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solintion which was approxtmately 0,000 N with respect to 11CIO,.
It was standardized by titrating it against 0,00102 g (5.0 X Jo-#
male of potassinm neld phthalate in 50wl of glacial Actt]
nsing a Corning Model 12 pIT meter eqnipped with ghiss and
calomel electrades.  Readings on the 4+ mV seale were recorded
far the corresponding milliliters of Gtont.  Mililirers of titrant
were then plotted agajinst 4 mV readings, and the end point
was determined graphicallv,  The standardized HCLO4 solution
was then nsed forsimilar potentiometrie titrations of bishenzimid-
azoles (5.0 X 108 nole of bisbenzimidazole tn A0 ml of glacial
AcOHD). The titration was carried ont nntil the first break in the
crnrve was obtained and this valne corresponded to the protonation
of one of the N atoms in the molecnde. Beeause of the ease of
solvent trapping in these componnds, titration with this nethod
i considered the most reliable method for prity determination.

HeLa Cell Alkylation Study.- lleLa cells were harvested in
leighton tuhes containing cover slips and inocnlated with frais-
Cl-Me-DBE. At a concentration of 10710 1075 3/ mil, the elfect

Derivatives of Fluorene.

Some 9-Oxofluorene Oximes.
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conld elaudy he seen 1o rive. At 2-8 I the nucear membrane
started to show flnorescence ns well as abont 156 of the nuclel of
the cell population s variation depending o original eulture ), aud,
at the end of 24 hr, nnerons eells appeared fuoresced e their
voclel (Fignre 1 Thi, it was felt ¢hat v spite of the low =obi-
bility of the componnd, the incorporation of a fhiorescent alkyvlai-
g agent o the mpdens was fonnd (o be possible. Kiforts are
heing made (o correlate flnovescence with varios mitotic phases
i synchrobons popatlabon.  (hir presebt colitebrion s =atislied
with the knowledge thar 1n civo alkviation of raclew, indeed,
oconrred with i fhiorescent-labeling alkvhing agene.
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Ravdin for making Hela ceddls available Trom his
tissae enltare lnbaratory, Dr. AL Lades for his help with
the photagraph, and M=o R, Bhisey for cechiesl
dssIstan e,

XXX.! Rearrangement and Antitumor Aclivilies of

6(5H)-Phenanthridinones. 1
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lewrrangenient of 9-oxofinorene oximes in polyphosphoric acid (PPA) to the corresponding 6(5H )-phenanthri-

dinones is described.
phenanthridinones, the corresponding 9-oxoflnorenes.

Because interesting antitumor activity was shown
arlier? by a number of polyhalogenated fluorene dertva-
tives, we have prepared a namber of structurally related
compotunds with ultered properties, e.y., inereased
hydrophilicity, which mighe enhance che biologieal ef-
feets of these compounds,  One snch =eries 15 a group of
oximes of 9-oxofluorenes (Table [).8 Severul of these
have shown activity against Walker careinosarcoma 256
(sec Table II), A further reuson for our interest in
these oximes 1x that rearrangement to phenanthridi-
nones (Table 1) gives a heteroeyelic system which has
had few derivatives =serecned for untitumor activicy.
We are purticalarly interested in polyhalogenated phen-
anthridinones walogous to the active compounds i the
fluorenc setiex.? This paper 1= the beginning of such a
study.

The oximes were prepared in DASO, by an improved
procedare,® or in the conventional way by treating the
9-oxofluorene with 2 equiv of hyvdroxylamine hydrochlo-
ride in refluxing 7097 EtOH.  The rearrangement of the
g-oxofluorene oximes was carried out in polyphosphoric
actd® (PPA) at elevated temperatures.

Althongh the oxime of 3-nitrofluorenone in P’Cl;
POCT rearranged to a single compound. 2-nitrophen-
anthridinone,” monosubstituted 9-oxofluorene oximes,
1 general, rearrange to a mixtare of the two iomers,

1y This work was stysocte] e pore by Geuoe CA-O1TH) and ip parl by
Careec Developoeac Anacd 9-K3-CA-1+99] (7. L. Fo from the National
Cancer Inscititle, Natjonal Institutes of Healll.

2) 11-L. Pan aml T. L. Fleteher, J. Mol Chem., 7, 3) {1964); H.-L.
Pan and T. L. Fleteher, thiid,, 8, 491 (1U65).

i3y M-, Purcand T 1. Flelybeyr. Chew. Ind. (T.ondont, 240 €1369), paper
NNIX ti s seytes,

th o Ol Meroiny awd VoL Sevonberg. S0 Ane Chen Soe, T4, D380
[SREFSN

(35 N Nomn, K. Sebotield. o R. S, Theolald, J. Chene Soe 2068
(10525,

Reaction of 1-iodo- and 1-uitro-9-oxofluarene oxtime with PPA gave, hustead of the expected
Result= of sereening for antitnmor activities are presented.

difficult to separate.  Fven m PPA sueh mixtores are {o
be expected; however, in our work, 2-mtrofluoreronc
oxime guve i fatr yield of oudy one produet, 3-nitrophen-
:mthridinone.

A series of 2,7-disubstituted floorenone oximes, with
both substitaents the same, guve good yields of 3,8~
disubstituted phenanthridinones (eq 1) when they were
heated for 15 min at temperatures above 130°. I was
reported carlier® that fluorenone oximes did not re-
drringe at temperitares of 100 150°, effective for many
ox1mes,

(h

e. N=Y=N0.

I spite of the two paths followed in the Becknrann re-
arrangement of many of these monosubstituted oximes,
it wis hoped that o bulky substitaent, sach usiodo or m-
tro, at the 1 position of the fluorene nueleas would lead to
a single produet, hopefully a 4-substituted 6(5H)-phen-
anthridinone. However, the only identifiable product
obtained from each of these reactions was the corre-
sponding 1-substitated 9-oxofluorenc (eq 2).

i) L. C.oMorrdag, Vo Lo Soombecg, aid 1AL Lloyd, J. e Clome. Nee.

T4, 5153 11959,
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TasLE I: SuBsTITUTED 9-OXOFLUORENE OXIMES AND 6(HH)- PHENANTHRIDINONES

Reaction

solvent Reaction

or temp, time,

Subsstituent(s) Mp, °C °C hr Yield, % Formula Analyses
9-Oxofluorene Oxinie
1-NOy 205-206 A 44 98 CysHsN,O; C, H, N
2-Br 197-19%¢ A 1 98 CisHsBrNO C, H N
2.N1{,-3-Ci 232-233 A 2 100 CisH,CIN:0 C, H, N
2-NH»3-Br 226-227 A 2 98 CisHyBrN.,O C, H XN
2-NH,-7-Br 226-227 A 3 97 CisHyBrN,O C, H N
2-N H:-3 Br-7- NOz 272—273 A 19 99 ClgHgBI".\‘gOg C, H, N
2.NHCOCH=3-NO, 275-276 Be 0.2 100 Ci,HnN;0,4 C, H N
2.F-7-NO, 248-249 A 2 98 CisH:FN,O;4 C, H N
2-CL-7-NO, 264-264.5 A 24 100 CisH:CIN,O4 C, H, N
2-Br-7-NO, 246-247 A 1.9 100 CisH-BrN,0; C, H N
3-Br-2-NO, 235-236 A 3 81 CysH:BrNOs C, H,N
2,7-F, 251-252 B 0.2 98 CisH;F,NO C, H N
2.7-(NO,): 288-2894 B 0.2 100 CisH:N;0; N
2,7-Cle-4-NH, 264-265 A 2 100 CysHsClLN,O C,H N
2,3-Cl-7-NO, 260-261 A 2 96 Ci1sHeCL,N.O; C,H, N
2-NH»1,3,4,7-Cly 262-262.5 B 0.2 89 CisHeCLXN 0 N
2-NHCOCF;-3-Br 228.5-229.5 B 0.2 100 Cy;HsF;BrN,O, C, H N
2-NHCOCF3-7-N02 2880—2895 B 02 100 015H5F3N304 C, HA N
6(5H)-Phenanthridinone
3,8-F, 311-312 185-190 0.1¢ 60 CisH,F,NO C, H, N
3,8-Cl, 348-349 180-185 0.1¢ 46 CiH:CLNO C H,Cl, N
3,8Bry 320-321 195-200 0.25¢ 60 CisH:BrsNO C, H N
3,8-(NOy), 354-3557 220-225H 0.25¢ 100 CisH-N;0; C, H N
@A = 709% EtOH. ?C. Courtot and C. Vignati, Bull. Soc. Chim. France, 41, 58 (1927), reported mp 194-195°. ¢ B = DMSO.

27 Schm1dt and K. Bauer, Ber., 38, 3737 (1905), reported mp ca. 285-286°.

and J. V. Evans, J. Chem. Soc., 1498 (1956), reported mp >380°.

@'@

X
O/N 7K
NH
0
2a, X=1
b. X=NO,

Compound 2b was prepared from 2-amino-6(5H)-

phenanthridinone by trifluoroacetylation of this amine

to 83 (eq 3). The latter was nitrated with HNO; in
NHCOCF, NHCOCF;,
HNO, OH
‘;? ‘gf -
3 4

¢ In polyphosphoric acid. / C. L. Areus, M. M. Coombs,

AcOH to 4-nitro-2-trifluoroacetamido-6(5H)-phen-
anthridinone (4). Alkaline hydrolysis of 4 gave 2-
amino-4-nitro-6(5H)-phenanthridinone (5) which was
deaminated to give 2b.

Reduction of 2b gave 4-amino-6(5H)-phenanthridi-
none (6) which was also obtained from a Schmidt reac-
tion on 9-oxofluoren-l-amine (eq 4).

@ HN '
© NH

3 O NH
6

Pd—C

2b —
N.H H,0

The oximes and 6(5H)-phenanthridinones were tested
in mice (with L.1210 and S180) or in rats (with W256)
for antitumor activity through the Cancer Chemother-
apy National Service Center, National Institutes of
Health. Significant results are given in Table I1.  All
the other compounds tested were inactive.

Experimental Section”

Substituted 9-Oxofluorene Oximes. A.—A mixture of (he
9-oxofluorene and HONH,-HCI (2 equiv) was refluxed in 70¢,.
EtOH (0.2-0.51./0.01 mole of the ketone) then most of the solvent
was distilled off. After H.O dilntion and basificatian with dilute
NaHCO; the produet was isolated and recryxiallized, if needful,
from EtOH, Me,CO, or PhMe.

(7) All melting points below 250° swere taken on a Fisher-Johns block
and are corrected to standards. The melting points above 230° were taken
witlia Hoover cupillury melling putoc appuratasaad arce cacorrected, Where
analyses ace indicated only by syrabols of the elements, analytical residts oh-
tatned for tliose elements were witlin 0,49, of tie theoretical valies.
Analyses were perforined by A. Bernhardt, Elbach (bec Engelskirchen, Wes
Germany, and by Schwarzkopf Laboratories, Woodside, N. Y.
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Tarar 11
ANTITUMOR ACTIVITY OF NUBSFITUTED 9-OXOFLIORENT OXIMER AND 63 « PHENANTHRIDINON 1R®

F'inor wo a,

Daily dose. oF SpevIvor days Conodeoce,
Suhstituent(s) Tesl syslem mg, ky Survivors [ AR . TC .,
9-Oxofhiorene Oximes

2-Br L2t 3000 I 10,0 N5 iy
W53 $00.0 G 6 1053 75
2,7-Cly S1807 0.0 GG HIN/901 5
0.0 64 SRS Gl
400 6 6 IREETIN vl
266 50 695 7001 I

050
W24 1500 66 5.0 7.9 (151
1000 GG 56070 70
50.0 676 Y370 02
250 46 G.05.9 5o
2,7-Br, Wiol 4000 66 2.36.0 BN
Q-NH,-3-Br W256 400.0 66 15 6.2 v
2 NIL-7-Br W54 1000 6 6 27505 S50
1000 30 200506 41
200. 0 66 11 5.6 I
1000 (T L 456 TN
2-NH,-3-Cl1 W250 4000 G4 1342 6y
2-CL-7-NU, W256 S00.0 6 4 S0 0508 51
400.0 66 2.0 5.8 Bl
200.0 G 6 o108 ATl
100 .0 GG 1.5 5.8 5T

050
2-Br-7-NO. W236 100.0 66 200501 10
400.0 66 2.6:6.2 H
1000 GG 37066 56
2,7-Cl4=N11, W2 4000 GG o505 I
2,7-Cle-4-N0),© W2506 {00 . 0 GG 1.6 oS h
1000 GG G658 (2
2000 G 6 1.2-5.8 72
10U 0 66 5058 N6

u5. 0
2-NHCOCF;-3-Br Wu2oi J00. 1 G 6 1.8 6.5 5
2.NHCOCF;7-NO, W256 400, 0 GG 15 6.5 72
2-NH»-1,3,4,7-Cly W256 200.0 46 0.76.0 1
1000 66 2260 36
S.a 66 1.3 6.0 vl
2,4,7-Cly" WISG 3000 GG 20558 30
400, 6 6 6 20058 -
200, (1 S50 20 0.8 a6
Gop . 0 GG S56 84 66
100, 1 GG P TS 35
2000 GG 1784 35
100 .1 GG 50 8. 50

0oy

G(OH)-Phermthridinone

5-N11. W256 4001 b6 £0:6.2 G4
3,8-Cly W256 1000 66 3257 A
3,%-Bry W256 4001 GG 26 5.7 45
400 1 G4 B.6.6.0 60

¢ The screening data were kindly supplied by Dr. Harry 3. Wood, Jr., of the Cancer Chemotherapy National S8ervice Cenrer, National
Institutes of Health, Bethesda, Md. Assays were performed sccording to CONSC specifications ax published in Cancer Chemotherapy
Rept., 25,1 (1962). * A compound having confidence at the 99.7¢; level is causidered (rnly specifie.  For details see H. I£, Skipper, W. 8.
Wilcox, F. M. Rchabel Jr., W. R, Laster, Jr., and L. Matdll, Cancer Chemotherapy Hept.. 29,1 (1963). ¢ Lymphoid leukemia was tested
in BDF, mice. ¢ Wulker carcinosarcoma (intramusenlar) was tested in randmn-bred alhivo rats. ¢ Reference 3. 7 Sareama 180 was
tested 1 Swiss mice,

B.—The oxofluorene was dissalved in hot DMSO (uininnnn 2-w,a,-Trifluoroacetamido-6(5H )-phenanthridinone (3). -2~
amount).  To the stirred hat mixtare saturated agueous HONH, - Aminophenanthndinone® (21 g, 0.1 male) was trifluoroacetylated
HCL (1.1 egniv) was added in one portion.  "This was heated w1 w CHeCl, (1.3 1) with (rifluorcacetic anhydride (60 1nd) giving
90-95° for n short period aud dilnted with H.0. The praduc 07.0 g (904)), mp 320-330°  Recryvstallization from Me.CO
wisisolaied in the nsital maner. gave an saualytical xample, mp 830-331°. Anal. (CuHFyNO0

Substituted 6(5H)-Phenanthridinones (la-e).-—The 9-oxo- C.II, N,
fluorene oxime was mixed with 40-50 times its weight of PPA. 2- v, ce,e-Trifluoroacetamido-4-nitro-6(5H)-phenanthridinone
The mixuire was heated with constant stivving for 0.1-0.25 hr, (4)"T'o u stivved =nsperaion of 3 (0.2 g, 0.03 mole) in AcOH

cooled, and trimrated in H:O and the produet was isolated and .
nurified by recrvstadlization fromm a suitable solvent, e.g., AcOH. 8) D. 1L Hey, ). A, Leotard, aad C. W, Rees, J. Chem. Sor., 5251 (1963,
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(120 ml), HNO; (d 1.42) (8 ml) was slowly run in at 45 £ 2°
After stirring at this temperature for a few minutes, Ho80, (2 ml)
was added to the reaction mixture in several portions. Stirring
was continued at 55-60° for 15 min and cooled, and the product
was filtered off giving 10.2 g (979%). Recrystallization from
EtOH gave vellow needles, mp 308-309°.  _nal. (CuHFyN;O,)
C,H,N.

2-Amino-4-nitro-6(5H)-phenanthridinone (5).—A solution of
KOH (1.1 g) in H.O (5 ml) was added in one portion to a boiling
suspension of 4 (3.1 g, 9 mmoles) in 959, EtOH (400 ml). The
solition was boiled until erystallization of the product took place.
The rest of the solveut was then driven off withont heat by an air
streamn. The solid was triturated in H,O and collected by filtra-
tion, 2 g (87%). Recrystallization from PhMe gave an analytical
sample, mp 308-309° dec. Anal. (CisHoN;03) C, H, N.

N-Acetyl derivative melted at 284-2%3° (AcOH). Anal.
(CisH1,N:04) C, H, N.
4-Nitro-6(5H )-phenanthridinone (2b).—Deamination of 5§

with H;PO, (509,) gave yellow needles (CeHe—EtOH), mp 259-
260° (ﬁt.g mp 264—2650). Anal. (ClsHs.\Izo:;) C, H, N.

4-Amino-6(5H)-phenanthridinone (6). By Rearrangement of
9-Oxofluoren-l-amine.—Saturated aqueons NaN; (20 g) was
added dropwise to a stirred and ice-cooled mixtire of 9-oxofluoren-
l-amine? (30 g) and H.S0; (200 ml) over a period of 2.5 hr.
After 22 hr of stirring at ambient temperature the reaction mix-
ture was diluted with ice—water (200 ml). The amine sulfate
was collected, treated with excess 59, NaOH, and the product, 28
g (87C%), was recrystallized from EtOH giving lustrous erystals,
mp 311.5-312.5°.  Anal. (CsHwN:0) C, H, N.

By Reduction of 2b.—A suspension of 2b (1.4 g), 859, N,H,-
H,0 (3 ml), and 5%, Pd-C (50 mg) in EtOH (100 ml) was gently

(9) H. Gilman and J. Eisch, J. Am. Chem. Soc., 79, 5479 (1957).
(10) E. H. Huntress, K. Pfister, and K. H. T. Pfister, thid., 64, 2846
(1942).

CARCINOLYTICS.
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reflixed for 5 hr and filtered, and the filtrate was concentrated
giving 0.9 g, melting point aud mixture melting point with the
above compound showed 110 depression.

2,4-Diamino-6( 5H )-phenanthridinone.—Reduction of 5 (he
same way as described above gave the diamine (70¢,), nip 310~
31100 Anal. (CHNN;O) C, H. N

Conversion of 1-Iodo-9-oxofiuorene Oxime to l-lodo-9-oxo-
fluorene in PPA.—1-Todo-9-oxofluorene oxime?® (0.5 g) was
mixed with PPA (25 g). The mixture was heated at 125-130°
for 15 min, cooled, and diluted (H.O). The yellow solid was re-
crystallized from EtOH and then chramatographed in CeHa
throngh an alumina column giving 0.3 g of I-iodo-9-oxaflio-
renel®. 1! (melting point and mixture melting point).

Conversion of 1-Nitro-9-oxofluorene Oxime to 1-Nitro.9-
oxoffuorene in PPA . —Similarly 1-nitro-9-oxofluorene oxime (0.5 g)
and PPA (25 g) were heated at 120-125° for 15 min and treated
with H.O. After chromatography on alumina (C¢Hs), 1-nitro-9-
oxofluorene!? (melting point and mixture melting point) was
obtained.

4-Todo-6(5H )-phenanthridinone (2a).—Saturated aqueous Na-
NO: (3.5 g, 0.05 mole) was added portionwise to a stirred mixture
of 6 (6.3 g, 0.03 mole), H,SO,4 (60 ml), and H,O (120 ml) at 5-10°
(15 min). After stirring at 0-3° for 1.5 hr, excess HNO: was
destroyed by means of urea (1.2 g). A cold (5°) solution of KI
(48 2), I, (24 g), aud H:O (50 ml) was then added all at once to the
diazotization mixture, which was allawed to stand overnight,
heated for 15 min on a steam bath, and diluted with H,O. The
product was filtered off and treated with dilute Na,8,0; giving 7.6

g (83.59%). Chromatography on alumina with Ce¢Hs as eluent
gave lustrous platelets, mp 243-244°. Anal. (C,;H;INO) C, H,
I,N.

(11) N. Kharasch and T. C. Bruice, 1bid., 78, 3240 (1951).
(12) R. H. Chase and D. H, Hey, J. Chem. Soc., 553 (1952).

Potential Carcinolytic Agents.

VII. Substituted

Bis(2-methanesulfonoxyethyl)anilines'®

ZivoN B. ParanasTAssiou,!™® RoBert J. Brung,te
PEgay B. EstEs, AxD IsiporE WODINSKY

Arthur D. Little, Inc., Acorn Park, Cambridge, Massachusetts

02140
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New nuclear-substituted (3-acetamido, -amino, -carbethoxy, -chloro, -fluoro, -methyl, and -triflucromethyl
and 4-amino, -nitro, and -nitroso) bis(2-methanesulfonoxyethyl)anilines have been prepared by (1) N-hydroxy-
ethylation of an appropriately ringsubstituted aniline with ethylene oxide, (2) esterification of the hydroxyl

groups with methanesulfonyl chloride, and (3) further ring substitution (nitrosation or nitration).

The com-

pounds were evaluated for antitumor activity and the pertinent results are reported. N,N-Bis(2-methane-
sulfonoxyethyl)-p-nitrosoaniline reported previously is still the most active compound in the series.

Earlier we reported??® the high antitumor activity of
N, N-bis(2-methanesulfonoxyethyl)-p-nitrosoaniline (20)
against a variety of animal tumors. The most
significant activity of 20 was shown against Walker
carcinosarcoma 256 (intramuscular), Dunning leukemia
(ascites), and against the cytoxan- and thiopurine-
resistant strains of Dunning leukemia (ascites). It was
also effective against intracerebral Dunning leukemia
and had an EDs in the order of 10— yg/ml in KB and
L1210 cell cultures. In a mitetic index study using

(1) (a) Presented in part at the First Northeast Regional Meeting of the
American Chemical Society, Boston, Mass., Oct 13-15, 1968. The work
was sponsored by the Cancer Chemotherapy National Service Center,
National Cancer Institute, National Institutes of Health, Contract No.
PH-43-66-502. Paper VI: Z. B. Papanastassiou, R. J. Bruni, and E.
White, V, Ezperientia, 24, 325 (1968). (b) Deceased. (¢) To whom in-
(tiries should be addressed.

(2) 4. B. Papanastassiou, R. J. Bruni, E. Wkite, V, and P. L. Levins,
J. Med. Chem., 9, 725 (1966).

(3) 1. Wodinsky, Z. B. Papanastassiou, and C. J. Kensler, Proc. Amer.
Assoc. Cancer Res., T, 77 (1966).

1.1210 cell culture, the compound was found to be a
potent inhibitor of cell division.* Preclinical toxicology
studies of 20 unfortunately showed that dogs and mon-
keys developed leukopenia and congestive heart
failure at doses of about 0.25 mg/kg.5
Chemistry.—Because of the interesting biological
properties of 20 and in the hope of finding a compound
of even higher activity, we undertook a program to
synthesize a series of related compounds. These were
prepared wia the straightforward route illustrated in
Scheme 1. The substituted anilines I were hydroxy-
ethylated with ethylene oxide®” to the N,N-bis(2-

(4) P. E. Baronowsky, I. Wodinsky, W. I. Rogers, and C. J. Kensler,
Pharmacologolist, 8, 211 (1066).

(5) P. E. Palm, M. 8. Nick, E. P. Denine, and C. J. Kensler, J. Tozicol.
Appl. Phurmacol., 12, 313 (1968).

(8) M, Freifelder and G. R. Stone, J. Org. Chem., 26, 1477 (1961).

(7) J. Degutis and V. Bieksa, Lietuvos TSR Aukstuju Mokyklu Mokslo
Darbai:  Chem., ir Chem. Technol., 2, 33 (1962): Chem. Abstr., §9, 8629
(1963).



