0 = was washed well (11:0) and recrystallized from EtOH giving 6.5
S IZTES CZSEEEIDDOOEESZE 2 gof crude product in several crops, mp 144~152°. The combined
5855 235352 Ep0gggas BN IR ” P
cicicicicicicicicr - icicicic IC I R
= == = jasili vl eniian i et s % = TET o R @ . {13) Melting poiins were Jetermined using a Thomnas—~Hoover melting
=555 EESEEECO0EESES g2
T T ‘:)/ 9 = 2.2 T & point apparates. Where analyses are indicated anly by symbols of the ele-
ﬁ‘i [ ol
= £ mentsor funetions, analytical results oblained for those elements or funetions
é 7 are wichin £0.4¢ of the cheoretical vabies.
P (14) W, G. Browu, Ory. Reavtions. 6, 469 (1951).
R o YR Qelxx o2 =2 £2  (d J Baddiley and E. M. Thain, J. Chem. Soc., 800 (1952).
Z = T2l E T oo L g : .
v me e s C= L (6) I 1 Carroll,. D White, and M. E. Wall, /. Org. Chem.. 28, 123
M 56
T (1963).
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S-2-(ARALKYLAMINO JETHYL T11:0SULFATE

RNHCH,CI1,8,0,11
= — it ———— A ntiradiation aect." —-~-———————
Drug dose
min
nreir-
e R Reerystn Yield, Cu. Lisp, radia- Radiation, Survi-
No. R Source Bp, °C (umn) Glpe, % Methiod® solvents" A Mp, °C To1onla? meg/kg m/ ke tion dose, R val, % Rating
64 CH——CHL d I M 78 188-190  CulTyNOsS, 75 50 5 1000 G 13 0
65 4-CIC I, CH(C.I1)CIT, e, f 83-86 (0.5) 11 B, A 29 198-200 Crl1sCINO;S, 140 75 15 1000 G 73 +
66 2-HOCH«(CHy), e, g 110-115 (0.1) 11 C, M 6 186-187 CiH,sNOSS, 300 100 15 1000 G 13 0
67 4-HOCsH1(CH.)4 ¢, h 141-145 (2) 11 C J, A 3 187-188 CpH yNOS, 250 150 15 1000 G 27 +
68 2-CHOCH(CI1) e Im A 11 179180  CpIlNOS, 175 75 15 1000G 20 +
64 4-CIT;,O0CH(CH. )y (] 106-110 (0.4) 11 L 18 180-181 C2H 1 yNO,S, 200 75 30 1050 G 47 +
70 4-CH;0Cs1 (CH,), h, k1 95 I A 7 181-182 ClTyNOS, 120 H50* 15 825 X 100 +++
30 15 1000 G 87
71 3-CHzOCIT,(CH, ) e, m 115-117 (0. 3) 11 A 41 167-169 Ci3ITu NO4S, 150 37.5 15 1000 G 80 ++
72 3-CH;0CH,CTIH(C,IT)YCTH, e,n 90-102 (0.7) 1T B, C 18 130-135 CiuHaNOS, 100 40 15 1000 G 20 +
73 4-CyH;CsH (CH, ), h ko I C 15 210-212 CuHyuNO,S, 15 5 15 1000 G 60 +
74 2,4-(CH;)CoIT3(CH, )4 bk p I A 14 214-215 C1aHuNO3S, 38 15 30 1000 G 73 +
75 2,5-(CH;3).CsHa(CI1: 14 e, q 79-85 (0.5) 11 A 22 214-215 CulluyNOSS, 20 10 30 1000 G 73 +
76 4-C,IT;,OCH,(CH, ), e r 115-123 (0.3) 1T A 19 206207 CHyuNOS, 22 LH 15 1000 (e 47 +
77 4-CH;O0CIT(CI )5 ¢ s 100-107 (0.03) 11 B, A 360 181-184 CaHuNOS, 45 15 30 1050 G 80 +
78 3,4~(CIT;0),Cet5(CTi2 ) { 120-142 (0.3) 1T A 8 166-168 CraHNOsS, 350 200* 15 825 X 83 +
749 4-CH;OCIT(CTlL)s 4 128-135 (0.7) 131 B D, A D 19 183-186 CisHasNOSS, >40 10 30 1000 G 80 ++
80 4-[(CH,);CH]CsH(ClI14), h, k, v 11 L, A 10 223-225 CialleosN O3S, 15 8 15 1000 G 53 +
81 2-Phenanthryl-(CH.), h, k, w 11 A 17 208211 CaolTNO3S, 100 75 30 1000 G 0 0
82 9,10-Dihydro-2-phenanthryl-
(CHs)s h, k, x 11 M 15 216-217 CaolTysNOySo 750 25 30 1000 G 0

« See footnote a, Table I. ¢ See footnoted, Table I. < Sec footnotes c and oo, Table I. 4 See ixperimental Section. ¢ RBr. £ ROH: 2-(p-chlorophenyl)butyrie acid [M. A. Spielman, A. D. Geiszler,
and W. J. Close, J. Am. Chem. Soc., 70, 4189 (1948)] + LiAlll,. # Reaction between p-chlorophenetole and succinic anhydride (Friedel-Crafts conditions using AICL in CH,CL-CsH;NO:) gave
3-(h-chlorosalieyloyl)propionic acid [S. L. Dalal, J. J. Trivedi, and N. Z. Patel, J. Indian Chem. Soc., 35, 745 (1958)] ; catalytic (209, Pd-C) hydrogenation gave 4-(o-hydroxyphenyl)bntyric acid
[Gi. Schroeter, German Patent 562,827 (1928); Chem. Abstr., 27, 1224 (1933)]; LiAlHy rednction gave ROH [I. Gi. Baddeley, N. H. P. Smith, and M. A. Vickars, J. Chem. Soc., 2455 (1956)].
Reaction between ROH and PBr; was effected in EtsQ at 25° for 18 hr.  #» RCL. ¢ Aldrieh Chemical Co. 7 A. Horeat, Bull. Soc. Chim. France, 15, 414 (1948). * Crude alkyl halide was nsed for
the alkylation. ! H. Morren, D. Zivkovie, R. Linz, H. Strubbe, and L. Marchal, Ind. Chim. Belge, 28, 123 (1963); Chem. Abstr., 59, 8732 (1963). = ROH: R. ITeck and S. Winstein, J. Am. Chem.
Soc., 79, 3114 (1957). = ROII [bp 95° (0.3 ram )] from diethyl ethyl(m-methoxyphenyl)malonate [H. Tsukamoto, II. Yoshimnra, and S. Toki, Pharm. Bull. (Tokyo), 3, 239 (1955); Chem. Abstr.,
50, 11, 246 (1956)]. ¢ 3-(p-Kthylbenzoyl)propionic acid 4+ H,/P’d-C — 4-(p-ethylpheuyl)butyric acid [F. G. Baddar and F. I.. Warren, J. Chem. Soc., 944 (1939)] + LiAlH, — ROIT, bp 165-172°
(21 mm). ? ROH: 4-(o,p-dimethylphenyl)outyrie acid [I. M. Teilbron aud B. G. Wilkinson, ihid., 2537 (1930)] 4+ LiAlll,.. ¢ ROH: see ref in footnote ¢¢, Table I.  * ROH: p-chlorophenetole +
(1) Mg—(Ci1,).0, (2) PBrs-Et,0, (3) Mg—(CH.),0. *J. M. von der Zanden, Rec. Trav. Chim., 60,291 (1941), gave bp 144-145° (2mm). ¢ See footnote o for process. ROH (ref in footnote m) +
(CeHs0)PBr: — RBr.  * ROIT: 6-(p-methoxyphenyl)hexauote acid (ref in footnote s) + LiAlHs.  * ROTL: sec footnote o for process; bp 220-230° (20 mm). * Methyl 2-phenanthrenebutyrate
[W. l£. Bachman and W. S. Struve, J. Org. Chem., 4, 456 (1939)] + LiAlTT,. = ROH: LiAIH; — methyl 9,10-dihydro-2-phenanthrenebntyrate [structure was verified by conversion to acid; A.
Burger and K. Mosettig, J. Am. Chem. Soc., 59, 1302 (1937)]; bp 194-195° (0.4 mam). v S: caled, 16.38; found, 15.86. = All compotnds were analyzed for C, 11, N, S.
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8%
89
90
91

92
93
4
a5
96
a7
98

949

100
101

102
1053
104
105

106
107
108
109
110

11

114
115

R
4-CICal 1 O(C 1),
Cl LO(Cly )

2 4-CLCA BO(CIL),

4-BrC I L,O(Cl L),
2-CICH,O(CH.),

3-ClCeILO(CIy)4
4-ClCHTO(CLLL),
3-ClCILOCTHC,H)CT
4-NOyCel L O(CH. ),

2-CILCHLO(CIL)y
F-CHaCel 1O(CHy )
ColTLO(CHa )
2-C,HOCHO(CHy )
3-CIGCHO(CH )
CeH:S(CHy)s
2-CiT;CeHO(CHy),
S~ CHaCeI T O(CH ),

4-CHACel T O(CH )4
CeILO(Cl)s

2-CHWCIHLOCH (CLI)CHE,
H-CHaCal LLOCTH(C ) G
4-CIHLCaH L OCH(Cyl L) CHE,
4-CHAOC O,

4-CIHLOCHLOCGH(C O,

1-Naphthyl-O(CIH.),

2 3-(CHy ) CeITO(CIL,
3,4-(CHa)2CalLO(CH, )4
2, 4-(CH)CaHO(CT )
3 5(CHCol 1 O(CTE ),
26-(CH ) Col IOCCH )4

2-CHLCHLO(CT ),

ColLOVCLE )
5Ol 4-CTLSCALOUC Ty

R S, 1 S
Sonrer By, C* {umny
d

Jig

h—j

f, k 134-150 (0.3)
f, k 124-133 (0.4)
f k IK1-187 (1)
£kl HH=-150 (0.3)
S, 112 114 (1.5)
fin 156--169 (0.3)
h, o 75-84 (U.7)
hyo 143148 (20)
by g

Sip

Bk, g 148158 (20)
hr 151 1435 (0.3)
h, g

hy g

hy g

ks 107 117 (0.2
1y om 92 97 (1.5)
J,om 88-01 (0.5)
fyom K2-87 (0.6)
Sk 130-142 (0.4
5o 106113 (0.6)
r myp 113 -121

13117 (0.4)

hk 142-149 (1.5)
ik 122126 (1)
Lk 126131 (0.7)
Ik Lo 125 0.4
Ik 121157 10.6)
Iy ks H5-17 .4
foick

Tanpe TV

s———— Mu Reerys(u
Glpe. ¥ thod" solvents”
Ive  C
m CA
I A
95 I by
98 11 J, A
A
98 1T M
a8 I A
a0 11 A
K85 1 M
It AC
111 A
11 A
I A C
1T M
IT A
11 B, ¢
m AD
95 I J
a8 I A
95 I A
a1 A M
11 M
97 11 A, M
I M
0o I A
I (@
I A,
a9 I A
99 I M
a8 I A
95 I M
Hn I D

Yichl,

%
)
7

20

S-2-(ARYLOX Y ALK YLAMINOETIYL THIOSULEATES

My, °C
188190
189--190
179181

187188
165-166

158159
171-172
168-16Y
1371549

208 209
179 181
175181
139-144
190--193
177-17%
175178
165 170

180 182
157 158

172174
176177
214215
154 156

104--105
2202350
198200
187 189

206208

185 187

213 214

185 -187

IS1 182
174 475

HNHCHLCHLSOL0T

ForurulaY
Ciol 1, CINOS,
CiHENOS,
CraHpCLN OGS,

CullBrNOS,
CialTCINQ,S,

CilICINO,S,
CrllizCINOGS,
CullhsCINO,S,
CrahsNyOeSs

CrIl s NO,S,
CA:&“H)N( )0 ".’
CraaNOS,
CrlaNO:S,
CullisFaN OGS,
CiHa NS,
CiTln NOGS,
Crl Ty NOgS,
CoglEa N OGS,
Calla NS,

Cal Lo NOGS,
Ciablyy NOgSy
Ciallyg NOGS,
Chal I NOGS,
Chal T NOSSs
Crd T NO,S,
CiluNOS,
CrllaNOgS,
CrallaNOS,
Cral EaNO g,
Crd Ty NOS,
CoallaNO S,

CrullaNOS,
(G| P NOIgSy

Cew. L1sa
g ke

150
150
125

>150
150

150
175
120

250

150
2430
>250
150
45
300
150
175
39

>H0

150
90
87

200

100
700

&1l
Tt

20

>40)

250

200

S00
187

Dirng
dose,
myg ke

100
H0
25
12.5
Ho
50
25
H0
75
80
H0
25
75
80*

200

100
30
50

30

Min

preir.

radia-  Radiation,
tion dose, R
30 1000 G
15 1000 G
50 1000 G
30 1000 G
30 1000 3
30 1000 G
30 1000 G
15 1000 G
30 1000 G
15 1000 G
30 1000 G
30 1000 G
15 1000 (;
15 825 X
1H 1000 G
15 1000
30 1000 G
15 1000 G
15 825 X
30 825 X
a0 1000 ¢
30 1000 G
30 1000 (x
15 1000 G
50 1000 G
15 1000 G
30 1000 (3
30 1000 G
15 825 X
30 1000 (3
30 1000 (3
320 1000 G
30 1000 G
30 1000 G
30 1000 G
20 1000 G
30 1000 G
30 1000 G
30 1000 €3
15 1000 G
30 1050 G
60 1000 G
15 1000 L

Siurvi
val, Y

2()
7
93

33

0
80
20
78

100

-

i

- — —Andradinrion ac( S om———e——

Rating
+

0
+++

0
++

+
++

0
4

0
0

0
o+
+4

0
0
0
++

DGTT
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v AGENTS

N A

ATIO

RADI/

ANTI

S AS

ATE
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P £ . Recrysti (e To) e, rindin.  Radiatian,  Norvie  Ral-
Nu. R Source B, °C (nnt Method® aohven(s VYield, 4§ Mp, "C Y orpmly Analyses me ke pig/ke tlon dose, R val), Yo ing
127 Clle= -CH(CHu ) d 122120 I Al 12 [40--150 CrHENOS, C, I, N, S 225 100 15 1000 G 0 {]
128 CHLO(CLy), d, e 5365 (135) I A 10 118-119 CaHNOGS, C, N, S WiH 250 15 825 X 0 0
129 (CHDCHCHLCH(CH I 1 25 148152 ClhiaNOgh, C, I = 175 50 15 825 X 0 0
130 HO(CHy), ¢, h 56 66 (0.2) I A B 4 144 149 CoHuaNOS, C, Ny S 550 300 15 825 X 7 0
131 ((';a?DCHO((:H.,L d.i S (2) I b 5 124 125 CiHaNO:Ss C, 0L N, S 350 200 15 825 X 0 0
152 (Callg)CCHq FII- A 52 190 195 CrolTaaN QS C, H, N, S 120 o0 15 825 X 6D +
154 HO(Cllw)g g, h 65 (0. 1) I B A B 118120 CullaNOS, C, 0N, S 0625 200 60 1000 G ot +
154 CIL(CH,)-CH{(CILOII; I A 25 175-176 CulTgNOS, C, I, N, s 140 80 15 825 X 20 t
155 HO(CHa)o g, h 7983 (h. 1) 1 A 23 150 154 ChlTaNOGS, C, 1, N, 8 500 200 50 825 X 27 1
136 CH,0(Cll4)s i, ¢ 95 105 (1.5; I B, A 18 180 183 CiHaNOGS: C, TN, S 150 75 15 1000 (3 20 +
137 CHaO(CHy)y d, ¢ 123 132 (14) 11 A 27 192--196 CrFaNOS, UL N, S 80 60* 30 1000 G a0 +
30 30 825 X 40
138 HO(CHy )i o b 97100 (0 ) Il A 17 135108 O, 1, N, S =200 100 15 K25 N 0 0
139 CHa(CIL),CH(CILOITT I A 10 180 185 C 0, N, S 25 10 i5 825 X 13 0
140 ITO(CH, ), CIT(OIDHCTT, S A 35 164-167 0 N, S 400 250 15 1000 ¢ il 0

i4i g, m i A 5 202 205 ColluFNOS GO LN, S 150 75 5 000 € i 0

O A
4FCH—C—ICH)

142 4-CHLOCHLCHLO(CH ) d, n 11 U 1.4 1y iy Chyl 1N O3y CO1F N R 200 100 15 1000 (3 En +
14: A,4-(CH;0).Ce T.CH(OTHCiCHas I Y| 63 212 215 CrsHauy NOgS, Co T NG R 300 100 15 1000 G 0 0
144 (CeHs)CTIO(CIHY ). I} 1 C 10 180190 CrllaNOGS, CoT NS GO0 150 B0 825 X 0 t

8

a
“Neefootnote, Table T Vi RCTICH: + ILNCILCTES,O, N — RCTHOIDCTENTICTLOTES Oy L " Secfootpoteh, Tablo I < Seefoatuotes cand oo, Table 1. RBr. « Trom the woe-dilromide
according (o the method of 11 Schmid, Helr. Chin. Aclq, 27, 127 (1941). “ RNee footuote g, Table I » RCL * From the diol aceording to the method of T 00 Perrine, J. Org. Chenr, 18, 1356
i1053). ¢ F. Bohlmann, I Bornowski, and PP Herbst, Ber., 93, 1951 (19G0), gave bp 111 112° (12 ). 2 See Expevimental Section. # Crade thind was prepared from 2-aminoe-1-decanal (lxperi-
nrental Section). ¢ Reactinn conditions nsing 10,1 l=epoxyv-1-nndecanol were the <ame as for method TE = The ketal, bp 100-105° (0.5 ), was prepaved from 4-chloro-4-fluorolntyrophenone
* Crude alkyl halide. S0 ealed, 18235 fonud, 17900 280 caled, 17.55; fonnd, 16.76.
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TasLe VI
ComPARISON OF HiGHLY EFFECTIVE ANTIRADIATION AGENTS
RNHCH;CH,880;11
Effective Thera-~
dose, peutic
No. R meg, ke® index?

Cycloalkylalkyl Derivatives

14 @_(C}m, 5 15

CH,
18 @— CIZHCH_, 23 13
OCH,
30 GS’ (CH.), 17 10
C.H,
38 @—(cmbéﬂcm 5 9
CH,
RE @— éH(CH.2 % 9 9
8 [T (CHak 20 7
16 @- (CHy), > 7
CH,
25 @— CIH(CHZ), 20 7
CH,
26 @— CHZCIZHCH_. 20 7
CH, CH,

28 @—CIZHCH, 23 7
9 D—(CH_, ) 25 7

Cycloalkyloxyalkyl Derivatives
CH,

58 @L-O—(Cﬂz)s 20

60 (CH.-CHO(CH,), 35

~1

~I

Aralkyl Derivatives

70 CHO (CHy), 10 10

0

Aryloxyalkyl Derivatives

113 @—o&m 15 13
C

112 @o«;m 20 12
C

116 @O(Cﬂm 14 11
CH,
98 @5‘0‘”‘“‘ 18 8
Cl
85 Cl—@— O(CH), 16 8

¢ The dose estimated to give 509, survival. ?» LD; 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 PBr3.23  After stirring for 16 hr at room tem-

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

N-SUBSTITUTED S-2-AMINOETHYL THIOSULFATES AS ANTIRADIATION AGENTS
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TasLE VII
RADIATION PROTECTION BY ORAL ADMINISTRATION
Dose,
L Dso, Dose, min preir~ Survival,
No. mg/kg mg'kg radiation %
8 >1250 800 30 20
800 60 13
9 938 500 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
250 30 0
73 1000 500 30 53
500 60 o7
76 980 800 30 0
800 60 27
88 >1250 1000 30 0
1000 60 20
100 1400 1000 15 0
1000 30 53
118 >2400 800 30 27
800 60 13
137 >1000 1000 30 7
1000 60 13

peratitre the mixtitre was poured onto ice and the prodnct was
extracted into Et;O. The extract was washed with saturated
NaHCQ;, dried (MgSO,), and concentrated. Distillation of the
residite provided 22 g (589 ) of l-bromo-3-cyclobutylpropane:
bp 72~77° (19 mm); glpe, >939;; 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 S-2-aminoethyl thiosnlfate (43 g, 0.24 mole) was alkylated?
in 959, EtOH with 22 g (0.12 mole) of 1-bromo-3-cyclobntyl-
propane. The solvent was removed under vacimm and a slnrry
of the solid restdne with 100 ml of H.O was filtered, giving 31 g
of ernde prodiet. The solid was tritnrated with HoO and then
recrystallized twice from 95% EtOH and once from ubsolnte
EtOH to give 10.8 g (33%%) of 2 as shiny white crystals, mp 211-
212.5° dec.

S-2-[(5-Cyclobutylpentyl)amino)ethyl Thiosuifate (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 (659 ) of impnre cyclobutane-
pentanol, bp 110~114° (20 nmim). Treatment of the alcohol with
PBr; in the presence of C;H;N gave 15 g (46%,) of 1-bromo-i-
cyclobutylpentane: bp 111-113° (19 mm); glpe, 90¢,. Ir
analysis ruled ont any olefinic alkyl halide. This product was
nsed to prepare® the Bunte salt 8.

trans-N-(2-Hydroxyethy!)-2-phenylcyclopropanecarboxamide
was prepared in CHyCl: 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;2H1;;:NO:)
C, H, N.
trans=N-(2-Chloroethyl)-2-phenylcyclopropanemethylamine
Hydrochloride.—Reduiction of {rans-N-(2-hydroxyethyl)-2-phen-
yleyclopropanecarboxamide (80 g, 0.39 mole) was effected in 1.3
L. of refluxing (24 hr) THF containing 30 g (0.78 mole) of LiAlH,.
Distillation of the product afforded 57 g (765 ) of 2-|[trans-(2-
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phonyleyelopropyhmethylJaminnlethanol:  bp  140-1467 0.3
mm); nmr (CCL), 5 6.95 (m, 5, CgHs), 3.40 (m, 4, NH, CH,OH?,
258 (m, 4, CH.NCH.), and 0.62-1.83 ppm {(m, 4, CHCH,CH .

To 20 g (0.11 mole) of 2-} [Lrans-(2-phenyleyeloprrpylimethylf-
aminn ) ethaunl was added dropwise at 0° 25 g (0.2 mole) of
SOCL The mixtnre was =tirred at reomr temperatnre for 16
I and then af 40-50° Tor 0.5 hr. The =olvent was removed nder
vactmn and a solition of the solid vextdite m KGOTE was treated
with charcoal aud reconcentrated.  Cry=tallization from FtOF]
1560 gave 15 g (604 ) of trans-N-(2-chloroethyl)-2-phenyvleyelo-
propauetttethyvlamine hydrochloride, mp 117-119°. The sample
for analysix melted at 120-122°  Apaf. (CellyNCL-HOH
o, I, N, CL

S-2-1{{rans-(2-Phenylcyclopropyl)methyl]amino| ethyl Thio-
sulfate (64).~{rans-N-(2-Chloroethvl)-2-phenyvlevelopropane-
metlhiylamine hydrochloride (15 g, 0.00 mole) was converted to
the Bunte salt nsing NuaS:0;3-5HO0.F Two recrystallizations of
the ernde prodnet from EtOH-DMEF gave 13.5 g (V87 of 64,
mp 188-190°.

S-2-1(2,2-Diethylbutyl)amino)ethyl Thiosulfate (132).—Rednc-
ton of 50 g (0.32 mole) of 2.2-diethylbntyric acid by LiAlH,
in Kt,0 gave 44 g of ernde liqmd 2,2-diethyl-1-butanol. Reaction
124 hr of reflnx) of thix alcolol with 62 g (0.23 mole) of PBry
it the presence of 4% g of quinoline and 350 ml of hromobenzene
gave 32 gof fiquid: bp 53-58° (14 nun); glpe analysis, I-brouw-
2 2-diethyvlbntane and PhBr in @ ratio of 1:1. A sclutbim con-
taining 250 ml of 2-aminoethanol and the crude 1-bromo-2,2-
diethylbntane was refluxed for 16 It An ethereal extract of the
solntinn was washed (1,0), dried (MgS04), concentrated, and
distilled giving 7 g of 2-1(2,2-diethylbntyl)amino]ethanol, bhp
[25° 115 mm. A solntion of this amine aleohol n 21 ml of 487
I B3r was refluxed for 1 hr. The crnde HBr zalt (8.4 g, 65,1 o
reaction with 6.3 g (0.0206 mole) of NagS0, 5110 i 20 ml of
IO afforded 3.6 g (529, of the Bunte salt 132: mp 190-195°
dee: nmr (1,0-NaO1)), & 25505 1m, 4, NCH.CH.S), 2.1
(=, 2, 1NC-CHNG, aud 0.50-1.48 pp [m, 15, $CoHinl.

4-(4-Chlorobutyl)bicyclohexyl.—-A =olution of 225 g (086
mole) of 3-(p-cyclohexvibenzovDpropionie acid?* in 11 of MeOH
wias hiydrogenated at abont 3 atm in the presence of 5 ml of
concentratad ThSND, aud 5 g of 20¢, Pd-C.  The rednction was
alowed to proceed tor 17 Iir (T1s uptake corresponded to reduetion
of carbonyl gronp ) and then 10 g of 107 Rh-C was added followed
by hydrogenativn for 48 hr (11 npake corresponded to redietion
ot the arommatie ring). A slurry of the filtered solation with 10
g (0.094 molel of anhydrons Na,COy was allowed 1o stand for
16 hir.  The =olvent was removed nuder rednced pressmnre, the
residite was extracted with 500 ml of 190, and the ethereal
extrict wirs wiashed with <mall portions of 110 and dried (Mg-
S0,

The =olntion containing 4-cvelohexylevelohexanebntyrie actd
was rednced with 33.8 g (0.89 mwole) of LiAlHy giving 149 g
(70077 of 4-cvelohexylevelohexanebutanol:  bp 209-215° (8 mm
glpe, 997, Counversiont of the aleohol (o the chloride (SOCI,
CILN )% resulted in 157 g of ernde product.  Distillation of 117
g of crnde prodnct gave 97 g of 4-(4-chlorobutyDbicyclohexyl:
Lp 205-200° 119 mm); gipe, 80:20 mixture of isomers. . nad.
(Cul1aCL C, H, CL

2-(4-Bromobutyl)cyclohexyl Methyl Ether.--—4-(o-Methoxy-
phenyhbityrie wcid® (80 g, 0.41 mole) was hydrogenated (3
atur) for 20 I in 400 ml of MeOlT containing 5 g of 109, Rh-C.
Concerttration of the filtered solntion gave 77 g of crnde 2-
mrthoxyveyelohexnnebntyric neid.  Rednetion of 530 g (0.25 mole)
ol the ernde acid with 1.5 g (0.25 mole) of LIAITL in Et,O solution
gave 32 g (71¢) of 2-methoxyceyclohexanebutanol, bp 83-935°
(0.4 ). The substituted butanol (32 g, 0.18 mole) was con-
verted (PBry and CILN at 25°) to 2-(4-bromobntyDeyelohexyl
methyl ether: 18 g (40000, bp 775-85° (0.2 mm). Anal. (Cy1hg-
Brin €, H, Br.

1-(4-Chlorobutyl)-4-methylcyclohexane.-—A solntion contain-
ing 73 g (0.45 mole) of 4-p-tolyl-1-butanol® and 2 ml of concen-
trted TESO, in 400 1wl of MeOIl wax hydrogenated for 2 days
ardatmover 5 g of 106, Pt~C. An additional 2.5 g of 109, Pt-C
wis added amd hydrogenation was counthmed for 3.5 days iu
order 1o complete the redietion.  Another hydrogenation nsing

24 N. P Boneloi, 1. Cogniam, amd Ch, Menczer, Ball, Soc. Cou
Forocice, 11, 127 110404,

i13) Relerence 233, pv2.

26) J. Locket and W, I¥, Short, J. Ckem. Soc,, (87 11030).

i27) R. Huisgen and V. Vossins, Wowatzh. Clem., 88, 517 {1957).
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32 g (019 mole) of 4-p-iolyvi-1-buanol sud 1 mi of concentratod
1E:80); in 250 ml of MeOIT was completed in 24 hr over 4 g of
107, Rh-C. The LSO, in the two lots wax nentralized with
Na,COy s deseribed above. The produets wore contbined giving
O g (1 of cende aily produer. The alenhiol wias chlorinnted
ISOCE-CHIEN G 0 give 30 g (4500 of  i-(d=chlornbiniyvi -
ntethyleyvelohexane:  bp 69 72° (0.8 mun; glpe, GO:40 mivtne
of tomers. . iCulaCH C, 11

4-:4-Chlorobutyl)cyclohexyl Methyl Ether.--A 1mothanolic
solttion containing 125 g (0.56 mole) of methyl S-p-anizovl-
proprotate® wias hivdrogensted in o stepwise manner as i the
rednctior given above for 3-(p-cyeluhiexylbenszoyhpropionte actd.
Ouly S I was regmived O satnrate the aromatic ring v this
ciase®  The crnde oily methyl 4-methoxyvevelohexanebutyrate
00 g1 was farther rednceed with 180 g (4.7 molex) of NaB3 I, i
2 Loof abrohtie BIOH The mixture was allowad (o =tir for
IS Ir#t betfore dilntion tn 7 Loof HaO - The produet was extracted
o CHCL and the ande 4-methoxyevelohexanebittanol (65 g,
@O0 was converted to 46 g oof inpure 4-(4-chlorobutyljeyvelo-
ftexyl methyl other, bp 110-140° (15 nnn).  Fractional distilla-
tion gave a forerun, bp 24-118° (6 nim); S g, bp 1I8-130°
(6 mm, glpe 458 mixture of A and B; 17 g, bp 130-157°
(6 mm, glpe 73018 mixtire of A and B, Components A and
B were separated from the two fractions by preparative gis
chromatograply 1F & M Model 7705 component A, N g
fcontamitsiied with 1.8, of By, mmr (CCLY S 548 (1, 2, J = 6
Mz, CH.C'Ly, . 535 G, 1, MeQOCH ), and 3.21 pp (=, 3, CHO )
component 13, 1.1 g tcontnminated with 2,87 of Aj, nmr (CCLy
§ca. i b, MeOCH), 3547 (1 2,0 = 6 Hz CHCD, and 5.23
ppm s 80 CH Elemental aualviieal data confirmed tha
A and B oare the two racentates of 4-(d-chlorobityDeyelolexyl
methyl ether. dwole A (CudTaCLOY C, T CL B (CLTTaClO:
0L

p=i4-Chlorobutyljphenol.--A solation of 79.5 g (1.40 mole) of
p-(4-chlivebntyDanisole®® in 1.2 L of CTHCL was treated with 100
g 1040 mole: of BBry to give 37 g 17790 of p-{4-chlorobutyl)-
phenol, bp 141-145° 12 mm). Anal. 1Cel1CIO) C, T, CL

[2-(Bromomethyl)propyljcyclohexane.-—-Rednction of 200 g
(118 moles) of a-ethyleyclohexaneacetic acid in Et,0 with 44.6 g
LS moles) of T1ATH, gave 135 g (727,) of a-ethylevelohexane-
ethantol:  bp 78-84° (0.6 mun) [1it.* © form, bp 119-121° (I8
mmji: umre (CCLY 8 3.49 (d, 2, J = 4 Hz, CHO), 3.09 (5, 1,
OH 3, and 0.75-1.92 ppm (m, 17). Conversion of the alcohol to
the alkyl bromide ! PBry~CJILN, 2 hr at 100°) gave 30.6 g (6702
of [2-ibromomethyl)propyl]eyelohexane: bp 125-131° (28 mm):
glpe, 9470 e (CCLy), 6 349 (d, 2, J = 4 Hz, CH.Br) and 0.75
198 ppur i, 170 A nal. (CpHWBr) C, H, Br.

sce-Butyleyelohexane. -~ Rednction of 39.6 g (0.18 mole) of
{2-(bromoethylpropyl]eycohexane with 2.3 g (0.06 mole) of
LiAlH, wax allowed to proceed for 18 hr in 300 ml of refinxing
Et:0. The ervde otly produet (32.8 g) was distilled to give 7.3 g
of see-bntylevelohexane:  bp 79-81° (28 mm) [l bp 177° (760
mif; glpe, 9890 Ir and mur spectra of the hydrocarbon were
nearly snperimposable with a commercial sample (glpe, 9673 of
see-butvleyelohexanc.

1-[1-{Bromomethyl)pr opoxy]-4-methoxybenzene.—-A mixinre
of 80 g (0.64 mole) of p-mmethoxyphenol, 136 g (0.7 mole) of ¢thyl
2-bromobutyrate, 96 g (0.7 mole) of anhvdrons KoCOy, md 500
ml of absolnte FEtOIT was veflnxed for 18 hr. The filtered snintion
was concentrated and the residie was dilated with 400 ml of
[0 before being exiracted mto 19t.0. The ethereal ~olntion
was wishetl (H0), dried (MgS0),), and distilled giving 6.5 g of
forerim and 119 g (7800 of ethyl 2«(p-methoxyphenoxy )-
butyrate:  bp 1i8-121° 0.5 unn); glpe, 9097 nr (CCLyY, 8 1.05
ppm it 30/ = 7 Hz, CHRCHLCID.

28) M. D, Soffer and M. C. Hauut, J. dm. Chem. Soc., 8T, (42 (1945},

20} Cadalytice rednietion of 4-(p-methoxyphbenyl)- hmianol nsing Rbh=C
resnded in uply it nnsabsdonced 8-2-{[(il-C)'ol<)>,ex3'()hm_v”amino}(e(.m'(
thioanlfate os a fina) probiet. The erher mnst have heen cleaved dnring
catalydce rednetion; Jdehydradon and sawration of the ring masi bave 'l
lewed.

i30) M. X, Brown aml 1. Rapoepore, J. Org. Chem., 28, 3261 (144:3).

@31y Ad nue point vigorana evaintion of bydrogen ocenrred. We prefis
V1AV He for these rednctions.

132) See Tahle 11T, footuoce L.

©33) K. Bownsden and FlL. Adkins, J. Am. Chem. Soc., 58, 689 {1934).

34) This prepuration provided evidence (bac no rearrangembur  of
branechied-chain compomunls veenrred in che aynthesis of alkyl romides irom
alcohols naing PBr: and pyridine.

<35y L. Timmermans, Bull. Soc. Chim. Belgex, 86, hU2 11027); Chem. dhstr.,
22, 56 {1028).
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Rednction 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 L
of Et,O to give 94 g (959.) of crude 2-(p-methoxyphenoxy)-1-
butanol; glpe, 99%; umr (CCl), 8 0.90 ppm (t, 3, J = 7 Hag,
CH,;CH,CH).

A mixture of 52 g (0.26 mole) of 2-(p-methoxyphenoxy )-1-
butanol, 7.8 ml of pyridine, and 27 g (0.1 mole) of PBrs 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.
(CuHisBrO,) C, H, Br.

1-(4-Bromobutoxy )-4-propoxybenzene.—Alkylation of 100 g
(4).66 mole) of p-propoxyphenol with 1,4-dibromobntane (339 g,
1.57 moles) was effected in Me,CO in the presence of K;COs.%
Distillation of the ernde prodict gave 25 g of forernn and 95.6 g
(50€%) of material: bp 143-155° (0.5-1 mm); glpe, 98%; the
nmr peaks were as expected. Anal. (Ci:H\sBrO:) C, H, Br.

4-Bromobutyl Cyclohexyl Ether.—Alkylation of 50 g (0.5
mole) of cvelohexanol 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 product, bp 36-67°

(36) Reference 23, pp 226-228.

SCHISTOSOMICIDAL B1s8(4-ARYLAZO-1-NAPHTHYLAMINES)

1201

(0.1 mm); the nmr peaks were as expected. Anal. (CieH;,BrO)
C, H, Br.

5-Bromopenty! Pheny! 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 ernde prodnet gave 37 g (289%) of material: bp 120-140°
(0.3 mm); glpe, 95%; uv, Amac’ 254 mu (e 8700); the nmr peaks
were as expected. Anal. (C,\Hyi;BrS) Br.

It addition, 34 g of 1,5-di(phenylthio)pentane was obtained:
bp 177-192° (0.3 mm); nv, Ae® 234 my (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 evalnation as potential antischistosomal and anti-

mycobacterial agents.

Various N,N-[bis(phenyleneazo-1,4-naphthylene)]bis(N', N -dialkylalkylenediamines)

(IIT) were prepared by conpling 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 benzenediazoninm chloride and the corresponding bis[(1-naphthylamino )alkyl]amines.

Con-

densation of diazotized N-[4-(4-amino-1-naphthylazo)-1-naphthyl]-N-(2-diethylaminoethyl1)-2,2,2-triflnoroacet-
amide (VII) with an N,N-dialkyl-N’-1-naphthvlalkylenediamine followed by alkaline hydrolysis of the interme-
diate triflnoroacetamides afforded a series of N7, N'-diethyl-N’”’ N’"’-dialkyl-N,N'’-[1,4-naphthylenebis(azo-1,4-

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

Five compounds (1, 2, and IXa—c) effected a 94-1009%, reduction
of live Schistosoma mansoni in mice at dring-diet doses ranging from 110-692 mg/kg daily for 14 days.

Six com-

pounds (2, 3, 5, 7, IVa, aud VII) were active against Mycobacterium tuberculosis HuzRv 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

NHYNR;R,
X
N=N—Z
Ta, Z= Ar
b, Z=Het
NH(CH.);N i
R

N=N—1Z

substances were reported to have strong therapeutic
effects against Schistosoma mansoni'=" 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-
azo0)-1-naphthyl Jamino} propyl)piperidines (IIa and b)
are highly active against Mycobacterium fuberculosis
HyRv 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 1)
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. Werbel), D. F. Worth, J. E, Meisen-
helder, H. Najarian, and P. E. Thompson, tbid., 6, 217 (1963).

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

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

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

(6) 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, bid.. 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, Antimicrobial Agents Chemotherapy 1966, 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).



