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(irowth pei'iods of 1K--24 hr at :S7° were used in all type.- of tests 
except that 50-100 hr was used for mycobacteria. 

The testing of 2,2',2"-lripyrrylmethene and of pmdigiosin on 
Sabourand agar was pefrormed in a similar maimer by Smith 
Kline and French Laboratories. Inhibition was measured at the 
time of full growth on control plates (:!70, IS-24 hr for bacteria; 
o()°, 40 120 hr for fungi) using 12.S-mm filter paper disks. 
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lories for testing the tripyrrylmethenos and prodigiosin 
on agar, and to Dr. Michael L. Furcolow and the Com­
municable Disease Center, Public Health Service. 
Kansas City, Kansas, for testing prodigiosin by the 
tissue culture method. We are also indebted to Pro­
fessor Aldo Krmili'-'7 for the synthesis of one of the 
inefhenos (2) used. 
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Organophosphorus Compounds as Schistosomicides 
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Several types of organophosphorus compounds have been shown to be effective against Srhixlowmu IHUIIKOIII 
infections in mice. The most active compounds are the phosphide and thiopbospbate derivatives of X-hydroxy-
naphthalimide. None of the materials, however, has shown high activity in monkeys at. well-tolerated dose 
levels. 

Some organophosphorus derivatives have proved 
useful as insecticides and others as drugs for the removal 
of intestinal helminths in animals. Apparently, these 
substances act primarily through choliitesterase inhibi­
tion. A relationship between the anthelmintic effect 
of di(2-chloroethyl)-3-chlo]'o-4-meth,yl-7-couinarinyl 
phosphate (Haloxon) and cholinesterase inhibition has 
been found in several nematode parasites. ' The anti-
schistosomal drugs, ta r tar emetic'2 and trisijj-amino-
])henyl)carbonium salts,3 inhibit cholinesterase activity 
in schistosomes. There is thus some rationale for the 
antischistosomal testing of potential cholinesterase in­
hibitors. 

We have examined over 300 organophosphorus com­
pounds of a wide variety of types against Schistosoma 
mansoni in mice and have1 tested selected compounds in 
monkeys. This report summarizes our results. A 
series of phosphate and thiophosphate derivatives of X-
hydroxynaphthalimide (I) had particularly interesting 
act ivitv in mice. 
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Recently, the organophosphorus compound II (Dip-
terex) has been reported to have activity against S. 
japorticum in mice.4 dogs.4 and mair' and against S. 
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haematobium in nian.'1"^ However, this material did 
not show more than a trace of activity against a Puerto 
l i ican strain of S. mansoni in albino mice by our lest 
prodedures.9 The therapeutic effects of this and other 
organophosphorus compounds against S. mansoni in 
mice are compiled in Table I. 

Compound II was tested for therapeutic effect against 
S. mansoni in a rhesus monkey. It was given orally 
twice daily in amounts of 2">.0 mg kg/day for ."> days 
and 12..") nig,'kg day for •"> days. Incoordination, 
sluggishness, and weight loss indicated that higher 
doses would not have been tolerated. Egg excretion 
was reduced, but numerous live worms and no dead 
worms were found at autopsy 2 weeks after t reatment . 

() .()-Diethyl 0-(2-isoprop\d-(>-inethyl -4 - pyrimi-
dinyljphosphorothioate (III)1" (Diazonon) showed early 
in our testing considerable activitv in mice. Com-
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pound I I I was tested orally against >>'. mansoni in six 
rhesus monkeys. It was given twice daily •"> days week 
for 2 weeks. The following results were obtained. 
One monkey given 80 mg kg 'day died on the 9th day of 
medication. One monkey given 40 m g ' k g / d a y was 
cured but exhibited l-fc, weight loss and diarrhea dur-
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TABLE I 
THERAPEUTIC EFFECTS OF ORGANOPHOSPHORUS COMPOUNDS AGAINST S. mansoni IN MICE 

N o . 

l a 

lb 

It; 

Id 

II 

I I I 

IV 

V 

VI 

VII 
IX 

X 

XII 

Dose, 
mK/kg/ 

day 

129 
So 
18 
10 
20 
20 
72 
17 
20 
20 

284 
70 
72 
20 

872 
287 

71 
63 
60 
54 
18 
9 
4 

12 
6 

68 
50 

338 
400 
100 
205 

74 
324 
554 
212 
800 
400 
200 
200 
200 
276 
200 

82 
22 

" When the compoun 
When the compound is 

No. of 
days Regimen" 

14 0 .125% diet 
14 0 .06% diet 
14 0.016% diet 
14 0.008% diet 
10 Gavage X 2 
10 Ip X 1 
14 0 .06% diet 
14 0.016% diet 
10 Gavage X 2 
10 Ip X 1 
14 0 .25% diet 
14 0.06% diet 
14 0.06% diet 
14 0.016% diet 
14 0 . 8 % diet 
14 0 . 2 % diet 
14 0 .05% diet 
14 0 .06% diet Tb 

14 0.125% diet T 
14 0 .06% diet T 
14 0.016% diet 
14 0.008% diet 
14 0.004% diet 
10 Gavage X 2 
9 Ip X 1 

14 0 .06% diet T 
5 Gavage X 2 

14 0.25%, diet 
5 Gavage X 2 
5 Sc X 2 

14 0 .25% diet 
14 0 .06% diet 
14 0 .25% diet 
14 0 . 5 % diet 
14 0.125% diet 

4 Gavage X 2 T 
5 Gavage X 2 

10 Gavage X 2 
5 Gavage X 2 
5 Sc X 2 

14 0 .25% diet 
5 Gavage X 2 

14 0 .06% diet 
14 0.016% diet 

id is given in the diet, it is mixed 

' 
No. of 
mice 

9 
11 
15 
5 
7 
8 
5 
6 
7 
7 
6 
5 
6 
5 
6 
6 
5 
7 
3 
6 
8 
7 
8 

10 
8 
1 
7 
6 

10 
8 
4 
5 
4 
9 

18 
3 
8 
9 

10 
9 
5 
5 
6 
5 

Treated . 
% of Mean no. 

worms of live 
dead worms 

100 0 
98 0.4 
37 9.6 
56 8.3 
45 9.4 
13 13.8 

100 0 
100 0 
77 3.7 
79 2 .5 
29 8.4 
12 9.0 
98 0.2 
56 6.6 

7 11.2 
5 13.9 
0 8.5 

89 0.8 
57 2.0 
58 2.3 
69 2 .1 
18 6.4 
0 11.7 

30 10.5 
11 8.7 
74 5.0 
2 15.3 
85 0.9 
76 4.6 
2 14.7 
98 0.2 
6 13.3 
48 8.3 
93 0.8 
30 7.0 
95 0.6 
89 1.6 
11 9.4 
13 10.5 

1 9.9 
99 0.1 

3 7.6 
95 0.6 

2 10.3 

with the food and comprises the stated 
administered bv gavage or parenterally, the stated daily dose is given 

in half and administered twice daily ( X 2). b T, toxic ( caused moi 'tality or weight loss). 

' 
No. of 
mice 

19 
23 
37 
11 
11 
10 
13 
7 
7 

10 
13 
11 
13 
10 

9 
11 

8 
10 
10 
14 
10 
10 
10 
9 
9 
7 

12 
11 
10 
10 
13 
13 
11 
9 

17 
10 
10 
10 
10 
10 
13 
15 
10 
10 

percentage 
either all at 

Controls 
% of 

worms 
dead 

0.4 
0.4 
0.3 
1.0 
1.0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
2 
0 
1 
0 
0 
0 
1 
2 
0 
0 

Mean no. 
of live 
worms 

16.1 
15.8 
18.8 
24.9 
24.9 
10.9 
19.5 
12.7 
12.7 
10.9 
14.9 
13.8 
13.0 
16.0 
11.2 
13.4 
11.8 
15.6 
18.3 
16.1 
11.3 
17.5 
17.5 
18.8 
14.0 
28.6 
16.4 
15.0 
18.1 
18.1 
13.0 
13.0 
13.8 
12.8 
14.8 
11.1 
18.1 
15.8 
15.8 
11.1 
15.2 
12.7 
16.0 
16.0 

of the mouse daily di 
once ( X I ) or is divid 

ing t reatment . Two monkeys given 20 m g / k g / d a y 
showed a suppression of egg excretion but were not 
cured; one of these lost weight (16%) and had diarrhea 
but the other did not. One monkey given 10 m g / k g / 
day showed only a transient suppression of egg excretion 
and another given 5 m g / k g / d a y showed no evidence of 
therapeutic effect; both of these monkeys tolerated 
their doses well. 

Wi th the exception of tris(io-ethylphenyl) phosphate 
(IV),11 which showed slight activity at toxic doses in 
mice, the only other active structural type was 4-t-
butyl-2-chlorophenyl methylphosphoramidate (V, Rue-
lene),12 which was quite effective in mice both in the 

(11) Supplied by Dr. H. !•'. Bondy of Coalite and Chemical Products. 
(12) Compounds V-X were supplied by Dr. E. Monroe of the Dow Chem­

ical Co. 

diet at 0 .25% and by gavage. Activity was fairly 
widespread among this structural type. Compounds 
VI and VII , for example, exhibited fair activity when 
administered at high levels in the diet. Certain minor 

(Me)2CH ^ \ OP(S)(OMeXNH/) 

CI 

VI 

f~V (Me)3C—? V-OP(OXOMe)(NMe2) 

Vl 
VI1 

structural variations did, however, abolish the biologi­
cal activity. Compound VIII , for example, showed no 
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TABLH [I 

0P(XXAR,)(AR,) 

X 

s 
s 
0 
0 

o 
(> 
() 
o 
(I 

A l l , 

O.Me 
O P r 
OISu 
OCellr, 

OCjUi -o -Me 
OKt 
0( '6ll j-:! ,o-AIe= 

OCsl i<-p-Me 
X J l l -

A H : 

O M e 
O P r 
Ol iu 
0 Cells 

OC"sVli-o-.Mc 
N'Mes 
OCeHa-3,5-Me: 
OC's l I . -p-Me 
N M e ; 

M]>, • ( ' 

170-172 
168-170 
1 1 5 - 1 1 7 . 5 
162-163 

(prior sof ten ing 
2 0 5 - 2 0 6 . 5 

Kit! 5 - 1 9 9 . 5 
202-204 
173-175 
2 4 0 - 2 4 2 , 5 

Yield, 

'•; 
87 
35 
74 
63 

) 
27 
41 

8 
(i 

Hi 

Cry ,.\n 
so lven t 

E t O H 
Eton 
Oil E t O l l 

Eton. 

CHuCN 
Eton 
m i F - i E o 
C«II« 

E t o n 

F o r m u l a 

C n H i 2 N O i P S 
CuHajNOsPS 
C J U H J I N O S P 

C M H I S N O I P 

CSBII -ONOUP 

C H H I T N I O U P 

Cj»lE 4NOsP 
('"iII-jiNOfP 
C i a i i . N s O i P 

Carb i 
Calcd 

«) . 85 
54 .95 
5 9 . 2 5 
6 4 . 7 2 

65 !lti 
55 , 1 7 
6 7 . 0 6 
65 . (l« 
55 83 

Hi, ' , 

Found 

50 03 
5 4 . 6 7 
59 3 1 
65 11 

6 5 , 56 
55 15 
6 6 . 6 9 
fili. 33 
5 5 . 2 3 

llyilrojj 
Caled 

8 59 
5 13 
5 .97 
3 62 

4 . 2 6 
1 92 
1.82 
1.26 
5 .22 

(en, ' , 
Found 

3 58 
4. 89 
6 15 
8 56 

•1 28 
1 99 
5 . 07 
4 . 7 5 
5 37 

Nit roj:en 
Caled I 

4 . 15 
3 . 5 6 
3 . 4 6 
3, 15 

2 .91 
8 . 0 5 
2 711 
2 9 1 

12. 10 

'ound 

8 . '.Mi 
3 . 8 8 
8 65 
8 13 

2 78 
7 93 
3 10 
2 88 

11 84 

activity at 0.25%, in the diet. The best compound in 
this series on the basis of diet and gavage data in mice 
was IX. 

(Me) ,C y\ OP(S)(OMe)(NMe.,) 

'CI 

VIII 

(Me).('-V V-OP(.S)(OMe)(XHKt 

IX 

Compound IX was tested orally twice daily for thera­
peutic action against S. mansoni in six rhesus monkeys. 
The following results were obtained. Treatment with 
800 mg/kg/day for 5 days was essentially ineffective in 
one monkey. Doses of 400 mg/kg/day for 5 days cured 
one light and old infection. Doses of 200 mg/kg/day 
for 5 days caused in one monkey slight egg suppression 
but failed to cure. Doses of 100, 50, or 25 mg/kg/day 
for 10 days (one monkey each) were essentially ineffec­
tive. All doses were well tolerated by gross examina­
tion. 

One further active type perhaps related to those 
above was O-methyl ()-(2,4,()-trichlorophenyl)mothyl-
phosphoramidate (X)12 which exhibited good activity 

CI 

('Mr>-oP<s HUMeiiNHMoi 

X 

at 0.25%, in the diet but showed no improvement over 
IX and so was not. examined further. 

Recently the 0,0-diethyl 0-phosphorothioate ester 
(la) of N-hydroxynaphthalimide (I, X = S; R = 
FA) was reported to be a potent insecticide13-15 and to 
have anthelmintic effect in calves at toxic levels."1 

Whole blood cholinesterase activity was shown to be 
markedly reduced by this treatment.16 We prepared 
this material and examined its activity in albino mice 

l 13) If. W. DOI-UUKII and B. W. Ar thur , ,/. limn. Entomol.,54, 1117 (1«6F), 
(14) S. C. I loy t , ibid., 54, 1127 (1961). 
(15) R. 0 . Brummonr l , IS. Moore , and J. War ren , ibid., 52, 1220 (1959). 
(16) T. S, Ca lv in . R. R. Bell, and R. 1). T u r k , . l m . ./. Vet. lies., 23 , 191 

(1962). 

against »S. mansotii and found it to be extremely potent. 
It killed 97-100% of all worms down to 0.06% in the 
diet and showed considerable reduction in live worm 
burdens down to 0.008%, in the diet, and in addition 
showed fair activity when administered by gavage at 
20 nig/kg for 10 days. This excellent activity 
prompted us to investigate this series further. Since 
a- (ierman patent17 claims the equivalence of the series 

NOP(X)(CK,)(OH2) 

\ =- -0 ,8 
R = an organic radical 
H,, Mi = alkyl C,-C\ 

we studied first the closely related phthalimide deriva­
tive XI. This material, prepared according to the 
patent procedure by aeylation of X-hydroxyphthal-

>'()P(S)(OEi), 

XI 

imide in dimethylformamide with 0,0-diethylthiophos-
phoryl chloride in the presence of potassium carbonate, 
was completely inactive against S. mansoni in mice at 
0.25% in the diet. We returned to the naphthalimidc 
series and prepared a series of analogs of the active lead. 
We were not able to prepare these materials using the 
patent procedure above but finally succeeded in obtain­
ing them by forming the sodium salt of N-hydroxynaph­
thalimide with sodium hydride in dimethylformamide, 
isolating it by filtration, suspending it in benzene, and 
acylating by refluxing with the desired phosphoryl or 
t h i op hosphory 1 c hi oride. 

The compounds prepared are described in Table 11. 
The oxygen analog lb which had not been described in 
the literature except as a metabolite of la18,19 has re­
cently acquired a generic name (maretin) and has been 
reported to be effective against intestinal nematodes in 

( 17) W. I.orenz and R. Wegler (Rave r ) , G e r m a n P a t e n t 962,608 (April 25 . 
1957) 

(18) N. R, Ruyd, J r . , and IS. W. Ar thur , ./. Kron. Ihdomul., 53 , 848 ( I960 ) . 
(19) .1. R, B u t t r a m and IS. W . A r t h u r , ibid , 54, 446 (1961). 
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sheep and cattle.20'21 This material also proved to be 
an effective schistosomicidal agent in mice: it was cura­
tive in amounts as low as 0.016% in the diet and had 
significant effect by gavage when administered at 20 
mg/kg for 10 days. The other alkyl esters showed vari­
able degrees of activity. The methyl and propyl 
analogs Ic and I (X = S; II = Pr) showed only very 
weak activity even at 0.25% while Id showed quite 
good activity even at 0.06% but was not superior to 
the ethyl ester. The TO-nitro analog XII also exhibited 

OP(0)(OEt)2 

OP(S)(OEt)2 

XII 

good activity at 0.06% but was not superior to the 
parent compound while the bis compound XIII was in­
active at 0.06% in the diet. The aryl esters and the 
two amine derivatives described in Table II showed 
essentially no activity when administered in the diet. 

Further studies were then initiated with the parent 
compounds la and lb. la has been shown to be con­
verted by mammals to the oxygen analog lb.18,19 In 
certain organophosphorus insecticides thiophosphates 
are metabolized to the more active phosphates. The in 
vitro activity of la and lb against S. mansoni was studied 
to determine whether a similar relationship was required 
for schistosome activity. The test preparations con­
sisted of three pairs of worms in 2 ml of medium [75% 
horse serum, 20% physiologic saline solution, and 5% 
aqueous solutions of penicillin G (100 units/ml) and 
streptomycin (100 ng/ml) ] and were incubated at 37°. 
Preparations containing 0, 2, 4, 8, or 16 ng of drug/ml 
were inspected at frequent intervals during 5 days. 
The death rate of worms in the presence of la was not 
significantly higher than the nonmedicated controls. 
Compound lb also was tested in vitro under the same 
conditions as compound la. It also failed to kill the 
worms in concentrations of 2-16 Mg/nil during 5 days of 
exposure. The lack of in vitro activity suggests either 
an insufficient concentration of drug in the medium or 
metabolism to an active component by the intact ani­
mal. 

Compound la was tested orally twice daily for thera­
peutic action against <S. mansoni in six rhesus monkeys. 
The following results were obtained. Two monkeys 
were given 200 mg/kg/day for 10 days. One of these 
had a light infection of several months duration; fol­
lowing treatment it stopped passing eggs and was 
judged cured on the basis of inability to find live worms 
at autopsy. The other animal had a heavy, recently 
induced infection; after treatment it showed a moderate 
suppression of egg excretion and at autopsy it had 50 
live worms and about an equal number of dead worms. 
Two monkeys given 200 mg/kg/day for 5 days showed 

(20) M. Federmann, Dent. TieraerM. Wochschr., 71, 62 (1984). 
(21) M. Stuber and H. Ende, Berliner Munchener T-ieraerztl. Wochschr., 

100 (1964). 

no discernible therapeutic response: both continued 
to excrete eggs in large numbers. Two others that had 
old, light infections were given 100 mg/kg/day for 10 
days; they showed moderate suppression of egg excre­
tion and at autopsy 18 and 19 live worms, respectively, 
which was close to the normal number for untreated 
infections of comparable duration. All doses were well 
tolerated by gross examination. 

Compound lb was tested for therapeutic effect 
against S. mansoni in three rhesus monkeys. One ani­
mal was given the drug orally in doses of 50 mg/kg/day 
(25 mg/kg twice daily) for 10 days (5 days/week for 2 
weeks). Its weight declined 23% during treatment. 
Egg excretion was discernibly suppressed but 23 live 
worms were found at autopsy. Two others were 
treated intraperitoneally once daily 5 days/week. One 
received 1-mg/kg doses for the first week and 2.5-mg/kg 
doses during the second week. This animal died the 
day after the last dose and had 24 live worms; it did not 
survive long enough to assess an effect on egg excretion. 
The other monkey was given 1-mg/kg doses during the 
first two weeks and 2.5-mg/kg doses during the third 
week. This course of treatment was tolerated well but 
did not suppress egg excretion and left 65 live worms at 
autopsy. 

In view of the prominence of cholinesterase inhibition 
in the general biological activity of organophosphorus 
compounds, it is logical to suspect that their anti-
schistosomal action might be mediated via this mech­
anism. Early in the present studies, we tested three 
classical cholinesterase inhibitors against S. mansoni 
in mice for general guidance. The substances and test 
conditions were as follows: tetraethyl pyrophosphate 
(TEPP) in doses of 0.031 mg/kg by gavage twice daily 
for 10 days (near the maximum tolerated amount); 
3-methyl-l-phenylpyrazol-5-yl dimethylearbamate (Py-
rolan) as a 0.5% diet for 14 days; 5,5-dimethyl-3-oxo-l-
cyclohexen-1-yl dimethylearbamate (Dimetan) as a 
0.5% diet for 14 days. All were ineffective. Such re­
sults discourage the expectations of a direct relation­
ship between cholinesterase inhibition and antischisto-
somal activity. Moreover, review of the results from 
the large number and diverse types of organophos­
phorus compounds tested by us has failed to suggest 
relationships between structure and antischistosomal 
activity or host toxicity. To the extent that host toxic­
ity is due to cholinesterase inhibition, we also have 
been unable to detect useful structure-cholinesterase in­
hibition relationships. Understandably, such relation­
ships may be obscured by physiological factors: meta­
bolic disposition, membrane permeability, etc. The 
problem of selecting a promising organophosphorus 
drug for trial against schistosomiasis has been further 
complicated by dissimilar therapeutic indices among 
experimental hosts. Whereas some of the compounds 
had a relatively promising margin of safety in mice, 
none so far has shown high activity in monkeys at well-
tolerated dose levels. 

Experimental Section22 

N-Hydroxynaphthalimide O.O-Diethyl O-Phosphorothioate 
Ester (la).—To a solution of 40.8 g (0.192 mole) of N-hydroxy-
naphthalimide in 1 1. of dimethylformamide (D1IF) was added 

(22) Melting points were taken on a Thomas-Hoover melting point ap­
paratus and are corrected. 
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S.S g of NaM (oU'/t dispersion in oil). The mixture was heated 
for 3 hr at 70-80", the solid sodium salt was removed by fill ration, 
washed with benzene, and dried briefly in air. The solid was 
transferred to a 2-1. flask, suspended in about 1 1. of toluene, and 
heated under reflux for 24 hr with 36.1 g of diethylthiophosphoryl 
chloride. The mixture was cooled to room temperature and 
filtered, and the solvent was removed from the filtrate in vacua. 
The residue was recrystallized three times from 95' , etHanoi in 
give2S.9g (41 r , ) of the product, mp 162-164°. 

Anal. Oaled for C,6Hi«XO,PS: ("', 52.60: 11,4.42: X. 3.S3. 
Found: C, 52.49: II, 4.34; X, 4.01. 

N-Hydroxynaphthalimide Diethyl Phosphate (lb).-—To a solu­
tion of 10.6 g (0.05 mole) of X-hydroxynaphthalimide in 250 ml 
of DMF was'added 2.4 g of Nail (50f',' dispersion in oil). The 
mixture was heated for 3 hr at. 70 -S0°, and the solid sodium salt 
was removed by filtration, washed with benzene, and dried 
briefly in air. The solid was suspended in about 250 ml of 
benzene and heated under reflux for 7 hr with S.ti g (0.05 mole) 
of diefhylphosphoryl chloride. The mixture was filtered and 
the filtrate was concentrated to dryness in vacuo. The residue 
was recrystallized twice from 9 5 ' , ethanol to give the product 
as a white solid, mp ISO 1S2°, 7.7 g l 44 ' , ). 

Anal. Calcd for C l6H,6XOsP: ('. 55.02: II, 4.62: X, 4.01. 
Found: (', 54.97; II, 4.96; X, 4.01. 

3-Nitro-N-hydroxynaphthalimide Sodium Salt. A mixture of 
12 g (0.05 mole) of 3-nitrnnaphthalic anhydride, S.S g of hydroxyl-
amine hydrochloride, and 11 g of XajCOa in 250 ml of water was 
heated under reflux for 4 hr. The warm mixture was filtered 
and the red solid was dried in vacuo, powdered, and boiled in 
benzene with a water take-off to remove occluded water. The 
solid was collected and dried to give II g (74 ' , ) of the product 
as its monohvdrate. 

Anal. Calcd for ( ,,,II;,X,Xat).-fl..(): C, 4S.33; H, 2.37: N. 
9.40: H.,(), 6.04. Found: (', 4S.03: II, 2.35: X, 9.46; 1TO, 
5.S6. 

N-Hydroxy-3-nitronaphthalimide O.O-Diethyl O-Phosphoro-
thioate (XII).—A suspension of 10.1 g (0.0339 mole) of the above 
sodium salt and 6.4 g of diethylthiophosphoryl chloride in ben­
zene was healed under reflux for 4 days. The mixture was filtered 
and the filtrate was concentrated to dryness in vacuo. The resi­
due recrystallized from ethanol gave the product as brown plates. 
4.5 g (32','», mp 173-17S0. 

Anal. Calcd for C,6n,.-,N2()7PS: C, 46.S3: 11,3.69: X. 6.S3. 
Found: C, 47.03; H, 3.55: X, 6.95. 

N,N'-Dihydroxynaphthalenetetracarboxylic Diimide. A mix­
ture of 13.4 g (0.5 mole) of 1,4,5,8-naphthalenetet racarboxylic 
dianhydride, 17.6 g of hydroxylamine hydrochloride, and 22 g 
of NHOCOS in 300 ml of water was warmed gradually. Vigorous 

foaming occurred, heating was discontinued, and the warm sus­
pension was stirred for about 1.5 hr. Heating was then resumed, 
and the mixture was heated to boiling for 1.5 hi1, cooled, ami 
filtered. The crude product was stirred with warm water, 
filtered, and dried in vac no to give 7.1 g ( 37' , ) of the product as a 
reddish solid which did not melt to 300°. 

Anal. Calcd for CuIFXaXajO^I loO: C, 44.45; II, 2.13: 
X. 7.41: l i t ) . 9.53 Found: C. 43.75; 11,2.21: X, 7.06: II,<>, 
9.9S. 

N,N -Dihydroxynaphthalenetetracarboxylic Diimide Bist di­
ethyl Phosphate) Diester (XIII).- -X,X'-l)ihydroxynaphthalene-
tetracarboxylic diimide disodium salt (7.1 g, 0.01SS mole), 
suspended in about 1 1. of benzene, was heated under reflux with 
6.5 g of diethylphosphoryl chloride for 24 hr. The mixture was 
cooled to room temperature and filtered, and the filtrate was 
evaporated to dryness -n vacuo. The residue was recrystallized 
three times from ethanol to give 1.0 g ! 9 .3 ' , ) of desired product. 
mp 24S--2520 i earlier softening i. 

Anal. Calcd for C - H , , X 4 ) r P , : C, 46.32: 11.4.24: X. 4.91. 
Found: C, 46.S3; II, 4.36: X. 5.16. 

X-Hydroxynaphthalimide Di-o-tolyl Phosphate Ester. The 
following modification was used for those analogs that were less 
soluble in the reaction mixture and tended to precipitate along 
with the inorganic s;1|is when the reaction was complete. A 
solution of 10.6 g i().l)5 mole) of X-hydroxynaphthalimide 
in 250 ml of DMF was treated with 2.4 g of Xall (50 ' , dis­
persion in oil i for 3 hr at 60 70°. The sodium sail was removed 
by filtration, washed with benzene, and healed under reflux with 
14.S g ''0.05 mole: of di-o-lolyl chlorophosphate in 500 ml of 
benzene for i s hr. The reaction mixture was filtered and the 
filtrate was concentrated to dryness in vacuo. The residue was 
recrystallized twice from acetonitrile to give 1.4 g of the product, 
mp 205 200.5°. The solid obtained from the reaction mixture 
was stirred with warm water and filtered, and the solid was 
recrystallized Iwice from acetonitrile lo give an additional 5.1 g 
of product, mp 205 206.5°. 
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