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To improve upon the activity and properties of the 3-aryl-7-chloro-3,4-dihydro-1,9(2H,10H)-acridinediones, a variety
of 1-[(alkylamino)alkylene]imino derivatives (3) were prepared and shown to be highly active antimalarial agents
in both rodents and primates. Among structural modifications prepared, including N,;-alkyl and C,-substituted
analogs, removal of the Cy oxygen, and introduction of an imino side chain at Cg, the imines of the Ny;-H acridinediones
were the most active compounds obtained. The [3-(N,N-dimethylamino)propyllimino derivative of 7-chloro-3-
(2,4-dichlorophenyl)-3,4-dihydro-1,9(2H,10H)-acridinedione (9aa) proved to be highly active in advanced studies

in primates.

To the chemotherapist the revelation of a new chemical
class with potent activity against an important disease
entity, which might portend a unique mechanism of action
as well, is always exciting. Thus our interest was piqued
some years ago by the report?® of the activity of acridine-
dione structure 1 against chloroquine-resistant strains of
plasmodia. Later reports*”’ made it apparent that the
structure of primary interest was 2. Although our early
efforts were directed toward the delineation of the struc-
tural features required for activity within this system, we
turned rapidly to improving the apparent shortcomings
of 2, i.e., limited solubility and a hint of toxic liability. Qur
initial success was reported in a patent.® We continued
to refine and extend our work,% and during this time
further work from the Hoechst group also appears.!!-13

(1) This is Paper 64 of a series of antimalarial drugs. For Paper
63, see: Werbel, L. M.; Degnan, M. J. Synthesis and Antima-
larial and Antitumor Effects of 2-Amino-4-(hydrazino and
hydroxyamino)-6-{(aryl)thio] Quinazolines. J. Med. Chem.
1987, 30, 2151~-2154.

(2) This investigation was supported by U.S. Army Medical Re-
search and Development Command COntract DAMD 17-79-
C-9115. This is contribution 1886 to the Army Research Pro-
gram in Malaria.

(3) Belgian Patent 818,048, Hoechst, Feb 13, 1975.
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Table I. Preparation of Cyclohexan-1,3-diones

(R)
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Kesten et al.
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1) NaOH
2) HaSO4

o}
: b\
02N o Ar
CHO 4
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yield, purified %

1st 2nd 3rd purification analysis
no. R mp, °C  (lit. mp, °C) step step step proc solvent(s)® formula (£0.40)
4a 3,4'C1205H3 198-200 (190‘192)q 70 40 A R-2-pr0panol CuHmClez C,H,Cl
4b 3'CF3'CSH‘ 173-176 73 43 A T-toluene CwHuFaO C,H,F
4c CeHu 162-163 (154—‘156)’ 76 35 A R-acetone, ether CunOg C,bH
4d  4-CFCH, 164-167 32 43 A T-toluene Cy:H,,0,F, CHF
4e 1'CmH7 157 92 71 A T-toluene CIGH1‘02'0-7H20 C,H,Hzo
4f 3,4,5'(OCH3)303H2 155-159 100 69 A T-ether CwHwOs'LOHgO C,H,Hgo
4g  4-Me,N-CgH ¢ 207-210 100 63 A none C,H;eNO;Na CHN
4h  3-Br-CgH, 181-183 97 A T-toluene C,;H,;BrO, C,H,Br
4 2,6-Cl-CH, 205-207 94 A T-CH, C1HyoClO CeH,Cl
4§ CH, 192-194 (187-189y 72 45 A T-toluene C,H,;040.1H,0 CH
4k (CHz)ﬁ 166-168 (1705)e 14 39 A T-ether CuHmOg
4 2-CLCH, 150-152 (153-154) 64 26 A R-CHCl, CH,CO,C;H, CyH,CIO, C,/HCl
4m 4'CsHu'CsH4§ 238-240 85 57 A T'CH3OH, ether C13H2202 C,hH
4n 2'CF3'CGH4 194-197 86 49 A T-toluene CmHquOg
40 4-CH,C.H, 180-182 (165-167y 93 177 A T-toluene C1sH,,0,
4p 2-OCHy-CgH, 145-148 (145)* 98 73 A T-toluene CisH04
4q  4-OCH,CeH, 178-181 (177-1785) 97 40 A T-toluene Cy5H1,0,
ar  24-CLCH, 192-196 (179-181y 78 67 A RDMF, CH,CO,C;H;  CyH,oCL,0,
48 4-CHN 197-198 79 71 A2 R-DMF C H;;NO, C,HN
4t 24-Cl-C;H;4-CH) 182-184 61 40 A3 R-CH,CN CisHaCLO,
4u 3,4'012'CQH3(4'CH3) 110-136 73 18 A3 R-pet. ether Cmngclez
4iv 4'SCH3'C5H4 A
4w 4'N02‘CsH‘k 225 dec 40 A4 R‘CHaCN CuHuN04 C,H,N
4x  4-CF3-CgH,(4-C;H;)° 160-163 90 81 70 A5 R-CHCl, CysH1sF30, C/H
4y 4'CF3‘C@H‘(4'CH3)0 178-180 90 61 79 A5 R'CHCla C“HlsFaog
4z 2-C;HN 160-161 78" 33 A2 R-CH,Cl,, CH,CO,C,H; C,H;NO, C/"H,N
4aa 3,4'012'001{3(4'051’15) 85-90 70 56/ A6 T'aq- AcOH CIBHMCIZOZ
4bb 3-CF,;,4-Cl-CgHs? 192-194 9 A2 R-CH,CN CgH;,CIO,F;

aR = recrystallized, T = triturated. ®Anal. calcd for C, 74.19; found, 73.57. °Isolated as sodium salt. ¢Anal. caled for C, 56.06; found,
55.64. °Lit. mp = 170.5 °C. (Wallach, O. Annalen 1912, 394, 376. Norris, W.; Thorpe, J. F. J. Chem. Soc. 1921, 119, 1199.) /Anal. calcd
for C, 64.73; found, 64.00. ¢Benzaldehyde prepared as described previously.?? *Anal. caled for C 79.96; found, 79.33. {Yield from the
cyclohexene—carboxylic acid. /Crude yield. *4-Position of NO, group assigned from the para splitting pattern in the NMR. ‘Anal. caled
for C, 63.37; found, 62.87. ™Yield of the cyclohexene carboxylic acid, sodium salt. "Anal. calcd for C, 69.82; found, 69.37. °Cis, trans
mixture. ? Benzaldehyde prepared as described previously.? ¢Schoen, K.; Pachter, L. J., US Patent 3503990, 1970. "Tamura, Y.; Yoshimoto,
Y.; Kunimoto, K.; Tada, S.; Tomita, T.; Wada, T.; Seto, E.; Murayama, M.; Shibata, Y.; Nomura, A.; Ohata, K. J. Med. Chem. 1977, 20, 709.
¢Hinkel, L. E.; Ayling, E. E.; Dippy, J. F. J. J. Chem. Soc. 1935, 539. !Yields are in enamine steps from cyclohexanedione.
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Scheme 11 to complete the needed extensive biological studies in their
o Rs O o o effort to work toward selection of one of these analogs for
o NaH Ra IND filing has necessitated some delay in the publication
Sy R - Lo of this information. However in this manuscript we are
NTTo 5 N R now able to report full chemical and biological details of
R Ry the development of a series of structures 3 with potent
& antimalarial properties devoid of the negative manifesta-
tions of the acridinediones 2.
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Table I1. 3.4-Dihydro-1,9(2H,10H)-acridinediones

R, O O
8 9 1
Ry.7 I 2
3
6
5 T 10 3 Ra
Ry
yield, purification
no. R, R, R, R, mp, °C purified % proc solvent(s)® formula analysis (0.40)
8a Cl H 3,4-Cl,-CeHy OH 268-269 dec 60 B T-CH;0H C,1sH o, FCI;NO, C,H,N,C1
8b Cl H CH(CHy), OH 271-275 dec 45 B T-C,H,0H CisH,,CINO, CHN,CI
8c Cl H 3-CF;-CH, OH 248-250 dec 53 B T-C,H;OH CyH,sCIF3NOg CHN,C1
8d Cl H 3-CF;-CH, ONa 315-320 dec 73 C T-C,H;0H CyoH,,CIF;NO;Na-H,0 C,H,N,C1,Na,H,0?*
ge a H 3CF, CgH, H 346-350 dec 23 D  T-CH;OH, aq. NaOH CoH,CIFNO, C.H,N,CF
8f H H 3,4-Cl-CgH; OH 257-260 dec 68 E T-C,H;0H CoH,5CLLNO4-0.1C” CHN,C1
8¢ Cl Cl  34-Cly-CeH; OH 282-283 dec 18 B T-CH;0H, DMF CyoH,;,CLNO40.1C;H,NO CHN,Ct
8h Cl H 1 OH 255-258 dec 68 B R-DMF C9HxCINO, C,H,N,C1
8i Cl H 34-Cl-CgH, H >325 34 D T-aq. C,H;OH CyoH,,C13NO,-0.2H,0 C,H,N,CLH;0
8j Cl H 4-CF;CH, OH 265-267 55 B T-C,H;0H CyH,;CIF;NO40.1H,0 C,H,N,CLF H,0
8k cl H 1C.H, OH 264 47 B  T-CH,OH C2sH,CINO, CHNCI
81 Cl H 3,4,5(0CHy),CeH, OH 236-238 29 B T-C.H;OH CHyCINOg1.1H,0 C,H,N,CLH;0
S$m al H 4ELN(CHp),0CH, ONa 277-279 25 B’ R-CH,OH, ether C2sHyCIN,NaO,-0.4H,0 C,H.N,CLH,0
8n Cl H 4-Me,NCgH, OH 244-248 53 B T-C,H;OH CaH,4CIN,0;-0.3HCI-0.3H,0 C,H,N,C1,CI H,0
8o Cl H 3-Br-CH, OH 234-236 57 B T-C,H;0H CyoH,3;BrCINO; C,H,N,Br,C1
8Sp Cl H 26CL-CH, OH 242-245 dec 70 B T-C,H;,0H CoH,CLLNO, CHN,CLH,0O
8q H H CH(CH,), CH, 226-228 36 F R-CH;,CN C,6H;7NO, C,HN
8r Cl H CgH; OH 250 dec 72 B T-C,H;0H CypH,,CINO, C,H,N,C1
88 Cl H (CHys OH 260-261 74 B R-CH,Cl,-C,H;OH C,6H,5CINO,;-0.1H,0 C,H,N,CLH,0
8t Cl H CH(CHy), H >280 58 G T-CH,0H CysH,,CINO, C,HN
8u C1 H 34-Cl,-CeH; CH; 276 dec 31 F R-DMF-C,H;0H CyoH,CLNO, CHN
8v Cl H 4-CF;-CeH, H 342-346 66 D T-C,H;0H CayoH,5CIF3NO, CH,N,CLF
8w Cl H 24-Cly-CeH, OH 254-255 65 B T-C,H;0H CyoH;,CIsNO, C,H,N,C1
8x Cl H (CHy; H >350 38 D T-CH;0H-aq NaOH (tr) C;3H,;,CINO, CHN,C]
8y al H 34C,-CH, OH (2-CHy 236 dec 30 B TDMF CaoH,,C1,NO,-0.3C;H,NO CHN
8z Cl H 4CF;-CH, OH (6-F) 239242 dec 46 B T-C,H;OH CooH:CIF NO, C,HN
8aa Cl Cl  4-CF;-CgH, OH 244 dec 37 B T-C,H;OH CyoH,,CLF3;NO, CH,N
8bb Cl H 4-CF;-CgH, C,H; 262-266 43 F R-CH,Cl,-CH3;CO,Et CxH,,CIF;NO, C,H,N,CLF
Sce c H 4CFCH, n-CH, 271-275 26 F  R-CH,ClCH,CO.Et C34H,,CIF;NO, CH,N,CLF
8dd cl H 4CF,CH, CH,CcH, 270-274 28 F  R-CH,Cl,-CH,CO,Et CzH,4CIFsNO, CHNCLF
See a H 2CLCH, OH 243-245 44 B T-DMF-CH,0H CioH,:CLNO, CHNCI
st I H 4CF,CH, H 315-316 50 F  T-DMF-CH,0H CaoH sF;INO, CHN,F,I
Sgg Cl H 4-CF;-CgH, CH,CH=CH, 27327 42 F R-CH,Cl,-CH,CO,Et CypuHCIF;NO, CHNCLF
Shh al H 4CF-CH, n-CoHq 215-218 30 F  R-CH;CO,C.H, CaHzCIF;NO, CHN,CLF
8ii Cl H 2-CI-CH, H 353-355 51 F T-DMF-CH;OH-¢ther CoH,3C1,NO, C,H,N,C1
8j) O,N H 4-CF;-CH, H 310-312 54 F R-DMF-CH;0H CooH,5F3NO, CH,N,C1
8kk Cl H 4-(CeH;,)-CeH, OH 327-330 59 B T-DMF-CH,0H CosHy CINO, C,H,N,C1
81l Cl H 2-CF;CgH, OH 269-271 38 B R-DMF CaoHy3CIF;NO, CHN
Smm Cl H 4-CH;CgH, OH 267-268 65 B T-C,H;OH CaoH,CINO; CHN
8nn Cl H 2-O0CH;-CH, OH 230 dec 47 B R-CH,OH CaoH,cCINO, CHN
800 Cl H 4-OCH3CgH, OH 255 dec 83 B T-C,H,OH CyoH;6CINO, C,HN
8pp CH; H 4CF;-CgH, H >360 50 F T-DMF-CH;O0H-ether CoH,1gFsNO, C,HNJF
8aq cl H  4-(CgH,)-CeH, H >360 50 F/ T-DMF-CH,0H-ether  CzH,CINO, CH,N,ClI
8rr Cl H 4F-CgH, OH 229-240 8 B T-C,H;OH CyoH,3,CIFNO, C,HN
8s8 Br H 4-CF;-CgH, H (5-Br) 263-265 50 F R-DMF-CH,0H CoH,,Br,F3NO, C,H,N,Br,F
8t H H CH(CHy, H 347-348 13 1 R-DMF-CH,0H CysH,sNO, CHN
Suu Br H 4-CF-CH, H 326-329 45 F  R-DMF-CH,0H CxH,,BrF,NO, C,H,N,Br,F
Svv H H 4-CFyCeH, H 330 58 F  T-DMF-CH,OH-ether  CyH,,F;NO, CHNF
sww Cl H 2-CFyCeH, H >300 54 D  T-aq. NHOH (dilute)  CyuH,;CIF;NO, CHN
8xx Cl H 4-CHy-CgH, H >300 4 D T-aq. NH,OH (dilute) CaoH;6CINO, CH,N
8yy Cl H 2-OCH;3;-CgH, H >300 89 D T-aq. NH,OH (dilute) CaoH;6CINO, C.HN
8zz OCH; H 4-CF3-CgH, H >360 60 F R-CH,OH-DMF CyH,gF3sNO; C,H,N,F
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Chemistry

The general synthetic® approach utilized in preparing
the 7-chloro-10-hydroxy-3-arylacridinedione precursors is
outlined in Scheme I. The requisite benzaldehyde was
allowed to react with acetone in the presence of base

285 (procedure A) or with 1-(triphenylphosphoranylidene)-2-
23 propanone in toluene (procedure A2) to provide the cor-
S§% A
= g :Tspotr:dlzng l-al('iyl;-butezl-&.:ﬁe.z Eh&;rylaldelgrde cqt&l.d
= ) __ mlgs so be allowe react with 2-butanone under acidic
“OwmT TOx TTT S COETTOTTE D1%es conditions to provide exclusively the 4-aryl-3-methyl-3-
:ié%gii§:§_§§§§§§§§§§§§§§; §4 E buten-2-one (procedure A3). The unsaturated ketones
S Y e T S S S SR SR S SRS SR A S S LS LS LS) E% S were treated with the sodium salt of diethyl malonate and
3%¢ the intermediate 6-aryl-2-hydroxy-4-oxo-2-cyclohexene-1-
T '%.8 carboxylic ester was hydl_'olyzed and decarboxylated to give
2 lce g' 5-aryl-1,3-cyclohexanediones (4) (Table I). Several 5-al-
< ) 5 gq kyl-1,3-cyclohexanediones were also prepared similarly.
" E,d‘ < |3 2 g Additional substitution of the 1,3-cyclohexanediones could
Soasoan oSS R 0o SIS FED be achieved by reaction of their pyrrolidinyl enamines with
=)
gé%g%g%gg g %%2 %E%Q%E%giégé g EE LDA and methyl or ethyl iodide followed by acid hy-
%%"5%03%%%%%%%%%%%é%%@%@%g% g3 drolysis (procedure A5).147 The 5-substituted 1,3-
S S e e BEELD) S cyclohexanediones were treated with o-nitrobenzaldehyde
© 530 voo 515 Loooo 3‘50 E 3 30 30 o § § E < to furnish 7-chloro-3-aryl-3,4-dihydro-10-hydroxy-1,9-
Z3Z (2H,10H)-acridinediones (5). An unusual, somewhat lim-
g E g §=_ iting, but well-documented, feature of the latter reaction
? 3 3% is the simultaneous introduction of a chlorine atom into
a gg z z a S g < the 7-position. The importance of this halogen for bio-
] ) ) oo} G l 3 L M .
5 F? % :C:.’:, ‘T’ a 5 %i "Na 5 ‘g E "g ogglale:g'tl;;w:tj';‘;:tag(ze::gelaa.t:;cylation of the N-OH
PR gg SE8r55582888 ES’E $& 2 g & function of the acridinediones with the thought that this
ARfbagAQuaAl/RALacRvAARLAAAR (™ =z might aid in solubilization of the system as well as pro-
REREEERRERERORRAECRRAnaRd % g% viding extended duration of action. Despite the report in
- o .
i the original patent,® several attempts provided instead C,-
y d 1
P B e o 00 o o o o o e o 0 o : g: or C-substituted products such as 6 or 7 (see Experimental
5€8 Section).
]
B5E
By YP RIS E 8IS RRYBRER2328%8 E'g'é o 0o O  OCOCH;
TN © "OL0
B 5 - N [‘ cl N cl
- N M H
ST IEL I INNTL I ST eoolQL QL
N - O & T d oS
£§?§A§§cﬁl\A‘&’é/\/\gﬁél\g%g?g/\? §.§'§§ 8 z
o m g g 9 f We then sought to increase solubility by derivatizing the
_ <3 ‘i—a % T X i ; :§ 5 ketone at the 1-position with a nitrogen containing func-
> tata) 58 & g883I6|F38% tionality, 8. We learned early on that this approach not
) 888 28 8 es sy E-E g only improved the physical properties of the series but led
TEEEETNNINONON NN TN TINOLNMOnE | 8% § to improved biological activity and eliminated the re-
E8E . ¢
E| g ¥ quirement for the N;-hydroxy function. Therefore an
= E g% extensive exploration was undertaken.
- - =, T5E The 7-chloro-3-aryl-3,4-dihydro-1,9(2H,10H)-
o e o o - oty oo il '§ 5 S ] ’ ’ y
FTET T T 55 a:; Ty R %Eaa T S E2 acridinediones (8, R, = H) (the deshydroxy analogs) could
%é%gﬁiéwaﬁﬁ%aig 333% % g:g' g g be prepared by treating the parent N,,-hydroxy com-
5%50300588§§g°hh%0—‘°°°& JE g--? pounds with PCl;. However this procedure limited analog
<333 ZO0OIVIII0 _OjE32 . . . .
FTIdNANTAII I IS dIIIAAINTISHIT @ E'g §.§ synthesis to those with a chlorine at C;. This shortcoming
[} 1 M
—~ —~ g & was circumvented by development of a much more flexible
O I BT O T T T T T T T R | g3 E route involving (Scheme II) the reaction of an appropri-
. é §8% ately substituted isatoic anhydride with a 5-aryl-1,3-
OrndoErSCCCoOCCoEEEEREEa §zss‘i g g’ cyclohexanedione. The conversion of anilines to isatoic
£8.e
288 - [ E E888Lzsud [ 5 3 g (14) Szmuszkovicz, J. Enamines. In Adv. Org. Chem. Methods and
i-.s 3 2 .§§ §§ 2 zag &8 ,§ .%§§ £28 E E g E 2T Results. Raphael, R. A., Taylor, E. C., Wynberg, H., Eds,;
mec
e g 5 Interscience: New York, 1963; Vol. 4, p 98.

(15) Bryson, T. A.; Gammill, R. B. Enamine Chemistry I. Carban-
ion Alkylations. Tetrahedron Lett. 1974, 3963-3966.

(16) After Telschow, J. E.; Reusch, W. A Study of the Enamino
Ketone Variant of the Robinson Annelation. J. Org. Chem.
1975, 40, 862-865.

(17) Stork, G.; et al. The Enamine Alkylation and Acylation of
Carbonyl Compounds. J. Am. Chem. Soc. 1963, 85, 207-222.



Table II1. Imines of 7-Chloro-3,4-dihydro-10-hydroxy-1,9(2H,10H)-acridinediones

yield, purification

no. R, R, mp, °C purified % proc solvent(s)® formula analysis (+0.40)
3a (CHp);N(CH,), 3,4-Cl,-CgH, 208-210 73 H* R-C,HOH CyHyC13N30, CHN
3b (CH,);CH,4 3,4-Cl,-CgH, 185-187 52 H* R-CH,CO,C.H, CoHy N0, CHN
3c (CH,)3;N(CH,), 4-CF3-CgH, 130-135 19 H R-CgH,, CeH CosHpsCIF;N;0,:0.4H,0 CHN,CLF H,0
3d (CH,),N(C,Hy), 3,4-Cl,-CeH, 212-213 61 H R-CHOH CasHaCLN;0, CHN
3e O(CH,);N(C,Hj), 3,4-C1,-C¢H, 178-180 87 H  R-CH;CO,CH; CyHpgCl3N;04 CHN
3f (CH,)3N(C,Hj), 3,4-C1,-C¢H, 182-184 74 H  R-CH;CO,C,H; CysHz4CIN;0, CHN
3g (CHy);N(CHy), 1-naphthyl 205-206 72 H T-CH3;CO,C.H; C,HCIN;O, CHN,Cl
3h (CHp);N(CHy), 3,4,5-(0CHy),-CgH,  171-174 91 H T-CH,, CyH3,CIN;O4-0.15H,0 C,H,N,CLH,0
3i (CH,);N(CH,), 3-CF;-CgH, 134-136 91 H R-CiHg CgHyy CysHyCIF3N;0, CH,N,CLF
3j (CH,)¢CH; 3-CF,y-CgH, 111-113 90 H  T-C¢Hj, pet. ether CyHyCIF;N,0, C,H,N,CLF
3k (CH,);0CH, 3-CF,-CgH, 135-137 83 H  R-CHg CHj, CyHpyCIF3N,0,4-0.5H,0 C,H,N,CLF,H,0
3l CH,-CoH;-3,4-Cl, 3-CFy-CH, 84-88 54 H T-CH, CyH CLFN,0, CHNCI
3m (CH_);N(CHy), 3,4-Cl-CeH, 155 95 H  T-ether CyHgCLIN0, C,H,N,Cl
3n (CH,);N(CH,)s 3,4-Cl,-CgH, 195-197 87 H  T-CH;CO.CH; CrH5CLN,0, CHN
30 CH(CH)(CH,)3N(C;H,), 3,4-Cl,-CeH; 150-154 98 H¢  R-ether CyH3,CI3N;0,-2HCI1.2H,0 C,H,N,CI,CI,H,0
3p (CH,)3N(CHj), 4-Me,N-C¢H, 184-185 61 H  none CyHj, CIN0,-0.4H,0 C,H,N,CLH,0
3q (CH,);SCH, 3,4-Cl;-C¢H, 190-192 75 H R-C,H;OH Cy3Hy CLI3N,0,S CHN
3r (CH,);N(CHy), 2,6-Cly-CoH, 100-105 65 H T-CH, CoHyC1;N,0,-0.7TH,0 C,H,N,CLH,0
3s (CHp)3N(CH3;), 3-Br-C¢H, 158-161 83 H R-CgHg, CeH;, CoHsBrCIN;0,-0.3H,0 C,H,N,Br,CLH,0
3t CH, 3,4-Cl,-C;H, 231 dec 80 H¢ T-C,H,0H CyoH1sCLN;0, CHN
3u _M o 3,4-CL-CgH, 163-179 48 H* B-CH;CO,CH;, CeHyp  CogHuClNS0, CHN

= CgHsg

3v (CH,);N(CHy), CgHj 122-126 p.s. 98 H  T-CgHg, CeHy, CoHasCIN;O,-H,0 C,H,N,CLH,0
3w (CH,),N(C,Hy)CH,-C(OH)(CH,); 3,4-Cl;-C¢H, 175-179 96 H T-CH,, CyHaoCl N0 H,
3x (CH,),N[CH,.CH(CH,),, 3.4-Cly-CoHy 196-197 62 H none CaoH3CLN,0, CHN
3y (CH,);N(CH,CH,OH), 3,4-Cl,-C¢H, 112-115 68 H T-CH)CN CpsHyCI3N30,-0.8H,0 C,H,N,CLH,0
3z (CH,);NHCH,CH,OH 3,4-C1,-C¢H, 187-188 83 H R-C,HOH CpH4C13N30; C,H,N,Cl
3aa 4-CgH,o-N(C,H;), 3,4-C1,-C¢H, 144-149 97 H T-nCHg CygH3,Cl3N;0,-0.4H,0 C,H,N,CLH,0
3bb H 3-CF3-CgH, 248 dec 90 H¢ T-C,H;OH CyH,CIF;N,0, CH,N
3ce (CH,),NHCH,CH=CH, 3-CF;-CgH, 198-200 73 H  R-ether Cy5Ho5CIF;N,0, C,H,N,CLF
3dad 3-C¢H,-CH,N(C,H;), 3,4-C1,-CgH, 100-105 32 Hf R-CHClL CyHggCl3N30,-1.1H,0 C,H,N,CLH,0
3ee (CHy);N(CH,), (CHy); 185-187 88 H T-CiH,, Cy3H3CIN,O, C,H,N,Cl
3ff CH,CH(C,H;)NH-n-C H, 3-CF3-CgH, 167-168 100 H TnCHg CyeHj, CIF;N;0, CHN,CLF
3gg (CHp),N(n-CHy), 3-CF;-CH, 169.5-170.5 88 H T-nCHg CyoHgsCIF3N,0, CHN,CLF
3hh (CH,);N(CH,), CH(CH,), 106-113 74 H R-CH)CN CyHyCINgO,-0.5H,0 C,H,N,H,0
3ii (CHy)sNH-n-CH, 3,4-Cl,CeH, 142-144 36 H  R-CHCO,C.H; CyH2CIN;0,0.3H,0 CHNH,0
3jj (CH,)3;N(C,H;)CH,CH,OH 3,4-Cl,-CeH, 87-90 79 H R-CHCN CysH24Cl3N;05-0.5H,0 C.H,NH,0
3kk (CH,);N(CH,CH,),N(CH;) 3,4-Cl;-CeH, 200-202 90 H  T-CH,CO.C,H, CyHyCL3N,O, CHN
3 (CH,)N(CHy), 3-CF3-CeH, 144-148 88 H T-nCHy CogHyCIF;N;0, CHN,CLF
3mm  CH,C(CH,),CH,N(C,H;), 3,4-Cl,-CeH, 197-199 70 H  R-CHCO,C.H; CosH3,CIsN50, CHN
3nn (CHy)sN(CH,), 3-CF3-CgH, 120-124 95 H T-nCHg CyHjy, CIF3N;0, C,H,N,CL°F
300 CH,CH(CHyN(CH,), 3-CFy-CeH, 168-171 81 H R-CeHg CyHygCIF;N,0, CHN
3pp (CHy);N(CH,), 3-CF;-CgH, 165-166 83 H T-nCHy CHyCIF;N05-0.25H;0 C.HNH,0
3aq (CHp;N(CHy), 3-CF;-CeH, 191-192 52 H  R-toluene CyHysCIF3N,0, CHN,CLF
3rr (CHpN(CHy);s 3-CF;-CgH, 167-170 dec 38 H° T-CHyCO.C,H; CqH3sCIF3N;0,1.5HCI1.1H,0 C,H,N,CLF,H,0
388 CH(CH,CH,),N-CH,C¢Hj; 3-CF5-CgH, 133-140 75 H"*  R-toluene, C¢H,, C3HyCIFyN;0,-0.1HCI-0.5H,0 C,H,N,CLCI"F,H;0
3tt (CHy),N(C,H;), 4-CF,;-CgH, 182-183 0 H  R-CHCltol:CgHy, CyHy,CIF;NO, CHNCLF
3uu (CH,);N(CHy), 4-CF;3-CgH, 182-183 80 H  R-CH;Clytol.:CgH,, CyHyCIF3N;O0, CHN,CLF
3vv (CH,)3N(C,Hj), 4-CF3-CgH, 155-157 88 H R-CH,Cl;:tol.:C¢H,, C2H3CIF3N30, C,HN,CLF
Iww (CH)N(C,Hp), 4-CF3-CgH, 122-125 40 H  R-CH,Cl;:CeH,, CoH3;CIF,N;0, CHN,CLF
3xx (CH,);N(CH,CH,0OH), 4-CF3-CgH, 87-90 77 H R-CH,Cl,-ether CHyCIF;N;0, CHN,CLF
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7-Chloro-3-substituted-3,4-dihydro-1,9(2H,10H)-acridinediones
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2R = recrystallized, T = triturated. ®Reactants stirred at ambient temperature overnight and then mixed with additional base under reflux for 1-2 h. ©Qily free base converted to HCI salt.

440% aqueous CH;NH, used as starting amine. ©Excess concentrated NH,OH used as starting amine. /Reactants heated at reflux for 18.5 h and then mixed with additional base at reflux

for 26 h; purified via the HCl salt. #Anal. caled for Cl, 6.49; found, 6.90. *Dihydrochloride of the starting amine utilized; reactants were heated at reflux for 3.5 h, stirred at room temperature

overnight, and then heated under reflux for 3 h. *Purification included chromatography over silica gel.
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anhydrides was utilized to provide a variety of substituents
in the C;~C; positions. N-unsubstituted isatoic anhydrides
could readily be alkylated, and these N-alkyl intermediates
allowed the preparation of several N,,-alkyl acridinediones.
These N,-alkyl acridinediones had very limited antima-
larial activity, and attempts to prepare the imines led only
to aromatized products so this area was dropped.

The possibility existed that the product of the reaction
between the 4-substituted-5-aryl-1,3-cyclohexanediones
and o-nitrobenzaldehyde as well as with isatoic anhydride
could be the 4-substituted isomer 10 and not the predicted
(on steric considerations) 2-substituted isomer 8. To ad-
dress this possibility, a long-range *C-'H NMR correlation
experiment with fixed evolution time (XCORFE),? de-
signed to exhibit coupling between °C and 'H nuclei
separated by two or three bonds, was performed. If the
product was 8 (R; = CHj), a three-bond coupling between
the protons of the 2-CH; group and the 1-carbonyl carbon
should be evident. Such was indeed the case. If, on the
other hand, the product was the 4-methyl analog (i.e. 10,
R; = CH,), no coupling would have been observed due to
the five-bond distance between the nuclei. The same
coupling was observed for the product with isatoic anhy-
dride confirming the structures as 2-substituted.

o) e}
7
X—-\ | ]
YR
Ry Ra

Most N-OH and N-H acridinediones could be deriva-
tized readily by treatment with simple alkylamines. More
difficulty was encountered with isolation of imines from
longer chain amines because of their reduced tendency to
crystallize. The intermediate carbethoxycyclohexanedione
(precursor of 4) could also be isolated and converted to the
corresponding 2-carbethoxyacridinedione but imino de-
rivatives of these analogs could not be prepared, probably
because of the enolic character of the ketone which was
now part of a B-keto ester system.

Several C2-substituted acridinediones and the corre-
sponding imines were prepared. These compounds can
exist as cis,trans isomers. In two cases we were able to
separate the mixtures by column chromatography (9kk,
911, and 9nn, 900). Preliminary stereochemical assign-
ments were made on the basis of the NMR spectra of these
compounds. However since biological activity was not
affected in these cis,trans pairs, further studies to define
their stereochemistry were abandoned.

It was important to examine some of the many features
of this active structure in terms of the role they play in
the biological activity. Exploration of a variety of these
are described below.

To observe the effect of removal of the Cg-0xygen, a few
representative compounds were synthesized (Scheme III).
2-Aminobenzaldehyde or 5-chloro-2-aminobenzaldehyde
was allowed to react with a 5-substituted 1,3-cyclo-
hexanedione in the presence of piperidine to afford the
corresponding 3,4-dihydro-3-substituted-1(2H)-acridinone.
Treatment of this with N,N-dimethyl-1,3-propanediamine
and a catalytic amount of p-toluenesulfonic acid gave the
imine derivative, whereas oxidation with m-chloroper-
oxybenzoic acid provided the N,g-oxide.

Alternatively, introduction of an amino side chain at Cy
was accomplished by two separate pathways. In the first
(Scheme IV) 2-amino-5-chlorobenzonitrile was allowed to



Table IV. Imines of 3,4-Dihydro-1,9(2H,10H)-acridinediones

R
o N
8 Iy
Rs 7 I 2
3
6
5 ';J 10 4 RZ
Rs
yield, purification analysis
no. R, R, R; R, mp, °C purified % proc. solvent(s)® formula (+0.40)
9a (CH,);N(CH,), 3,4-Cl,-C¢H; H Cl 216-219 64 H R-C,H;OH CyHy CIsN,O CHN
9h (CH,)3N(CHy), 4-CF3-CgH, H Cl 211-213 89 H none CysHosCIFgN;O C,H,N,CLF
9¢ (CH,);N(CH3y), CeHjy H Cl 164-165 75 H none Cy3H3CIN;O C,H,N,Cl
9 (CH,);N(CHy), 3-CF;-CeH, H Ci 205207 58 H R-C,H;OH CysHyCIF3N,O CHN
Ye (CH,);CH, 3,4-Cl,-CgHj, H Cl 295298 dec 82 H R-DMF Cy3Hy CLN,O CHN
9f  (CHp),N(C,H,), 3.4-Cl,-CeH, H cl 273-275 dec 80 H RDMF CasHyCLNO CHN
9% (CHy),N(CHj), 4-CF3-CH, H 1 227-229 86 H none CosHysFsINSO C,H,N,F,I
9h (CH)CH(CHy)N(CH;), 4-CF4-CgH, H Cl 275-276 91 H none CosHysCIFN,O CHN
9 (CHy),N(C,H,), 4-CF4-CgH, H Cl 233235 69 H none CyH4,CIFgN,O CHN
9j (CH,);N(C,H;), 4-CF3-CeH, H Cl 148-152 77 H R-C¢H,p C;HyCIFgN,O CHN
9k (CH,,CH,3 4-CF3-CgH, H Cl 262-266 78 H R-DMF CqoH,CIF;N, 0 CHN
9 CH(CHg)(CH,);N(C,Hy), 4-CF;-CgH, H Cl 141-143 53 H R-CH,CN CqyH33CIF;N,0 CHN
Sm  (CHp)N(C,H,), 4-CFy-CgH, H a >300 29 H  none CyaHyCIF;N;00.5H,0 C.HN,H,0
Sn  (CH,),N(CH,), 2-Cl-CH, H a 154-157 82 H  none CaHyxCLN,O CHNCI
90 (CH,)sN(CH,), 4-CF;-CeH, H NO, 245-246 69 H R-CH,Cl,-CH3CO,Et  CosHyF3yN,Oq CHN,F
9p  CH,C(CH,),CH,N(C,H), 4-CF;-CgH, H Ct 172-174 79 H R-C,H,OH CogHgyCIFNO CHN
9q (CH,)3N(CHjy), 4-CF4-CgH, H C,H; 206-208 69 H none CyHyFgN;O CHNJF
9r (CH,)sN(CH,), 4-C¢H,;-CsH, H Cl 217-218 82 H none CyHgeCIN;O C,H,N,CI
9s (CHp)sN(CHy), 4-CF4-CgH, H Br (5-Br) 186-187 89 H none CogHyBr,F3N,O C,HNBrF
9t (CH,);N(CHj), 4-CF3-CeH, H Br 224-225 69 H none CysHysBrF3N;O C,H,N,Br,F
%u  (CH,);N(CHy), 4-CF3-CeH, H H 197-200 52 H none CosHpgF3sN,O C,H,N,F
9v (CH2)sN(CHy), 4-CF4-CgH, H OCH,4 228-232 71 H none CogHygF3N3O, CHN,F
Sw  (CHp),N(CHy), 4-CF-CgH, H Cl(5-C)  163-165 81 H  none CasHy CLFsN,0 CHN,CLF
9x  (CH,),N(CH,), 4-CF,-CH, H F 221-223 81 H  none CysHyF N3O CHNF
9y  (CHy,N(CHy), 20CH,CcH, H a 184-185 62 H R-CHOH Cy:HyCINO, CPHN,Cl
9z (CH,);N(CH,), 4-CH;-CgH, H Cl 213-215 68 H R-CH,;CO,C,Hy Co;HysCIN;O C,H,N,C1
%aa (CHy),N(CH,), 2,4-Cl-CgHj, H Cl 168-170 39 H R-CH,CL,-CH,CO.Et C,H,C I N;0 CH,N,Cl
9bb  (CH,),N(CH,), 2,4-Cl-CgH, H HGC) 206207 96 H  none CyHCIN,0 CHN.CI
Scc  (CHp)N(CHy), 4.CF4-C;H, H H(8Cl)  249-250 60 H° R-CH,0H-CH,COEt CyHyCIF;N,O- C.H,N,CLCI,
2HCI-0.1H,0 FH,0
9dd  (CH,);N(CHy), 4.CF;-CoH, H CF, 201-204 94 H R-CHCL-CH,, CyeHysFN;O CHNF
See  (CH,);N(CH,), 40CH,CH, H ca 204205 53 HY R-CHCL,CH,0H  CyuHyCIN,0, C.HN,Cl
off (CH,);N(CHy), 2,4-Cl,-C¢H; H H (5,8-Cl,) 185-187 67 H R-CH;CO,C,H; C,HysCLLN,O C,H,N,C1
9gg (CHp);N(CH,), 4-CHN H Cl 208-210 84 H R-CH,Cl,-CH;COEt C,3HyCIN,O CH,N,C1
9hh (CH,);N(CHy), 4-SCH;-CgH, H Cl 203-205 81 H R-C,H;OH Co5HCIN;OS CHN
9ii  (CHp)yN(CH,), 4-NO,-CeH, H Cl 202-205 60 H R-C,H;0H CyHy5CIN, O, CHN
95§  (CHy);N(CH,), 2-C;HN H Cl 168-170 73 H none Cy3HyCIN,O CH\N,CI
9kk (CHy);N(CH,), 3,4-Cl,-CeH, H (cis-2-CHy) Cl 147-150 21 H¢ R-CH,CN CosHagCIsN,O CH,N
9ll (CHy);N(CHy), 3,4-Cl,-CeH, H (¢rans-2-CH;) Cl 229-231 5 H¢ R-C,H,OH CysHyCI3N,0 CHN
9mm (CH,);N(CH,), 3.4-Cly-CeH, H c 198-200 84 H R-CHCN CaoHiCIN,0 CHN
(2-C¢Hy)*
9nn  (CH,);N(CH,), 4-CF3-CgH H (cis-2-CHy) Cl 169-170 20 H¢ R-CHCl;-CH;0H CyHyCIF3;N,O C,H,N,Cl
90 (CHy;N(CHy), 4-CF3-CeH, H (trans-2-CH;) Cl 171-172 22 H¢ R-CHCl;-CH,0H CyHyCIF3;N;O CHN,C1
9pp  (CHp);N(CHy), 4-CF4-CH, H (2-C,Hy)* a 117-120 ” H  Reetherpet. ether  CyHyxCIF,N,0 C.HN.CLF
9qq (CH,);N(CHy), 4], 3-CF3-CgH, H a 228-230 63 H RCHOH CasHy CLF,N,0 CHNCI
9rr (CH,);N(CHy), 2,4-Cl,-CgHj3 H (6-C) H 200-201 69 H  none CyH,,CL5N;0 C,H,N,C1
988 (CHy),N(C,H;), 2,4-Cl,-CgHj H Ci 223-225 90 H none CysHyCl3NO C,HN,C1
stt  (CHy);N(CHy), 3,4-Cl,-C¢H, H (2-CH,-C¢H;)* Cl1 >69 71 H¢ R-CHCl;-CH;0H C;3;H3C3N;0-0.5H,0 C,H,N,H,0
9uau (CH,)yN(CHy), 2,4-Cly-CgHy H (2-CHy)* Cl 165-178 36 H R-ether—pet. ether Cy5HpsClN;0 C,H,N,C1
Svv  (CHpN(C,Hy), 2.4-Cly-CeHy H a 157-161 80 H  none CpHy,CLN,0 CHNCI
Sww (CH,),N(CH,), 2,4-Cly-CeH, H a 176-177 74 H/ T-CH,OH-ether CaogHyCLN,O CHNCI
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7-Chloro-3-substituted-3,4-dihydro-1,9(2H,10H)-acridinediones
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160-162 (p.s.)
173-175
157-160
135-137
229-231

260 dec

153-154

6-Cl)

i==f=rhrho~Fe g e of-og-

4-Cly-CeHy
4-012-001'13
4—Clz-Ca,H3
4'CITC5!'[3

4-CF,-CgH,

4-CFy-CgH,

2,4-Cl, CoH,

2,4-Cl,-CgH,
recrystallized, T = triturated. ®Anal. calcd for C, 68.55; found, 68.02. Crude free base converted to HCl salt. 9 Purification included chromatography through silica gel. *Cis,trans

mix. YDMF used in place of ethanol. 8 Excess concentrated NH,OH used as starting amine. *Reaction stirred 1~2 min with DMF as solvent to prevent dimer formation.
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9yy CH,CH(C,Hy)NH-n-CH, 2
Scce H

(CH,),NHCH,CH,0H

9ddd (CH,);N(CH,),
(CH,),NH,
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react with a 5-substituted-1,3-cyclohexanedione in the
presence of p-toluenesulfonic acid to afford 5-chloro-2-
[(5-substituted-3-oxo-1-cyclohexenyl)amino]benzonitrile.
Zinc chloride effected cyclization to 9-amino-7-chloro-
3,4-dihydro-3-substituted-1(2H)-acridinone which when
allowed to react with iodomethane and sodium hydride
furnished 7-chloro-3,4-dihydro-9-(methylamino)-3-sub-
stituted-1(2H)-acridinone. The alternative pathway
(Scheme V) involved treatment of 7,9-dichloro-3,4-di-
hydro-3-[4-(trifluoromethyl)phenyl}-1(2H)-acridinone with
N,N-dimethyl-1,3-propanediamine to give 7-chloro-9-
[[8-(dimethylamino)propyl}amino]-3,4-dihydro-3-[4-(tri-
fluoromethyl)phenyl]-1(2H)-acridinone. The dichloro
compound had been prepared by chlorination of 7-
chloro-3,4-dihydro-3-[4-(trifluoromethyl)phenyl]-1,9-
(2H,10H)-acridinedione with phosphorus oxychloride.
Unfortunately, all such major structural changes resulted
in elimination of antimalarial activity.

Suppressive Antimalarial Screening in Mice

All of the compounds listed in Tables II-IV were tested
initially against a normal drug-sensitive strain of Plas-
modium berghei by the parenteral route. The com-
pounds were dissolved or suspended in sesame or peanut
oil and were administered to mice in a single subcutaneous
dose 72 h postinfection. The antimalarial activites are
summaried in Tables V-VIL.

As a class, the 3-aryl-10-hydroxy-3,4-dihydroacridine-
1,9(2H,10H)-diones are very potent antimalarial agents,
many of them showing curative activity below dosages of
20 mg/kg. The best compounds in this group (Table V)
were the 3-(4-trifluoromethylphenyl) (floxacrine), the 3-
(2,4-dichiorophenyl), the 3-(3,4-dichlorophenyl)-2-methyl,
and the 3-(2,4-dichlorophenyl)-2-methyl analogs.

Contrary to a previous report,?’ we have found that
removal of the N, ,-oxygen does not completely eradicate
antimalarial activity. The N,-H acridinediones that we
prepared generally displayed a high level of activity, albeit
not quite that of their N,;-OH analogs. The two best
compounds in this group were the 3-(2,4-dichlorophenyl)
and the 3-(4-trifluoromethylphenyl) derivatives.

Except for the N,q-allyl derivative, which showed modest
activity, the Ny;-alkyl acridinediones reported here were
all inactive.

Imines of the N;;-OH acridinediones showed activity
roughly comparable to their precursors although some
toxicity was evident at higher doses. Higher molecular
weight sidechains tend to improve activity somewhat
whereas those containing cyclic moieties show a small
decrease.

Imines of the Ny-H acridinediones were surprisingly the
most active compounds synthesized for this study, notably
those of the 3-(2,4-dichlorophenyl) analog. Nearly all of
the imines of 7-chloro-3-(2,4-dichlorophenyl)-3,4-di-

(18) Castle, R.; Adachi, K.; Guther, W. D. Cinnoline Chemistry XII.
The Synthesis of 6-fluoro-4-methylcinnoline and other Cinno-
lines as Potential Antitumor Agents. J. Heterocycl. Chem.
1965, 2, 459-462.

(19) Hardtmann, G. E.; Koletar, G.; Pfister, O. R. The Chemistry
of 2H-3,1-Benzoxazine-2,4(1H)dione (Isatoic Anhydrides) 1.
The Synthesis of N-substituted 2H-3,1-benzoxazine-2,4(1H)
diones. J. Heterocycl. Chem. 1975, 12, 565.

(20) Osdene, T. S.; Russell, P. B.; Rane, L. 2,4,7-Triamino-6-
ortho-substituted Arylpteridines. A New Series of Antima-
larial Agents. J. Med. Chem. 1967, 10, 431-434.

(21) Raether, W.; Durckheimer, W. Abstract of the 4th Intl. Con-
gress of Parasitology. Congress Organizing Committee: War-
saw, 1978; Section D, p 106.
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Table V. Effects of 7-Chloro-3-substituted-3,4-dihydro-10-substituted-1,9(2H,10H)-acridinediones against Trophozoite-Induced P.
berghei in Mice

R, O O
R1J 8 g 2
. . L s )
5 | 10 4 3
R4
AMST or C after single sc dose, mg/kg
no. R, R, R; R, 640 320 160 80 40 20
8a Cl H 3,4-Cl-CsH,q OH 5C 5C 2C (11) 10.8 5.0 3.2
8b Cl H CH(CH,), OH 5C 8.3 3.5 1.7 0.3 0.1
8c Cl H 3-CF;-CeH, OH 5C 5C 3C (13.4) 121 8.8 6.0
8d Cl H 3-CF;-CgH, ONa 5C 3C (16.0) 138 10 7.8 6.4
8e Cl H 3-CFy-CsH, H 5.3 3.3 2.3 0.3
8f H H 3,4-Cl,-C¢H,4 OH 2C (12.6) 1C (770 5.1 31
8g Cl Cl 3,4-Cl,-CgH, OH 0.3 0.1
8h Cl H CiHy, OH 1C (12.7) 6.5 2.9 2.5
8i Cl H 3,4-Cl,-CiH, H 2C (11.2) 1C(102) 1C(1.7) 21
8j Cl H 4-CF;-CgH, OH 3C 34 5C 5C 5C 5C 4C (8.9)
8k Cl H 1-C,H, OH 4C (18.7) 2C(6.7) 6.9 2.3
8l Cl H 3,4,5-(0CH,);CsH, OH 7.0 2.7 1.8 1.3
Sm Cl H 4'Et2NCH2CH2006H4 ONa 53 1.5
8n Cl H 4-Me,NCgH, OH 5C 3C8 1C(66) 58 1.6
80 Cl H 3-Br-CiH, OH 4C (7.9) 1C(10.7) 1C(9.2) 5.9 2.5 0.1
8p Cl H 2,6-Cl,-CeH; OH 2C (11.2) 3C (239 1C(58 5.1 1.5 0.7
8q H H CH(CHy), CH, 0.5 0.2 0.2
8r Cl H CiH; OH 3C(11.5) 2C(9.3) 2C (7)) 56 4.0 1.8
8s Cl H (CHy); OH 0.0 0.2 0.0
8t Cl H CH(CHy), H 4C (14.6) 3C(15.6) 9.6 3.2 1.6 1.0
8u Cl H 3,4-CL,-CgH; CH, 0.2 0.6 0.0
8v Cl H 4-CF;-CcH, H 5C 5C 5C 4C(94) 2C (99 1C (8.9
8w Cl H 24-Cl,-C¢H,4 OH 5C 5C 5C 5C 5C 2C (1.9)
8x Cl H >O H 0.2 0.0 0.6
8y Cl H 3,4-Cl,-CgH; (2-Me) OH 5C 5C 5C 5C 4C (9.6) 3C (7.6)
8z Cl H 4-CF;-CgH, (6-F) OH 5T 5T 5T 5T 5T 9.0
8aa Cl Cl 4-CF3-CgH, OH 2C (9.8) 3C(1.00 2C(7.00 7.8 7.0 4.5
8bb Cl H 4-CF;-CgH, C,H; 1T (0.0) 2T (0.0) 2T (0.0)
8ce Cl H 4-CF3CgH, n-CHy 0.4 0.2 0.2
8dd Cl H 4-CF;-CgH, CH,-C¢H; 1T (0.3) 0.0 0.2
See Cl H 2-Cl-CH, OH 4C (9.0) 1C (4.5) 4.6 1.7
sff 1 H 4-CFs;-CgH, H 04 0.4 0.2
8gg Cl H 4-CF;-C¢H, CH,CH=CH, 4C (15.0) 12.6 1C (8.5)
s8hh Cl H 4-CF;-CgH, n-CeHys 0.1 0.0 0.1
8ii Cl H 2-Cl-CiH, H 1C (9.6) 1C (0.4) 5.5 2.7 1.5
8ij O,N H 4-CF;-CgH, H 1C (6.9) 2.8 4.1 0.7
8kk Cl H \@\ OH 4.1 1.3 0.9
CeH11
sl Cl H 2-CF;C¢H, OH 8.3 4.5 2.7 0.6
Smm Cl H 4-CH;-CgH, OH 6.9 3.1 2.8 0.6 0.8
8nn Cl H 2-OCH;-CgH, OH 3T 2.2 1.8 2.2 0.8
8oo Cl H 4-OCH;-C.H, OH 5.7 46 14 1.2 0.6 0.6
Spp H5Cg H 4-CF3'CSH4 H 0.2 0.4 0.0
8qq Cl H \@ H 1.6 0.2 0.2
CeH11
8rr Cl H 4F-CH, OH 5C 5C 4C (88) 4C(9.8) 2C(194) 50
8ss Br H 4-CF,-C¢H, (5-Br) H 0.0 0.2 0.6
8tt H H (CHy), H 5C 2C (5.6) 3.8
Suu Br H 4-CF;-CgH, H 4C (12.8) 3C (106) 1C (44) 3.0 5.0 3.6
8vv H H 4-CF3-CiH, H 5C 5C 4C (10.8) 8.2 4.6 2.7
sww  Cl H 2-CF,-CgH, H 8.3 8.5 0.7
8xx Cl H 4-CH;-CcH, H 2C (11.7) 2C (8.7) 3.9
8yy Cl H 2-OCH;-C¢H, H 5C 4C (0.7) 8.3
822 H,CO H 4CF,;-CgH, H 4.4 2.3 2.9 0.1 0.3
8aaa Cl H 4-CF;-CiH, (5-Cl) H 0.0 04 -0.2
8bbb H Cl 4-CF,-C¢H, H 5C 5C 8.7
8cce F H 4-CF;-C¢H, H 5C 8.9 7.1
8ddd Cl H 24-ClL,-CgH; H 5C 5C 4C (17.8) 4C (15.8) 3C (181) 2C (10.3)
Seee Cl H 3,4-Cl,-C¢H, H (2-CH,) 5C 5C 5C 5C 3C (10.8) 8.2
8fff H Cl 2,4-Cl,-CgH,4 H (5-Cl) -0.1 0.3 0.1
8ggg H H 2,4-Cl,-CgH; H (5-Cl) 4T (20) 2T (.00 2T (1.3) 1T(.3) 1T (13) 1T (0.3
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AMST or C after single sc dose, mg/kg

no. R, R, R, R, 640 320 160 80 40 20
sShhh CF, H 4-CFy;CeH, H 0.1 0.1 0.1
8iii ClT H 4COH-CH, OH 4T (0.9) 1T (~0.1) -0.1
835 Cl H 4-OCH;CgH, H -0.1 0.1 -0.1
skkk Cl H 4.CHN OH 2.0 0.2 0.0
81l Cl H 4CHN H 2.2 0.8 0.2
Smmm Cl H 4-SCH,-CgH, H 124 8.6 44
snon Cl H  4-NO,yCH, H 2C (13.3) 46 0.8
8000 Cl H 4CFyCeH, H(2-CHy) 16 1.2 0.6
sppp Cl  H  4-CF,CiH, H(2-CHy 4C@88) 5C 2C (12.8) 175 5.7 3.9
8gqqq C H 2CHN H 44 7.3 2.4 L1
srrr Cl H 3,4-ClL-CeH, H (2-CHy) 14 0.4 0.0
8sss CI H 4CL3-CF;CH, H °C (57 1C(.0) 1C(15 11 0.7 0.9
8ttt Cl  H 24-Cl-CeH, OH (2-CH; 5C 5C 5C 5C 5C 2C (10.7)
suwuu H H 24-CL-CeH, H (6-Cl) 1.3 0.1 0.1
swww Cl  H 24-CL-CeH, H(2-CHy)  5C 9C (17.1) 2C (151) 2C (10.8) 1C (9.3) 82
gwww Cl H 4-CF,-CeH, OH (2-CH; 5C 5C 5C 2C (14.1) 7.8 5.2
sxxx Cl H H H (2-CHy) 0.0 0.0 0 0.2
S8yyy H H 4CF-CgH, H (6-C]) 0.4 0.2 04

hydro-1,9(2H,10H)-acridinedione were totally curative at
20 mg/kg. Two of these, the N,N-(dimethylpropyl)imino
and the N,N-(diethylethyl)imino analogs, were curative at
doses as low as 5 mg/kg.

In general, for all of these compounds a C;-aryl sub-
stituent is necessary for high activity. At C; alkyl sub-
stituents impart marginal activity or are completely in-
active. Among Cs-aryl groups activity is enhanced by
electron-withdrawing groups (e.g. halogen(s), CF;) and
diminished by electron-donating groups (e.g. OCHj,, (OC-
H;);, CH,).

Methyl groups in the C,-position are well tolerated in
terms of antimalarial activity. Ethyl and phenyl groups
at C, have deleterious effects, the latter greater than the
former.

For these compounds, the Cq;-chlorine is necessary for
the highest degree of activity. Unsubstitution or multi-
substitution in positions C;—C; give agents of lowered ef-
fectiveness.

Our limited experience with acridinediones containing
reduced functionalities at C, or C, indicates the diketo or
keto—imino groups are necessary for activity.

Walter Reed Army Institute of Research submitted
imine 9aa for advanced studies in monkeys. Floxacrine
in these studies administered for 3 days against infections
of the Uganda Palo Alto (chloroquine sensitive) strain at
doses up to 16.0 mg/kg led to recrudescences consistently.

(e} NCH2CH2CH2N(CH3)2

”lc.

Saa

At 16.0 mg/kg only two of six animals were cleared of the
parasitemia, i.e., cured. In contrast imine 9aa cleared
primary parasitemias of this strain at doses as low as 1.0
mg/kg. Cures were obtained at 4.0 mg/kg. Moreover 9aa
was similarly effective against a chloroquine-, quinine-, and
pyrimethamine-resistant (Smith) strain with clearance of
parasitemia at 1.0 mg/kg, three to four cures at 4.0 mg/kg
and complete cures at 16.0 mg/kg. In addition the N-
hydroxy analog 3kkk effected parasite clearance against
the resistant Smith strain at doses of 4.0, 8.0, and 16.0
mg/kg, and four primary infections were cured at doses

of 8.0 and 16.0 mg/kg. Against the Uganda Palo Alto
strain it cleared parasitemias through 2.0 mg/kg, cured one
of two animals at 2.0 mg/kg, two of three animals at 4.0
mg/kg, and all animals at 8.0 and 16 mg/kg. Thus the
acridinedione imines possess potent antimalarial proper-
ties, with the exciting potential for overcoming drug re-
sistance. Further studies are in progress at Walter Reed
toward a trial of one of these agents in man.

Experimental Section

Melting points were taken on a Thomas-Hoover capillary
melting point apparatus. Satisfactory IR and NMR spectra were
obtained for all compounds. The IR spectra were recorded on
a Nicolet 205X FT/IR. Mass spectra were obtained on a Finnigan
4000 mass spectrometer with an INCOS 2300 data system using
direct introduction, electron impact at 70 eV, and 150 °C. Routine
proton magnetic resonance spectra were recorded on a Varian
EM-390 or X1.-200 spectrometer operating at 90 or 200 MHz,
respectively. Chemical shifts are reported in é units in parts per
million downfield from internal tetramethylsilane; coupling
constants are in Hertz. The XCORFE spectra for 8y and 8eee
were recorded on a Varian XL-300 spectrometer equipped with
a Varian 5-mm broad-band switchable probe tuned for 3C (75
MHz) on the observe coil and 'H (300 MHz) on the decoupler
coil. The sample concentration in each case was 60 mg in 0.6 mL
of TFA-d. The XCORFE spectra were obtained in absolute value
mode by acquiring 256 blocks of 2048 complex data points over
a 1%C sweep width of 15552.1 Hz for 8eee and 15267.2 Hz for 8y
and a 'H sweep width of 3631.1 Hz for 8eee and 2919.7 Hz for
8y. A fixed evolution time of 3.57 ms and a 35- or 44-ms refocusing
delay after the final Bird pulse were utilized. Filters were applied
to the ¢, fids (RE = 0,004, AF = 0.016 for 8eee; SE = 3.18, AF
= (.04 for 8y) and the ¢, interferograms (RE = 0.004, AF = 0.018
for 8eee; SE = 3.18, AF = 0.053 for 8y).

The COSY spectra for 11 and 12 were acquired on a Varian
XL-300 spectrometer operating at 300 MHz in absolute value
mode. The sample concentration was 15 mg in 0.6 mL of
DMSO0-d;. The COSY experiments were performed using 256
blocks of 1024 complex data points over the entire 'H spectrum
using a 45° observe pulse to minimize diagonal elements. Filters
were applied to ¢, fids (RE = 0.012, AF = 0.046 for 12; RE = 0.014,
AF = 0.057 for 11) and the ¢, interferograms (RE = 0.006, AF
= 0.023 for 11; RE = 0.007, AF = 0.028 for 12).

Procedure A. The aldehydes used in Scheme I were generally
obtained from commercial sources. The two, whose preparation
are shown below, were synthesized in our lab on the basis of
literature procedures.

4-Cyclohexylbenzaldehyde.? A mixture of 25.3 g (0.15 mol)
of cyclohexylbenzene, 21.0 g (0.15 mol) of hexamethylenetetr-
amine, and 300 g of trifluoroacetic acid was heated under reflux
for 17 h. Concentration of the reddish-brown solution in vacuo
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Table V1. Effects of Imines of 7-Chloro-3-substituted-3,4-dihydro-10-hydroxy-1,9(2H,10H)-acridinediones against Trophozoite-Induced
P, berghei in Mice

OH
AMST or C after single sc dose, mg/kg
no. NR B 640 320 160 80 40 20
3a N(CH,);N(Me), 3,4-Cl,-CgH,4 5C 5C 5C 3C (17.2) 3C (127 171
3b N(CH,),CH, 3,4-Cl,-C4H, 5C 5C 3C 9.9) 83 6.1 2.5
3¢ N(CHg)aN(Me)z 4'CF3'CsH4 5T,1C 3T,ZC 2T,3C 4C 5C 5C
3d N(CH,),N(Et), 3,4-Cly-C¢H; 5C 5C 5C 3C (127) 3C(8.8) 1C(10.5)
3e NO(CHz)zN(Etz) 3,4'CIQ'CGH3 8.7 3.7 2.1 0.9
3f N(CH,);N(Et), 3,4-Cly-CgH, 5C 5C 4C (12.7) 2C (11.7) 8.5 5.3
3g N(CH,);N(Me), 1-naphthyl 5C 4C 47 1C3) 171 2.6
3h N(CH,);N(Me), 3,4,5-(OMe);C¢H, 4.3 4.0 1.0
3i N(CH,);N(Me), 3-CF3-CgH, 5C 5C 4C (12.4) 9.6 6.9 4.8
3j N(CH,)¢CH;, 3-CF;-CgH, 5C 5C 3C (5.0) 2.8
3k N(CH,);0CH; 3-CF3-CgH, 5C 3C (13.8) 1C(.1) 1.0
31 NCH,C¢H,-3,4-Cl, 3-CF;-CgH, 5C 2C (11.5) 8.4 44
3m N(CHz)'yN(Me)g 3,4'Clz'CGH3 5C 5C 5C 11.3 6.5
3n N(CH,);N(CH,); 3,4-Cl,-C.H,4 5C 5C 4C 87) 9.2 5.9
3o NCH(CH;)(CH,);N(Et), 3,4-Cl,-C;H, 5C 5C 5C 1C (9.6) 1C (6.1)
3p N(CH,);N(Me), 4-Me;N-CgH, 5C 3C (74) 6.8 0.9
3q N(CH,);SCH; 3,4-Cl,-C¢H,4 1C (8.7) 4.1 1.7
3r N(CH,);N(CHy), 2,6-Cl,-CgH, 5C 1C(7.2) 1C(94) 4.1 1.2
3s N(CH,);N(Me), 3-Br-C¢H, 5C 2C (10.2) 9.4 5.3 1.6
3t NCH, 3,4-Cl,-C¢H, 3C (10.8) 10.7 6.4 3.3
3u N @ 3,4-Cly-CeH, 5C 4C (88) 2C(83) 7.2 3.2
N-Et
3v N(CHz)aN(Me)z CGH5 5C 8.8 4.2 1.2 0.6
3w N(CH,),N(Et)CH,C(OH)(CH,), 3,4-Cl,-C¢H,4 5C 5C 4C (8.0) 8.2 6.3
3x N(CH,),N{CH,CH(CH;),], 3,4-Cl,-C¢H,4 5C 1C (13.0) 2C (9.7 1C(63) 1C(5.3) 386
3y N(CH,);N(CH,CH,0H), 3,4-Cl,-C¢H,4 5C 5C 4C (106) 1C(79) 5.6 1.2
3z N(CH,);NHCH,CH,0H 3,4-Cl-CgH, 5C 4C (11.6) 3C(96) 1C(79) 6.6 2.0
3aa _<:>_ 3,4-Cl-CgHj, 5C 3C (12.1) 5C 7.2 5.6
N N(Et)2

3bb NH 3-CF;-CgH, 8.2 7.6 3.8 34 1.4
3ce N(CH,),NHCH,CH=CH, 3-CF3-CgH, 5C 5C 5C 1C(84) 2C(9) 3.0
3dd N_@ 3,4-Cl,-CoH; 4C (42.6) 4C (22.6) 2C (10.3) 8.0 6.6 1.6

CH2N(Et);
3ee N(CH,);N(Me), (CH,)s 5T 5T 5T
3ff NCH,CH(Et)NHBu 3-CF;-CgH, 5C 5C 5C 1C (10.9) 6.8 5.6
3gg N(CH,);N(Bu), 3-CF3-CgH, 5C 5C 3C (116) 1.0 1C (9.6) 54
3hh N(CH,);N(Me), (CH,), 2.8 0.4 0.2
3ii N(CH,);NHBu 3,4-Cl,-C¢H,4 5C 5C 4C (106) 1C (9.1) 94 4.4
3jj N(CH,);N(Et)CH,CH,0H 3,4-Cl,-C¢H, 5C 5C 3C(10.1) 1C (9.6) 8.6

S\ -Cl,-
3kk N(CH,)sN N-Me 3,4-Cly-CgH, 5C 5C 5C 10.6 7.4

—/
B3 N(CH,)N(CH,), 3-CF3-C¢H, 5T 4T (0.5) 5T 3.7 3T (4.6)
dmm  NCH,C(CH,),CH,N(Et), 3,4-Cl,-CH, ’ 5C 4C (13.6) 4C (14.6) 2C (10.3) 1C(9.6) 4.0
3nn N(CH,);N(CH,), 3-CF3-CeH, 5T 5T 4T (0.6)
300 NCH,CH(CH;)N(Me), 3-CF;-CgH, 5C 5C 4C (86) 9.2 1C (11.9) 4.0
3pp N(CH,);N(CH,), 3-CF3-CgH, 4C (25.6) 5C 3C (96) 6.0 6.2
3qq N(CH,),N(CH,), 3-CF;-CcH, 4C,1T 5C 4C (9.6) 8.0 6.6
3rr N(CH,)¢N(CH,); 3-CF;-C¢H, 5T 5T 2C,3T 6.4 4.0
388 _C 3-CF;-CgH, 1C (11.1) 8.4 2C (8.6) 3.8 6.8

N NCH2CgHs

3tt N(CH,),N(Et), 4-CF;-C,H, 3C,2T 4C,1T 4C,1T 5C 2C (10.8) 1C (10.5)
3uu N(CH,);N(CH,), 4-CF3-CgH, 1C AT 3C,1T 5C 5C 2C (10.8) 1C (11.0)
3vv N(CH,);N(Et), 4-CF3-C¢H, 5T 2C,3T 2C,3T 2C,3T 3C (16.8) 2C (10.1)
Sww N(CH,),N(Et), 4-CF;-CgH, 4T 4C 5C 5C 4C (10.5) 2C (14.0)
3xx N(CH,);N(CH,CH,0H), 4-CF3-CH, 5C 5C 5C 1C (9.5) 4C (14.8) 2C (12.0)
3yy N(CH,);N(CH,); 4-CF3-CH, 1C 4T 5C 5C 3C (12.0) 3C (10.0) 8.5
3zz NCH,C(CH,;),CH,N(Et), 4-CF4-C¢H, 3C,2T 5C 5C 4C (12.5) 3C (11.2) 3C (13.0)
3aaa N(CH,);N(Et), 3,4,5-(0Me);-CcH, 6.1 0.7 0.4
3bbb  N(CH,);CH; 4-CF;-CgH, 5C 5C 5C 3C (10.2) 1C (85 53
3cee N(CH,),CH, 4-CF;-CgH, 4C,1T 3C (1470 5C 5C 4.3
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AMST or C after single sc dose, mg/kg

no. NR B 640 320 160 80 40 20
3ddd N(CH,);N(CH,), 3,4,5-(OMe);-C¢H, 6.4 0.6 0.2
3eee NCHgC(CHa)gCHgN(Et)z 3,4,5'(0Me)3'CsH2 4.7 0.7 0.5
3fef N(CH,),NHCH,CH=CH, 4-CF3-CgH, 5T 5T 5C 1C,3T 2C (84) 1.8
3ggg N(CH,);sN(CH,)s 3,4,5-(0CHy)s-CeH; 1T (4.5) 14 0.3
3hhh  N(CH,),N(C,H,), 345-(OCH,)y-CH, 6.0 5.0 L2 0.8
3iii N(CH,);NHCH,CH,OH 4-CF;-C¢H, 1C 4T 4C1T 5C 5C 3C (10.7) 6.4
35§  NCH,C[NH(CH,),CH,JHCH,CH, 4-CF,-CiH, 4CAT  5C 5C 4C 2C (17 2C (6.0)
3kkk  N(CH,);N(CHy), 2,4-Cl,-CeH, 4C,1T 5C 5C 5C 5C 4C (10.6)
31 N(CH,);N(CHjy), 2-Cl-C¢H, 5T 1T (4.0 2T (3.0)
3mmm N(CH,);N(CHjy), \@\ 5C 3C (9.4) 5.0

CeH1s

3nnn  N(CH,);N(CHy), 9-CFy-CeH, 5C 5C 4C 80) 1C (15 338
3000  N(CH),N(CH,), 9-0CH,-C¢H, 5T 5T 1T (0.3)
3ppp  N(CH,);N(CH,), 4-OCH;-C¢H, 3C(84) 6.5 0.7 0.1
3qaa  N(CH,);N(CH,), 4-CH,-CgH, 4C(10) 2C (60) 30 18 0.2
3rrr N(CHz)aN(CHs)z 4'C§H4N 14 0.0 0.0
3sss N(CH,);N(CHj,), 2,4-Cl,-CgHy(2-CH;) 1C (1.8) 4C (2.8) 5C 4C (16.8) 5C 1C (11.1)
3ttt N(CH,);N(CHy), 4-CF3-C¢H,(2-CH;) 5T 5T 5T 5C 2C (10.2) 8.1

yielded 25 mL of an oil which was taken up in 1200 mL of ice-
water, and the resulting two-phase mixture was stirred for 45 min.
Saturated aqueous potassium carbonate was added until the
mixture was clearly alkaline and then it was extracted with ether.
The extract was dried over magnesium sulfate and concentrated
in vacuo to yield 29.0 g of an oil which consisted of 92% of a major
component according to gas chromatography and showed strong
aldehyde bands in the infrared spectrum at 2740 (C(0)—H) and
at 1705 (C=0) cm™. Yield = 95%.

4-[Bis(methylthio)methyl]-1-chloro-2-(trifluoromethyl)- .

benzene.® To a stirred mixture of 4.70 g (0.19 mol) of magnesium
granules in 200 mL of freshly distilled tetrahydrofuran was added
dropwise 41.78 g (0.16 mol) of 5-bromo-2-chlorobenzotrifluoride.
After complete dissolution of the magnesium a solution of 20.00
g (0.16 mol) of methyl [(methylthio)methyl]sulfoxide in 20 mL
of tetrahydrofuran was added dropwise and stirring was continued
for 5 h at room temperature. The reaction mixture was filtered,
and the filtrate was poured into 500 mL of 1 N hydrochloric acid.
The organic layer was separated, and the aqueous layer was
extracted with chloroform (500 mL X 2). The organic solutions
were combined, dried over magnesium sulfate, filtered, and
concentrated in vacuo to give a brown oil. The IR and NMR
spectra were consistent with the desired product. It was used
directly in the next step without further purification.

4-Chloro-3-(trifluoromethyl)benzaldehyde.? To a mixture
of 45.00 g (0.16 mol) of crude 4-[{bis(methylthio)methyl}-1-
chloro-2-(trifluoromethyl)benzene, 40 g of silica gel, and 40 g of
water was added, dropwise, a solution of 37.80 g (0.28 mol) of
sulfuryl chloride in 100 mL of chloroform. The mixture was stirred
at 0 °C for 2 h, after which 10 g of anhydrous potassium carbonate
was added, and the stirring was continued for another 10 min.
The resulting mixture was extracted with chloroform (500 mL
X 3) and filtered. The filtrate was washed with water, dried over
magnesium sulfate, and filtered, and the solvent was removed in
vacuo to give a brown oil. Distillation under reduced pressure
afforded 28.54 g (86%, 2 steps) of a colorless liquid, bp 54 °C (10
mm). The IR and NMR spectra were consistent with the desired
product.

4-(4-Methylphenyl)-3-buten-2-one.?* A mixture of 17.0 g
(0.14 mol) of 4-methylbenzaldehyde, 80 mL of acetone, and 12.5
g of 50% aqueous sodium hydroxzide in 450 mL of water was

(22) Smith, W. E. Formylation of Aromatic Compounds with Hex-
amethylenetetramine and Trifluoroacetic Acid. J. Org. Chem.
1972, 37, 3972-3973.

(23) Hojo, M.; Masuda, R.; Saeki, T.; Fujimori, K.; Tsutsumi, S. An
Alternative Synthetic Method for Aldehydes, Reaction of
Methyl Methylthiomethyl Sulfoxide with Grignard Reagents.
Tetrahedron Lett. 1977, 3883-3886.

(24) Johnston, R. L.; Jones, L. A. Preparation of m- and o-Substi-
tuted Benzalacetones. J. Chem. Eng. Data 1971, 16, 112-1186.

stirred at room temperature for 3 days. The mixture was extracted
with chloroform, and the organic extracts were combined, dried
over magnesium sulfate, filtered, and concentrated in vacuo to
provide 22.9 g (97%) of the title compound as a yellow oil. This
material was shown by VPC to contain 96% of a major component
and was used as is in the next step.

5-(4-Methylphenyl)cyclohexane-1,3-dione (40).%2" To 3.2
g (0.14 mol) of sodium spheres dissolved in 90 ml of anhydrous
ethanol was added 23.0 g (0.14 mol) of diethyl malonate followed
by 23.0 g of 96% 4-(4-methylphenyl)-3-buten-2-one. The solution
was heated under reflux for 6 h, allowed to cool to room tem-
perature overnight, and filtered to provide a crude solid. The
filtrate was concentrated in vacuo to a gum which was suspended
in water and washed with chloroform to remove unchanged
starting material and other organic-soluble impurities. The
aqueous layer was concentrated in vacuo to a crude solid. This
solid was combined with the crude solid obtained above, 100 mL
of 2 N NaOH was added, and the resulting solution was heated
under reflux for 2 h. To the cooled, basic reaction mixture was
added 100 mL of 5 N sulfuric acid. The suspension which resulted
was heated under reflux for 4.5 h, allowed to cool to room tem-
perature, and filtered to provide, after trituration with toluene
and drying, 21.4 g (77.3%) of the product, mp 180-182 °C.

Compounds in Table I prepared similarly are designated by
procedire A.

Procedure A2. 6-(4-Pyridinyl)-2-hydroxy-4-0x0-2-cyclo-
hexene-1-carboxylic Acid, Ethyl Ester, Monosodium Salt.
A solution of 21.4 g (0.20 mol) of 4-pyridinecarboxaldehyde and
66.9 g (0.21 mol) of 1-(triphenylphosphoranylidene)-2-propanone
in 500 mL of toluene was heated under reflux for 1 h and was
then concentrated in vacuo to dryness. The residual solid was
dissolved in 200 mL of ethanol, and the resulting solution was
added to a mixture of 32.0 g (0.20 mol) of diethyl malonate in
a solution of 4.6 g (0.20 mol) of sodium in 400 mL of ethanol. The
resulting purple-red solution was heated under reflux for 2 h, and
then was concentrated in vacuo to approximately 200 mL. The
suspension was cooled to 0 °C, and the solid was collected. It
was triturated in 100 mL of ethanol to remove pink coloring,
collected, and dried in vacuo at 80 °C for 6 h to afford 44.8 g (79%)

(25) Hinkel, L. E.; Ayling, E. E.; Dippy, J. F. V. Substituted Phe-
nyldihydroresorcinols. J. Chem. Soc. 1935, 539-540.

(26) Neilsen, A. T.; Houlihan, W. J. Org. Reactions 1968, 16, 81.

(27) Method of Borsche, W. Addition of Phenylacetic acid Ethyl
Ester to Unsaturated Compounds. Chem. Ber. 1909, 42, 4496,

(28) Chemistry of Isatoic Anhydride, Commercial Bulletin, Mau-
mee Chemicals.

(29) XCORFE is a standard pulse sequence supplied by Varian whose
details are set forth in: Reynolds, W. F.; Hughes, D. W,;
Perpick-Dumont, M.; Enriquez, R. G. J. Magn. Reson. 1985,
63, 413.



Table VII. Effects of Imines of 7-Substituted-3,4-dihydro-3-substituted-1,9(2H,10H)-acridinediones against Trophozoite-Induced P. berghei in Mice

AMST or C after single sc dose, mg/kg

no. R, R, NR, B 640 320 160 80 40 20

9a Cl H N(CH_);N(CHy), 3,4-Cl,-C¢H,4 5C 5C 5C 4C (11.8) 3C(9.8) 9.2

9 c H N(CH,);N(CH,), 4-CF;-CgH, 2C,3T 2C,2T 3C,1T 5C 5C 3C (10.4)

9¢ Cl H N(CHyp)sN(CHj), <:> 1T (0.4) 0.0 0.6

9d Cl H N(CH,);N(CH,), 3-CF;-CgH, 5C 5C 5C 1C (144) 66

% Cl H N(CH,);CH, 3,4-Cl,CeH, 1T (25) 12 5T 3T (1.5) 4T 5T

of Cl H N(CH,),N(C,Hy), 3,4-Cly-CeH, 5C 3C (20.0) 5C 4C (80) 4C(80) 2C (9.3

9g I H N(CH,);N(CH,), 4-CF3-CgH, 1C,1T 2C (7.3) 3.0

(14.0)

9h Cl H NCH,C(CHy)HN(CH;), 4-CF3-CgH, 5C 5C 5C

9%i Cl H N(CHp),N(C,H;), 4-CF3-CgH, 5C 5C 3C (17.6)

9j Cl H N(CH,);N(C,Hy), 4-CF3-CgH, 3C (0.1) 3C (23.1) 4C (9.6)

9k cl H N(CH,);CH, 4-CF-CeH, 5C 1C (10.1) 6.0

91 cl H NC(CHgH(CH,);N(C,Hy), 4-CF5-CgH, 2C(33) 3C(2T) 5C 4 QaT) 5C 3C (10.8)

9m Cl H N(CH,),N(C,Hy), 4-CF;-CgH, 5C 5C 5C 5C 4C (13.6) 2C (18.6)

9n Cl H N(CH,);N(CH,), 2-Cl-CH, 5C 5C 2C (11.3) 6.3 5.6

% O,N H N(CH,);N(CH,), 4-CF,-CgH, 1C (4T)  3C (2T) 4C (11.6) 1IC(89 54 2.2

9 cl H NCH,C(CHy),CH,N(C.H;), 4-CF;-CgH, 4C (1.3)  4C (49.6) 5C 4C (136) 2C (103) 2C (86)

9q HC, H N(CH,);N(CHy), 4-CF;-CgH, 4T (1.4) 1T (1.9) 0.6

9r Ci H N(CH,);N(CH,), \@ 396 5C 2C (10.3) 7.2 7.0 2.8

CeHiq

9 Br(5Br) H N(CH,);N(CH,), 4-CF5-CgH, 0.4 0.2 0.2

9t Br H N(CH,);N(CHy), 4-CF5-CH, 2C (25.7) 5C 5C 5C 1C(93) 60

9u H H N(CH,);N(CH,), 4-CF;-CeH, 5T 5T 5T 1T (5.3)

9v H,CO H N(CH);N(CH;), 4-CF,-CgH, 5C 5C 2C 8.7 6.1 5.5 0.7

9w Cl(sCh H N(CH,);N(CH,), 4-CF,-CgH,

9x F H N(CH,);N(CHj), 4CF;-CeH, 5T 4T (1C) 4C (14.9)

9y Cl H N(CH,);N(CH,), 2-0CH,;-CH, 2C (6.4) 6.7 1.7

9z Cl H N(CH,),N(CH,), 4-CH;-CH, 2C 9.8)  2C (6.5) 6.6 14 0.8

%aa Cl H N(CH,);N(CH,), 2,4-Cl,-CeH, 5C 5C 5C 5C 5C 5C

3C(136)at10 1C (74) at5

9%b H H (5-CD) N(CH,);N(CH,), 2,4-Cl,-CeH,4 5T 5T 5T 4T 1T 0.5 0.0

9cc H H (8-Cl) N(CH,);N(CH,), 4-CF;-CgH, 5C 4C (24.9) 7.

9dd CF, H N(CH,);N(CHy), 4-CF,-CeH, 5C 71 3.1

Yee Cl H N(CH,);N(CHy), 4-OCH,-CeH, 1C (11.2) 45 0.5

off H H (5,8-Cl,) N(CH,);N(CH,), 2,4-Cl,CH, 0.0 0.0 1.2

9gg Cl H N(CH,);N(CHy), 4C,HN 43 2.5 13 1.3 0.1 0.7

Shh Cl H N(CH,);N(CH,), 4-SCH;-C¢H, 4C (IT)  3C (12.8) 1C (9.8) 1IC (4.6) 34 2.8

9%i o] H N(CH,);N(CH;), 4-NO,-CgH, 1C (11.8) 116 8.6 30 1.0 0.4

9jj Cl H N(CH,);N(CHy), 2-C;HN

9kk Cl H (2-CHy N(CH,);N(CH,), 3,4-Cl,-CeH, 40T 5C 5C 4C (10.7) 4C(21.0) 7.8
ci8

o1l Cl H (2-CH,) N(CH,);N(CH,), 3,4-Cl,-C¢H, 5C 5C 4C (150) 1C(1.2) 53
trans

9mm Cl H (2-CHy) N(CH,);N(CH,), 3,4-Cl,-CeH, 5C 5C 2C (12.2) 1C(14.2) 1.7 31

9nn  Cl H (2-CHy) N(CH,);N(CH,), 4-CF;-CeH, 1T (23) 3.1 4C (3.0) 5C 5C 4C (10.7)
C18

900 cl H (2-CH,) N(CH,);N(CH,), 4-CF5-CgH, 1C 27 4C@3D 5C 5C 5C 1C (11.0)

trans
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of the title compound, mp 262-263 °C. This product was used
without further purification in the next step.

5-(4-Pyridinyl)-1,3-cyclohexanedione (4s8). A turbid solution
of 28.3 g (0.1 mol) of 6-(4-pyridinyl)-2-hydroxy-4-oxo-2-cyclo-
hexene-1-carboxylic acid, ethyl ester, monosodium salt in 75 mL
of 10% sodium hydroxide, and 175 mL of water was heated under
reflux for 2 h and then was filtered through Celite. The clear
filtrate was acidified slowly with 16 mL of concentrated sulfuric
acid, causing some frothing. The resulting solution was heated
on a steam bath for 4 h and then was cooled to 5 °C and neu-
tralized to pH 7 by the dropwise addition of 10% sodium hy-
droxide. The solution was seeded and cooled to induce crys-
tallization. The suspension was kept at 0 °C for 16 h, and then
the solid was collected and washed with water to remove inorganic
salts. Drying in vacuo at 60 °C over phosphorus pentoxide for
16 h provided 13.5 g (71%) of the title compound, mp 195-201
°C. An analytical sample, mp 197-198 °C, was obtained by
recrystallization from N,N-dimethylformamide and drying in
vacuo at 60 °C for 16 h. Anal. (C,;;H,;NO,) C, H, N.

Compounds in Table I prepared similarly are designated by
procedure A2,

Procedure A3. 4-(2,4-Dichlorophenyl)-3-methyl-3-buten-
2-one.*® Hydrogen chloride gas was bubbled into a mixture of
35.00 g (0.20 mol) of 2,4-dichlorobenzaldehyde and 28.80 g (0.40
mol) of 2-butanone for 2 h at 0 °C. The resulting mixture was
kept cool overnight, poured into 300 mL of 2 N sodium hydroxide
solution and extracted with diethyl ether (500 mL X 3). The ether
solution was dried over magnesium sulfate and filtered, and the
filtrate was concentrated in vacuo to give a dark brown solid.
Recrystallization from n-hexane gave 30.50 g (67%) of a white
solid, mp 72-73 °C. The IR and NMR spectra were consistent
with the structure of the desired product.

5-(2,4-Dichlorophenyl)-4-methyl-1,3-cyclohexanedione (4t).
To a solution of 1.93 g (0.084 mol) of sodium spheres in 100 mL
of ethanol was added 12.33 g (0.077 mol) of diethyl malonate. To
the solution was added a solution of 16.04 g (0.070 mol) of 4-
(2,4-dichlorophenyl)-3-methyl-3-buten-2-one in 100 mL of ethanol.
The solution was heated under reflux for 2 h, during which time
a white solid precipitated. The reaction mixture was concentrated
to dryness in vacuo, treated with 150 mL of 2 N aqueous sodium
hydroxide, and filtered. The filtrate was heated under reflux for
2 h, cooled, and acidified with 50% sulfuric acid to pH 2. The
resulting mixture was heated under reflux for 2 h, and the gummy
material solidified when the reaction mixture was cooled. The
solid was collected and recrystallized from acetonitrile to give 7.50
g (40%, three steps) of a pale yellow solid, mp 182-184 °C. The
IR and NMR spectra were consistent with the desired structure.

Compounds in Table I prepared similarly are designated by
procedure A3,

Procedure A4. 5-(4-Nitrophenyl)-1,3-cyclohexanedione
(4w). To a mixture of 1.00 g (0.00531 mol) of 5-phenyl-1,3-
cyclohexanedione in 5 mL of concentrated sulfuric acid, cooled
in an ice bath, was added dropwise 0.37 mL (0.00584 mol) of
concentrated nitric acid. The reaction mixture was stirred at 0
°C for 1 h. The resulting solution was poured into ice—water. The
solid which precipitated was collected by filtration, washed with
water, and recrystallized from acetonitrile to give 0.50 g (40%)
of the product as an off-white solid, mp 225 °C dec. Anal.
(CxH;NOy) C, H, N.

The position of the nitro group was shown to be on the 4-
position of the phenyl group by the para splitting observed in the
NMR spectrum. Note that the product exists not in the cyclo-
hexanedione but in the eneone tautomer illustrated:

0 o}

NO; NOz

NMR (30 MHz, Me,SO-dg): 6 = 2.2-2.9 (m, 4), 3.3-3.7 (m, 1),
53 (s, 1),76(d,J =9 Hz1),81(d,J =9 Hz).

(30) Unterhalt, B. Unsaturated Oximes, 18. (Dichlorophenyl)alk-
enones and Their Oximes. Arch. Pharm. 1978, 311, 262-267.
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Procedure AS5. 3-(1-Pyrrolidinyl)-5-[4-(trifluoro-
methyl)phenyl]-2-cyclohexen-1-one.'*!¢ A solution of 76.87
g (0.3 mol) of 5-[4-(trifluoromethyl)phenyl]-1,3-cyclohexanedione,
42.67 g (0.60 mol) of pyrrolidine, and a trace of p-toluenesulfonic
acid in 500 mL of benzene was heated under reflux, using a
Dean-Stark trap, until 0.3 mol of water had been collected. The
solution was concentrated in vacuo to dryness. The yellow solid
was recrystallized from tetrahydrofuran—ethyl ether to give 83.50
g (90%) of the product as a yellow solid, mp 168-169 °C.

4-Ethyl-3-(1-pyrrolidinyl)-5-[4-(trifluoromethyl)-
phenyl]-2-cyclohexen-l-one and 6-Ethyl-3-(1-
pyrrolidinyl)-5-[4-(trifluoromethyl)phenyl]-2-cyclohexen-
1-one. To a chilled solution (-65 °C) of 7.7 mL (0.055 mol) of
diisopropylamine in 20 mL of dry tetrahydrofuran under nitrogen
was added dropwise 23.1 mL (0.055 mol) of 15.25% solution of
n-butyllithium in hexane. The mixture was stirred at room
temperature for 30 min. To the resulting solution of lithium
diisopropylamide was cdded dropwise a solution of 15.45 g (0.050
mol) of 3-(1-pyrrolidinyl)-5-[4-(trifluoromethyl)phenyl]-2-cyclo-
hexen-1-one in 150 mL of dry tetrahydrofuran at —65 °C. The
solution was stirred at room temperature for 1 h, following which
4.8 mL (0.060 mol) of ethyl iodide was added at —65 °C. The
resulting solution was stirred at that temperature for 1 h, allowed
to stir at room temperature for 16 h and then poured into a
saturated aqueous solution of sodium chloride. The organic layer
was separated, and the aqueous layer was extracted with chlo-
roform (200 mL X 3). The combined organic layer was dried over
sodium sulfate, filtered, and concentrated in vacuo to give a brown
oily residue. It was chromatographed over 500 g of silica gel with
CHCl -acetone = 4:1 as the eluent to provide 10.5 g (74%) of the
major product (R; = 0.5) as an off-white solid, mp 134-135 °C,
and 1.0 g (7%) of a minor product as a white hygroscopic solid
(R; = 0.4). The major product was a mixture of the cis and trans
isomers of 4-ethyl-3-(pyrrolidinyl)-5-[4-(trifluoromethyl)-
phenyl]-2-cyclohexen-1-one and the minor product a mixture of
the cis and trans isomers of 6-ethyl-3-(pyrrolidinyl)-5-[4-(tri-
fluoromethyl)phenyl]-2-cyclohexen-1-one according to their NMR
spectra, gas chromatography analysis, and the precedent of the
pubglished literature.!>1® Anal. Major product (C,gH,,F;NO) C,
H,N,F.

cis- and trans-4-Ethyl-5-[4-(trifluoromethyl)phenyl]-
1,3-cyclohexanedione (4x).!7 A solution of 6.8 g (0.020 mol) of
the mixture of cis- and trans-4-ethyl-3-(1-pyrrolidinyl)-5-[4-
(trifluoromethyl)phenyl]-2-cyclohexen-1-one in 25 mL of ethanol
containing 10 mL of 10% aqueous hydrochloric acid was heated
under reflux overnight. The resulting solution was concentrated
to dryness in vacuo and partitioned between chloroform and 2
N aqueous sodium hydroxide solution. The chloroform layer was
evaporated to dryness to give mainly unhydrolyzed starting
material. The aqueous sodium hydroxide solution was neutralized
with 6 N hydrochloric acid and extracted with chloroform. The
chloroform solution was dried over sodium sulfate and concen-
trated in vacuo to give 2.9 g of the product. The unchanged

starting material which was recovered above from the chloroform

extract was treated similarly to give an additional 1.1 g of the
product. The total yield was 4.0 g (70%), mp 160-163 °C. The
NMR spectrum and gas chromatography analysis indicated that
the product was a mixture of cis and trans isomers of 4-ethyl-
5-[4-(trifluoromethyl)phenyl]-1,3-cyclohexanedione. Anal.
(015H15F302)v C, H.

Compounds in Table I prepared similarly are designated
procedure A5.

Procedure A6. 5-(3,4-Dichlorophenyl)-4-phenyl-1,3-
cyclohexanedione (4aa). To a solution of 4.8 g (0.21 mol) of
sodium spheres in 90 mL of ethanol was added 34.0 g (0.207 mol)
of ethyl phenylacetate, followed by 37.0 g (0.160 mol) of 4-(3,4-
dichlorophenyl)-3-buten-2-one. The dark brown solution was
heated under reflux for 3 h, then diluted with 500 mL of water.
A gum was precipitated from which the supernatant was decanted.
The ethanol-water supernatant was heated on a steam bath to
remove the ethanol. The resulting aqueous solution was acidified
with acetic acid and the light yellow solid which formed was
collected. Attempted recrystallization from ethanol-water gave
an oil. The mixture was concentrated in vacuo to remove the
ethanol and resulted in a milky white solid suspended in the water
and a gum which solidified on the bottom of the flask. The

Kesten et al.

aqueous suspension was decanted, diluted with water and 30 mL
of acetic acid, and filtered to give 19.28 g of the product, mp 85-90
-]

C.

Procedure B. 7-Chloro-3,4-dihydro-10-hydroxy-3-(4-
methoxyphenyl)-1,9(2H,10H )acridinedione (800). A mixture
of 4.5 g (0.030 mol) of 2-nitrobenzaldehyde and 5.0 g (0.023 mol)
of 5-(4-methoxyphenyl)cyclohexane-1,3-dione in 35 mL of con-
centrated hydrochloric acid and 85 mL of glacial acetic acid was
heated at 85 °C for 4 h. The acidic solution was poured into 1.5
L of ice-cold water to precipitate a beige solid. Trituration ov-
ernight with ethanol at room temperature gave 7.0 g (82.7%) of
the title compound, mp 255 °C dec. Anal. (CyH,,CINO,) C, H,
N.

8y: XCORFE NMR (300 MHz, TFA-d) 6 1.30 (d, J = 6.6 Hz,
3), 3.2-3.4 (m, 2), 3.6-3.8 (m, 1), 4.0-4.3 (m, 1),7.29 (d, J = 84
Hz, 1), 7.53 (s, 1), 7.60 (d, J = 8.4 Hz, 1), 8.26 (d, J = 9.2 Hz, 1),
849 (d, J = 9.2 Hz, 1), 8.71 (s, 1).

Compounds in Table II prepared similarly are designated
procedure B.

Procedure C. 7-Chloro-3,4-dihydro-10-hydroxy-3-[3-(tri-
fluoromethyl)phenyl]-1,9(2H,10H )-acridinedione, Sodium
Salt, Monohydrate (8d). To 1.0 g (0.00245 mol) of 7-chloro-
3,4-dihydro-10-hydroxy-3-[3-(trifluoromethyl)phenyl]-1,9-
(2H,10H)-acridinedione suspended in 25 mL of methanol was
added 0.14 g (0.00245 mol) of sodium methoxide. Most of the
suspended material dissolved initially, and a new precipitate
formed immediately after the addition. The yellow suspension
was stirred at room temperature for 3 h, and the yellow precipitate
was collected. Recrystallization from ethanol gave 0.8 g (73%)
of the title compound, mp 315-320 °C dec, with darkening from
290 °C. Anal. (CyH,,CIF;NO3;Na-H,;0) C, H, N, Cl, Na; H,0:
caled 4.02, found 3.31.

The NMR spectrum confirmed the presence of at least 1 mol
of water.

Procedure D. 7-Chloro-3,4-dihydro-3-[4-(trifluoro-
methyl)phenyl]-1,9(2H,10H)-acridinedione (8v). To a sus-
pension of 7-chloro-3,4-dihydro-10-hydroxy-3-[4-(trifluoro-
methyl)phenyl-1,9(2H,10H)-acridinedione (10 g, 0.0245 mol) in
200 mL of chloroform at 5 °C was added dropwise 20.2 g (0.147
mol) of phosphorus trichloride. During the addition, an orange-red
solution was formed. It was heated to reflux for 1 h and then
concentrated in vacuo to a dark tan solid residue, which was
suspended in 100 mL of ethanol. The solid was collected and dried
in vacuo at 90 °C for 112 h to afford 6.3 g (66%) of the title
compound, mp 342-346 °C. Anal. (CyH;;CIF;NO,), C, H, N,
ClL F.

Compounds in Table II prepared similarly are designated
procedure D.

Procedure E.> To provide an example of a 10-hydroxy-
acridinedione without a chlorine at C; the literature procedure
below was used. Only material containing a small amount of the
C,-Cl analog could be obtained. Alternatively a 10-H example
(8vv) was prepared cleanly by procedure F.

3-(3,4-Dichlorophenyl)-3,4-dihydro-10-hydroxy-1,9-
(2H,10H)-acridinedione (8f). A suspension of 2.35 g (0.0156
mol) of o-nitrobenzaldehyde, 4.0 g (0.0156 mol) of 5-(3,4-di-
chlorophenyl)-1,3-cyclohexanedione, and 3.4 g (0.031 mol) of
hydroquinone in 30 mL of glacial acetic acid was heated at 80-30
°C. The resulting solution was treated with hydrogen chloride
gas for 3 h while the temperature was maintained at 80-30 °C.
The mixture was cooled and the resulting semisolid mass was
triturated with water. The solid was collected, air dried, and
triturated with ethanol to yield 4.0 g (67.9%) of the title compound
as a very pale green solid, mp 257-260 °C dec, containing about
10% of 7-chloro-3-(3,4-dichlorophenyl)-3,4-dihydro-10-hydroxy-
1,9(2H,10H)-acridinedione. Anal. Caled for C;gH,3Cl,LNO;: C,
60.98; H, 3.50; N, 3.74; Cl, 18.95. Anal. Calcd for C,;;H;;C;NO,
+ 0.1Cl): C, 60.41; H, 3.47; N, 3.71; C}, 19.71. Found: C, 60.22;
H, 3.77; N, 3.66; Cl, 19.45; CI-, 0.00.

Procedure F. The NH isatoic anhydrides utilized for Pro-
cedure F, when not commercially available, were prepared by one
of two routes—chromium trioxide oxidation of the corresponding
isatin!® or condensation of the corresponding anthranilic acid with
phosgene.”® The N-substituted isatoic anhydrides were syn-
thesized by reaction of the NH isatoic anhydrides with the re-
quisite alkylbromides and sodium hydride.!®



7-Chloro-~3-substituted-3,4-dihydro-1,9(2H,10H)-acridinediones

6-Chloro-3-(2,4-dichlorophenyl)-3,4-dihydro-1,9-
(2H,10H)-acridinedione (8uuu). To a suspension of 1.9 g (0.04
mol) of 50% sodium hydride in 15 mL of N,N-dimethylformamide
at —10 °C was added dropwise a solution of 10.3 g (0.04 mol) of
5-(2,4-dichlorophenyl)-1,3-cyclohexanedione in 70 mL of N,N-
dimethylformamide. Frothing and a temperature rise to about
5 °C occurred. The resulting mixture was stirred at room tem-
perature for 1 h and then cooled to 5 °C. A solution of 7.9 g (0.04
mol) of 4-chloroisatoic anhydride in 60 mL of N,N-dimethyl-
formamide wes added in a stream. The resulting orange solution
was heated to 90 °C for 4 h. It was poured into 2000 mL of
ice-water containing 15 mL of concentrated hydrochloric acid.
The off-white solid which separated was collected and washed
with water, It was triturated in a mixture of 300 mL of ethanol
and 200 mL of N,N-dimethylformamide on a steam bath for 40
min. The suspension was cooled to 5 °C, the solid was collected
and rinsed consecutively with ethanol and then ether. Drying
in vacuo at 90 °C for 6 h afforded 11.2 g (71%) of the title
compound, mp >330 °C. An analytical sample was obtained by
recrystallizing 2.4 g of the product from N,N-dimethylform-
amide—ethanol. Drying in vacuo at 90 °C for 6 h provided 2.1
g (85% recovery), mp 342-344 °C. Anal. (C,H;,C1;NO,) C, H,
N, CL

8cee: XCORFE NMR (300 MHz, TFA-d) 6 1.32 (d, J = 5.6
Hz, 3), 3.2-3.4 (m, 1), 3.4-3.5 (m, 1), 3.6-4.0 (m, 2),7.29 (d, J =
6.2 Hz, 1),7.52 (s, 1), 7.59 (d, J = 7.9 Hz, 1), 8.07 (d, J = 8.4 Hz,
1), 8.20 (d, J = 6.7 Hz, 1), 8.67 (s, 1).

Compounds in Table II prepared similarly are designated
Procedure F.

Procedure G. 7-Chloro-3,4-dihydro-3,3-dimethyl-1,9-
(2H,10H)-acridinedione (8t). To a mixture of 25.0 g (0.086 mol)
of 7-chloro-3,4-dihydro-10-hydroxy-3,4-dimethyl-1,9(2H,10H)-
acridinedione in 700 mL of methanol was added dropwise a so-
lution of 4.9 g (0.086 mol) of sodium methoxide in 25 mL of
methanol. To this mixture was added a solution of 8.0 mL (0.086
mol) of iodomethane in 25 mL of methanol, and the mixture was
heated under reflux for 1 h. There was no evidence of a reaction,
according to TLC, so an additional 40 mL of iodomethane was
added, and the mixture was heated under reflux overnight. The
initial suspension became a solution, and then a solid was de-
posited. This was removed by filtration and washed with methanol
to give 13.8 g (58%) of the product, mp >280 °C (lit.* mp 300
°C). Anal. (C,;H;,CINO,), C, H, N,

Addition of 4.9 g (0.086 mol) of sodium methoxide and 40 mL
(0.65 mol) of iodomethane to the ahove filtrate and heating the
solution under reflux overnight gave an additional 7.3 g of product;
total yield 89%.

This compound was originally synthesized® by deoxygenation
with phosphorus trichloride.

Procedure 1.3! 3,4-Dihydro-3,3-dimethy)-1,9(2H,10H)-
acridinedione (8tt). A solution of 5.6 g (0.04 mol) of 5,5-di-
methylcyclohexane-1,3-dione, 6.0 g (0.04 mol) of methyl-
anthranilate, and 0.8 g (0.004 mol) of p-toluenesulfonic acid,
monohydrate in 150 mL of toluene was heated under reflux with
a Dean-Stark water separator for 5 h, At this time 5.9 g (0.044
mol) of zinc chloride was added and refluxing was continued for
24 h. The solvent was decanted, and the residual gum was
triturated with several portions of water. Subsequent trituration
with methanol-ether gradually induced crystallization. The solid
was collected and suspended in 100 mL of N,N-dimethylform-
amide. The suspension was heated on a steam bath for 0.5 h,
cooled to 0 °C and the solid collected. Drying in vacuo at 90 °C
for 16 h afforded 1.7 g (18% over 2 steps) of the title compound,
mp 347-348 °C. An analytical sample with no change in melting
point was obtained by recrystallization from N,N-dimethylform-
amide-methanol. Recovery = 71%. Anal. (C;sH;sNO,) C, H,
N.

Procedure H. 7-Chloro-1,3,4,10-tetrahydro-10-hydroxy-
1-[[3-(1-piperidinyl)propyllimino]-3-[4-(trifluoromethyl)-
phenyl]-9(2H)-acridinone (3yy). To 3.3 g (0.008 mol) of 7-
chloro-3,4-dihydro-10-hydroxy-3-[4-(trifluoromethyl) phenyl]-
1,9(2H,10H)-acridinedione in 140 mL of ethanol was added a
solution of 1.1 g (0.008 mol) of 1-piperidinepropanamine in 10

(31) Sivaswami, T. S.; Iyer, B. M. Studies with Methone: Part I.
Curr. Sci. (India) 1950, 19, 180.
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mL of ethanol. The resulting red solution was heated under reflux
for 1.5 h and then allowed to cool to room temperature. The
reaction mixture was concentrated to dryness in vacuo. The red
solid residue was recrystallized from dichloromethane—ether.
Drying in vacuo at 80 °C for 4 h afforded 4.1 g (95%) of the title
%(impound, mp 194-195 °C. Anal. (C;3HxCIF;N;0,) C, H, N,

, F.

Compounds in Tables III and IV prepared similarly are des-
ignated procedure H.

Procedure J. 7-Chloro-1,3,4,10-tetrahydro-10-hydroxy-
1-[[2-(2-propenylamino)ethyl]imino]}-3-[4-(trifluoro-
methyl)phenyl]-9(2H)-acridinone (3fff). To 3.3 g (0.008 mol)
of 7-chloro-3,4-dihydro-10-hydroxy-3-[4-(trifluoromethyl)-
phenyl]-1,9(2H,10H)-acridinedione in 90 mL of benzene was used
a solution of 0.8 g (0.008 mol) of N-2-propenyl-1,2-ethanediamine
in 10 mL of benzene. The resulting red solution was heated under
reflux for 2 h while water was removed with a Dean—Stark trap
and then allowed to cool to room temperature. The reaction
mixture was concentrated to dryness in vacuo. The residual solid
was recrystallized from ethyl acetate-ether. Drying in vacuo at
50 °C for 16 h afforded 3.1 g (78%) of the title compound, mp
116~119 °C. Anal. (C%H%CmgNsoz) C, H, N, Cl, F.

Compounds in Tables III prepared similarly are designated
procedure J.

4-(Acetyloxy)-7-chloro-3,4-dihydro-3,3-dimethyl-1,9-
(2H,10H)-acridinedione. A mixture of 4.0 g (0.014 mol) of
7-chloro-3,4-dihydro-10-hydroxy-3,3-dimethyl-1,9(2H,10H)-
acridinedione in 40 mL of acetic anhydride was heated on a steam
bath for 1.45 h. The resulting solution was evaporated in vacuo,
and the residue was recrystallized twice from cyclohexane and
once from ethanol to give 1.7 g (36%) of product, mp 170 °C with
resolidification, and melting again at 217-222 °C. Anal. (C,-
H,(CINO,) C, H, N.

The product was determined to be 4-(acetyloxy)-7-chloro-3,4-
dihydro-3,3-dimethyl-1,9(2H,10H)-acridinedione and not the
expected 10-(acetyloxy)-7-chloro-3,4-dihydro-3,3-dimethyl-1,9-
(2H,10H)-acridinedione on the basis of its NMR spectrum. In
CDC]; with two drops of DMSQ added, there were two, three-
proton singlets at 1.1-1.2 4, assigned to the gem-dimethyl groups.
There was also a three-proton singlet at 2.2 § assigned to the
acetyloxy group. A sharp two-proton doublet of doublets centered
at 2.8 & was assigned to the nonequivalent methylene protons.
A one-proton singlet at 6.05 § was assigned the methine proton.
The three aromatic protons occurred as a multiplet at 7.6-8.3 &
and the nitrogen proton as a broad, exchangeable peak at 14 4.
Of critical importance here was the one-proton singlet at 6.05 5,
which excluded the 10-(acetyloxy)-acridinedione structure.

4-(Acetyloxy)-7-chloro-3-(3,4-dichlorophenyl)-3,4-di-
hydro-1,9(2H,10H )-acridinedione (6). To a stirred mixture
of 2.2 g (0.0054 mol) of 7-chloro-3-(3,4-dichlorophenyl)-3,4-di-
hydro-10-hydroxy-1,9(2H,10H)-acridinedione in 100 mL of dry
benzene was added 0.42 mL (0.0059 mol) of acetyl chloride. The
mixture was stirred at room temperature for 4 h, an additional
0.42 mL of acetyl chloride was added, and the mixture was stirred
overnight. The mixture was evaporated in vacuo. The residue
was triturated with 400 mL of hot ethanol and filtered to give
0.8 g of product. The cooled triturate gave a second crop of 0.6
g of product. The two crops were combined to give 1.4 g (58%)
of product, mp 239-241 °C dec. Anal. (C,;H,,Cl3NO,) C, H, N.

The NMR (DMSO) spectrum showed two sets of doublets for
the methine proton and two broad singlets for the nitrogen proton.
This suggests the presence of geometric isomers.

1-(Acetyloxy)-7-chloro-3-(3,4-dichlorophenyl)-9(10H)-
acridinone (7). To a stirred, cooled mixture of 8.91 g (0.0218
mol) of 7-chloro-3-(3,4-dichlorophenyl)-3,4-dihydro-10-hydroxy-
1,9(2H,10H)-acridinedione in 100 mL of pyridine was added
dropwise, during 10 min, 12.4 mL (0.13 mol) of acetic anhydride.
The resulting mixture was stirred at room temperature overnight
and filtered to give 4.10 g of material. The solid was triturated
in 200 mL of boiling ethanol to give 2.29 g (24.3%) of slightly
impure product. Upon cooling, the filtrate deposited a solid which
was collected by filtration to give 0.79 g (8.4%) of product as a
light yellow powder: mp 268-278 °C; NMR (90 MHz, TFA-d)
5 =23 (s, 3, CHy), 7.4-8.7 (m, 8, ArH); MS m/e = 431 (M*); IR
(KBr) » 3320, 1740, 1635 cm™; IR (CHCl,) » 3340, 1740, 1635, 1610
cm™, Anal (C21H12013N03) C, H, N.
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7-Chloro-3,4-dihydro-3-[4-(trifluoromethyl)phenyl]-1-
(2H)-acridinone (11). A mixture of 24.46 g (0.157 mol) of crude
2-amino-5-chlorobenzaldehyde and 16.68 g (0.0651 mol) of 5-
[4-(trifluoromethyl)phenyl]-1,3-cyclohexanedione in 200 mL of
ethanol and 2.0 mL of piperidine was heated under reflux ov-
ernight. The resulting mixture was cooled and filtered to give
16.20 g of solid. Recrystallization from acetonitrile gave 12.24
g [50% based on 5-[4-(trifluoromethyl)phenyl]-1,3-cyclo-
hexanedione] of the product as shiny, off-white crystals, mp
200-202 °C. Anal. (C,H,;CIF;NO) C, H, N.

Since the possibility existed that the product was the following
1-phenyl structures,

a COSY?32 gpectrum was obtained to identify protons directly
coupled with each other. One of the five aliphatic resonances was
coupled to all four remaining aliphatic resonances. Only structure
11 is consistent with this observation.

NMR (300 MHz, Me,SO-dg): 6 2.9-3.0 (m, 1), 3.1-3.3 (m, 1),
3.3-3.5 (m, 1), 3.5-3.7 (m, 1), 3.7-3.9 (m, 1), 7.66 (d, J = 8.1 Hz,
2),7.74 (d, J = 8.4 Hz, 2), 7.89 (dd, J = 9.3, 2.3 Hz, 1), 8.03 (d,
J =9.0 Hz, 1), 8.36 (d, J = 2.2 Hz, 1), 8.94 (s, 1).

N'-[7-Chloro-1,2,3,4-tetrahydro-3-[4-(trifluoromethyl)-
phenyl]-1-acridinylidene]-N,N-dimethyl-1,3-propanedi-
amine. A solution of 2.00 g (0.00532 mol) of 7-chloro-3,4-di-
hydro-3-[4-(trifluoromethyl)phenyl}-1(2H)-acridinone, 6.0 g (0.059
mol) of N,N-dimethyl-1,3-propanediamine, and a catalytic amount
of 4-toluenesulfonic acid, monohydrate in 100 mL of toluene was
heated under reflux overnight. The solution was cooled and
evaporated in vacuo to give a yellow solid. Two recrystallizations
from acetonitrile gave 1.93 g (78.8%) of the product as a brilliant
yellow solid, mp 146-148 °C. Anal. (CysH,ClF3N3) C, H, N.

7-Chloro-3,4-dihydro-3-[4-(trifluoromethyl)phenyl]-1-
(2H)-acridinone, 10-Oxide. To a solution of 5.00 g (0.0133 mol)
of 7-chloro-3,4-dihydro-3-[4-(triflucromethyl)phenyl]-1(2H)-
acridinone in 125 mL of chloroform cooled in an ice bath was
added dropwise during 1 h a solution of 2.97 g (0.0146 mol) of
85% m-chloroperoxybenzoic acid in 75 mL of chloroform. The
solution was allowed to stir at room temperature overnight, an
additional 1.50 g of m-chloroperoxybenzoic acid in 70 mL of
chloroform was added to the reaction solution, and stirring was
continued overnight. The reaction solution was extracted with
a saturated sodium carbonate solution, washed with a saturated
sodium chloride solution, dried (Na,SO,), and evaporated in vacuo
to give 5.22 g of a yellow solid. The solid was triturated in 300
mL of boiling ethanol to give 3.53 g of impure product. Another
0.58 g of product was collected from the cooled triturate (crude
yield 79%). Recrystallization of 1.90 g of material gave 1.48 g
{(78% recovery) of the product as a dull yellow solid, mp 238 °C
dec. Anal. (C20H13C1F3N02) C, H, N.

5-Chloro-2-[[5-[4-(trifluoromethyl)phenyl]-3-0x0-1-cyclo-
hexenylJamino]benzonitrile. A mixture of 15.26 g (0.01 mol)
of 2-amino-5-chlorobenzonitrile, 25.62 g (0.10 mol) of 5-[4-(tri-
fluoromethyl)phenyl]-1,3-cyclohexanedione, and 1.00 g of 4-
toluenesulfonic acid monohydrate in 750 mL of toluene was heated
under reflux with a Dean-Stark trap for 8 h. The resulting
solution was cooled and filtered to give 36.04 g (90.58%) of product
?\Js a cream solid, mp 246 °C dec. Anal. (C,,H,,CIF;N,0) C, H,

9-Amino-7-chloro-3,4-dihydro-3-[4-(trifluoromethyl)-
phenyl]l-1(2H)-acridinone (12). A mixture of 36.0 g (0.0921
mol) of 5-chloro-2-[[5-[4-(trifluoromethyl)phenyl]-3-oxo-1-cyclo-
hexenyl]amino]benzonitrile and 1.00 g (0.00734 mol) of zinc
chloride in 1.5 L of xylene was heated under reflux with a
Dean-Stark trap for 3 h. The mixture was filtered hot and the

(32) Bax, A. D.; Freeman, R.; Morris, G. A. J. Magn. Reson. 1981,
42, 169.
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small amount of solid collected was discarded. The filtrate was
cooled and filtered to give 27.89 g (77.5%) of product as a dark
cream solid, mp 265 °C dec. Anal. (CyH,,CIF;N;0) C, H, N.

Since the possibility existed that the product was the 1-phenyl
analog shown,

CFa

NH2
cl

N? o

a COSY spectrum was obtained. One of the five aliphatic reso-
nances was coupled to all remaining four aliphatic resonances and
only structure 12 with its 3-hydrogen adjacent to the other four
aliphatic protons is consistent with this observation. The COSY
spectrum also addressed the tautomeric form of the product. The
two hydrogens on nitrogens were observed to be coupled to one
another providing evidence that the material exists in the amino
tautomeric form depicted: NMR (300 MHz, Me,SO-d) 5 2.7-2.9
(m, 1), 8.0~3.1 (m, 1), 3.1-3.2 (m, 1), 3.3-3.4 (m, 1), 3.5-3.7 (m,
1), 7.63 (d, J = 8.4 Hz, 2), 7.7-7.8 (m, 4), 8.54 (s, 1), 8.58 (br s,
exchangeable), 10.02 (br s, exchangeable).

7-Chloro-3,4-dihydro-9-(methylamino)-3-[4-(trifluoro-
methyl)phenyl]-1(2H)-acridinone. To a mixture of 2.0 g
(0.00572 mol) of 9-amino-7-chloro-3,4-dihydro-3-[4-(trifluoro-
methyl)phenyl]-1(2H)-acridinone in 30 mL of N,N-dimethyl-
formamide was added a mixture of 0.14 g (0.0056 mol) of sodium
hydride (from 0.28 g of 50% suspension in oil washed with hexane)
in 5 mL of N,N-dimethylformamide. The resulting dark brown
solution was stirred at room temperature for 15 min and treated
with a solution of 0.79 g (0.0056 mol) of iodomethane in 10 mL
of N,N-dimethylformamide. After 1 h another 0.40 g of iodo-
methane was added. After 1 h a mixture of 0.05 g of sodium
hydride (from 0.10 g of 50% suspension in oil washed with hexane)
in 3 mL of N,N-dimethylformamide, followed by a solution of
0.40 g of iodomethane in 5 mL of N,N-dimethylformamide was
added to the reaction solution. The solution was stirred at room
temperature overnight, diluted with ice-water, and filtered. The
collected solid was recrystallized twice from acetonitrile to give
0.50 g (24%) of product as a shiny, gold solid, mp 224226 °C.
Anal. (CQIH]_GCIF";NZO) C, H, N.

The NMR of the product confirmed that methylation had
occurred on the 9-amino group and not the ring nitrogen (see
Scheme VI). The methyl group absorbed as a doublet, being split
by the hydrogen on the nitrogen, which coalesced to a singlet upon
the addition of D,0: NMR (90 MHz, CDCl,) é 2.8-3.4 (m, 5),
3.5 (d, J = 6 Hz, 3, coalesces to singlet upon D,0 addition), 7.3-7.8
(m, 6), 8.3 (d, J = 2 Hz, 1), 9.5 (br, 1, exchangeable).

7,9-Dichloro-3,4-dihydro-3-[4-(trifluoromethyl)phenyl}-
1(2H)-acridinone. A mixture of 10.0 g (0.0255 mol) of 7-
chloro-3,4-dihydro-3-[4-(trifluoromethyl)phenyl}-1,9(2H,10H)-
acridinedione and 250 mL of phosphorus oxychloride was heated
under reflux for 1 h. The resulting black solution was cooled and
evaporated in vacuo to give a black solid. The solid was dissolved
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in chloroform and dropped into a vigorously stirred, ice cold, dilute
sodium hydrogen carbonate solution. The layers were separated,
and the chloroform solution was washed with dilute sodium hy-
drogen carbonate and then with a saturated aqueous solution of
sodium chloride. The solution was filtered through Celite, dried
(MgSO0,), and evaporated in vacuo to give 8.62 g of a black solid.
Chromatography over 500 g of silica gel with chloroform as the
eluent gave 1.29 g (12.3%) of the product as a gray solid, mp
161-163 °C. Anal. (C5H;,CLF;NO) H, N; C: caled, 58.55; found,
58.03.
7-Chloro-9-[[3-(dimethylamino)propyl]amino]-3,4-di-
hydro-3-[4-(trifluoromethyl)phenyl]-1(2H)-acridinone. A
mixture of 1.3 g (0.0032 mol) of 7,9-dichloro-3,4-dihydro-3-[4-
(trifluoromethyl)phenyl]-1(2H)-acridinone and 0.36 g (0.0035 mol)
of N,N-dimethyl-1,3-propanediamine in 100 mL of ethanol was
heated under reflux for 3 h. To the solution was added another
3.2 g of N,N-dimethyl-1,3-propanediamine, and the solution was
heated under reflux for 30 min. The solution was cooled and
filtered to give a solid. Recrystallization from acetonitrile gave
0.75 g (50%) of the product as a pale yellow solid, mp 147-149
°C. Anal. (CyHgCIF;N;0) H, N; C: caled, 63.09; found, 62.53.
An infrared spectrum of the compound in a chloroform solution

Journal of Medicinal Chemistry, 1992, Vol. 35, No. 19 3447

showed no free NH stretch, which suggests the compound exists
in the intramolecularly hydrogen bonded form:

(CHs)zN(‘i’ Hz)a

CFs
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