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2,4-Diamino-5-methyl-6-benzyIthieno[2,3-</lpyrimidine (2b). 
Beuzylacetone was brominated in cold OH013 by the method 
of Janetzky and Yerkade,22 and vacuum distilled'twice using a 
20-cm vacuum-sealed Vigreux column. The fraction boiling at 
8S-!I2° ('O.fi-O.S mm) was used for reaction with the pyrimidine. 
A mixture of 32.6 g (0.23 mole) of 2,4-diamino-6-mercaptopv-
rimidine, 12 g (0.23 mole) of NaOMe, and 300 ml of (CH..OH), 
was heated to 80° with stirring, at which point a clear solution 
was present. The above bromo ketone f.">2 g) was then added, 
and the mixture was heated at 110° for 30 min. A clear dark 
red solution formed. After cooling, this was poured into H-><); 
the resultant. pH was about G. The solid which precipitated 
was collected and recrystallized directly from 9.V; EtOH; 30 g 
(63', ' calculated as 2b). Further recrystallization from hitOH 
(ca. 75 ml/g) produced white needles: mp 231-232°; pmr 
spectrum (I)MSO-rf6), 5 2.43 (CUV), 4.04 (Clb) , .">.»."> (Nil .) , 
6.42 (NH,), 7.27 (C6TTS); uv spectrum, see ref 13. Anal. ( ( V 
II1 4N,S)( ,

; H ,^ T , S . 

The hrominatioii product of benzylacetone, o-bromo-4-phenyl-
2-butanone (7), was found to be quite unstable. In some 
preparations, the crude bromo ketone was used directly in the 
next reaction, but in all cases this led to mixtures. In many 
cases, the distilled fractions were found to consist of mixtures of 
two and three products, as determined by their pmr spectra and 
by tic. In a typical case which showed two other components to 
be present, to the extent of 2~>-30r-'r, the bromo ketone was treated 
directly with the mercaptopyrimidine as above, calculated on the 
basis (hat the bromo ketone was pure. At the end of the reac­
tion, after pouring the mixture into IT20, the solution was quite 
alkaline, and the product separated as a gum. This was ex­
tracted (warm H20, Et2()-EtOAc). A white solid resulted which 
had a pmr spectrum with two sharp benzene singlets at 7.27 
and 7.30 ppm (6) in a ratio of 7: 1, which appeared to correspond 

(22; V,. V. .1. J ane t zky and I'. K. Verkade . HIT. Tmr. Chim... 64, 121) (UH.Yj. 

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 80-90% 
of them arise in the skin.2 Although no age group is 
immune, the majority of melanomas arise in persons 
•SI-00 years of age and there appears to be no sex pre­
dilection.2 Despite its low incidence, Raven3 has em­
phasized the urgent need for new agents which will 
assist the physician in diagnosing the metastic nature of 
the tumor. The early recognition 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 

II) Part VI : It . K. Connsel l , V. V. K a n a d e , P. Pocdia. H. E. Wii let te . and 
W. 1). DiGni l io , ./. I'hirm. Sri.. 57, 1657 (1968). 

(2) ,1. N . Ar t ie and R. A. Kliafif. • 'Melanot ic T u m o r s , " Clmrl.es C Tl in inas . 
Siiri.mfiel.t, III., 1961. 

• •',) ]{. W. Raven , . ) / , / , . S. V Acuit. >'<•('., 100, 112 iHltjlJi. 

lo a 7: I ratio of uncycli/.ed to cyclized proline). The nncyclized 
portion was evidenced by a, sharp singlet at o.7."> ppm which 
integrated for one-fifth of the large benzene siuglei (pyr .VII;. 
broad singlets ai 6.ON. and 6.01 (2 XIEi, a doublet and Iriplei 
at 3.07 arid 3.3.">, respectively (./ ---- !) Hz) I CI ICH, ; . a broad 
single! at 1.3."> (Cllji, and broad singlets at 2.OS, L',7S, and i.-*>7 
ppm, each integrating for about one-half a proton, plus small 
additional absorption in the 2.."> 4 region. The location of the 
methyl peak indicated that il was not next to a keto function; 
possibly the ketone was hydrated or partially converted to an 
acelal. 

The uv spectra of this substance in neutral and alkaline solu­
tions were quite different from that of the cyclized product, and 
the lack of isobestic points indicated that a mixture was present. 
When the solution was acidified, the spectrum immediately 
became the same as that of the cyclized product. A O.-Vg sample 
of the substance was slurried in 20 ml of 0.1 .V IK'l. Most of it 
dissolved, and then a heavy precipitate formed, which remained 
insoluble upon heating the mixture to the boiling point. The 
precipitate was isolated, treated with alkali to reconvert it to the 
free base, and recrystallized from ethanol. The properties were 
now identical with those of the first-described cyclized product 
(2b). 
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of an agent which would be useful for the diagnostic 
localization and treatment of melanotic tumors, studies 
in our laboratory have concentrated on finding radio­
labeled compounds that would selectively concentrate 
in these tumors. Such compounds labeled with 7-
emitting radionuclides could serve as diagnostic agents 
when used in conjunction with external scintillation 
scanners and cameras. Moreover, it is possible thai 
the same compounds could be employed therapeutically 
when the radionuclide decays with emission of j3 rays. 

In order to achieve the essential selective localization 
in melanomas, our studies have fallen info two cate­
gories, namely, (a) precursors of melanin4 and (b) com­
pounds which are known to interact, with melanin.7' 
Although our results to date with radiolabeled melanin 
precursors have been discouraging, preliminary studies 

i l l H. !•'.. Connsell . T. I) . Smi th , J. Docile. 1> Meier, and W. II. I'.eier-
n a t t e r ./, t'lnuin Sn.. 56, 101(1 (19671. 

oil It. i:. Counsel), P. Port ia, .!, <>. Morales, and \\ , 11. Ileicrwalles 
ilml., 56, 11112 i l!M>7i. 
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Several radioiodinated analogs of chloroquine were synthesized in an effort, to find an agent which would 
selectively localize in melanomas. One compound, 4-(o-dimethylaminopropylami!io)-7-iodoquinoline-l2r'l wa.s 
found to have a marked affinity fur melanin-containing tissues and for melanotic tumors in animals. 
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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 
melanin. 

Potts6 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, Potts7 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 polycyclic drugs and 
dyes were rapidly adsorbed by melanin, whereas mono­
cyclic compounds, such as pyridine and hydroquinone, 
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.8-10 Several reports 
have noted that chloroquine is found in much larger 
concentrations in the iris and choroid of the eye in 
pigmented animals than in albino animals following re­
peated oral administration.8'11 In addition, McChes-
ney and coworkers12 found that when the eye was ex­
cluded, the order of tissue concentration in rats was 
generally spleen > liver = lung > kidney > heart > 
muscle. Similar tissue distribution studies in melanotic 
mice were performed by Blois18 with 85S-labeled chlor-
promazine. Analysis of the tissues 12 hr following 
intraperitoneal administration gave the following dis­
tribution of radioactivity: kidney > eye > liver > 
adrenal > tumor = spleen = gut > brain. 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 14C-chloroquine is commercially available and 
the synthesis of a stable radioiodinated analog was 
considered more readily accomplished in this series than 
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,14 we selected the usually more satis­
factory general procedure of Price and Roberts.15 As 
shown in Scheme I this involved condensation of 3-
iodoaniline with ethoxvmethvlenemalonic ester. The 

(6) A. M. Potts, Invest. Ophthalmol, 1, 522 (1962). 
(7) A. M. Potts, ibid., 3, 399 (1964). 
(8) H. Bernstein, N. Zvaifler, M. Rubin, and A. XI. XIansour, ibid., 2, 

384 (1863). 
(9) W, XI. Sams, Jr., and J. H. Epstein, J. Invest. Dermatol., 45, 482 

(1965). 
(10) F. M. Forrest, I. S. Forrest, and L. Roizin, Rev. Agressol., 4, 259 

(1963). 
(11) N. J. Zvaifler and H. Bernstein, Arthritis Rheumat., 6, 799 (1963). 
(12) E. W. MoChesney, W. F. Banks, and D. J. Sullivan, Toxicol. Appl. 

Pharmacol., 7, 627 (1965); E. W. XlcChesney, W. F. Banks, and R. J. 
Fabian, ibid., 10, 501 (1967). 

(13) M. S. Blois, J. Invest. Dermatol., 45, 475 (1965). 
(14) A. R. Surrey and H. F. Hammer, J. Am. Chem. Hoc, 68, 113 (1946). 
(15) C. C. Price and R. XI. Roberts, ibid., 68, 1204 (1946). 

COOEt 

IVa,X = OH 
b, X - CI 

Va, R = NHCH2CH2CH2N(CH3)2 
b, R = NHCH2CH2CH2CH(CH3)2 
c, R = OCH2CH2CH2N(CH3)2 
d, R = OCH2CH2CH2CH(CH3)2 
e,R = N(CH3)2 
f,R = OCH2CH2OH 

resulting acrylate (I) was converted to IVb by cycliza-
tion, saponification, decarboxylation, and subsequent 
t r ea tmen t of the crude 4-hydroxy-7-iodoquinoline 
(IVa) with POCl3 . T h e spectral and physical proper­
ties of IVb agreed with those previously reported. T h e 
n m r spect rum displayed the typical AB pa t t e rn for the 
C-2 and C-3 protons a t 8.71 and 7.43 p p m (</AB = 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 alcohol. 

Introduction of radioiodine by isotope exchange with 
iodide-125 or -131 posed more of a problem in this series 
than in our previous studies.16 The major problem was 
the relative instability 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 Vc and Vd. In the lat-

(16) R. E. Counsell, R. E. WiUatte, and W. 
975 (1967). 

D:Guilio, J. Med. Chem., 10, 
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TABLE II 

1 ) lSTKIi t rTKI.N OF liADIOIODI.NATEl) Q l ' I N O L l N E S IN MELANOTIC1 

M l C E AT 2 4 n i l 

Tissue tb lood ra t ios (cpm maA- — • 
M e l a n -

l . iver K idney Musc le 

4.8 2.0 1.0 
1.1 0 0 0.2 
1,0 0.5 1.(1 

12.8 2.4 2.0 

ier instance, isotope exchange without decomposition 
was only effected when the precursor alcohols, 3-di-
methylamino-1-propanol and 4-methyl-l-pentanol, were 
employed as the exchange media. 

The affinity of the substituted quinolines with syn­
thetic melanin in 0.067 .1/ phosphate buffer at pH .".9 
was investigated. The experiments were conducted in 
a manner similar to that reported by Cohen and Yield­
ing17 for affinity studies with DNA. Unfortunately, 
the lack of solubility of the quinolines in the buffer 
media limited the study to compounds Va, Vc, and Ye. 
Since o.b-dihydroxyindole is the proposed precursor of 
melanin ," the synthetic melanin used in these studies 
was prepared by saponification of o.b-diacetoxyindole 
previously prepared in our laboratory.4 In the pres­
ence of air, the o.b-dihydroxyindole rapidly polymerized 
and the black, melanin-like precipitate was readily col­
lected by filtration. The uv absorption of the quino-
line-containing solutions remaining after interaction 
with varying 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 has little effect 
on the ability of these agents to bind strongly to 
melanin. 

Tissue Distribution Studies. A preliminary com­
munication from this laboratory demonstrated the 
marked affinity of 4-(3-dimethylaminopropylamino)-7-
iodoquinoline-125I (Va-125I) for melanin-containing tis­
sues.5 Further studies with this compound have now 
shown its ability to concentrate in malignant melanomas 
of tumored mice, Syrian hamsters,1 9 dogs.20 and man.2 ' 
Table I shows the concentration of radioactivity in 
several tissues of melanotic mice following administra­
tion of 10 juCi of Ya-12~T. While at 1 day a number of 
tissues showed considerable radioactivity, onlv tumor. 

l 17) S. N. Cohen and K. L. Viehtinsr.. ./. Biol. Cliem.. 240, :'.72:> (lUH'i). 
118) A. Meis ter , "B iochemis t ry of t he Amino Acids ," Vol. I I . 2nd ed. 

Academic Press Inc . , New York, N. V., l!)(!o, p »1H. 
Ill)) W. II. Beierwaltes , V. M. Y a r m a . If. lb Counsel! , and I.. M. Lieber-

man , ./. Xtirhnr Mnl., 9, 4811 (1111)81, 
(I'D) \\ , 11, Beierwaltes , V. M. Varum. L. M. I . ieuer inanu. 1!. E. <'OIIIIM-11, 

and .1. (). Morales . ,/, /..,',. Clin. Mid.. 72, 48/i (111(18!. 
(21! W. II. Beierwaltes . I.. M . I . iebermnn, V. M. Varma , and ]{. IT. ( 'oun-

st'll. •/. Am. Med. ,1 . .or. , 206, 1)7 (llll>8.. 

eye. skin, adrenal, and thyroid contained appreciable 
radioactivity after 4 days. It is not certain at this 
stage whether the high radioactivity in the thyroid 
represents deiodination of the parent compound fol­
lowed by uptake of iodide or uptake of Ya-125I itself. 
This concentration in the thyroid, however, represented 
only ' •'',-,„„ the radioactivity found in control animals 
given the same dose of Xa125I. 

A similar distribution of radioactivity was observed 
in Syrian hamsters with melanomas. Moreover, the 
malignant melanoma tissues were sharply visualized as 
a positive image by scintillation scanning as seen in 
figure 1. The location and size of this tumor was in 
good agreement with the photoscan. 

Table II compares the tissue distribution of Ya-''->:,I 
with the other radiolabeled quinolines. The values 
were obtained after 24 hr in melanotic mice and are ex­
pressed as a ratio of counts per minute per milligram in 
the particular tissue to that for blood. While it is im­
possible to draw any conclusions from these preliminary 
findings, certain trends appear to be emerging. For 
example, both quinolines with a basic side chain (Ya and 
Ye) showed the greatest predilection for the tumor and 
melanin-containing tissues. Moreover, replacement of 
the side chain with groups thai can be readily conju­
gated by the liver (I.e.. I Va) destroys the tumor specific­
ity and most of the radioactivity concentrates in the 
liver. To dale, Va-'"'! has shown the best ability to 
seek out and localize in melanotic tumor.22 

Experimental Section21 

Ethyl a-Carbethoxy-fM3-iodophenylamino)acrylate il). A 
mixture of 3-iodoaniline (25 g) and diethyl ethoxymethylene-
malonate (30 g) was heated on a steam bath and the EtOII which 
formed was continuously removed under reduced pressure. 
When the theoretical volume of EtOH had been collected ((>.(> 
ml. 1 hi'), the reaction mixture was allowed to cool. The solid 
(50 g) was collected and recrystallized twice (Me2CO-H..O) to 
give pure I (34 g, 77',' ) as white needles, mp 88-80°. The it and 
nmr spectra were as expected. Anal. (CuHisIXO.i) C II. 

3-Carbethoxy-4-hydroxy-7-iodoquinoline (II). I (4gj was 
added in portions to refluxing diphenyl ether (100 ml) and the 

(22) Since comple i ion of these s tudies . I Hois'-1' has repor ted on Oie melanin-
hindin^ proper t ies of rad io iodina ted + - ( - l - d i e thy l amino - l -me thy lhmylam-
ino!-7-iodoqti inoline. I t s proper t ies a p p e a r lo lie similar to those report ed 
here and previous ly ' for Va ' - " I . 

(2:i) M. S. Blois. ./. /;,(.,,,/. D.rmulol.. 60, 2oO (l!)68!. 
(2-1) AI el time points w ere t a k e n on a Fisher-.I o lms melt ing point appara t u> 

and a re corrected. E lementa l analyses were performed by Spany Micro-
analy l ica l Labora tor ies , Ann Arbor, Mich, Where ana lyses are indicated 
only by symbols of the e lements , analyt ica l results ob t a ined for those ele­
m e n t s were within ±-A).\<'( of t he t heoretica! values . I r spec t ra were l aken 
on a Pe rk in -E lmer :1:-17 s p e d ropho tomete r . T h e n m r spec t ra were ob ta ined 
with a Varian A-60 spec t romete r in t 'DCht at a concen t r a t ion of 1 0 ' ^ , vi l l i 
T.MS as internal reference. ! 'v spect ra were recorded on a Beckman D K 2 A 
s p e c t r o p h o t o m e t e r in 0.0(17 .17 p h o s p h a t e buffer a t p i t 3.M or E t O I l . Tie 
v ere run with 1-in. wide K a s l m a n ei iromaaTams, T y p e ETiOlU, wi(h fluores­
cence ind ica tor and spots de(i>c(ed with uv litrhl. ( ' h ro iua toaTams of radio 
iodnia led c o m p o u n d s were -canned with an Atomic Associates K('S-:itib 
r ad ioeh ro tna to^ ram scanner . T h e specific act ivi t ies were de te rmined with a 
Beckman .scintillation spec t romete r Model .IIMI 
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Figure 1: Syrian hamster with melanoma. T h e photoscan following administrat ion of Ya-U 5I (100 fid) is in agreement with the size 
and location of tumor observed a t autopsy. 

T A B L E I I I 

RADIOIODINATED Q U I N O L I N E D E R I V A T I V E S 

Compel 

IVa 
Va 
Vb 
Vc 
Vd 

Solvent" 

A 
A 
B 
C 
I) 

Hath 
temp, °C 

205-210 
170-175 
190-195 
205-210 
175-180 

Reaction 
time, hr 

24 
U) 
-IS 
24 
48 

Recrystn 
solvent 

MejCO-H20 
MejCO-HjO 
EtOH-H20 
Me2CO-H20 
EtOII-IIjO 

% 
recovery 

82 
53 
15 
55 

7 

% 
exchange 

34.1 
56.6 
49 

2.5 
4.S 

Sp act., 
/iCi/mg 

6.83 
5.66 

14.5 
0.51 
1.44 

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

E t O H was allowed to escape through a short air condenser. Af­
ter addition was complete (about 15 min) , the resulting pale 
yellow solution was cooled to 50°. The white solid t h a t formed 
was collected by filtration and washed several times with hot 
hexane to give I I as a white solid (3.3 g, 9 4 % ) . Recrystalliza-
tion from pyridine gave an analytical sample which s tar ted to 
sublime a t 255°. T h e ir spec t rum was as expected. Anal. 
(C»H,oINO,) C, H . 

3-Carboxy-4-hydroxy-7-iodoquinoIine ( I I I ) .—II (3 g) was 
added to a solution of NaOII (3 g) in H2<) (20 ml) and E t O H (10 
ml) and the mixture was heated under reflux until the solid dis­
solved. T h e solution was cooled and acidified with 10% HC1 
to precipitate the acid I I I (2.7 g, 9 8 % ) as a fine white powder, 
mp 278° with evolution of CO». T h e ir spect rum was as ex­
pected. Anal. (CioIIfilNOs) C, H. Recrystallization of a 
sample from D M S O afforded a crystalline D M S O adduct , sub­
liming at 280-290°. T h e ir spect rum was as expected. Anal. 
(CoHJNOa-CsHeSO) C, H . 

4-( 'hIoro-7-iodoquinoline (IVb).—Decarboxylation of I I I (8 
g) was effected by adding port ions to refluxing diphenyl ether 
(200 ml) over a period of 30 min. After the evolution of C 0 2 had 
ceased, the solution was cooled to 50° and the precipitate was 
collected. T h e product was washed with hot hexane, dried, and 
added to POCl 3 (45 ml). T h e mixture was refluxed for 2 hr, the 
excess reagent was removed under reduced pressure, and the 
residual oil was poured into NH 4 ( )H-containing crushed ice. The 
pale gray precipitate was collected, dried, and recrystallized from 
CHC1 3 to give IVb (5 g), m p 97-98° (lit,14 95.5-97°) . The ir and 
nmr spectra were as expected. 

4-(3-DimethyIaminopropylamino)-7-iodoquinoline (Va).—A 
solution of IVb (2.5 g) in 3-dimethylaminopropylamine (10 ml) 
was heated a t the reflux temperat ure for 23 hr. The excess amine 
was removed by distillation under reduced pressure and the re­
sidual oil dissolved in a minimum of acetone. NH4OH was added 
and the resulting yellow precipitate was collected by filtration 
and washed with H 2 0 . Several recrystallizations (Me2CO) 
afforded pale yellow needles (2 g, 6 5 % ) of Va: mp 101-102°; 
nmr peaks a t 7.64 (NCH 3 ) , 7.43 (CH 2 N, triplet, J = 6 cps), and 

6.67 ppm (CH 2 NH, mult iplet) . The latter became a triplet upon 
deuterat ion («/ = 6 cps). T h e ir spectrum was as expected. 
Anal. (CuHisINa) C, H. 

4-(4-Methylpentylamino)-7-iodoquinoline (Vb).—A solution 
of IVb (2 g) in 4-methylpentylamine2 5 (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°, «-max 2700 c m " 1 ( N + H ) . 
Recrystallization from EtOH-Me2CO gave an analytical sample, 
mp 183-184°. Anal. (C15H20C1N2I) C, H. The mother liquors 
afforded a second fraction (0.35 g), mp 130-135°, which upon re-
crystallization from E t O H - H 2 0 gave pure Vb, mp 144-145°. 
T rea tmen t of an E t O H solution of the HC1 salt gave the same 
free base. Anal. (C15H19IN2) C, H. The ir and nmr spectra 
were as expected. 

4-(3-Dimethylaminopropoxy)-7-iodoquinoline (Vc).—A mix­
ture of 3-dimethylamino-l-propanol (1.42 g, 0.014 M) and Na-
NH 2 (0.67 g, 0.017 M) in dry P h M e (15 ml) was heated under re­
flux until the evolution of NHs ceased (about 3 hr ) . T h e gray 
suspension was cooled and a solution of IVb (1 g, 0.0034 M) in 
P h M e (5 ml) was added dropwise with stirring. T h e reaction 
mixture was heated under reflux for 18 hr. On cooling, H 2 0 was 
added to dissolve the solid material, and the P h M e phase was 
separated, dried (Na2SO*), and evaporated to leave a pale brown 
oil which solidified upon addition of petroleum ether (bp 30-40°) . 
The white solid (0.7 g, 57%) , mp 85-90° , was recrystallized 
(Me2CO) to give an analytical sample of Vc: mp 9 3 - 9 4 ° ; »»max 
1180 c m - ' (COC); nmr peaks a t 2.29 (NMe 2 ) , 2.50 (tr iplet , 
J = 6 cps, NCH 2 ) , and 4.23 ppm (triplet, .7 = 6 cps, OCH 2 ) . 
Anal. (C,4H1 7IN20) C, H. 

4-(4-MethyIpentyloxy)-7-iodoquinoline (Vd).—A solution of 
IVb (3.1 g) in P h M e (5 ml) was added dropwise with st irr ing to 

(25) Prepared by reduction of 4-methylvaleronitrile with LiAW.i-F.tjO; 
bp 118-121° (lit.* bp 122-12:1°). 

(26) T. Curtius, W. Sieber, K. Naelenheim, D. llamhsch, and \V. Hitter 
J. Prakt. Chem., 125, 152 (1930); Chem. Abstr., 24, 3217 (1930). 

LiAW.i-F.tjO
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a previously lieafed mixture of 4-inelhyl-l-penlanol (4.4 gi and 
NaXII2 (2.1 g) in Ph.Me (10 ml). The reaction was carried out 
as for Vc, and afforded a white solid ("2.45 g), nip 85-88°. Re-
crystallization from hexane gave pure Yd: mp 97-99°: «„,„,,-
111.") c m - 1 (COC); nmr peaks at 0.94 [doublet, ./ = (i cps, 
('(CH;))2| and 4.1.") ppm (triplet, ./ = (i.."> cps, OCII..). Anal. 
(CY-JT^INO) C, H. 

4-Dimethylamino-7-iodoquinoline (Ve).—Me2XH was bubbled 
through an ice-cooled solution of IVb (2 g) in PhMe (20 ml) and 
MeCOEt (10 ml) for 3 hr in a pressure bottle. The bottle was 
lightly .stoppered and placed in an oven at 50° for 10 days. The 
mixture was cooled and washed (ITO). The organic phase was 
dried ('X'a2S()4) and the solvent was removed in rueno. Kecrystal-
lization of the solid residue gave pure Ye (1.1 g), mp 107-108°, 
and an nmr peak at 2.99 ppm (XCH-1. A mil. fOnHnlXYj C, 
11. 

4-Hydroxyethyoxy-7-iodoquinoline (Vf). - A solution of \ 'c 
(100 mg) in ethylene glycol (1.5 ml) was heated in an oil bath at 
185° for 10 hr, cooled, and diluted with H-.O. The precipitate 
(70 mg), mp 153-155°, was recrystallized ! Me2C()-H20) to give 
pure Vf, mp 154-155°. The ir and nmr spectra were as expected. 
Anal. (C„H,»IN02) C, II. 

Isotope Exchange. General Method. A solution containing 
1-3 mCi of Na135I was placed in a 10-ml round-bottom Ilask and 
evaporated to dryness at 100° under a gentle stream of X2. The 

Current interest in the radioprotective properties of 
N-substituted derivatives of 2-aminoethanethiol (with 
and without latentiating S-substitution) in which the 
N-Kubstituent is a terminally and functionally sub­
stituted alkyl group is attested by a growing number of 
reported syntheses in this area.2 This report con­
cerns the synthesis and evaluation of N-(w-amino-
alkyl)-substituted derivatives (chiefly X and S di-
substituted), a type that structurally resembles sev­
eral recently described and more complex spermine 
and spermidine derivatives3 and X.N'-polymethylene-

i I) Th i s inves t iga t ion was s u p p o r t e d by the U. S. A r m y Mediea l Resea rch 
a m i D e v e l o p m e n t C o m m a n d u n d e r C o n t r a c t No . D A - 4 9 - 1 9 3 - M D - 2 0 2 8 . 

(2) E. Felder , F . Bona t i , a n d S. B ianch i , Experientia, 15, 32 (1959); R . J . 
Wi t ieman, M . H. Gollis, J. C. J a m e s a n d A. M , P o m p o n i , ./. (try. Chem.. 27 , 
4222 (1962); F. I . Carrol l , I I . M . Dickson, and I I . E. Wal l , ihirl., 30, •',:', 
(19«5); O. I„ Salerni . R. \ . Clark , a n d B. K. S m a r t , ,/. Chtm. Soc, C. <>4"> 
llDlili); T . P . J o h n s t o n a n d C. R . Stringfellow, Jr . , ./. Metl. Chtm., 9, 921 
(ltMi(i); T. P . J o h n s t o n a n d R. D. Fll iot t , ,/. Dry. Chi-m.. 32, 2344 (19<>7i: 
S. K. T h a m e s a n d I.. 11. E d w a r d s , ./. Hd<:imi(d. Chvm.. 5, 1">S i 19(58). 

•.:li J. H. I'iiier a n d T. P. J o h n s t o n , ./. Org. Chem.. 33 , B:«i (IlitiS). 

substituted 7-iodoquinoline (100 mg) dissolved in the appropriate 
solvent (2 ml) was added, a condenser was attached, and the bath 
temperature was raised. The mixture was stirred under X2 For 
the specified time and allowed to cool. In the case of IYa, Ya, 
and Vc. Hs() was added and the product was collected by filtra­
tion and washed well ( t t20). For Vb, the solution was concen­
trated to approximately 0.5 ml under reduced pressure and treated 
with H 2 0 and NH4OH, and the precipitate was collected as above. 
For Yd, I he solvent, was removed in vacuo, the residue was treated 
with It.O containing a little Ale2CO, and the precipitate was col­
lected. In all cases, the products were purified by recrystalli/.a-
tioii and the purity was established by (a) tie and a radiochro-
matogram of the strip and (b) mixture melting point with authen­
tic samples (see Table III 1. 
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bridged derivatives4 in which some antiradiation 
activity has been observed. 

Various modifications of 2-aminoethanethiol have 
been achieved by the use of a-umino acids as starting 
materials,5 but the general reaction sequence was not 
successfully applied to L-lysine or its ethyl ester be­
cause of difficulties encountered in their reduction 
to the apparently as vet unknown L-lysinol [H2X-
(CH,) ^^(NH^CHaOHl. AS a model for the planned 
conversion of L-lysinol the following sequence (eq 1) 

11 Br 

Il2XCH2CH2XHCH2(. 'H2OH —*• 
la 

NaiSPO:. 
H2XXH2t:il2XHCH2CfI2Br-HI5r > 

2a 
I12NC.H.,CH2NHCH2CH2SPC)311.. (1 > 

3a 

:4> J. l i . Piper, C. R. St nnr fe l low, Jr . , and T . P . J o h n s t o n , ./. Mnl. Chun. 
9, .-><W (19(i(i>. 

.->) .1. R. Piper, C. R. Si ri indellow. Jr . , a n d 'J'. P. Johns ton , ibiil.. 9, 9 11 
i P K i l i i , 

S-2-(co-Aminoalkylamino)ethyl Dihydrogen Phosphorothioates 
and Related Compounds as Potent ia l Antiradiat ion Agents1 

JAMES R. RIPER, CARL R. STULNGFELLOW, JR., ROBERT D. IM,UOTT, AMI THOMAS L\ JOHNSTON 

Kdkrimj-Mcyer Laboralori), Southern Research Inntilulc, Blrminyhain, Alabama .S't20"> 

lieceivcil AtttjuM ,), L'.HSti 

A number of S-2-(«-aininoa.lkylamino)ethyl and S-;i-(u-aminoalkylaniino)prop.yl dihydrogen phosphorothioates 
(3a~e, 18a-c) and some related compounds including the S-2-(u-aminoalkylamino)ethyl hydrogen thiosulfates 
lOa-c have been prepared and evaluated for radioprotective activity in mice. Intermediate X-(2-bromoethyl)-
a,w-alkanediamine dihydrobromides (2a-e) were prepared by the Cortese treatment of the 2-(w-aminoalkyl-
amino)ethanols la -e : the potential of a Gabriel synthesis from the 3-(w-phthalimidoalkyl)-2-oxazolidinones 7a-c 
was demonstrated by the conversion of N-[3-(2-bromoethylamino)propyl]phthalimide hydrobromide (8b) into 
2b. The requisite 'N-(3-bromopropyl)-a,u-alkanediamine dihydrobromides 17a-c were prepared from the 
3-(w-aminoalkylamino)-l-propanols 16a and 16b and from the 3-(o)-phthalimidoalkyl)tetrahydro-l,3-oxazm-2-
ones 14a and 14b in two steps involving selective cleavage of the tetrahydrooxazinone ring. Intermediates ob­
tained by the addition of 2-methyl- and 2,2-dimethylaziridine to acryloiiitrile led to several branched-chain 
analogs (21a-d, 23a, and 23b). Aziridine-ring opening by ammonium t.hiosulfate was employed in the prepara­
tion of the inner Bunte salts 10a, 10b, 21b, and 21d monohydrochlorides. The phosphorothioates, as a series of 
a novel type, exhibited an exceptionally high level of radioprotective activity, whereas the thiosulfates were 
essentially nonproteetive. 


