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ible activity in this tumor is a T/C £ 1509 at the
optimal dose.?®

Conclusions

Tylocrebrine 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 thesc
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 Escherichia
col 113-3 and BY6.2  The present work deals with the
preparation of l-alkyl- and l-aryl-2-methylnaphth-
[2,3-dlimidazole-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-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 Iries and Billig* and utilized by Hoover
atid Day.* Tt is interesting to note in our work that the
expected 2-acetamido-3-anilino-1,4-naphthoquinone
was obtaiued if an ethanol solution of aniline and 2-
acctamido-3-chloro-1,4-naphthoquinone  (2:1  mole
ratio) wag refluxed. However, if the reactants were
used tn 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 conditioil.

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 IT (R
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= isopropyl, R’ = methyl, R = H, and X = [)
gave isopropyl iodide and methyl iodide 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 not
react with aldehydes in the presence of bases, we fouud
that the quaternary salts (I1) gave the expected styryl
derivatives (II1) when refluxed with benzaldehvde iu
the presence of piperidine or pyrrolidine.

Strong bases, such as NaOH, opened the imidazolium
ring.  lor example, 4,9-dihydro-4,9-dioxo-1-dimethyl-
3-(2-propyl)naphth|[2,3-d Jimidazolium iodide reacted
with cold sodium hydroxide to give only 2-(N-methyl-
acctamido)-3-(2-propylamino)-1,4-naphthoquinone (1V)

Physiological Acitivity."—Compounds 15 and 16
{Table IT) were not more than slightly active agabist
pinworms i mice.® These results were insufficient to
warrant further investigation. T'wo compounds (4
and 10, Table II) showed in itlro activity agaiust
Mycobacterium tuberculosis and Strepltococens pyogencs,
respectively.  [n riro tests in mice against the experi-
mental infections failed to show chemotherapeutic
activity., [n etlro activity against Kndamocba histo-
lytica was observed with 14 (Table 111).7  Tn view of
the fact that this compound was amebicidal at only the
highest concentration, /[n viro tests were not carried
out. Compound 14 (Table 111) was also slightly active
at cytotoxic levels against Trypanosoma cruzi in chick
embryo tissue cultures®  No activity was observed
against the experimental infection in mice.®  Com-
pound 4 (Table II) exhibited no action againust coi-
vulsions produced by electroshoek,! but did exhibit
moderate activity agaimst convulsions induced by pen-
tvlenctetrazole.’®  Noue of the compounds reported
il the work showed significant autitumor activity. s
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Tapre 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
2 CH;0(CHa)s H 158-159 83 CisH1sN20,4 9.27 9.45
3 (CH;).CH H 149-151 91 C1:H16N20s 10.29 10.36
4 (CH3)2CHCH2 H 164—165 81 CleH13N203 978 977
5 CH,;(CHo); H 177-178 63 C1eH1sN20s 9.78 9.48
6 C:H;CH, H 189-191 78 Ci1sH16N203 8.74 8.84
7 2-CH,CeH, H 187-188 86 Ci1sH1gN20; 8.74 8.89
8 4-CH,;C:H, H 194-195 94 CrsH1eN20s 8.74 9.11
9 4-B T-CGH4 H 200—201 90 ClngsB TN203 7.27 7 17
10 HOCH:CH,; H 174-176 62 C1eH1 N0, 10.21 10.39
11 2-CH,0C:H, H 193-195 56 Ci1sH16N:04 8.33 8.42
12 (CH;).CH CeH; 150-151 78 CuHN:0s 8.04 8.00
13 CH;3(CHa,)s CeHs 118-120 81 CaHaN20s 7.73 7.98
14 CeH;CH, CeHs 172-175 70 Ca:HaoN20;3 7.07 7.20
15 CH; CeH: 210-213 67 CeHisN-03 7.33 7.47
16 2-CH,;0CH, C¢H; 173-175 47 CasHacN20y4 6.80 6.76
17 CH2=CHCH2 CsHs 143—145 50 Cng15N203 8 . 09 7 . 91
TaprLE II
2 3-D1suBsTITUTED NAPHTH[2,3-d]1MIDAZOLE-4,9-DIONES
O
X s
N
~ R
7 N
No. R R’ M.p., °C. Yield, % Formula Caled. Found
1 H CH; 247-249 60 CisH10N20: 12.39 12.57
2 H CH;CH, 168-170 53 C1eH12 N0, 11.66 11.69
3 H (CH;),CH 175-176 86 CisHi4 N0, 11.02 10.97
4 H CH;(CHa)s 115-117 75 Ci16H16N2 0, 10.44 10.26
5 H (CH;),CHCH, 161-163 62 C16H1sN202 10.44 10.50
6 H CICH,CH; 288-290 41 Cy H;)CIN,O, 10.20 10.17
7 H C¢H;CH, 195-196 85 CisH14N-0, 9.27 9,06
8 H CsHs 240-2414
9 H 2-CH;0CsH, 193-195 68 C1sH1aN20; 8.80 8.99
10 H 2-CH,CeH, 189-191 40 CisHi N0, 9.27 9.41
11 C.H; CH;(CH.); 144-145 66 CisHao N0y 9.45 9.55
12 C.H; CH;CH, 129-130 74 Co HigN20, S.48 8.51
13 C.H; CeH; 174-175 84 CooH, 6N 0, 8.85 9.02
14 H 1-Cy Ha 72-73 72 CisHis N2 6.86 6.70
15 H 4-CH,C¢H, 260-263 40 CreH1sN:20. 9.27 9.19
16 H 4-BFCGH4 242-244 82 ClgHuBTNQOg 7.63 7.47
17 H CH,;(CHo,), 145-147 78 CisH1N:0, 11.02 11.00
18 H CH,;(CHa,)s 128-129 38 C1sH2oN-0, 9.45 8.99
19 H 4-CIC¢H, 236-238 73 Ci1sH1iiCIN O 8.68 R.77
20 CeH; (CH;).CH 185-186 90 Cu HisN-0s 8.48 8.30
21 CeH; CH;(CHa:)s 178-179 70 C2H:oN.0, 8.13 8.42
22 CeHs CesH;CH, 164-166 63 C2:HisN20; 7.40 7.28
23 CeH; CeH; 177-180 50 CaHisN-0: 7.69 7.81
24 C:H: 2-CH;0CqH, 224 226 85 CoHisN 303 7.10 7.04
25 CeH.: CH~=CHCH 156 158 60 CuHisN:O: 8.53 8.58
a Lit. m.p. 239-241°.4
Experimental! quinone, 11, of ethanol, and 8 g. (0.80 mole) o isopropylamine wus

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 (correeted) were taken on a Thomas-Hoover
melting poiut apparatus.

heated with stirring for 30 min.  The reaction mixture was treated
with charcoal, filtered, and cooled. The red precipitate weighed
71 g.(659%). 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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Fapra HH
NArITH 2 5-d [ IMADAZOLLC M SALTS
R
O‘ C—CH.R -X~
-/ K
e
(1) R.
Yield B e B e

Nao. R 1) R X “ Iormasga Caled. Fonnd Caled. IFond

1 T Calls Clls 1 NA (s His I NwO» 788 7.21 13,021 H3LAL

2 11 CuHs CHWC e 1 G0 CyrHygI NGO (.83 H.78 BIVIR 3130

a IT (CHWCH CH: 1 02 Oyl N 7.07 G.93 32,04 3238

1 11 (C I CI CHa 1 8) CrgllnIN G. G0 6. 00 201,01 30,48

hl IT CH:(CIs C1I4 ! 01 .83 .80

t I CIL(C g Calls 1 33 .60 .51

7 11 CalsCle [} 3a N 7.00 et

b 11 4-0e N Co L C 1 Iir 83 CoHea NGO, 8.08 872

] 1T 1-0:NC;11,COC 02 Iir 7a CaslTas e N3O 820 818

10 1T CallsCHaC I 14 73 CasHas Pr NL Oy 618 G 1l
11 17 CH 1 210 dec. X7 Culhrl NL O G. 31 G.22 28,07 I8 07
)y T ClH; 1 ITR=275 60 49 Hy51 NLO ti. A2 ISIIB 2030 30 .50
13 1T 2-CHOC 1 Clh 1 A0 Cu izl Na Oy ti. 1t .93 27 .63 27,03
11 11 Calls 4O NCol [, CHe Br 234430 7t CaaHs e N30y 534 8.30
¥ 11 (CHupeCHCH: CHy 1 P G2 Oy HiINLO- 6.8 t.72 50093 41.30
16 It (CHupsCHCOH, 4-0s NCRHCOC L Ity 230-231 8G CayHuaBr N3Oy .20 817

17 Calls CIH(CHada CHy 1 135136 7l oy s I N1 QO 0.8 .00

Tasre IV

STYRYL DERIVATIVES 0F NAPHTH[2,3-4 |IMIDAZOLIGM RALIS

0

O
Z N, s —
| C—CH==CHR '
e 4
RN
0 CH(CH,).
Yield, St N
Nao. R Mo, o0 ‘o I'oymnls Caled Found
1 CwHs 218-219.3 Oy sl Ty a.70 G.22
2 2-ClCallL 214-2143 13 CagHapCIH : q.40 .60
R - (CHupaNCelds 212-214 31 Clas HasI N 7.47 8.01
1 4-CH30CyH,y 210-211 30 CasHoyI No Oy .45 .00
3 4-1O0CeH, 245-247 Rt} CasHa 1 NaOs" 0,60 0. 87
Awnal, Caledo: 1,24.70. YFound: I,25.03. % tnal. Caled.:
1, 23,36, Found: 1, 25.39.
2.Methyl-1-phenyinaphth|2,3-/|imidazole-4,9-dione. A.—

A mixtare of 30.6 g (0.10 mole) of 2-ncetaumido-3-pheuyl-1,4-
naphthoquinone® and 500 ml of ethanol was heated to reflux
and 50 ml of 2.V NaOH wus added. The mixture was heated
30 1nin., diluted with 500 ml of hot water, 50 ml. of 2 N HCI
added, filtered, and cooled. The vellow needles were recovered
and dried yvielding 25 g. (80%5), m.p. 240-241°,

Other imidazoles were prepared in the samme manuer and when
necessary they were recrystallized from dioxane. The data for
these compounds are recorded in Table II.

B.--A solution of 2495 g. (0.10 mole) of 2-acetumido-3-
chloro-1,4-naphthoquinone in 200 ml. of ethanol was heated tn
reflux and a solution of 9.3 g. (0.10 mole) of aniline mn 25 ml of
pthanol was added,  The mixture was refluxed for 6 hr., diluted
with 100 ml of water, and cooled. The vellow precipitate was
rollected and dried, m.p. 238-240°.  Reerystallization gave 21 g.
(73"°() of bright vellow ncedles of the iinidazole, m.p. 239-241°.

4,9-Dihydro-1,2-dimethy!-4,9-diox0-3-(2-propyl)naphth[2,3-d|
imidazolium Iodide.-—A solution of 25.4 g. (0.10 mole) of 2-
methyl-1-(2-propybuaphthi2,3-d]inmidazole-4,9-dione, 200 mi.
of Methyl Cellosolve, and 19 g. of methyl indide was refluxel
for 4 hr., ecvoled, and a reddish powder recovered. Recrystal-
Hzation from methanol gave 35 g. (88.5%%), m.p. 249-251° dec.,
of the quaternary salt (sce Table I,

The other quaternary salts were prepared and purified in the
stone manner and all the data for these compounds are included
i ‘Fable 111

4,9-Dihydro-4,9-dioxo~1-methyl-1-(2-propyl)-2-¢ g-styryl j-
naphth[2,3-d]imidazolium lodide.—A mniixture of 5 g. (0.0126
mole) of 4,9-dihydro-1,2-dimethyl-4,9-dioxo-3-(2-propynaphth-

{2,3-{]lmidazolinm iodide, 3 g. (0.028 mole) of benzaldehyde,
GO ml of dioxane, and 1 ml of piperidine was refluxed for 2 hr.
The mixture was cooled, filtered, and the orange produet (5.5 g.,
007 ) was recrystallized from methanol, nn.p. 218-219.5° dec.
Other styryl derivatives werc prepared in the siine nmauner aid
are inelnded in Table TV,
2-Chloro-3-(N-methylacetamido)-1,4-naphthoquinone.-— A
nixture of 8 g (0.0362 mole) of 2-methylaminoe-1,4-naphtho-
quinone (m.p. 117-119°), 5 ml of acetie anhydride, nud 2 drops
of HS0) was stirred and warmed on i steam bath for 2 e, The
thick paste was washed with ether und witer und finnlly recrvs-
tallized from methanol,  Nine grams (94.7) of vellow-ornuge
crystals was obtained, nr.p. 123-125°.
Anal. qaled. for CpHWCINO,: N, 831 Found: N, 5.69.0%
2-(N-Methylacetamido )-3-(2-propylamino)-1,4-naphtho-
quinone. (VI),—A mixture of 2.6 g. (0.01 nle) of 2-chloro-3-
(N-methylacetanndo)-1 4-naphthoquinone, 2 g, of isopropyl-
amine, and 50 mlb. of ethanol was wirnied on a stequn bath for 2 hr,
Isolation and recrystallization of the orange erystals from meth-
anol gave 1.5 g, (50%) of produet, urp. 148-199.5° dec.
Anal. Caled. for CigHpsN.Og: N, 078, Found: N, 9.68.
Hydrolysis of 4,9-dihydro-1,2-dimethyl-4,9-diox0-3-( 2-propyl )-
naphth(2,3-djimidazollum Todide (V).--A mixture of 1 g. of V
and 100 ml. of ethanol was stirred with 10 nil. of 2 N godinm
hydroxide for 10 min. The »yrange solid was remaoved and re-
erystallized front methanol, nip. 195-199°. The infrared spec-
trum of this product was identical with 2-(N-methylacetamide )-
3-(2-propyl)-1,4-naphthoquinone (1V).

{14) All mitrogen sletenninations were made with o Colonan Molel b
nitrogen analyzer.
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Although urethanes 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,
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