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ible activity in this tumor is a T'/C £ 1509, at the
optimal dose.?®

Conclusions

Tyloerebrine shows high activity against Lymphoid
Leukemia 1.1210 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 Day? described the preparation and
properties of a number of 2-alkyl-1H-naphth[2,3-d]-
imidazole-4,9-diones. Some of these compounds were
reported to have inhibitory activity against Kscherichia
coli 113-3 and B96.2 The present work deals with the
preparation of 1-alkyl- and 1-aryl-2-methylnaphth-
[2,3-d Jimidazole-4,9-diones (I), quatermary salts of
these compounds, and a study of various properties
of these substances.

2-Acetamido-3-alkyl- or -3-aryl-1,4-naphthoquinones
were prepared according to the directions of Truitt,
et al.®* These compounds were converted to the imid-
azoles (I) by the action of 2 N sodium hydroxide as
directed by I'ries and Billig* and utilized by Hoover
and Day.? Tt is interesting to note in our work that the
expeceted 2-acetamido-3-anilino-1,4-naphthoquinone
was obtained if an ethanol solution of aniline and 2-
acetamido-3-chloro-1,4-naphthoquinone  (2:1  mole
ratio) was refluxed. However, if the reactants were
used in a 1:1 mole ratio, 2-methyl-1-phenylnaphth-
{2,3-d Jimidazole-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
(I1) were obtained. These compounds melted with
vigorous cvolution of a gas. The pyrolysis of II (R

(1) Supported in part by a grant (C'Y3008) from the National Cancer In-
stitute, National Institutes of Health, Department of ITealth, Education,
and Welfare, Bethesda, Md., a Faculty Grant from North Texas State Uni-
versity, and a Parke, Davis and Co. Fellowship.

(2) J. R, Hoover and A. R. Day, J. Am. Chem. Soc., 16, 4148 (1934).

(3) P. Traitt, F. M. Wood, Jr., and R. L. Hall, J. Org. Chem., 28, 1160

(L060).
(4) K. I'ries and K. Billig, Ber., 58, 1128 (1925).
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= isopropyl, R’ = methyl, R = H, and X = [)
gave isopropyl iodide and methyl lodide in a 10:1
ratio, as determined by gas chromatography.

Although Hoover and Day? reported that 1H-2-
methylnaphth [2,3-d ]imidazole-4,9-dione  would 1ot
react with aldehydes in the presence of bases, we found
that the quaternary salts (I1) gave the expected styryl
derivatives (IT1) when refluxed with benzaldehyde in
the presence of piperidine or pyrrolidine.

Strong bases, such as NaOH, opened the imidazolium
ring. For example, 49-dihydro-4,9-dioxo-1-dimethyl-
3-(2-propylnaphth[2,3-d imidazolium iodide reacted
with cold sodium hydroxide to give only 2-(N-methyl-
acetamido)-3-(2-propylamino)-1,4-naphthoquinone (1V)

Physiological Acitivity.>—Compounds 15 and 16
{Table IT) were not more than slightly active against
pinworms in mice.®  These results were Insufficient to
warrant further investigation. Two compounds (4
and 10, Table 1I) showed 7n #ilre activity against
Mycobacterium tuberculosis and Streplococcus pyogencs,
respectively.  [n viro tests in mice against the experi-
mental infections failed to show chemotherapeutic
activitv.,  In etlro activity against Endamocba histo-
lytica was observed with 14 (Table T11).7  In view of
the fact that this compound was amebicidal at only the
highest concentration, (n riro tests werc not carried
out.  Compound 14 (Table 111) was also slightly active
at eyvtotoxic levels against Trypanosoma criuzi i chick
embryo tissue cultures®®  No activity was observed
against the experimental infection in mice.”  Com-
pound 4 (Table II} exhibited no action against con-
vulsions produced by electroshock,! but did exhibit
moderate activity against convulsions induced by pen-
tyvlenetetrazole.!? Noue of the compounds reported
in the work showed significant antitumor activity.

£5: The physiolowien] testings were arranged by Dreo Lo Eislawer of Parke
Duavis and Conipany.,

(Gy PP. 1., Thompsou, Dt
Trop. Med. Hyg., 11, 89 (1u62:.

(7Y P. E. Thompson, J. W. Reinertzon, DAL MeCarthy, A, Bayles, and
AR Cook. Antthiot. Chematherapy, 5. 833 (14555,

(R) V. Hawkine, Trans. Rou. Soc. Trop. Mod. Hyg., 40, 345 (1946).

(4) F. A, Neva. M. IF. Malone, and B, R. Myers, Jdm. J. Trop. Med.
Hyg., 10, 140 (1967,

(10) 1. Gi. Goble, J. Pharm, Expil. Therap., 98, 49 (1450).

11y 1. E. P, Toman, E. A, Swinyvard, and L. 8. Goodman, J. Newroe
physiol, 9, 23 (1046).

(123 G. AL Chen and C. R, Ensor, Avek, Newrol, Psychiat., €8, 56 119505,

{133 The antitumor testings were arranged by Dr. Joseph Leiter of
CONSC and the complete results will be reported elsewherc.

Worley, and J. K. Meisenbelder, tm. /.
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Tasre I
2-ACYLAMINO-3-SUBSTITUTED AMINO-1,4-NAPHTHOQUINONES
0
O ‘ NHCOR'
NHR
O
% N
No. R R’ M.p., °C. Yield, ¢, Formula Caled. Found
1 CH,~CHCH. H 180-181 80 Ci:H1aN20; 10.36 10.39
2 CH,;0(CHz); H 158-159 83 C1eH;sN20, 9.27 9.45
3 (CH;):CH H 149-151 91 CisH1sN:0; 10.29 10.36
4 (CHj;),CHCH: H 164-165 81 C1eHi1sN:0; 9.78 9.77
5 CH,;(CH.); H 177178 65 Ci6H1sN20; 9.78 9.48
[ C:H;CH, H 189-191 78 CioH1sN30; 8.74 8.84
7 2-CH,CsH, H 187-188 86 CioH1sN20; 8.74 8.89
8 4-CH,C¢H, H 194-195 94 CioH 15N 20, 8.74 9.11
9 4-Br-C¢H, H 200-201 90 CisHy3BriN.O; 7.27 7.17
10 HOCH,CH;, H 174-176 62 C1H N0y 10.21 10.39
11 2-CH,0C¢H, H 193-195 56 CieH16N:0;4 8.33 8.42
12 (CH;).CH Ce¢H; 150~-151 78 CouHyN2O;5 8.04 8.00
13 CH3(CHa)s CeHs 118-120 81 CoeH3z N0, 7.73 7.98
14 CH:CH, CeHs 172-175 70 CasH2oN20; 7.07 7.20
15 CiH; CeH; 210-213 67 CoHsN:O3 7.33 7.47
16 2-CH;0C:H, CeHs 173-175 47 CosHacN2Oy 6.80 6.76
17 CH2=CHCH2 CsHa 143—145 50 021H15N203 8 . 09 7 . 91
Tasre II
2,3-D1sUBSTITUTED N APHTH|2,3-d]IMIDAZOLE-4,9-DIONES
O
900
N
\R,
% N
No. R R’ M.p., °C. Yield, % Formula Caled. Found
1 H CH; 247-249 60 CisH1N: 02 12.39 12.57
2 H CH,;CH, 168-170 53 C1H 2N 20, 11.66 11.69
3 H (CH;).CH 175-176 86 CisH14N10; 11.02 10.97
4 H CHs(CHz)a 115—'117 75 CIGH15N2OZ 1044 1026
5 H (CH;).CHCH;, 161-163 62 CisH16N:0, 10.44 10.50
6 H CICH,CH, 288-290 41 CyH;;CIN,O, 10.20 10.17
7 H C+H;CH, 195-196 85 CisH1:N:02 9.27 9.06
8 H CeHs 240-241s
9 H 2-CH;0C:H, 193-195 68 CysH14N 04 8.80 8.99
10 H 2-CH;CeH, 189-191 40 CysH14N:0; 9.27 9.41
11 C.H; CH3(CHa,); 144-145 66 Ci1sHaN 02 9.45 9.55
12 C.H;s C¢H;CH, 129-130 74 Co HisN 50, 8.48 8.51
13 CQHS CeH5 174—'1 75 84 C20H15N202 8 . 85 9 . 02
14 H 1-CyHoys 72-73 72 CeH 36N 0. 6.86 6.70
15 H 4-CH,C¢H, 260-263 40 CioH 14 N0, 9.27 9.19
16 H 4-BrC¢H, 242-244 82 CisH;, BrN: 0O, 7.63 7.47
17 H CH,;(CHo)» 145-147 78 CisH1uN:20, 11.02 11.00
18 H CH3(CH,)s 128-129 38 CisHaoN:0, 9.45 8.99
19 H 4-CIC¢H, 236-238 73 Cy3H;;CIN:O» 8.68 8.77
20 CsHs (CH3)2CH 185"'186 90 CZ}H]SNQO'E 8 . 4:8 8 . 30
21 CeH; CH3(CH;)s 178-179 70 C2HyN-0» 8.13 8.42
22 CH; CH;CH, 164-166 65 Ca:HsN20; 7.40 7.28
23 CeH: CeH; 177-180 50 CogH¢N:0; 7.69 7.81
24 CsH; 2-CH;0CH, 224 226 85 CysHi3N:0; 7.10 7.04
25 Ce¢H; CH,==CHCH 156 158 60 CoHi16N,0: 8.53 8.58
a Lit. m.p. 239-241°.4
Experimental'* quinone, 11, of ethanol, and 8§ g. (0.80 mole) of isopropylamine was

2-Acetamido-3-(2-propylamino)-1,4-naphthoquinone.—A mix-
ture of 100 g. (0.40 mole) of 2-acetamido-3-chloro-1,4-naphtho-

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

heated with stirring for 30 min. The reaction mixture was treated
with charcoal, filtered, and cooled. The red precipitate weighed
71g.(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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Tasrs HI
NAPHTH2, 3=/ [ IMIDAZOLLUM SALTS
N
O‘ C—CHR X~
-/
RN
O R,
AYIRIR Yield s N e e et [
No. R Ry R AN s o Lormiu Caled.  Pound Caled. Fouud
1 it Colis CH; I 247-250 85 CisHisIN2Ox 7533 7.27 33,21 3351
2 H C2H, CHy(C Hee 1 177181 60 CizH s NaO2 6.83  6.78 30,83 31.30
3 1 (CHoCH C'Hs 1 240-231 92 CraH I N:O» 7.07 6,03 32.04 32 38
1 H (CHD.CH CHa(CHu)e 1 211211 81 CigHan I N2Oy 6. 60 6.40 29,91 30,48
5 H CHx(Cla)a CH- 1 224226 91 Cis il - .83 6. 84
6 11 CHy{CH (L5 1 127124 35 CisHuINO: 6.60 651
7 I CH:(CHy)s CoHC Ue Cl 179181 30 ClyyHayClN 2O 7.00 7.19
8 il CHs(CH; -0 NCoHCHe BBr 2135236 83 CoHaBrNGO, 868 8 72
4 1 € Ha(C s 10N C L COCO; Br 224225 75 CoHnBeNsO; R 20 %18
0 i C Hs(CHs CuHECH2C He Rr 203--206 75 CoiHyBrNOy 618 611
i iy Colds 0 O H: i 210 dec 87 C o Ne O 631 6.22 28 57 28,97
12 11 Cills CH; [ 273-275 ) 'y HisI N2O: 652 663 2050 3030
13 1 2-CH30 Calls CIl I 2772 30 CoyHirI N2 O, 6,10 6.23 27 63 2793
11 H Oyl 4O NCHLC H Br 23420 74 CuHisBrNz0, 5.34 8.30
15 1i (CHy)pCHCH: C'Hy I 226 2 CrHBINO: .83 672 5083 31.30
16 T (CHy)oCHC LI 4= 0 NCsHiCOCH: Br 2 86 CosHe Br NsOs 8.20 8.27
17 Colls CHy(CHa)s CHy 1 L 71 CosHagIN2O» 5.76 5. 69
TaprLe IV [2,3-d]imidazolium iodide, 3 g. (0.028 nwle) of benzaldehyde,
STYRYL DBRIVATIVES OF NAVITH [2,3-d IMIDAZOLIUM SALTS 60 ml. of dioxane, and 1 ml. of piperidine was refluxed {or 2 hr,
The mixture was moled, filtered, and the orange product (5.5 g,
0 00C¢) was recrystallized from methanol, m.p. 218-219.5° dec.
if ,/CH‘”" Other styryl derivatives were prepared in the same manner and
9 ~\‘\\ ure included in Table 1V,
] C—CH=CHR 1~ 2-Chloro-3-(N-methylacetamido )-1,4-naphthoquinone.— A
AN \/ mixture of 8 g. (0.0362 mole) of 2-methylamino-1,4-naphtho-
P “CH CH quinone (m.p. 117-119°), 5 ml. of acetic anhydride, and 2 drops
0 (), of H,80), was stirred and warmed on o steam bath for 2 hr.  The
B o thick paste was washed with ether and water and finally recrys-
. . Vield, . L N tallized from methanol. Nine grams (94.70:) of yvellow-orange
No. R M.p., v o Formulay Caled,  lound . R DN .
ervstals was obtained, m.p. 123-125°.
1 il 218'215_’.-" G0 (—"ziﬁuuthQz 3.79 6.22 Anal.  Caled. for CuHWCINO.: N, 531 Found: N, 5.64.1%
2 2-ClCl 214-215 13 CollpCUIX0p 540 5.69 2-(N-Methylacetamido)-3-( 2-propylamine)-1,4-naphtho-
3 4=-(CHyNCeHy 212-214 31 CasHasI NaOa 7.97 8.01 . 7 te 1 oy 2
. . ‘ ’ £ c quinone. (VI).—A mixture of 2.6 g. (0.01 mole) of 2-chioro-3-
4 4-CHsOCsH; 210-211 30 Cas HosI N203" 5.45 3.0y - . ! ..
3 4-HOCeH, 945-247 30 CasHal NaO? 5 60 587 (1\-.n1ethyla(‘(*,tzumdf))-1,4—naphth4>qumone, 2 g of 1sopm])_\'l-
. A - N , amine, and 50 ml. of ethanol was warmed on a steam bath for 2 hr.
@ Anal. Caledi: 1,24.70. Found: I, 25.08. 7 Anal. Caled.: Isolation and recrvstallizati { the orange crvstals fr )
I 2536, Found: 1. 25.39. solation and recrysta ization of the orange crystals from meth-
! ' anol gave 1.5 g, (509} of product, nup. 198-189.5° dec.
L. . Anal. Caled. for CigHisN»O5: N, 0780 Found: N, 9.68.
2-Methyl-1-phenylnaphth|2,3-/]imidazole-4,9-dione. A.— Hydrolysis of 4,9-dihydre-1,2-dimethyl-4,9-dioxo-3-( 2-propyl )-

A mixture of 30.6 g (0.10 mole) of 2-acetumido-3-phenyl-1,4-
naphthoquinonet and 500 ml. of ethanol was heated to reflux
and 30 ml. of 2.V NaOH was added. The mixture was heated
30 min., diluted with 500 ml. of hot water, 50 ml of 2 N HCI
added, filtered, and cooled. The vellow needles were recovered
and dried yielding 25 g. (809;), m.p. 240-241°,

Other imidazoles were prepared in the same manner and when
necessary they were recrystallized from dioxane. The data for
these compounds are recorded in Table I1.

B.—-A solution of 2493 g. (0.10 mole} of 2-acetamido-3-
chloro-1,4-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°. Recrystallization gave 21 g.
(737.) of bright vellow needles of the imidazole, m.p. 239-241°.

4,9-Dihydro-1,2-dimethyl-4,9-dioxo-3-(2-propyl )naphth[2,3-d]
imidazolium Iodide.——A solution of 25.4 g. (0.10 mole) of 2-
methyl-1-(2-propyDnaphth!2,3-dlimidazole-4,9-dione, 200 mi.
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. (88.5¢%), m.p. 249-251° dec.,
of the quaternary salt (see Table I11),

The other quaternary salts were prepared and purified in the
sume manner and all the data for these compounds are included
in Table IT1.

4,9-Dihydro-4,9-dioxo-1-methyl-1-(2-propyl )-2-( 3-styryl ;-
naphth[2,3-d]imidazolium Iodide.—A mixture of 5 g. (0.0126
mole) of 4,9-dihydro-1,2-dimethyl-4,9-dioxo-3-(2-propyl)naphth-

naphth!2,3-djimidazolium Iodide (V).--A mixture of 1 g. of V
and 100 ml. of ethanol was stirred with 10 ml. of 2 N sodium
hydroxide for 10 min. The orange solid was removed and re-
crystallized from methanol, n.p. 195-199°. The infrared spec-
trum of this product was identical with 2-(N-methylacetamido)-
3-(2-propvl)-1,4-naphthoquinone (IV)

{15) All nitrogen determinations were mude with a Coleman Model 4y
nitrogen analyzer.
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Although uretbanes 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 urethanes,



