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10- to 20-fold by DEAE-cellulose and ammonium sulfate pre
cipitation. The inhibition test medium was 2.1 mM in ATP, 6 
mM in magnesium acetate, 20 /xM in ferrous ion, 6 mM in di-
thiothreitol, 0.25 ^M in thioredoxin (Escherichia coli), 8 mM in 
potassium phosphate (pH 7), and either 80 jiM in [32P]CDP 
(cytidine diphosphate) or 170 fM in [14C]CDP and contained 
sufficient enzyme to reduce the concentration of CDP by 12.5-25 
jiM in 30 min. The reaction product was separated as dCMP 
(deoxycytidine monophosphate) on Dowex 5010 or as dCDP and 
dCTP on boronate columns.17 

The inhibitors were dissolved in water and neutralized, except 
for 3, which was dissolved in dimethyl sulfoxide and diluted with 
water to give less than 1% dimethyl sulfoxide in the final solution. 
The enzyme was added to ice-cold mixtures of the substrates and 
inhibitors. The solutions were immediately incubated at 37 °C 
for 30 min. Each inhibitor was tested in four separate runs. 

1SN NMR Studies. The iV-hydroxyguanidine derivatives were 
synthesized as described elsewhere.4 The 16N NMR spectra were 

(17) Moore, E. C; Peterson, D.; Yang, L.-Y.; Yeung, C.-Y.; Neff, N. 
F. Biochemistry 1974, 13, 2904-2907. 

obtained with a Bruker WH-180 spectrometer operating at 18.25 
MHz in the FT mode. The 16N NMR spectra of 2-[2-pyridyl-
methylene)diazany] -N-hydroxymethanamidinium 4-methyl-
benzenesulfonate (1), 2-[[(3-methyl-2-thienyl)methylene]di-
azanyl] -JV-hydroxymethanamidinium 4-methylbenzenesulfonate 
(2), and 2-[[(3-iodophenyl)methylene]diazanyl]-iV-hydroxy-
methanamidinium 4-methylbenzenesulfonate (3) were taken at 
the natural-abundance level in 25-mm sample tubes, with 
broad-band decoupling, a repetition rate of 5 s, and a pulse width 
of 35 MS (34° flip angle). The concentrations were about 0.3 M. 

The 16N NMR chemical shifts are reported in parts per million 
upfield from an external standard made up to be 1 M H16N03 
in D20. 

The pH dependence of the 16N NMR chemical shifts of the 
salts of 1-4 were determined in water solution, with the pH values 
were adjusted by addition of small increments of concentrated 
sodium hydroxide or hydrochloric acid, with the pH being mea
sured directly in the NMR sample tube with the aid of a Ra
diometer pH meter. 
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Three types of aza analogues of lucanthone were synthesized for evaluation as antitumor drugs. None of the compounds 
was found to have significant cytotoxic effects either on Friend tumor cells or on L1210 leukemia cells. However, 
one of the target compounds, 5,10-dihydro-10-oxo-l-[[3-(diethylamino)propyl]amino]-3-methylpyrido[4,3-6]quinoline, 
was shown to have noticeable antibiotic properties. 

Lucanthone (1, Miracil D) is an important schistosom-

NH-CH,-CH2-N< 
C2 Hs 

icidal agent whose antiparasitic properties have been 
known for a long time.1 '2 Besides this clinical property, 
1 is also effective against a wide range of experimental 
laboratory tumors3,4 and shows a strong affinity for nucleic 
acids,5,6 including DNA, with which it interacts through 
intercalation.7,8 A large variety of lucanthone analogues 
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have been synthesized and tested for anti tumor activi
ty,3,9,10 the most potent compound being the 7-hydroxy 
derivative of l.9 

Several members of the ellipticine series, another family 
of intercalating drugs, are known to have anti tumor 
properties. As observed with lucanthone derivatives, 
ring-hydroxylated compounds, such 2b, as well as the 
methoxy analogue 2c, are more potent than the unsub-
sti tuted ellipticine 2a.11,12 
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On the one hand, studies carried out in this laboratory 
on 9-azaellipticine (2d) have shown that replacement of 
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carbon 9, which is the target for metabolic activation,13 by 
a nitrogen atom significantly increases the antitumor 
properties.14 The same effect was observed upon intro
duction of a [(dialkylamino)alkyl] amino side chain on 
carbon 1 of the ellipticine skeleton, as shown by the high 
antineoplasic activity of compound 3a and, as a result of 
the combination of both modifications, of the nitrogen 
analogue 3b (known as BD 40),15 which is presently under 
clinical trials. On the other hand, affinity for DNA appears 
to depend on the pK of the intercalating system.16 These 
reasons led us to undertake the synthesis of various com
pounds bearing a nitrogen atom in one of the positions (2 
or 7) of the benzene rings of the tricyclic system of lu-
canthone, as well as the synthesis of two aza analogues 
resulting from the replacement of the sulfur atom by a 
nitrogen. 

Chemistry. Chlorination of ethyl l,2-dihydro-2-oxo-4-
hydroxy-6-methylpyridine-3-carboxylate (4)17 in refluxing 
phosphorus oxychloride afforded a mixture of ethyl 1,2-
dihydro-2-oxo-4-chloro-6-methylpyridine-3-carboxylate 
(5a) and ethyl 2,4-dichloro-6-methylpyridine-3-carboxylate 
(6). 

The structure of compound 5a has been proved through 
dehalogenation to the ester 5b, which shows a character
istic AB system in its NMR spectrum. This compound 
reacted with benzenethiol in refluxing ethyl alcohol to give 
directly acid 7a, resulting from concomitant hydrolysis of 
the intermediary 7b by hydrochloric acid liberated in situ. 
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16a. R = CH2.CH2.N(C2H5)2 

16b. R = CH2.CH2.CH2.N(C2H6)2 

Acid 7a was converted to the chloro derivative 8 following 
two different procedures. 

Method A involved cyclization of 7a to 3-methyl-
10i?-[l]benzothiopyrano[3,2-c]pyridine-l,10(2H)-dione(9) 
with polyphosphoric acid at 120 °C and subsequent chlo
rination. However, in spite of various attempts, using 
various halogenating agents (POCl3 alone or with PC15, 
SOCl2, and PBr3 with or without solvent), only phosphorus 
oxychloride allowed us to obtain the expected compounds. 
Under these conditions, compound 8 was obtained in very 
low yield (10 to 15%) mixed with a high proportion of 
byproducts. 

Method B involved chlorination of 7a with phosphorus 
pentachloride in phosphorus oxychloride and cyclization 
of the resulting chloride of 2-chloro-4-(phenylthio)-6-
methylpyridine-3-carboxylic acid (10) with stannic chloride 
in benzene solution. In this case, the overall yield of 8 was 
25% from 7a, and purification occurred without difficulty 
(Scheme I). 

Then, the aza analogues of lucanthone (lla-c) were 
easily obtained through substitution of the intermediate 
chloro derivative by the appropriate amine in refluxing 
ethyl alcohol. 

Ethyl 2,6-dimethyl-4-chloropyridine-3-carboxylate (12)18 

reacted with 2-methyl-5-chlorobenzenethiol (13)19 to give 
the ester 14a, which was directly converted to the corre
sponding acid 14b by alcoholic potassium hydroxide. 
Cyclization by means of polyphosphoric acid at 120 °C 
then afforded l,3,6-trimethyl-9-chloro-10H-[l]benzothio-
pyrano[3,2-c]pyridin-10-one (15), which was easily con
verted to the lucanthone analogues 16a and 16b by heating 
at 120 °C in the appropriate [(dialkylamino)alkyl]amine 
(Scheme II). 

Chloropyridinone 5a also reacted with aniline in ethyl 
alcohol in the presence of triethylamine to form ethyl 
l,2-dihydro-2-oxo-4-anilino-6-methylpyridine-3-carboxylate 
(17a). In refluxing 2-ethoxyethanol (bp 135 °C) only the 
anilino pyridinone 17b was obtained, probably through 
acidic hydrolysis of the ester 17a and subsequent thermal 
decarboxylation. 

As expected, cyclization of 17a in refluxing diphenyl 
oxide gave l,2,5,10-tetrahydro-l,10-dioxo-3-methyl-
pyrido[4,3-6]quinoline (18), which upon treatment with 
phosphorus oxychloride furnished a low yield of a mixture 
of l,2-dihydro-l-oxo-10-chloro-3-methylpyrido[4,3-6]-

(18) Bachman, G. B.; Barker, R. S.; J. Org. Chem. 1949, 14, 97. 
(19) Sharp, T. S. J. Chem. Soc. 1951, 2961. 
(20) Koogman, E. C; Wibault, J. P. Reel. Trav. Chim. Pays-Bas 

1946, 65, 10. 
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Table I. Antibiotic Activity of 
5,10-Dihydro-10-oxo-l-[[3-(diethylamino)propyl]amino]-3-methylpyridyl[4,3-b]quinoline (21 ) a 

dose, mol C. albicans 
S. aureus 

ATCC6358P 
B. subtilis 

ATCC6633 
E. coli 

ATCC10536 

1.8 X 10"8 

3.6 X 10"8 

7.2 X 10"8 
(a) 

+ / -
+ / - (b) 
+ / -

+ 
+ + 

a Growth inhibition test (see Experimental Section): - , negative result; + / - , slightly positive result; +, inhibition zone 
6-10 min; + +, (a) slight constraint, (b) transient positive result. 

Table II. Substituted Pyridines and Tricyclic Intermediate Compounds 

formula mp, C recrystn solvent yield, % anal. 

5a 
5b 
6 
7a 
8 
9 

14b 
15 
17a 
17b 
18 
19 
20 

C9H10ClNO3 
C 9 H n N0 3 
C9H9C12N02 

C1,H11NO,S 
C13H8C1N0S 
C13H9N02S 
C15H14C1N02S'H20 
C15H12C1N0S 
C I5H I6N203 
C12H12N20 
C13H10N2O2-H2O 
C13H9C1N20 
C13H9ClNO0.5EtOH 

° Sublimes 235 °C. b Literature20 

Scheme III 

135-137 
243 a 

5 8 b 

257 
210 
280 
155 
192 
219 
307 

>350 
260 

>300 

mp 56 °C. 

EtOH 
benzene 
hexane 
EtOH 

-cyclohexane (1:1) 

cyclo hexane 
EtOH 
EtOH-H20 (1 
EtOH 
EtOH 
EtOH 
HOAc 
EtOH 
EtOH 

1) 

38 
88 
33 
80 
14.8 
65 
78 
74 
83 
70 
58 

5 
25 

(A), 25 (B) 

C,H, N,C1 
C ,H,N 
C, H, N, CI 
C ,H,N 
C,H,N,C1 
C ,H,N 
C, H, N 
C,H, N 
C,H,N 
C, H,N 
C,H,N 
CI 
C, H, N, CI 

o 

18 20 22 

R = ( C H s ) 3 N ( E t ) 2 

quinol ine (20) and 5,10-dihydro-10-oxo-l-chloro-3-
methylpyrido[4,3-b]quinoline (19), which were isolated by 
column chromatography on silica gel. 

Substitution of both chloro derivatives 19 and 20 was 
accomplished by heating at 140 °C in an excess of 3-(di-
ethylamino)propylamine to afford the [3-(diethylamino)-
propyl]amino compounds 21 and 22 (Scheme III). 

Biological A s s a y s . In vitro cytotoxicity of [(dialkyl-
amino)alkyl] amino compounds l l a - c on Friend tumor 
cells was studied by using the standard procedure devel
oped in this Institute;15 none was found significantly cy
totoxic until 10"3 M concentrations. Additionally, com
pounds 11a, 16a, and 16b were tested in vitro on the L1210 
leukemia system, without any positive results. 

All the compounds were also submitted to a general 
screening for antibiotic activity using four strains of mi
croorganisms, Candida albicans, Staphylococcus aureus, 
Bacillus subtilis, and Escherichia coli, and using the 
standard assay of growth inhibition in the solid phase, each 
compound being absorbed within a 2 to 10 X 10~8 range 
on a paper disk, as discussed under Experimental Section. 
All tested compounds, except 22, were found active on at 
least one strain at the maximum tested dose (8 to 10 X 10~8 

M). Thus , 11a was slightly active (±) on B. subtilis at 9 
X 10"8 M, l i b presented some antibacterial activity on S. 

Table III. Aza Analogues of Lucanthone 11 

f^ 
k-/ 

•<^> 

0 

LX 
H 

21 

NH-R 

i^^X" 

NH-R 

" < ^ C H 

NH 

no. formula 

11a C19H23N3OS-0.5H2O 
l i b C20H25N3OS 
l i e C20H25N3O2S 
16a C21H„N3OS 
16b C22H29N3OS 
21 C ^ H ^ O 
22 C20H26N4O-0.5H2O 

mp, recrystn 
°C solvent 

95 hexane 
56 hexane 
90 cyclohexane 

105 hexane 
70 hexane" 

198 benzene 
179 benzene 

yield 
% 

81.5 
79 
58 
40 
30 
78 
50 

anal. 

C, H, N 
C,H,N 
C, H, N 
C,H,N 
C,H, N 
C,H, N 
C, H, N 

a After purification by chromatography on alumina 
(CHC13). 

aureus (+) and B. subtilis (+) at 7.3 X 10~8 M, l i e showed 
a positive result (+) on S. aureus a t 9.2 X 10"8 M, 16a 
inhibited B. subtilis (+) at 8.3 X 10""8 M, and 16b was active 
(+) on both S. aureus and B. subtilis at 9.7 X 10~8 M. 
However, as shown in Table I, acridone (21) had significant 
antibiotic properties, especially on E. coli. No growth 
inhibition was detected for any of these substances on 
Candida albicans. 

Experimental Sect ion 
Chemistry. All melting points were determined with a 

Reichert hot-stage microscope and are uncorrected. XH NMR 
spectra were recorded on a Varian XL-100 (100 MHz) spec
trometer, using FT or a Varian EM360 spectrometer (60 MHz) 
in the CW mode. Chemical shifts are given in parts per million 
related to tetramethylsilane (Me4Si = 0 ppm). Abbreviations used 
are: s, singlet; d, doublet; t, triplet; q, quadruplet; m, multiplet; 
br s, broad singlet. All elemental analyses (CNRS, Paris) are 
within ±0.4% of the theoretical values for the mentioned elements. 
Mass spectra were recorded on a AEI MS9 spectrometer. 

Ethyl l,2-Dihydro-2-oxo-4-chloro-6-methylpyridine-3-
carboxylate (5a) and Ethyl 2,4-Dichloro-6-methylpyridine-
3-carboxylate (6). Ethyl l,2-dihydro-2-oxo-4-hydroxy-6-
methylpyridine-3-carboxylate (4; 10 g, 51 mmol) was refluxed in 
phosphorus oxychloride (100 mL) for 1 h. Excess of POCl3 was 
removed under reduced pressure, and the residue was poured in 
ice-cold water. After neutralization with sodium carbonate, ex
traction with chloroform, and evaporation of the solvent, the 
residue was extracted in refluxing hexane (200 mL). Filtration 
of the hot suspension and recrystallization of the solid afforded 
5a: NMR (acetone-d6, 60 MHz) S 1.33 (t, 3 H, ethyl CH3), 2.33 
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(s, 3 H, CHB), 4.3 (q, 2 H, ethyl CH2), 6.25 (s, 1 H, H5). 
The filtrate was concentrated to 50 mL from which ethyl 

2,4-dichloro-6-methylpyridine-3-carboxylate (6) crystallized. 
Ethyl l,2-Dihydro-2 oxo-6-methylpyridine-3-carboxylate 

(5b). Catalytic hydrogenation of compound 5a (4.3 g, 20 mmol) 
in ethyl alcohol (150 mL), in the presence of sodium hydroxide 
(0.8 g dissolved in the minimum amount of water), over palladium 
on charcoal (30% Pd, 0.5 g) was conducted under atmospheric 
pressure and at room temperature. 

After absorption of the theoretical volume of hydrogen (1.5 h 
to 2 h) and filtration, the solvent was removed under reduced 
pressure, and the residual solid was recrystallized: NMR (CDC13, 
60 MHz) 8 1.4 (t, 3 H, ethyl CH3), 2.5 (s, 3 H, CH3), 4.4 (q, 2 H, 
ethyl CH2), 6.23 (d, 1 H, H5, J4,5 = 7 Hz), 8.21 (d, 1 H, H4). 

l,2-Dihydro-2-oxo-4-(phenylthio)-6-methylpyridine-3-
carboxylic Acid (7a). The chloro derivative 5a (2.6 g, 12 mmol) 
and thiophenol (2.2 g, 20 mmol) were refluxed in ethyl alcohol 
(20 mL) for 24 h. After the mixture was cooled, the solid was 
collected by filtration and recrystallized. 

3-Methyl-101f-[l]benzothiopyrano[3,2-c]pyridine-l,10-
(2fO-dione (9). The acid 7a (2.6 g, 10 mmol) was heated with 
stirring in polyphosphoric acid (70 g) at 120 °C for 30 min. After 
cooling, the reaction mixture was poured into ice-cold water (100 
mL), and the solid formed was collected by filtration and crys
tallized: NMR (Me2SO, 60 MHz) 8 2.2 (s, 3 H, CH3), 6.30 (s, 1 
H, H4), 7.68 (m, 3 H, H6, H7, and H8), 8.35 (m, 1 H, H9), 12.12 
(br s, 1 H exchangeable with D20, NH). 

l-Chloro-3-methyl-10.ff-[l]benzothiopyrano[3,2-c]-
pyridin-10-one (8). Method A. Compound 9 (2.43 g, 10 mmol) 
was refluxed in phosphorus oxychloride (200 mL) for 2 h. After 
the usual workup, the red residue was purified by chromatography 
over silica gel (CH2C12). 

Method B. Acid 7a (2 g, 7.6 mmol) and phosphorus penta-
chloride (1.6 g, 7.6 mmol) were refluxed in phosphorus oxychloride 
(20 mL) for 3 h. After the excess of phosphorus oxychloride was 
removed, the reaction mixture was taken up with benzene (30 mL), 
and stannic chloride (2.5 g, 9.5 mmol) was slowly added to the 
solution under stirring. After refluxing for 1 h, the mixture was 
poured in cold hydrochloric acid (1 N). The organic layer was 
washed with water, dried over magnesium sulfate, and evaporated 
under vacuum. Chromatography over silica gel of the red residue, 
eluting with dichloromethane, afforded compound 8 identical with 
that obtained by method A. 

l-[[(Diethylamino)alkyl]amino]-3-methyl-10i/-[l]benzo-
thiopyrano[3,2-c]pyridin-10-one (l la-c) . Method C. Chlo-
rothiopyrone 8 (261 mg, 1 mmol) and the appropriate diethyl-
aminoalkylamine (2 mmol) were refluxed in ethyl alcohol (5 mL). 
The reaction was monitored by TLC (alumina) until complete 
disappearance of compound 8 (2 h). Ethanol was evaporated, and 
the residual material was taken up with dilute sodium hydroxide 
and extracted with chloroform. After the solvent was removed, 
compounds l la-c were recrystallized: NMR of 11a (representative 
compound) (CDC13,100 MHz) 8 1.10 (t, 6 H, ethyl CH3), 2.38 (s, 
3 H, CH3), 2.66 (q, 4 H, ethyl CH2), 2.77 (q, 2 H, /3-CH2), 3.71 (m, 
2 H, a-CH2), 6.43 (s, 1 H, H4), 7.47 (m, 3 H, H6, H7, and H8), 8.51 
(m, 1 H, H9), 10.31 (br s, 1 H, NH). 

2,6-Dimethyl-4-[(2-methyl-5-chlorophenyl)thio]pyridine-
3-carboxylic Acid (14b). Ethyl 2,6-dimethyl-4-chloro-
pyridine-3-carboxylate (12) and 2-methyl-5-chlorothiophenol (13) 
were reacted in refluxing ethanol as for the preparation of acid 
7a, but for 48 h. The reaction mixture was then treated with 3 
equiv of potassium hydroxide dissolved in the minimum amount 
of water and refluxed for a further 3 h. Ethyl alcohol was removed 
in vacuo, and the residue was taken up in water. Acid 14b was 
precipitated upon acidification with 6 N hydrochloric acid and 
recrystallized. 

9-Chloro-l,3,6-trimethyl-10iHl]benzothiopyrano[3,2-c]-
pyridin-10-one (15). Cyclization of 14b following the same 
procedure used for the preparation of compound 9 afforded 
thiopyrone 15 as colorless needles. 

9-[t(Diethylamino)alkyl]amino]-l,3,6-trimethyl-10Jff-[l]-
benzothiopyrano[3,2-c]pyridin-10-one (16a,b). A mixture of 
compound 15 (525 mg, 2 mmol) and the appropriate (diethyl-
amino)alkylamine (4 mL) was heated at 120 °C for 6 h. After 
cooling, the solution was poured in 1 N sodium hydroxide (50 mL), 
and the oil formed was extracted with chloroform. The organic 

phase was dried over magnesium sulfate and evaporated in vacuo. 
The residue was taken up with dilute acetic acid (10%, 100 mL), 
and the clear solution obtained upon filtration was alkalinized 
by addition of 1 N sodium hydroxide. 16a: NMR (CDC13, 100 
MHz) 8 1.11 (t, 6 H, ethyl CH3), 2.31 (s, 3 H, 6-CH3), 2.56 (s, 3 
H, 3-CH3), 2.64 (q, 4 H, ethyl CH2), 2.78 (m, 2 H, /3-CH2), 3 (s, 
3 H, 1-CH3), 3.31 (m, 2 H, a-CH2), 6.57 (d, 1 H, H8, J7 8 = 8.7 Hz), 
7.10 (s, 1 H, H4), 7.22 (d, 1 H, H7), 9.64 (br s, 1 H,NH). 

Ethyl l,2-Dihydro-2-oxo-4-anilino-6-methylpyridine-3-
carboxylate (17a). Chloropyridone 5a (2.6 g, 12 mmol) and 
aniline (1.8 g, 20 mmol) were refluxed in ethyl alcohol (20 mL) 
in the presence of triethylamine (0.5 mL) for 24 h. After cooling, 
the reaction mixture was diluted with water (100 mL) and ex
tracted with chloroform. The organic phase was dried over 
magnesium sulfate and evaporated in vacuo to afford 17a. 

If the condensation was conducted in refluxing 2-ethoxyethanol 
(bp 135 °C) and in the absence of triethylamine, only 1,2-di-
hydro-2-oxo-4-anilino-6-methylpyridine (17b) was obtained: 
mass spectrum, m/z 200 (100,199 (82.5); NMR (Me2SO, 60 MHz) 
8 2.05 (s, 3 H, CH3), 5.4 (d, 1 H, H6, J4 6 =* 3 Hz), 5.56 (m, 1 H, 
H4), 7.06 (m, 5 H, phenyl), 8.38 (s, 1 H, NH phenyl or NHCO), 
10.53 (br s, 1 H, NHCO or NH phenyl). 

l,2,5,10-Tetrahydro-l,10-dioxo-3-methylpyrido[4,3-!>]-
quinoline (18). The ester 17a (1.09 g, 4 mmol) was added to a 
refluxing solution of phenyl ether (10 mL), and reflux was 
maintained for 20 min. After cooling, the reaction mixture was 
diluted with petroleum ether (200 mL), and the solid obtained 
was collected by filtration and crystallized. 

5,10-Dihydro-10-oxo-l-chloro-3-methylpyrido[4,3-A]-
quinoline (19) and l,2-Dihydro-l-oxo-10-chloro-3-methyl-
pyrido[4,3-6]quinoline (20). The dioxo compound 18 (1.13 g, 
5 mmol) was added to phosphorus oxychloride (100 mL) at 60 
°C, and the solution was refluxed for 3 h. After treatment as usual, 
the residual solid was taken up with boiling toluene. 

The resulting solution was evaporated in vacuo to afford 19 
as yellow needles: NMR (CDC13,100 MHz) 8 2.36 (d, 3 H, CH3) 
^H4CH3 =* 1 Hz), 6.56 (m, 1 H, H4), 7.65 (m, 1 H, H8), 7.85 (m, 1 
H, H7), 8.07 (m, 1 H, H6), 8.53 (m, 1 H, H9). 

The insoluble material isolated after treatment with toluene 
was crystallized from ethyl alcohol to afford 20 as colorless needles: 
mass spectrum, m/z 246 (37C1, 34), 244 (36C1,100); NMR (Me2SO, 
100 MHz) 8 2.45 (d, 3 H, CH3, J4CH3 =* 0.75 Hz), 7.15 (d, 1 H, 
H4), 7.30 (m, 1 H, H7), 7.47 (m, 1 H, H9), 7.74 (m, 1 H, H8), 8.16 
(m, 1 H, H6). 

The deshielding of H4 under the effect of the pyridinic nitrogen 
N5 allowed unambiguous structure confirmation of 19 and 20. 

5,10-Dihydro-10-oxo-l-[[3-(diethylamino)propyl]amino]-
3-methylpyrido[4,3-6]quinoline (21) and 1,2-Dihydro-l-
oxo-10-[[3-(diethylarnino)propyl]arnino]-3-methylpyrido-
[4,3-6]quinoline (22). Heating a mixture of 3-(diethylamino)-
propylamine (2 mL) and either 19 or 20 (50 mg, 0.2 mmol) at 140 
°C for, respectively, 2 and 4 h afforded, respectively, 21 and 22, 
which crystallized upon cooling. Treatment of the reaction 
mixture as for compounds l la -c and recrystallization gave pure 
amines. Compound 21: NMR (CDC13,100 MHz) 8 1.02 (t, 6 H, 
CH3), 1.96 (m, 2 H, /3-CH2), 2.3 (s, 3 H, 3-CH3), 2.55 (q, 4 H, ethyl 
CH2), 2.64 (m, 2 H, T-CH 2) , 3.99 (m, 2 H, a-CH2), 6.4 (s, 1 H, H4), 
7.24 (m, 1 H, H8), 7.64 (m, 1 H, H7), 7.84 (m, 1 H, H6), 8.3 (m, 
1 H, H9), 8.5 (s, very broad, 1 H, 5-NH), 11.1 (br s, 1 H, N#CH2). 

Compound 22: NMR (CDC13,100 MHz) 8 1.04 (t, 6 H, ethyl 
CH3), 1.8 (m, 2 H, /3-CH2), 2.37 (s, 3 H, 3-CH3), 2.57 (q, 4 H, ethyl 
CH2), 2.62 (m, 2 H, Y-CH 2 ) , 3.64 (m, 2 H, a-CH2), 6.08 (s, 1 H, 
H4), 7.18 (m, 1 H, H9), 7.25 (m, 1 H, H7), 7.58 (m, 1 H, H8), 8.35 
(m, 1 H, H6), 8.05 (br s, 1 H, 2 NH), 10.1 (br s, 1 H, NtfCH2). 

Biological Assays, (a) In vitro cytotoxicity studies on Friend 
tumor cells and on L1210 leukemia cells were performed as 
described earlier.14'16 

(b) Antibiotic activity was measured as follows: the tested 
compounds were dissolved in ethyl alcohol (3-5 X 10"6 mol/mL), 
and aliquots of 5, 10, and 20 tiL, respectively, were applied on 
6-mm filter disks and allowed to dry under a slight stream of 
nitrogen. Then the disks were placed on the top of the agar 
overlay, previously inoculated with the appropriate germ, and the 
diameters of inhibition zones were measured after incubation at 
37 °C for 24 h. Germs used were Escherichia coli (ATCC 10536); 
Staphylococcus aureus (ATCC 6358P); Bacillus subtilis (ATCC 
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6633), from the Pasteur Institue; and Candida albicans, grown 
by the same Institute (Mycology Department). 
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In a series of recent publications we have described the 
design, synthesis, and biological activity of a new class of 
antitumor agents which we refer to as acylated vinylogous 
carbinolamines.2 The continuing antitumor evaluation 
of selected agents in this class has resulted in the emer
gence of several compounds that exhibit outstanding ac
tivity against a broad spectrum of experimental murine 
neoplasias and human tumor xenografts in nude mice.3,4 

The pyrrolizine bis(carbamate) 1 is one such compound 
and is one of the members of this class that has been 
selected for more extensive preclinical studies. 

^-OCONHCH(CH3)2 

J * A OCONHCH(CH3). 
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CI 

l 
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One potential difficulty with 1 is the exhibited lack of 
any significant water solubility. Thus, the development 
of water-soluble compounds in this class has emerged as 
an important goal, and several approaches to this problem 
are being pursued simultaneously in our laboratories. One 
approach involves the development of water-soluble pro
drugs, in which the hydrophilic moiety can be separated 
from the parent drug in vivo. This report will describe an 
approach to a water-soluble prodrug. 

The first step in the design of water-soluble analogues 
of 1 is to determine where changes in the parent compound 
can be made. The parent compound can be subdivided 
into four parts: these are the heteroaromatic nucleus, the 
C-5 aryl moiety, the 6,7-bis[(carbamoyloxy)methyl] groups, 
and the aliphatic ring (C-l, C-2, and C-3). We chose, as 
our first point of attack, to modify the aliphatic ring, since 
this region of the molecule, unlike the other three, is not 
directly involved as a chemically reactive site in the 
molecule and it is not implicated in the stabilization of 
reaction transition states.28 Within the aliphatic ring, C-2 
was chosen for modification because of its distal location 
relative to the reactive electrophilic sites at C-6 and C-7 
and because of the minimal steric effect C-2 substituents 
would have upon the C-5 phenyl substituent. 

The next step in the design of the prodrug involved 
selection of an appropriate means to attach the hydrophilic 
residue to C-2. We chose the hydroxyl group because it 
is neutral, easily derivatized, and synthetically accessible. 
Alcohol derivatives, such as carboxylic and phosphoric acid 
esters, as well as glycosides, can be converted to the parent 
alcohol in vivo by a variety of enzymatic and/or nonen-
zymatic processes. 

Chemistry. The 2-hydroxypyrrolizine 11 was syn
thesized from 4-hydroxyproline (2) in 19% overall yield 
(Scheme I). N-Benzoylation of 2, followed by acetylation 
of the secondary alcohol in 3, gave the requisite a-amido 
acid precursor 4 for the ensuing cycloaddition reaction. It 
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2-Hydroxy-5-(3,4-dichlorophenyl)-6,7-bis(hydroxymethyl)-2,3-dihydro-l#-pyrrolizine bis(2-propylcarbamate) (11) 
was prepared in a multistep synthesis. The 2-hydroxy group was used to prepare ester prodrugs 14 and 15, and 
the antineoplastic activities of 11, 14, and 15a were compared to 1 (the 2-deoxy analogue of 11) in murine P388 
lymphocytic leukemia and B16 melanocarcinoma. The alcohol 11 showed comparable activity to 1, while 14 was 
less active and 15a showed very low activity. The hydrolytic rates of 1, 11, 14, 15a, and 15b were compared, and 
it was found that the two carbamate moieties were much more susceptible toward hydrolysis than the C-2 esters. 
The salts 15a and 15b exhibited good water solubility, 3.0 X 10"2 and 3.88 X 10~2 M, respectively. 
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