232 Counserl, Pocaa, RaNane, STERNGOLD, AND BEIERWALPES

2,4-Diamino-5-methyl-6-benzylthieno|[2,3-¢| pyrimidine (2b).
Benzylaeetone was brominated in cold CTICK by the method
af Junetzky and Verkade, 2 and vaemuun distited twice using u
20-c1 vacnanm-sealed Vigreux columin.  The fractian hoiling at
S8-92° {0.6-0.8 mm) was nsed for reaction with the pyrimidine.
X mixture of 32.6 g 0.23 mole) of 2,4-dinniua-6-1ereaptopy-
rimidine, 12 g (0.25 mole) of NaOMe, aud 300 wl of (CH.OH),
wis heated to 80° with stirring, at which point a clear solution
was present.  The above bromo ketoue (52 g) was then added,
aud the mixture was heated at 110° for 30 min. A clear dark
red salntion formed. After cooling, this was pouved inta HsO):
the resnbtant pH wus about 6. The salid which precipitated
was collected and recrystallized directly fror 93¢ BtOH; 59 ¢
(63C¢ calculated as 2b).  Further recrystallization from EtOT11
(ra. 75 ml/g) produced white needles: mp 231-232°; prw
spectrun (DASO-dg), 8 2.43 (CHyy, 4.04 (CH), 5.95 (N1,
(.42 (NHy), 7.27 (Gil15); uv speetrurn, see ref 13, Anad. (Che-
Hy NS G 1L N, S,

The bromination prodnet of beuzylacetone, S-hrota-4-phenyl-
2-hatanone (7), was fonnd ta be qgnite uustable. T some
prepavalious, the crude broma ketoue wis used dirertly e the
uext reactian, but in all casex thix led to mixtures.  In many
cases, the distilled fractions were found to cansist of mixtires of
two and three products, as determined by their pinr spectra aud
by tle. Inoa typical case which showed two other components to
be preseut to the exteut of 25-30%,, the bromo ketone was treated
divectly with the mercaptopyrimidine ns above, calculated ou the
baxis that the bromo ketone was pnre. At the eud of the reac-
tion, after pouring the mixtire inta M0, the solutian was quite
alkaline, and the produet =eparated as w g, This was ox-
tracted (warnn 1,0, Et.O-110Ae)., A white solid resulted which
had o pmr speetrum with two sharp beuzeue =inglots at 7.27
aud 7.30 ppuc (8) incacratio of 701, which appeared ta covrespond

EEIND

Lo Jaueezky aud L Verkagde, e Trov, Chiop,, 64, 120 114057,
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taa 71 vatio of weyelizal to evelized praluet. The wneyelized
portion wax evidenced by o shavp singler a0 5.75 ppe whivh
lutegrated for one-fifth of the Iarge beuzeue <inglet cpyve -1,
brand =inglers at .08 qued 6,01 42 NHao o doubler and ivipla
At .97 and 3035, respoecetively o = 9 Hzy o CCHCHL, o heoadd
singlel st 135 (CILS, and braad singleiz at 2,95, 275 aud 137
ppm, each iutegrating fav about ane-hali « proton, plis =nudl
additional wbsorption n the 2.3 -4 vegian, - The loention of the
tethyl peak udieated that 1 was war next hnoa keto fmuetion:
passibly (he ketoue was hydered or paeriadly canvertod 1t an
aeetal.

The uv <peciva af this <ubstance nonentral wd alkaline solu-
tins were quite different fram that of the evelized product, sud
the faek uf wobestic points ndicated thar amixture was present.
When the solution wus acidified, the =pectrum immediately
beeamne the same as that of the evelized product. A 0.3-g <aple
af the substance was shirried i 20 b of 0.1 .V TTCL Moxt al i
dizsalved, aud then a heavy precipitate Tortued, which renunined
tusahible apou healing the mixture 1o the bailing potur. The
precipitate was isolated, treated with alkali to vecauvert in 1a the
free buse, and veevystallized from ¢thanol.  The propertics wore
now identical with thase of the first-described eyvelized produet
2b .
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Several mdiolodinated melogs of ehlorugaiue were synthesized in wn effort (o find an agent wineh would

sclectively loecalize in melanonmas.

Oue componnd, 4-(3-dimethylaniinopropyhumnine)-7-iodoquinoline-"1 was

found to have a marked affinity for melanin-contaiving tissues aud for melanatie tumors i anintals,

While malignant melanoma is only one of the many
varieties of malignant tumors, its appearance and
manifest virulence has stimulated study over the ages,
It comprises about 2% of all cancers and about 80-9097
af them arise in the skin.?  Although no age gronp is
nmnune, the majority of nielanomas arise in persons
3160 vears of age and there appears to be no =ex pre-
ditection.?  Despite its low iuncidence, Raven?® hus cmi-
phasized the urgent need for new agents which will
assist the physieian in diagnosing the metastic nature of
the tnmor.  The early recoguition of the tumor before
dissemination occurs, as well as determining the spread
of the tumor once metastases have appeared, is im-
portant for determining the course of treatment and
survival of the patient.

As part of a broad program aimed at the development

(1y Parc VI R, E. Cownsell, Vo V. Ranade, P, Pocha, R, I Willette, nl
WD DiGuilie, J. Pheom, Set., 87, 1657 11068).

2y 1N, Attie and R, AL Khalif. ©Melanotic Tumors,” Clarles C Thioms,
Speciaelield, 111, 1961,

31 R WL Raven, e N Y teedl Seil, 100, L2y TuGs,

of an agent which would be uscful for the dingnostic
localization and treatment of melanotic tuinors, studies
i our laboratory have concentrated on Qnding radia-
labeled compounds that wauld selectively coneentrate
i these tumors. Such componnds Inbeled with -
emitting vadionnclides could =erve as diagnastic ngents
when used 1 conjunction with external sceintitlation
seanners and cameras.  Moreover, it i possible that
the same compounds could be employed therapeuticalty
when the radionuclide decays with emission of 8 rays,

In order to achieve the essential selective localizatioun
in melanomas, our studies have falleun Into two cte-
gories, numely, (a) precursors of melanin® and (b) cow-
pounds which are known to interact with melanin®
Although our results to date with radiolabeled melaniu
precursors have been discouraging, preliminary studies

GO R Cownsell, T DL Siaich, o Doelle, 10 Meiers sl W L1 Boters
wilpes, JJ, oo Ser,, 56, 1010 110671,

Gy 1D Cowmnsedl, T Poeba, 1 O Maseades, aml W, 1L
ihid., B6, 1L12 11alTs,
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with radiolabeled melanin-seeking compounds have
been most promising. This report is an extension of
our studies with compounds which have an affinity for
melauin.

Potts® was the first to recognize that several pheno-
thiazine compounds localize in remarkably high con-
centration in the uveal tract of pigmented animals and
that such localization is not observed in albino animals.
On the basis of this information, he postulated that this
localization phenomenon is related to a reaction between
the compounds and the uveal melanin. Moreover, he
suggested that this reaction might also explain the
visual side effects associated with compounds in the
phenothiazine and chloroquine series. In a subse-
quent study, Potts’” evaluated over 40 compounds for
their ability to interact with melanin in aqueous sus-
pension. He found that a number of quinoline,
acridine, phenothiazine, and other polycyelic drugs and
dyes were rapidly adsorbed by melanin, whereas mono-
cyelic compounds, such as pyridine and hydroquinoune,
as well as aliphatic compounds had no affinity for the
biopolymer.

Other investigators have also noted the marked af-
finity of certain drugs such as chloroquine and chlor-
promazine for pigmented tissues.>—!* Several reports
have noted that chloroquine is found in much larger
coucentratious in the iris and choroid of the eve in
pigmented animals than in albino animals following re-
peated oral administration.%! In addition, MecChes-
ney and coworkers!? found that when the eye was ex-
cluded, the order of tissue coucentration in rats was
generally spleen > liver = lung > kidney > heart >
muscle. Similar tissue distribution studies in melanotic
mice were performed by Blois!® with #S8-labeled chlor-
promazine. Analysis of the tissues 12 hr following
intraperitorieal administration gave the following dis-
tribution of radioactivity: kiduey > eve > liver >
adrenal > tumor = spleen = gut > braiu. If the
animals were sacrificed 3 days following the last dose,
the radioactivity was primarily in the tumor and eye.

Chloroquine was selected as the model compound for
our distribution studies in normal and melanotic mice
because *C-chloroquine is commercially available and
the svnthesis of a stable radioiodinated analog was
considered more readily accomplished in this series thau
in the chlorpromazine series. For our studies 4-chloro-
7-iodoquinoline (IVb) was required for the preparation
of the desired iodo analogs for chloroquine. Although
this compound had been prepared previously by Surrey
and Hammer,'* we selected the usually more satis-
factory general procedure of Price and Roberts.’* As
shown in Scheme I this involved condensation of 3-
iodoaniline with ethoxymethylenemalonic ester. The

(6) A. M. Potts, Tnvest. Ophthalmol., 1, 522 (1962).

(7) A. M. Potts, bid., 8, 399 (1964).

(8) H. Bernstein, N. Zvaifler, M. Rubin, and A. M. Aansour, ibid,, 2,
384 (1963).

(9) W. M. Sams, Jr., and J. H. Epstein, J. Invest. Dermatol., 45, 482
(1963).

(10) F. M. Forrest, I. 8. Forresi, and L. Roizin, Rev. Agvessol., 4, 259
(1963).

(11) N. J. Zvaifler and H. Bernstein, Arthritis Rheumat.. 6, 799 (1963).

(12) E. W. McChesney, W. F. Banks, and D. J. Sullivan, Toxzicol. Appl.
Pharmacol.. T, 627 (1963): E. W. McChesney, W. F. Banks, and R. J.
Fabian, ¢bid., 10, 501 (1967).

(13) M. S. Blois, J. Invest, Dermatol., 48, 475 (1965).

(14) A. R. Surrey and H. ¥. Hammer, J. dm. Chem. Soc.. 68, 113 (1946).

(15) C. C. Price and R. M. Roberts, ibid., 68, 1204 (1946).
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SCHEME [
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Va, R = NHCH,CH,CH,N(CH,),
b, R = NHCH,CH,CH,CH(CH,).
¢, R=0CH,CH,CH,N(CH,),
d, R=0CH,CH,CH,CH(CH,),

e,R=N(CH,),
f, R=OCH.CH,OH

C(COOEL),

@ |
I NH” CH

I

resulting acrylate (I) was converted to IVb by eycliza-
tion, saponification, decarboxylation, and subsequent
treatment of the crude 4-hydroxy-7-iodoquinoline
(IVa) with POCl;. The spectral and physical proper-
ties of IVb agreed with those previously reported. The
nmr spectrum displayed the typical AB pattern for the
C-2 and C-3 protons at 8.71 and 7.43 ppm (Jsz = 5
cps), respectively,

With this key intermediate in hand, it was now pos-
sible to obtain a number of 4-substituted 7-iodoquino-
lines for radiolabeling experiments and subsequent tis-
sue distribution studies. It was hoped that subtle
molecular changes in this series would provide useful
information with regard to structure and tissue distribu-
tion. Compounds Va-e were synthesized for this pur-
pose by treatment of IVb with the appropriate amine
or aleohol.

Introduction of radiciodine by isotope exchange with
iodide-125 or -131 posed more of a problem in this series
than in our previous studies.'® The major problem was
the relative iustability of the compounds under the
conditions required for exchange. In the past, ethylene
glycol at temperatures above 170° has been an ef-
ficient exchange media. Aside from the 4-hydroxy
compound (IVa), however, this method gave rise to by-
products and required repeated recrystallizations of the
final product to achieve the required chemical and radio-
chemical purity. In the case of the 4-dimethylamino
compound (Ve)}, for example, heating with ethylene
glycol at 185° for 16 hr afforded a good yield of the 4-
hydroxyethoxy derivative (Vf). Pivalic acid was use-
ful in one instance, i.e., Vb, but gave rise to 4-hydroxy-
7-indoquinoline (IVa) when used as the solvent for ex-
change of the oxygen isosteres Ve and Vd. In the lat-

(16) R. E. Counsell, R. E. Will2tte, and W. D'Guilio, J. Med. Chem., 10,
975 (1967).
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Tanue 1
Drsreiserion or Va-'30 iy Mice witn MELyNoMas?

No.

of Time, T s i - e i e [} U G (LO1, CPDY Dk =17 - R e s e s
e Iir Melinoma Xkin liver Vdrenal Thyranl Miesele Lihiod
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B 2 INT £+ 27 197 ok 9 28 p 12 4 2206 8t J o | Joa ]

B Oty Ky 4+ 24 167 L D6 ) a 11O 20 2742 17411 11 7 2o

“ Bose of 10 pClmionse adiministered intraperitouendly.

Tasre I

DisriiseriaN or Raniotonisared QCINoLINEs 1N MeLaNarie
Mice ar 24 an
s —=="Tisste:blonnl ratios (¢pm, mg)——-——- .
Melan-

Comped Lye D Liver Kidueyv Musrle
Vi 17.7 S 4.8 2.0 1.0
Vh 1.4 RIS 1.1 0.6 0.2
Ve IN2.0 NN 1.0 .3 1.0
Va 1.2 R 12,8 2.4 2.0

ter instance, 1sotope exchange without decomposition
wax only effected when the precursor alevhols, 3-di-
wethylamino-1-propanol and 4-methyl-1-pentanol, were
cmployed as the exchange media.

The affinity of the substituted quinolines with syvn-
thetie melanin in 0.067 1/ phosphate buffer at pH 5.9
was investigated.  The experiments were conducted in
a manner similar to that reported by Cohen and Yield-
gt for affinity studies with DNA.,  Unfortunately,
the lack of solubility of the quinolines in the buffer
mecha hmited the study to componnds Va, Ve, and Ve,
Since 5,6-dihvdroxyvindole iz the proposed precursor of
melanin,'® the svnthetic melanin used in these studies
was prepared by saponifieation of 5.6-diacetoxyindole
previously prepared in our laboratory.®  In the pres-
cuce of air. the 5,6-dihydroxyvindole rapidly polyvmerized
and the black, melanin-like precipitate was readily col-
leeted by filtration,  The uv absorption of the quino-
line-containing solutions remaining after interaction
with varving amounts of melanin was  examined.
Under these conditions, all three quinolines displayed
similar affinity for the synthetic melanin,  This sug-
gests that the nature of the side chain hus little cffect
on the ability of these agents to bind stronglv to
nielanin,

Tissue Distribution Studies-—A preliniinary coni-
munieation from this laboratory demonstrated the
marked affinity of 4-(3-dimethyvlaminopropylamine)-7-
iodoquinoline-'#I (Va-12I) for melanin-containing tis-
sues.”  Turther studies with this compound have now
show its ability to concentrate in malignant melanomas
of tumored mice, Syriant hamsters.'? dogs.® and man.®!
Table T shows the concentration of radiouctivity in
several tissues of melanotie mice following administra-
tion of 10 wCi of Va-1%1, While at 1 day a nnmber of
tissues showed considerable radioactivity, only tumor.

y17) RONL Colten and K. L. Yieldimr. /. Biol, Chend,, 240, 3723 (1G5,

«18) A, Meister, " Biochemistry of ¢he Andno Aebls' Val. 11, 2nd ed,
Acndemie Press lue., New York, N Y., 196A, 1 919,

(I WL 1L Beierwaltes, V. M. Vaema, R. 1. Connsell, and L. M, Lieler-
wan, . Nwedeve Med,, 9, 48 (10G83,

(2 WL LL Deierwallex, Vo ML Varma, Lo M. Lieheenaim, R. 1 Connsell,
anl . O Nneales, S Lah i Med., T2, 85 (18,

210 WL Tderwalces, Lo M. Lichermen, Vo AL Varma, aisl B 15 Cas s
sell, /. lo Med. Jlasor,, 206, O7 (10G8),

eve, skin, adrenul, and thyroid contained appreciable
radioactivity after 4 doays. It is not certain at this
stage whether the high radioactivity i the thyroid
represents delodimition of the pareut conpound fol-
lowed by uptuake of iodide or uptake of Va-'#] itself.
Thix concentration in the thyroid, however, represented
ouly Ve the mdiogetivity found in control animals
given the same those of Nat#],

A similar distribution of radioactivity was observed
i Syviin haosters with melanomas,  Moreover, the
nidignant mekwoma tissues were sharply visualized as
i positive image by =emntillation senning as seen i
Figine 1. The location and size of this tumor wis in
good agreement with the photosean.

Table 11 compares the tisstie distribution of Va-'#1
with the other radiolabeled quinolines. The values
were obtatued after 24 he in melanotic mice and ave ex-
pressed as a rtio of counts per minute per milligrn in
the particular tissnue to that {or blood.  While it is fm-
possible to deaw any conclusions from these preliminary
fludings, certain trends appear to be emerging.  For
example, both gquinolines with o basic sitde ehain (Vi aud
Ve showed the greatest predileetion for the tumor aud
melanin-containing tissues.  Morcover, replacement af
the side chain with groups that can be rendily conju-
gated by the lver (e TVa) destroyvs the tuimor speeific-
ity and most of the radiogetivity concentrites in the
Liver. To date, Va-1 has <hown the best ability to
<ock ontand teealize inwelanotic timor.**

Experimental Section**

Ethy! «-Carbethoxy-3-13-iodophenylamino)acrylate (1. -\
mixture of 3-iadoauiline (25 g) and diethyl ethoxyinethylene-
nlonate 130 g1 was heaied ona stepnn bath and the EAOH which
fortmed was cautinnously venoved under reduced  pressuve.
Wheu the iheoretical valume of EtOH hud beeun collected (6.6
kb 1 he), the reaction mixture was allowed to coal. The =olid
136 g1 was collected aud recrystallized twice 1MexCO-11.0) 1a
give pure T {34 g, 774 ) ax white ueedlex, mp 8S8-89°.  The ir aud
umnr spectra weve ax expected.  .nal.  (CuH INOY COTH

3-Carbethoxy-4-hydroxy-7-iodoquinoline (II).---I (4 g wu~
added in portious 1o refluxiug dipheuyt ether (100 wl) and the

122y Rince vomplerion of these sindies, 13ois®? has reporced o the moanin-
binding properties of radioiodinated 4-{t-diethylamino-l-merhylbai ylon-

Tis properties appear 1o he similar (o those repmriold

1110:2-7-10doyminoline.
Liere wd provionsiys for Vi (B0

123y M. R Doix, S Larest. Deerowol., 80, 250 110681,

21y Meliing poin(x were (aken on a Fisher-Jolins melline point apparitos
nental analyses were performed by Spang Mieros-
Where analyses are indicacel

and are vorrectod
analvtical Labwrararies. Ann Achor. Micl.
wily by syinbols af the element=. aualyiical results alitained far ihsse ele-
ments were within +0.4¢; of 1he theorecical valaes. 1r spectra were taken
v a Porkin-Tlimer 335 speetropliotometor. The mmr spectra were obtainel
with a Varian A-60 spectromeler in CDCl at a coneentration of 1044,

T M= as internal reference. v speerrg were cocorded on a Deckan DIK2A
spectrophotometer an (LOGY VW pdiosphate Lndler at pll 5.4 ar 21O Tle
=tun chesmagrams, Type K30TR, with flingres-
Chromaloptnns of o

wols

were can with - wishe )0
eeiee imliciGor amd <pmes D evbind winh av Hehic,
bolitaaml copoands were <caaned witle an Atonde Assacidies ROR-860
radinebeopriogrnm saanee, The speeilic aclivilies weresleterminesl with w
Beekman setatillacinn spectnynecee Model 3301
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Syrian hamster with melanoma.

Figure 1:

The photoscan following administration of Va-'=I (100 xCi) is in agreement with the size

and location of tumor observed at autopsy.

TasLe 11T
RADIOIODINATED QUINOLINE DERIVATIVES

Bath Reaction

Compd Solvent” temp, °C time, hr
IVa A 205-210 24
Va A 170-175 16
Vb B 190-195 48
Ve C 205-210 24
Vd D 175180 48

Recrystn o 9% Sp act.,
solvent recovery exchange pCi/mg
Me,CO-H,0 82 34.1 6.83
Me,CO-H:0 h3 56.6 5.66
EtOH-1,0 15 49 14.5
Me,CO-H,0O Hd 2:h 0.51
EtOH-H,0 7 4.8 1.44

@« A = ethylene glycol, B = pivalic acid, C = 3-dimethylamino-1-propanol, D = 4-methyl-1-pentanol.

ItOH was allowed to escape through a short air condenser. Af-
ter addition was complete (about 15 min), the resulting pale
vellow solution was cooled to 50°. The white solid that formed
was collected by filtration and washed several times with hot
hexane to give II as a white solid (3.3 g, 949;). Recrystalliza-
tion from pyridine gave an analytical sample which started to
sublime at 255°. The ir spectrum was as expected. Anal.
(C:H;)INO3) C, H.
3-Carboxy-4-hydroxy-7-iodoquinoline (III).—II (3 g) was

added to a solution of NaOH (3 g) in H;O (20 ml) and EtOH (10
ml) and the mixture was heated under reflux until the solid dis-
solved. The solution was cooled and acidified with 109; HCI
to precipitate the acid I1I (2.7 g, 989;) as a fine white powder,
mp 278° with evolution of CO,. The ir spectrum was as ex-
pected. Anal. (C,H({INO;) C, H. Reecrystallization of a
sample from DMSO afforded a erystalline DMSO adduct, sub-
liming at 280-290°. The ir spectrum was as expected. Anal.
(CioHsINO;- C:HeS0) C, H.

4-Chloro-7-iodoquinoline (IVb).—Decarboxylation of IIT (8
g) was effected by adding portions to refluxing diphenyl ether
(200 ml) over a period of 30 min. After the evolution of CO, had
ceased, the solution was cooled to 50° and the precipitate was
collected. The product was washed with hot hexane, dried, and
added to POCIl; (45 ml). The mixture was refluxed for 2 hr, the
excess reagent was removed under reduced pressure, and the
residual oil was poured into NH,;OH-containing crushed ice. The
pale gray precipitate was collected, dried, and recrystallized from
CHCI; to give IVb (5 g), mp 97-98° (lit.** 95.5-97°). The ir and
nmr spectra were as expected.

4-(3-Dimethylaminopropylamino)-7-iodoquinoline (Va).—A
solution of IVb (2.5 g) in 3-dimethylaminopropylamine (10 ml)
was heated at the reflux temperature for 23 hr. The excess amine
was removed by distillation under reduced pressure and the re-
sidual oil dissolved in a minimum of acetone. NH;OH was added
and the resulting yellow precipitate was collected by filtration
and washed with H.0. Several recrystallizations (Me,CO)
afforded pale yellow needles (2 g, 659) of Va: mp 101-102°;
nmr peaks at 7.64 (NCHj;), 7.43 (CH.N, triplet, J = 6 cps), and

6.67 ppm (CH.NH, multiplet).
deuteration (J = 6 cps).
Anal. (Clqli]sINa) C, H.

4-(4-Methylpentylamino)-7-iodoquinoline (Vb).—A solution
of IVb (2 g) in 4-methylpentylamine® (4 ml) was heated
under reflux for 23 hr and the excess solvent evaporated under
reduced pressure. Addition of acetone to the residue gave a solid
hydrochloride (1.75 g), mp 168-173°, wmax 2700 em™1 (N TH).
Recrystallization from EtOH-Me,CO gave an analytical sample,
mp 183-184°. Anal. (C;Hy,CIN,I) C, H. The mother liquors
afforded a second fraction (0.35 g), mp 130-135°, which upon re-
crystallization from EtOH-H,O gave pure Vb, mp 144-145°.
Treatment of an EtOH solution of the HCI salt gave the same
free base. Anal. (Ci;HioIN:) C, H. The ir and nmr spectra
were as expected.

4-(3-Dimethylaminopropoxy )-7-iodoquinoline (V¢).—A mix-
ture of 3-dimethylamino-1-propanol (1.42 g, 0.014 M) and Na-
NH., (0.67 g, 0.017 M) in dry PhMe (15 ml) was heated under re-
flux until the evolution of NH: ceased (about 3 hr). The gray
suspension was cooled and a solution of IVb (1 g, 0.0034 M) in
PhMe (5 ml) was added dropwise with stirring. The reaction
mixture was heated under reflux for 18 hr. On cooling, H.O was
added to dissolve the solid material, and the PhMe phase was
separated, dried (Na,SOy), and evaporated to leave a pale brown
oil which solidified upon addition of petroleum ether (bp 30-40°).
The white solid (0.7 g, 579), mp 85-90°, was recrystallized
(Me,CO) to give an analytical sample of Ve: mp 93-94°;  vmax
1180 em™! (COC); nmr peaks at 2.29 (NMe,), 2.50 (triplet,
J = 6 cps, NCH;), and 4.23 ppm (triplet, J = 6 cps, OCHz).
“'l?‘l(d. (C]qHuINg()) (:, II

4-(4-Methylpentyloxy )-7-iodoquinoline (Vd).—A solution of
IVb (3.1 g) in PhMe (5 ml) was added dropwise with stirring to

The latter became a triplet upon
The ir spectrum was as expected.

(25) Prepared by reduction of 4-methylvaleronitrile with LiAli—Et20;
bp 118-121° (lit.2s bp 122-123°).

(26) T. Curtius, W. Sieber, I'. Nadenheim, ID. Hambsch, and W. Ritter
J. Prakt. Chem., 135, 152 (1930); Chem. Abstr., 24, 3217 (1930).
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a previoasty heated mixture of d-methyl--pentanol (4.4 g aud
NaNT, (2.1 g) in PhMe (10 ).  The reaction was earried out
ax for Ve and afforded a white solid (2.45 g), mp 85-88°. TRe-
crystallization frorn hexane gave pure Vd: mp 97-99°1 s
S em=t (COC): nmr peaks at 0.94 [doublet, J = 6 eps,
CCHy)| and 4.15 ppm (triplet, J = 6.3 eps, OCIL).  .tnal.
(CLHGINO) C, H.

4-Dimethylamino-7-iodoquinoline (V¥e).—MesNH was hubbled
throngh an ice-cooled =ohition of IVL (2 ¢) in PhMe (20 mb) aud
MeCOEt (10 mb) for 3 hr fu a pressive bottle.  The hottle wis
tightly stoppered and placed it an oven at 50° for 10 days.  The
mixture was cooled and washed (Ha)).  The orgauic phase wis
dried (Na:,804) and the =olvent was retnoved 1 racuo.  Reervstal-
lization of the solid residae gave pure Ve (1.1 g), mp 107-108°,
and an nmr peak at 2.99 ppin (NCH-). Ared. (CouluINy) C.
1.

4-Hydroxyethyoxy-7-iodoquinoline (Vf).--A solution of Ve
(100 mg) in ethyleue glyeol (1.6 ml} was heated in an ail bath at
155° for 16 hr, cooled, aud dilnted with H.O. The precipitate
(70 mg), mp 153-155°, was recrvstallized 7Me.CO-H.0) to give
pure VI, mp 154-155°.  The ir aud nror speetrn were as expected,
Anad. (CuHWINOY C, H.

Isotope Exchange. General Method.- A sahition coutaiuing
13 mCi of Na'®] wax placed i a 10-ml round-botiom Hask aud
evaporated ta dryness at 100° under a gentle streamn of No. The

Vol 1¢

~ubstitnted 7-iodogninoliue (100 ing) dissolved in the apprapriate
=olvent (2 ml) was added, a condenser was attached, aud the bath
tenuperatiure was raised.  The mixture was stirred auder Ny for
the specified time aud allowed to cool.  Tu the ease of IVa, Va,
and Ve, Ha was added and the prodnet wis eollected by filva-
tion nud washed well (H.)).  For Vb, the solution wius caneen-
trated to approximately 0.5 mil uuder redueced pressiive wnd treated
with H.0 and NHOH, nud the precipitate was collected as abave,
For Vi, the xulveni was retnoved in vacuo, the residue was tronted
with HaO) containing a little Me.CO, and the precipitate was ¢ol-
fected.  Tuall enses, (he prodacts were purified by reervstalhiza-
tion aud the purity wiaz established by (1) tle and o radiochro-
nrograim of the strip aud (b)) mixture melong paint with suthen-
tie samples Usee Table HIT
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A number of 3-2-(w-nninoalkyluminoe jethyl and S-S-(w-uminoatkylamine spropyl dihydrogen phusphm‘j)thiu&les
(3a-e, 18a-c) and some related compounds ineluding the S-2-(w-aminoatkylamino)ethyl hydrogen thiosulfates

10a-c have been prepared and evaluated for radioprotective activity in mice.

Tutermediate N-(2-bromoethyl)-

a,w-alkanediamine dihydrobromides (2a—e) were prepured by the Cortese treatmment of the 2-(w-aminoalkyl-
amino)ethanols la-e; the potential of a Gabriel syuthesix from the 3-(w-phthalimidoatkyl)-2-oxazolidinoues 7a-c
was demonstrated by the conversion of N-[3-(2-browoethylantino jpropyl]phthalimide hydrobromide (8b) into
2b. The requisite N-(3-bromopropyl)-a,e-alkanediamine dilivdrobromides 17a-c were prepared from the
3-(w-aminoalkylaminoj-1-propanols 16a and 16b and from the 3-(w-phthalimidoalkyl)tetrahydro-1,3-oxazin-2-

ones 14a aud 14b iu two steps involving selective cleavage of the tetrahydrooxuzinoue ring.

Tutermediates ob-

tained by the addition of 2-methyl- and 2,2-dimethyluziridine io acrylouitrile led to several brauched-chain

analogs (21a-d, 23a, and 23b).

Aziridine-ring opening by ammouinm thiosnlfate wis employed in the prepara-
tion of the inuer Bunte salts 10a, 10h, 21b, aud 21d mouohydrochlorides.

The phosphorothioates, as a series of

4 novel type, exhibited au exceptionally high level of radioprotective activity, whereas the thiosulfates were

essentially nouprotective.

Clurrent interest in the radioprotective properties of
N-substituted derivatives of 2-aminoethanethiol (with
and without latentiating S-substitution) in which the
N-substituent is a terminally and functionally sub-
stituted alkyl group is attested by a growing number of
reported syntheses in this arca.? This report con-
cerns the synthesis and evaliation of N-(w-amino-
alkyl)-substituted derivatives (chiefly N and S di-
substituted), a type that structurally resembles sev-
cral recently described and more complex spermine
and spermidine derivatives® aud N,N’-polymethylene-

13 This investigation was sapported by the U. 8, Ariny Medical Research
and Development Command ander Contract No. DA-49-193-M1>-2028,

(2) I2. Felder. F. Bonati, and 8. Bianchi, Ezperientiu, 15, 32 (1059): R. J.
Wineman, M. H, Gollis, J. C. James and \. M. Pomponi, J. Org. Chem., 27.
4222 11962); ¥. 1. Carrall, 1. M. Dieckson, and M. E. Wall, ihd., 80, 33
g5y O, L. Salerni, RN Clark, and R, . Smarl, J. Clen. Soc., ¢!, G453
1066y T, P, Jolinston aml . R, Stringtellow, Jr,, /. Med. Chem., 9. 421
cGGr 1 L Julhinston and R Dy Kliod, J. Ory. Chen., 82, 2344 (1067}
Sl Thames jnd Lo 1L Dibwands, J. Heteroeyel, Cheon., 5, 135 {10481,

s R Piper and T L dolaision, /. Ory. Chen., 33, GsB (1R},

bridged derivativest in whirth some  autiradiation
sietivity has been observed.

Varions modifications of 2-aminoethancthiol have
been nelieved by the use of a-amino acids as starting
materials,® but the general reaction sequence was not
auceessfully applied to L-lysine or its ethyl ester be-
entise of difficulties encountered in their reduetion
to the appurently as vet nuknawn L-lysinol [H,N-
(CH.),CH(NH,)CH,OH]. As a model for the planned

conversion of L-lysinol the following sequence {(cq 1)

1
HENCHCHNHCH.CHLOH —

1.
¢ Nas POy
TLNCHCHNHCH,CH.Br- HBr —
2a
HoNCHsCH.NHCH,CHSPOSHS (1)

3a

b LR Piper, O R Stringfellow, Jr, and T T Jobascon, . Med. Chon.
9, 563 (1961,
Ay LR Prper, O

L6,

I Riringfellow, drooand T 1 dolimscon, s, 9. 911



