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ible activity in this tumor is a T/C ^ 150% at the 
optimal dose.26 

Conclusions 

Tylocrebrine shows high activity against Lymphoid 
Leukemia L1210 in mice, and these tests indicate that 
best results are likely to be obtained at a dose level of 
about 10 mg./kg. The activity ascertained in these 
tests is sufficient for scheduling this compound for pre­
clinical pharmacology and, in the absence of prohibitive 
toxicity, for large-scale clinical testing. 
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Hoover and Day2 described the preparation and 
properties of a number of 2-alkyl-lH-naphth[2,3-(i]-
imidazole-4,9-diones. Some of these compounds were 
reported to have inhibitory activity against Escherichia 
coli 113-3 and B96.2 The present work deals with the 
preparation of 1-alkyl- and l-aryl-2-methylnaphth-
[2,3-rf]imidazole-4,9-diones (I), quaternary salts of 
these compounds, and a study of various properties 
of these substances. 

2-Acetamido-3-alkyl- or -3-aryl-l,4-iiaphthoqumones 
were prepared according to the directions of Truitt, 
el al.3 These compounds were converted to the imid­
azoles (I) by the action of 2 Ar sodium hydroxide as 
directed by Fries and Billig4 and utilized by Hoover 
and Day.2 It is interesting to note in our work that the 
expected 2-acetamido-3-anilino-l,4-naphthoquinone 
was obtained if an ethanol solution of aniline and 2-
acetamido-3-chloro-l,4-naphthoquinone (2:1 mole 
ratio) was refluxed. However, if the reactants were 
used in a 1:1 mole ratio, 2-methyl-l-phenylnaphth-
(2,3-(i]imidazole-4,9-dione was produced in good yield. 
p-Bromoaniline and p-toluidine gave similar results 
but with lower yields. Alkyl amines did not give imid­
azoles under similar condition. 

When the imidazoles (I) were heated with methyl 
iodide (or other reactive halides) the quaternary salts 
(II) were obtained. These compounds melted with 
vigorous evolution of a gas. The pyrolysis of II (R 
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vers i ty , a n d a Parke , D a v i s and Co. Fel lowship. 
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= isopropyl, R' = methyl, R " = II, and X = I) 
gave isopropyl iodide and methyl iodide in a 10:1 
ratio, as determined by gas chromatography. 

Although Hoover and Day2 reported that 1H-2-
methylnaphth [2,3-ei]imidazole-4,9-dione would not 
react with aldehydes in the presence of bases, we found 
that the quaternary salts (II) gave the expected styryl 
derivatives (III) when refluxed with benzaldehyde in 
the presence of piperidine or pyrrolidine. 

Strong bases, such as NaOH, opened the imidazolium 
ring. For example, 4,9-dihydro-4,9-dioxo-l-dimethyl-
3-(2-propyl)naphth[2,3-(/]imidazolium iodide reacted 
with cold sodium hydroxide to give only 2-(N-methyl-
acetamido) -3-(2-propyIamino) -1,4-naphthoquinone (I V) 

Physiological Acitivity.s—Compounds 15 and 16 
(Table II) were not more than slightly active against 
pinworms in mice.6 These results were insufficient to 
warrant further investigation. Two compounds (4 
and 10, Table II) showed in ritro activity against 
Mycobacterium, tuberculosis and Streptococcus pyogenes, 
respectively. In tiro tests in mice against the experi­
mental infections failed to show chemotherapeutic 
activity. In ritro activity against Endamoeba histo­
lytica was observed with 14 (Table III).7 In view of 
the fact that this compound was amebicidal at only the 
highest concentration, in viro tests were not carried 
out. Compound 14 (Table 111) was also slightly active 
at cytotoxic levels against Trypanosoma cnai in chick 
embryo tissue cultures.s ;l Xo activity was observed 
against the experimental infection in mice.10 Com­
pound 4 (Table II) exhibited no action against con­
vulsions produced by electroshock," but did exhibit 
moderate activity against convulsions induced by pen-
tylenetetrazole.1'- None of the compounds reported 
in the work showed significant antitumor activity.1:i 
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CO F. A. N e v a . M . F\ Malone . and [',. R. Myer s , -Ira. ./. Trap. Mrd. 
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No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

C H 2 = C H C H 2 

CH30(CH2)3 

(CH3)2CH 
(CH3)2CHCH2 

CH3(CH2)3 

CSH5CH2 

2-CH3CeH4 
4-CH3C6H4 

4-Br-C6H4 

HOCH2CH2 

2-CH2OC6H4 

(CH3)2CH 
CH3(CH2)3 

CaHoCR^ 
CeHs 
2-CH3OC6H4 

C H 2 = C H C H 2 

TABLE I 

2-AcYLAMINO-3-SUBSTITUTED A M I N O - 1 , 4 - N A P H T H O Q U 1 N O N E S 

0 

.NHCOR 

R' 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

C3H5 

CeHs 
CeHs 
C6H5 

CeHs 
CRHE 

NHR 

M,p„ °C. 
180-181 
158-159 
149-151 
164-165 
177-178 
189-191 
187-188 
194-195 
200-201 
174-176 
193-195 
150-151 
118-120 
172-175 
210-213 
173-175 
143-145 

Yield, % 
80 
83 
91 
81 
65 
78 
86 
94 
90 
62 
06 
78 
81 
70 
67 
47 
50 

Formula 
C15H14N2O3 
C16H1SN204 

Ci5Hi6N203 

Ci6HisX203 

Ci6Hi8N203 

Ci9Hi6N203 

C19H16X203 

CI9HJBN 2 0 3 

CigHuBrNaO, 
Cl4H!4N204 
C19H16N204 
C21H20N2O3 
U22ri22-N 2O3 
C25H20N2O3 
C24H18N203 

O25H2CN 2O4 
C21H1SX2O3 

/( Calcd. 
10.36 
9.27 

10.29 
9.78 
9.78 
8.74 
8.74 
8.74 
7.27 

10.21 
8.33 
8.04 
7.73 
7.07 
7.33 
6.80 
8.09 

Found 
10.39 
9.45 

10.36 
9.77 
9.48 
8.84 
8.89 
9.11 
7.17 

10.39 
8.42 
8.00 
7.98 
7.20 
7.47 
6.76 
7.91 

TABLE II 

2,3-DlSUBSTITUTED XAPHTH[2,3-d]lMIDAZOLE-4,9-DIONES 

C—CH,R 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Lit. m.p. 

R 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
C2Hj 
C2H5 
C2H5 

H 
H 
H 
H 
H 
H 
CsHs 
CeHs 
CeHs 
CeHs 
CsHs 
C6H, 

239-241°." 

R' 
CH3 

CH3CH2 
(CH3)2CH 
C H ^ C H ^ 
(CH3)2CHCH ; 

CICH2CH2 
C6H5CH2 
CeHs 
2-CH3OC6H4 

2-CH3C6H4 
CH3(CH2)3 

C6H5CH2 
CeH5 

I-C14H29 
4-CH3C6H4 

4-BrC6H4 

CH3(CH2)2 
CH3(CH2)5 
4-ClC6H4 

(CH3)2CH 
CH3(CH2)3 

CeHsCH2 

CeHs 
2-CH3OC6H4 

C H 2 = C H C H 

Experimental14 

M.p., °C. 
247-249 
168-170 
175-176 
115-117 
161-163 
288-290 
195-196 

193-195 
189-191 
144-145 
129-130 
174-175 
72-73 

260-263 
242-244 
145-147 
128-129 
236-238 
185-186 
178-179 
164-166 
177-180 
224 226 
156 158 

Yield, % 
60 
53 
86 
75 
62 
41 
85 

68 
40 
66 
74 
84 
72 
40 
82 
78 
38 
73 
90 
70 
65 
50 
85 
60 

Formula 
Ci3Hi0iN2O2 
Cl4Hi2]\202 
C15H14N2O2 
C16H16N2O2 
C16H16N202 

C H H U C 1 N 2 0 2 

CigHi4N202 

Ci9Hi4N203 

C19Hi4N202 

Ci8H20X2O2 

C2iHi8X202 

C2oHi6N202 

C26H33N202 

Ci9rIi4X202 

C18HnBrN20-
C15H14X2O2 
Cl8H2oN202 

Ci8HnClN202 

C21H18N202 

C22H20N2O2 

C'25HisN202 

C24Hi6X202 

C25Hi8N203 

C2iH16X20, 

Calcd. 

12.39 
11.66 
11.02 
10.44 
10.44 
10.20 
9.27 

8.80 
9.27 
9.45 
S.48 
8.85 
6.86 
9.27 
7.63 

11.02 
9.45 
8.68 
8.48 
8.13 
7.40 
7.69 
7.10 
8.53 

Found 

12.57 
11.69 
10.97 
10.26 
10.50 
10.17 
9.06 

8.99 
9.41 
9.55 
8.51 
9.02 
6.70 
9.19 
7.47 

11.00 
8.99 
8.77 
8.30 
8.42 
7.28 
7.81 
7.04 
8.58 

2-Acetamido-3-(2-propyIamino)-l,4-naphthoquinone.—A mix­
ture of 100 g. (0.40 mole) of 2-acetamido-3-chloro-l,4-naphtho-

(14) All melting points (corrected) were taken on a Thomas-Hoover 
melting point apparatus. 

quinone, 11. of ethanol, and 8 g. (0.80 mole) of isopropylamine was 
heated with stirring for 30 min. The reaction mixture was treated 
with charcoal, filtered, and cooled. The red precipitate weighed 
71 g. (65%). The product was recrystallized from ethanol, m.p. 
149-151 °. This and other similar compounds are reported in Table 
I. They were readily recrystallized from ethanol or methanol. 
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T A H L E 11 J 

NAI ' I ITII |2 , : -J-( / ] [ .MII>AZC>[,IIM S A L T S 

,C—CH.R -X" 

So. 

1 

2 

;i 
•i 

•"> 
(i 

7 

8 
1) 

111 

11 
12 
Li 

1 1 
15 
16 
17 

H 

('..lis 

Hi 

Calla 
V-dh 
(CII.S)..('H 

(viuhcit 
CH:.(C1I-.),: 
<'II;i(Clt.l:.. 

cH' . ( r i f»)- i 

C H . l C H . L , 

cn«irir-j); 
c u i c i i . ) , 
VAUCiU 

Ci l l t 
2 - C H 3 0 C J I 1 

Calls 
t C H : , ) , C H C H -
( C H j h f ' H C H s 

C'II>(CH»)a 

H i 

( '11, 

CUtiClh), 

C ' H J 

C H I ' C H , ; , 

CIS, 

Vilh 
CsihCAU 

•i-o-.xcaiicn.. 
l -OsNCsI I iCOCOs 

CIWIWH., 
C'll;; 

( ' I I I 
( ' I I , 
T-OjNCt l l iCI f ; 

( ' H i 

4 - 0 , N C s H i C 0 C I I 2 

( ' H i 

X 

CI 
Br 

Hr 
Hr 

Hi­

l l i' 

M.p. , 

•c. 
247-250 

177-181 
2411-2.11 

211- 21 1 
224-22(5 

127-12!) 

17(1- 181 
2:i5-23(> 
221-22.-) 
20.1-20(1 

210 dee. 
27:1-27.5 

277 280 
2.'14- 2:i() 

226-227 
2:10-231 
l:l.5 1 8(1 

Yield, 

',, 
85 

60 
112 

81 
i l l 

35 

30 
83 
75 
75 
87 

1)0 
50 
74 

62 
80 
71 

Kunnulu 

C U H I S I N J O ; 

( . ' I T H I » I N » 0 2 

C I « H , T I N . O . 

C,8IT»iIX,0-

('17H.9IN5.O-. 

(.'isH..,INsO.. 
(•!aII:»('IN=0-j 
('•jiH.jMrNsOi 
(••i,H-n\irS::Oh 

( ' . .IfaHrN-O... 
(~!.1I|71NT.0:: 

C!»H ISINL0-

('2..Hl7lNsO.; 

CjsH-.sMrN' . iOj 

Ci7H,»IN 2 0, 

( ' • .4H»BrN305 

C - J M N j O , 

Caled . 

7.3.1 

(i. 83 
7 .07 

(> 00 

ti. 83 
H SO 

7 . 0 9 
8. (18 
8 20 

(i 18 
11 31 
(i. 52 
0 10 

8. 34 

fi. 83 
8 20 
5. 70 

, X 

l-'nund 

7 .27 

fi .78 
0 . »3 
« . 00 

(1. 8!) 
H . 51 

7. HI 
8 72 

8 18 
( i l l 

0 . 22 
(1 03 

ti. 23 
8 .30 
fi 72 

8 .27 
5 . (19 

• - • ; 

( 'a led . 

33 ,21 

30 . 93 

32 .04 
29 9 1 

28 , 57 
29 . 50 
27 , (13 

5 0 . 9 3 

I — 
Found 

53 , 5 1 

31 30 

32 38 

30,4,8 

28 ,97 

30 30 
2 7 . 9 3 

51 .30 

TABLE IV 

S T ' Y R Y L D E R I V A T I V E S OF N'APHTll [2 , ; i - f / ) lMIDAZOLlUM S A L T * 

,C-CH=CHR r 

t'HcCH,), 

Yield. 

M.p . Caled . 15 

cais 
2-C'lC.JIi 
• l-(CH;0iNC«H4 

4-CH3OC1JI4 
4-UOC1II1 

[mil. Caled.: 

2 1 8 - 2 1 9 . 5 
214-215 
212-214 
210-211 

245-247 

1, 24.70. 

90 
13 
31 
30 

311 

Foun< 

C'aalliilNjOa 
CijHiuClIX.Os 
C2sH-2sINT,0-> 

C M I I S J I N J O S " 

CssHailNsOa'' 

.1: 1,25.03. ' 

5 .79 
5 ,40 
7 . 9 7 
5 .45 

5 00 

' Anal. 

(i .22 

5. 69 
8 .01 
5. 59 
5, 87 

Caled 
1, 25.3(1. Found: 1, 25.39. 

2-Methyl-l-phenylnaphthl2-3-</]imidazole-4-9-dione. A.— 
A mixture of 30.(5 g (0.10 mole) of 2-aeetamido-3-phenyl-l,4-
naphthoquinone4 and 500 ml. of ethanol was heated to reflux 
and 50 ml. of 2 A' X'aOH was added. The mixture was heated 
30 min., diluted with 500 ml. of hot water, 50 ml. of 2 X HCl 
added, filtered, and cooled. The .yellow needles were recovered 
and dried yielding 25 g. (8()'/C), m.p. 240-241 °. 

Other imidazoles were prepared in the same manner and when 
necessary they were recrvstallized from dioxane. The data for 
these compounds are recorded in Table II . 

B. -A solution of 24.95 g. (0.10 mole) of 2-acetamido-3-
chloro-l,4-naphthoquinone in 200 ml. of ethanol was heated to 
reflux and a solution of 9.3 g. (0.10 mole) of aniline in 25 ml. of 
ethanol was added. The mixture was refluxed for 6 hr., diluted 
with 100 ml. of water, and cooled. The yellow precipitate was 
collected and dried, m.p. 238-240°. Hecrystallization gave 21 g. 
(73 r<) of bright yellow needles of the imidazole, m.p. 239-241°. 

4,9-Dihydro-i,2-dimethyl-4,9-dioxo-3-(2-propyl)naphth[2,3-</| 
imidazolium Iodide.—A solution of 25.4 g. (0.10 mole) of 2-
ni("thyl-l-(2-propyl)naphthf2,3-(/!]imidazole-4,9-di<)n(', 200 ml. 
of Methyl Cellosolve, and 19 g. of methyl iodide was refluxed 
for 4 hr., cooled, and a reddish powder recovered. Recrystal-
lization from methanol gave 35 g. (88.5C /), m.p. 249-251° dec , 
of the quaternary salt (see Table III J. 

The other quaternary salts were prepared and purified in the 
same manner and all the data for these compounds are included 
in Table III . 

4,9-Dihydro-4,9-dioxo-l-methyl-l-(2-propyl)-2-(/S-styryli-
naphth[2,3-<i!]imidazolium Iodide.—A mixture of 5 g. (0.0120 
mole) of 4,9-dihydro-l,2-dimethyl-4,9-dioxo-3-('2-propyl)naphth-

|2,3-(i]imidazolium iodide, 3 g. (0.02S mole) of benzaldehyde, 
00 ml. of dioxane, and 1 ml. of piperidine was refluxed for 2 hr. 
The mixture was cooled, filtered, and the orange product (5.5 g., 
90 rc) was recrvstallized from methanol, m.p. 218-219.5° dec. 

Other styryl derivatives were prepared in the same manner and 
are included in Table IV. 

2-ChIoro-3-(N-methylacetamido)-l,4-naphthoquinone.—A 
mixture of 8 g. (0.0362 mole) of 2-methylamino-l,4-naphtho-
quinone (m.p. 117-119°), 5 ml. of acetic anhydride, and 2 drops 
of H J S O J was stirred and warmed on a, steam bath for 2 hr. The 
thick paste was washed with ether and water and finally recrvs­
tallized from methanol. Nine grams (94.7f,'-) of yellow-orange 
crystals was obtained, m.p. 123-125°. 

'.[rial. Caled. forC,3Hn,ClXO:5 X, 5.31. Found: X,5.(i9." 
2-(N-Methylacetamido)-3-(2-propylamino)-l,4-naphtho-

quinone. (VI).—A mixture of 2.(1 g. (0.01 mole) of 2-c}il<>n>-3-
(X-methylaeetanudo)-l,4-naphthoqumone, 2 g. of isopropyl-
amine, and 50 ml. of ethanol was warmed on a steam bath for 2 hr. 
Isolation and recrystallization of the orange crystals from meth­
anol gave 1.5 g. (50%) of product, m.p. 198-199.5° dec. 

Anal. Caled. for CI6H,8X.,03: X, 9.78. Found: X, 9.08. 
Hydrolysis of 4,9-dihydro-l,2-dimethyl-4,9-dioxo-3-(2-propyl)-

naphth[2,3-(i|imidazolium Iodide (V).—A mixture of 1 g. of V 
and 100 ml. of ethanol was stirred with 10 ml. of 2 A* sodium 
hydroxide for 10 min. The orange solid was removed and re­
crvstallized from methanol, m.p. 198-199°. The infrared spec­
trum of this product was identical with 2-(N-incthylacetamido)-
3-(2-propyl)-l,4-naphthoquinone (IV). 

f 1 5.1 AH n i m . ^ e n de te rmi i ra l ions 
ni t rogen ana lyzer . 
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Although methanes of the pyridyl group have oc­
casionally been prepared and their chemical properties 
investigated, their pharmacological potentialities have 
not, to our knowledge, yet been explored. In view of 
the interesting biological activity of certain urethane.s, 

'17H.9IN5.O-

