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III view of the considerable ease with which o-tri-

fluoromethyluracii is hydrolyzed to o-oarboxy uracil 

undef mild alkaline conditions,4 it was of interest to 

prepare o-carboxy-'i'-deoxyuridine. which would be 

expected to be obtained under comparable conditions 

from the biologically active .">-trifiuoromethyl-2'-dooxv-

uridine.4 and might be produced from it in the course 

of metabolism."' Furthermore, in a t tempts to prepare 

•VtrifluoromethyI-2'-deoxvuridiiio chemically, the pos­

sibility was considered that it might be synthesized by 

the SFi reaction6 on o-carboxy-2'-deoxyuridiiie. At­

tempts were made unsuccessfully to obtain the latter 

compound by the oxidation of thymidine! by "act ive" 

manganese dioxide in analogy to the reported oxidation 

of thymine to o-earboxyuracil.7 The carboxy nucleo­

side was prepared from •Vbromo-2'-deoxyuridine by 

the reaction with butyllithium followed by carbonation 

(rf. ref Sand!)) . 
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The preparation of ,3-carboxy-2'-deoxy uridine has 

been mentioned previously,9 but the compound was 

obtained as a by-product and was neither isolated nor 

characterized. The success of the lithium reaction 

depends on having all reactants and equipment thor­

oughly dried, and carrying the reaction out in an at­

mosphere of pure dry nitrogen at —65°. Attempts to 

convert ^o ' -d iace ty l -o-carboxy^ ' -deoxyur id ine to '•>-

trifluoromethyI-2'-deoxvuridiiie bv the reaction with 

h Thi.- uo rk ua.-. .vtpuurled in part. b,\ ( J rau t s ( A - 7 1 7 ' t and ( K T Y -
"i002 from the Na t iona l Canrp r Ins t i tu t e . N'ational In s t i t u t e s of Heal th , 
I ' . S, Publ ic Hea l th Service. 

'2) To whom inqui r ies .should be di rec ted . 
03) Amer ican Cance r Society Professor of Oncology. 
, 0 ( ' . Ileidelberirer D. C,. Parsons , and I). ( ' . Rpitty. ./. \!>,l. Cl„m. 7, 

I i l H H t j . 

5) ( ' . I le idelbcreer , .1. i ioohar . and It Kampschrocr , f„,irrr /!••,.. 26, 
:',77 !1WH.-)J. 

It) M. P . M e r l e s a n d e>. E. Saheb , ./. l'hurm. Set., 82, 508 I 1903; . 
7) R. K. Oline. R. M. F ink , and K. F ink . ./. Am. Chcrn. Snr.. 81 , ->r,->\ 

i IHSSI). 
8) H. W. Langley, ibid., 78, 21H6 (1956; . 
9) T. I,. V. TTIbrieht, Tetriihrrlnm. 6, 225 flliSHi. 

SF4 in the presence of catalytic amounts of water1 

were unsuccessful, since deoxyribose was split off even 

at. room temperature. However, o-carboxy-2'-deoxy-

uridine could also be prepared from o-trifluoromethyl-

2'-deoxyuridine by hydrolysis at. pH 10. 

•")-('arboxy-2'-deoxyuridine at a concentration of 

10' :! .1/ failed to inhibit the growth of HeLa cells in 

culture, and hence may be considered to be biologically 

inert. 

Experimental Section 

5-Carboxy-2 -deoxyuridine. Dry 5-bromo-2'-deox>uridine 
'bUO mg, 1.9 mmoles) was dissolved in 45 ml of freshly distilled 
tetrahydrofuran al 50° in an atmosphere of dry Nz. The solu­
tion was cooled lo — 65°, and 6.3 ml of butyllithium (8.5 mmoles > 
was injected with a syringe through a rubber diaphragm. Solid 
OOs (2 g, 45 mmoles) was added after 1 min, and (he temperature 
was kept tit — (i5° for 5 min and then allowed to rise gradually 
to 22°. The mixture was acidified with dilute MCI and then 
neutralized with NlbOH. Lithium salts were removed by passing 
the mixture through a column of Dowex 50-11 '. The eluate wa-
then neutralized with NHiOH. and the components were sepa­
rated by iou-e\change chromatography on a 40 X 'A cm column 
of Dowex 1-formate with a linear gradient from water to 0.4 .1/ 
formic acid. The product was fluted after 2'-<leoxyuridine and 
5-broino-2'-deoxyuridi]ie and was recovered by lyophilization 
to yield 107 nig of product which was crystallized from water to 
give colorless crystals, nip 15S 159°. Since 144 mg of 5-bromo-2'-
deoxyuridine was recovered, the yield, based on the bronio 
compound actually used, was 2 7 ' , : ultraviolet spectra, in 0.1 
V HO] \„,„„ 27(i niu i.E 11,4.00). A\v, •,«, = I.til): ;i n.! V NaOIl 

\,„.,, 271 niu :K tiSlOi."1 A'2?ll 26„ - l.tCJ: in descending paper 
chromatography in 2-propanol NH,()II 11 •<) <7 1.2, v 'v ;. U, 
il.:54. Analysis by paper electrophoresis for :! hr at 2200 v in 0.05 
1/ triethylammonium bicarbonate buffer brought to pH 7.0 with 
formic acid gave a single spot 22.s cm from the origin. 

Anal. Oalcd for CU.HI-JN-JOT: (', 44.12: II. 4.44: N, 10.29: 
ueul eipiiv, 272.2. Found: O. t4.20: II. 1.59; N. 10.H5; neitt 
oquiv, 274. 

5-(',,irboxy-2'-deoxyuridine was al-o obtained when 20 nig ot 
5-trifluorometliyl-2'-deoxyuridine was hydrolyzed in an aqueous 
solution of NiiOH til pH 10. The presence of the acid in the 
reaction mixture w.as confirmed by paper chromatography and 
ultraviolet spectrophotometry. However, only 2 mg could be 
isolated by ion-exchange chromatography ;H described above. 

3',5'-I)iacetyl-5-carboxy-2'-deoxyuridine. The diacetyl de­
rivative of 5-carboxy-2'-deoxyuridine was prepared in the usual 
way with acetic anhydride and pyridine," and 5S':;. was obtained, 
which on recrystallization from ethanol gave mp 1H6- b5Sc; 
ultraviolet spectra, in 0.1 A' HOI \„N1X 275 mju iE 1 1.500), K-,M. 2». ' 
1.62: in 0.1 A' XaOH X„,;,s 271 mu i K 7:!20). AWi-w, - 1.07: 
in the paper chromatography svslem described above lt{ 0.46. 

Anal. Oalcd for 0, , 11, 6\\.<)',: O, 47.10: II. 4.53; N. 7.S6: 
nettt eipiiv. :!56. bound: O. 17.22; II. 1.65; N. X 10; netit 
eipiiv, ,'>59. 

Reactions with Sulfur Tetrafluoride.12 In a typical experi­
ment, 20 mg of )!',5'-diacetyl-5-carboxy-2'-deoxyuridine (0.050 
mmoles) or of 5-carboxy-2'-deoxyuridine was treated witli 20 g 
'0.IK") mole) of SKi in the presence of 0..'! g of water6 in a steel 
bomb for S 0 hr at room temperature, 70 75°, and 120°. Aftet 
the reaction mixture was worked tip by ion-exchange chromatog­
raphy, only 5-carboxyuracil and .Vtrifluonmiethyluraeil were 
obtained, with more of the latter compound at the highet tem­
peratures. 

Oxidation of Thymine. Thymine (d.s g. li.l! mmoles i wa-
dissolved in 500 ml of 0.1 A' HOI, and S g of "act ive" Mul t 1 1 

was added. The reaction mixture w.as stirred for 4,S hr and then 
worked it]) in the usual manner to give 0.47 g (•!.(! mmoles. 4N', i 

'10j Prolonged t r ea tmen t of 5- tn t iuuro i t i e th \ l-2 '-deo.v , . n d m e t \n i : a ikuh 
resulted in ;t shift of the ul t raviole t m a x i m u m from 260 to 272 m p : K. I. 
Ryan . K. M. Acton, and I.. G o o d m a n , •/. Or,j. Cht-m.. 3 1 , 1181 (1966). 

'11) A. M. Michelson and A. R. T o d d . ./. Chun. .">'«<•.. 2«S2 (1958; . 
12) We irratefuliy acknowledge the kind coopera t ion of Professor M. I'. 

Merles, in whose labora tory these SK* react ions were carried oc t 
'13) O. Manec ra . Ct. Rosenkranz . and V. Sondhe imer J f'titm. S.ie. 

L'IK'l ' til.",:',:. 
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of 5-carboxyuraoil. The yield was increased to 6 1 % when the 
"active" M n 0 2 was washed with 15% HN0 3 , followed by wash­
ing with distilled water to pH 5 (cf. ref 14). 

Attempted Oxidation of 3',5'-Diacetylthymidine.—This com­
pound could not be oxidized to 3',5'-diacetyl-5-carboxy-2'-
deoxyuridine with "active" Mn0 2 , KMn0 4 , or Cr03 . 

(14) M. Harfenist, A. Bavley, and W. A. Lazier, ./. Org. Chem.. 19, IrtO* 
(1954). 
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A wide variety of substituted 8-quinolinols has been 
examined in these laboratories for antiamebic and 
antibacterial properties.2-4 Among them,, o-chloro-7-
({[3-(diethylamino)propyl]amino}methyl)-8-quinolinol 
dihydrochloride (clamoxyquin hydrochloride. la)3 has 
shown a particularly interesting degree of antiamebic 
activity in experimental animals.3-3 Clamoxyquin 
hydrochloride formulated in gelatin capsules was 

(C,H5)2N(CH,):)NHCH: 

la, -2HC1 

b, -pamoic acid 
COOH 

pamoic acid 

tolerated well in man following daily 15-mg/kg do êc-
for 5-10 days and was highly effective against various 
forms of intestinal amebiasis.6,7 

Tablet and suspension formulations of clamoxyquin 
were of special interest for expanded clinical studies. 
In order to find a salt form of clamoxyquin whose taste 
would be more acceptable for use in aqueous suspen­
sions for oral pediatric use, a series of salts was prepared 
(Table I). Among them, clamoxyquin pamoate (lb), 
a salt of clamoxyquin with 1 formula weight of 4.4'-
methylenebis(3-hydroxy-2-naphthoic acid), appeared 
to be of particular interest and was selected for exten­
sive chemical and biological evaluation. 

Clamoxyquin pamoate as the anhydrous salt con­
tains 45.3% clamoxyquin base. The compound is 
relatively insoluble in water (0.004%) and is tasteless. 

\\) Clamoxyquin pamoate is the generic name fur 5-chloro-7-(j [3-
!diethylamino)propyl]amino}methyl)-8-quinolinol salt with 1 formula weight 
of 4,4,-methylenebis(3-hydroxy-2-naphthoic acid) (Clamoxyl®). 

(2) P. E. Thompson, J. \Y. Reinertson, A. Bayles, D. A. McCarthy, and 
E. F. Elslager, Am. J. Trap. Med. Hyg., 4, 224 (19oo). 

['.i) J. H. Burckhalter, W. S. Brinigar, and P. E. Thompson, ./. Org. Chem.. 
26, 4070 (1961). 

(4) P. E. Thompson, A. Bayles. P. McClay, and J. E. Meisenhelder. ./. 
l'araaitol., 51, 817 (1965). 

(5) R. Cavier and F. Glaudon, Therapie, 18, 1153 (1963). 
i6) R, H. Hugonot, E. Granotier, and J. P. Farges, ihid., 20, 329 ilftHSi. 
i7) K. O. Courtney, personal communication. 1967. 

making it well suited for use in oral pediatric suspen­
sions. 

A comparison of the antiamebic properties of 
clamoxyquin hydrochloride and pamoate indicated 
that the potent antiamebic activity of the hydrochloride 
salt is retained by the pamoate.4'8 Thus, both salts 
were active against Entamoeba histolytica (200 strain) in 
rats when administered in the diet in dose levels of 
160-679 mg'kg day for 7 days or by gavage in doses 
of 75-600 mg/kg day for 4 days. When dogs infected 
with E. histolytica were treated orally for 10 days, both 
the hydrochloride and pamoate salts were active, the 
cure rate being dependent upon the dosage in the range 
of 3.13-50 mg kg/day and 12.5-25 mg/kg/day, 
respectively. These doses were well tolerated as. 
judged by gross examination.4 

Toxicologic studies with clamoxyquin hydrochloride 
and pamoate were carried out in mice, rats, dogs, and 
monkeys.8'9 Acute oral LD60 values in albino mice 
were much higher for the pamoate (>2500 mg/kg) than 
for the hydrochloride (891.3 ± 33.7 mg/kg).9 In 
chronic oral-tolerance studies in albino rats, both salts 
were tolerated well for 28 days at average daily drug-
diet doses of 25 mg'kg; at greatly exaggerated daily 
doses of 200 mg'kg over the same period, the pamoate 
was clearly better tolerated than was the hydrochloride 
salt, although in neither case was evidence of organ 
damage observed.9 

The two salts were also compared in subacute rising-
dose-tolerance trials in dogs and monkeys.9 Dogs 
tolerated up to 525 mg/kg of clamoxyquin pamoate 
by the end of a 35-day dosing period with manifesta­
tions similar to, but much less severe than, the gastro­
intestinal irritation that was seen during the adminis­
tration of 250-275 mg/kg of the hydrochloride salt 
during 24-25 days. In monkeys, a maximum dose of" 
1100 mg/kg of clamoxyquin pamoate was dictated 
only by the bulk of drug required to deliver the dose.. 
At this level, signs of intolerance were modest compared 
with those produced by similar doses of the hydrochlo­
ride salt. Therefore, in all species of animals studied 
to date, clamoxyquin pamoate was uniformly better-
tolerated than the hydrochloride salt.9 

In definitive clinical trials, clamoxyquin pamoate 
formulated as compressed tablets or as a suspension was 
compared with iodochlorhydroxyquin10 in the treat­
ment of diarrheal disease.11 Clamoxyquin pamoate 
was administered in a dose of 16 mg of clamoxyquin 
base/kg of body weight daily, in divided doses, for 5 
days. Iodochlorhydroxyquin was given at the recom­
mended dosage regimen, namely 1500 mg (500 mg tid) 
daily for 10 days. Clamoxyquin pamoate was tolerated 
well and was equal to iodochlorhydroxyquin in reducing 
the daily number of stools, in improving stool consist­
ency, and eliminating fetid odor. Both drugs were-
effective in eliminating blood and mucus in stools. 
Clamoxyquin pamoate was usually better than iodo­
chlorhydroxyquin in ameliorating subjective gastro­
intestinal symptoms and was superior or equal to iodo­
chlorhydroxyquin in eliminating E. histolytica, Giardia 
lamblia, and Shigella.''-11 

\S) Drug concentrations and doses are expressed in term:- of the free base-
content. 

(9) D. H. Kaump, R. A. Fisken, J. E. Fitzgerald, J. A. Lucas, T. l'\. 
Reutner, D. E. Roll, and J. L. Schardein, personal communication. 1967, 

f 10) Entero-Vioform*. 
i l l ) F. Fernandez. Sem,jnn Med. Mexico, 49, 328 1196K . 


