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(120 ml), H N 0 3 (d 1.42) (8 ml) was slowly run in at 45 ± 2°. 
After stirring at this temperature for a few minutes, H2S04 (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 (97%). Recrystallization from 
RtOH gave vellow needles, mp 308 309°. Anal. (0,;,H5F3N3O|) 
C , H , N . 

2-Amino-4-nitro-6(5H)-phenanthridinone (5).—A solution of 
KOH (1.1 g) in H20 (5 ml) was added in one portion to a boiling 
suspension of 4 (3.1 g, 9 mmoles) in 9 5 % EtOH (400 ml). The 
solution was boiled until crystallization of the product took place. 
The rest of the solvent was then driven off without heat by an air 
stream. The solid was triturated in H2O and collected by filtra
tion, 2 g (87%). Recrystallization from PhAle gave an analytical 
sample, mp 308-309° dec. Anal. (C,3H9N303) C, H, N. 

N-Acetyl derivative melted at 284-285° (AcOH). Anal. 
(C1SH„N304) C, H, N. 

4-Nitro-6(5H)-phenanthridinone (2b).—Deamination of 5 
with H 3 P0 2 (50%) gave yellow needles (C,H,-EtOH), mp 259-
260° (lit.9 mp 264-265°). Anal. (Ci„HsN208) C, H, N. 

4-Amino-6(5H)-phenanthridinone (6). By Rearrangement of 
9-Oxofluoren-l-amine.—Saturated aqueous NaN8 (20 g) was 
added dropwise to a stirred and ice-cooled mixture of 9-oxofluoren-
1-amine10 (30 g) and H2SO4 (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 5% NaOH, and the product, 28 
g (87%), was recrystallized from EtOH giving lustrous crystals, 
mp 311.5-312.5°. Anal. (C13H10N2O) C, H, N. 

By Reduction of 2b.—A suspension of 2b (1.4 g), 8 5 % N2H4-
H 2 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, ibid., 64, 2846 

(1942). 

Earlier we reported2,3 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 EDS0 in the order of 10~4 /xg/ml in KB and 
L1210 cell cultures. In a mitotic 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, Experientia, 24, 325 (1968). (b) Deceased, (c) To whom in
quiries should be addressed. 

(2) Z. B. Papanastassiou, R. J. Bruni, E. White, V, and P. L. Levins. 
./. Merl. Chem., 9, 725 (1966). 

(3) 1. Wodinsky, Z. B. Papanastassiou, and C. J. Kensler, Proc. Amer. 
Assoc. Cancer Res., 7, 77 (1966). 

refluxed for o hr and filtered, and the filtrate was concentrated 
giving 0.9 g, melting point and mixture melting point with the 
above compound showed no depression. 

2,4-Diamino-6(5H)-phenanthridinone.—Reduction of 5 the 
same way as described above gave the diamine (70 r ; ) , mp 310-
.".11°. Anal. (C,3H„N30) C, II. N. 

Conversion of l-Iodo-9-oxofluorene Oxime to l-Iodo-9-oxo-
fluorene in PPA.—l-Iodo-9-oxofluoreue oxime3 (0.5 g) was 
mixed with PPA (25 g). The mixture was heated at 125-130° 
for 15 min, cooled, and diluted (H20). The yellow solid was re-
crystallized from EtOH and then chromatographed in C«Hf, 
through an alumina column giving 0.3 g of l-iodo-9-oxofluo-
rene10'11 (melting point and mixture melting point). 

Conversion of l-Nitro-9-oxofluorene Oxime to l-Nitro-9-
oxofluorene in PPA.—Similarly l-nitro-9-oxofluorene oxime (0.5 g) 
and PPA (25 g) were heated at 120-125° for 15 min and treated 
with H 20. After chromatography on alumina (C6H6), l-nitro-9-
oxofluorene12 (melting point and mixture melting point) was 
obtained. 

4-Iodo-6(5H)-phenanthridinone (2a).—Saturated aqueous Xa-
N 0 2 (3.5 g, 0.05 mole) was added portionwise to a stirred mixture 
of 6 (6.3 g, 0.03 mole), H2S04 (60 ml), and H 2 0 (120 ml) at 5-10° 
(15 min). After stirring at 0-5° for 1.5 hr, excess HNO2 was 
destroyed b}' means of urea (1.2 g). A cold (5°) solution of KI 
(48 g), I2 (24 g), and H 2 0 (50 ml) was then added all at. once to the 
diazotization mixture, which was allowed to stand overnight, 
heated for 15 min on a steam bath, and diluted with H 2 0. The 
product was filtered off and treated with dilute Na2S203 giving 7.6 
g (83.5%). Chromatography on alumina with C6H6 as eluent 
gave lustrous platelets, mp 243-244°. Anal. (CuH8INO) C, H, 
I ,N . 

I'll) N. Kharasch and T. C. Bruice, ibid., 73, 3240 (1951). 
(12) R. H. Chase and D. H. Hey, J. Chem. Soc, 553 (1952). 

L1210 cell culture, the compound was found to be a 
potent inhibitor of cell division.4 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 via the straightforward route illustrated in 
Scheme I. The substituted anilines I were hydroxy-
ethylated with ethylene oxide6,7 to the X,N-bis(2-

(4) P. E. Baronowsky, I. Wodinsky, W. I. Rogers, and C. J. Kensler, 
Pharmacologolist, 8, 211 (1966). 

(5) P. E. Palm, M. S. Nick, E. P. Denine, and C. J. Kensler, J. Toxicol. 
Appl. Pharmacol., 12, 313 (1968). 

(6) 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., 69, 8629 
(1963). 
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New nuclear-substituted (3-acetamido, -amino, -carbethoxy, -chloro, -fluoro, -methyl, and -trifluoromethyl 
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sulfonoxyethyl)-p-nitrosoaniline reported previously is still the most active compound in the series. 
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hydroxyethyl)anilines 11. Most hydroxy compounds 
were available commercially or had been reported 
earlier.s Physical properties of the two new ones are 
listed in Table 1. 

The methanesulfonates JII were prepared by treating 
II with ;\IeS02Cl.Sa Some of the methanesulfonates 

(8) O. F. (rinzbur^li, li. A. Porai-koshits, and Vu Mar'yanovskaya, Zh. 
Ohshch. Khim., 30, -,70 (1960); Chem. Abstr., 64, 24677 (I960); M. Szekerke, 
H. Wade, and F. Berjrcl, ./. Chem. Sot:. 1907 (1965): A. K. Sen. T. Okuda, 
('. ('. Price, and R. Rutman, Acta Vnio Intern. Contra Cancrum, 26, 774 
(1960); Chem. Abstr., 66, 548 (1961); V. M. Shimanski, A. F. Gaevski, and 
M. A. Chernaya. Sb. Tr. Ukr. Nauchn.-Issled. Inst. Poligr. Prom., 6, 99 
(1960); Chem. Abstr., 68, 10107 (1963): J. J. D'Amico, C. C. Tung, and 
L. A. Walker, J. Am. Chem. Soc., 81, 5957 (1959). 

(9) (a) A. Cohen and R. S. Tipson, J. Med. Chem., 6, 822 (1963). ib) 
Cohen and Tipson a reported N,N-bis(2-methanesulfonoxyethyl)aniline to 
be inactive in Walker carcinoma 256 but in Dunning IRC741 leukemia it 
produced 30-day survivors at 5 mg/kg/day. 

Ill were nitrosated in HC'l by the addition of aqueous 
XaX02 or nitrated in AcOH by the addition of con
centrated HX03 to give the substituted anilines IV. 
Some of the nitro groups were reduced catalytically 
(Pd-C) to amino groups. The methanesulfonate esters 
(Table I) prepared by this scheme were identified by ir 
(13o0- and llTo-cm'-' bauds for OSCXOIF) and iimr 
(8 M.O s, 4.0 t, 4..") t. and (i.o-s.l in ppm for SO->OH3. 
XCIh, OCH2. and aromatic H, respectively) spectra and 
elemental analysis. In general they were stable 
crystalline solids, although their stability appeared to 
depend on 1 he? electron-donating and -withdrawing 
ability of the nuclear substituents X and Y. The 
greater the donating power, the lesser the stability; 
e.g.. the phenylenediamine 9 was shown by iimr to 
solvolizc (with the formation of AleS03H) at a faster 
rate than the nitrosoauiline 20. Alethanesulfonation of 
X.X-bis(2-hydroxyethyl)-/)-anisidine. »?-[X,X-bis(2-
hydroxy ethyl) amino Jbenzoic acid, »'-[X,X-bis(2-hy-
droxyethyl)amino jphenol, /)-[X,X-bis(2-hydroxycthyl)-
aminojacetanilide, and X,X-(2-hydroxydiethy])aniline 
gave only impure oils. The desired products could uol 
be purified due to their instability, attributed to the 
higher basicity of the amino nitrogen of these com
pounds. The nitroso compounds were relatively stable, 
but they appeared to be slightly sensitive to light and 
heat. 

For the preparation of 12 it was necessary to use 
isoamyl nitrite in AcOH with a small amount of con
centrated HOI, since the usual nitrosation procedure 
proved unsuccessful. Furthermore, we were not able 
to repeat the synthesis. The nitrosation of 7 and 8 was 
also unsuccessful. 

The nitrocarbethoxy compound 18 was prepared by 
the usual nitration of 8 but 18 was also the only com
pound isolated during the attempted nitrosation of 8. 
The nitrochloro compound 15 was obtained as two 
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polymorphs of different melting points, as proven by 
microscopical fusion analysis, in two identical prepara
tions. 

Biological Results.—The compounds were screened 
for antitumor activity against KB cell culture, L1210 
lymphoid leukemia, and Walker carcinosarcoma 256 
(intramuscular) under the auspices of the CCXSC. 

Our results (presented in part in Table II) indicated 
that the addition of almost any nuclear substituent 
imparted higher activity to the parent X,X-bis(2-
methanesulfonoxyethyl)aniline.9b Of the groups in
vestigated the p-XO produced the highest activity; 
20 stands as the most active compound in the series. 
The addition of a p-XO group to the meta-substituted 
methanesulfonoxyethylanilines (10-13) failed to in
crease the activity above that of 20 even though some 
of the meto-substituted methanesulfonoxyethylanilines 
themselves (3-9) showed considerable activity. The 
corresponding nitro compounds (14-18) were less active 
than the unnitrated compounds. Both nuclear sub
stitution and the methanesulfonate alkylating moiety 
seemed to be required for attaining carcinolytic 
activity; e.g., 22 (a nuclear-substituted hydroxyethyl-
aniline) and XT,X-bis(2-methanesulfonoxyethyl)aniline 
(a methanesulfonate with no nuclear substituent) were 
both inactive, whereas 20 (a nuclear-substituted 
methanesulfonate) was very active. Two examples 
(chlorambucil and sarcolysin) of nuclear substitution 
enhancing the activity of the parent aromatic mustard 
were cited by Ross.10 

An attempted correlation between the estimated 
pifa values of the substituted methanesulfonoxyethyl
anilines and the cytotoxicity in KB cell culture was 
unrewarding. The values were too scattered to indicate 

(10) W. C. J. Ross, "Biological Alkylating Agents," Butterworth and Co. 
(Publishers) Ltd., London, 1962. 

a trend. Thus the compounds of the methanesulfonate 
series did not follow quantitatively what Everett and 
Ross11 had demonstrated for the aryl-2-haloalkylamines, 
i.e., that "substitution in the aromatic nucleus tending 
to reduce the chemical reactivity of the halogen atoms 
(as measured by the rate of hydrolysis in aqueous 
acetone) also reduces the biological activity." 

X',X-Bis [2-(p-toluenesulfonoxyethyl) ]-p-nitrosoani-
line (21) was found to be less active than the correspond
ing methanesulfonoxy compound 20. 

Experimental Section12 

Except for the following examples, the usual synthesis tech
niques referred to above were followed for the preparation of the 
compounds mentioned. 

3- [Bis( 2-methanesulfonoxy ethyl )amino] acetanilide (5).— 
MeS02Cl (14 ml, 0.18 mole) was added with stirring to a solution 
of 17.6 g (0.075 mole) of 3-[bis(2-hydroxyethyl)amino]acetanilide 
in 105 ml of dry (BaO) pyridine at —10°. The mixture was 
stirred at —10° for 30 min, then poured into petroleum ether 
(bp 37-48°) to precipitate the crude product as an oil. The 
solvent was decanted and the oil was triturated several times 
with petroleum ether. The oil was dissolved in CHCL and the 
solution was washed (ice-cold 5% H2S04, H20, saturated NaCl). 
The dried (Na2S04) CHC13 solution was warmed and clouded with 
petroleum ether and allowed to crystallize. Properties of the 
product are listed in Table I. 

N,N-Bis(2-methanesuIfonoxyethyI)-3-fluoro-4-nitrosoaniline 
(12).—To a solution of 1.43 g (0.004 mole) of N,N-bis(2-methane-
sulfonoxyethyl)-3-fluoroaniline in 5.0 ml of AcOH and 0.8 ml of 
concentrated HC1 was added 0.7 ml (0.006 mole) of j'-AmONO. 

(11) J. L. Everett and W, C. J. Ross, J. Chem. Soc. 1872 (1949). 
(12) All melting points were taken on a Mel-Temp capillary melting point 

apparatus and are uncorrected. Ir spectra were determined as Fluorolube 
and Nujol mulls and were recorded on a Perkin-Elmer 237 spectrophotom
eter. The nmr spectra were obtained on a Varian Associates A-60 spectrom
eter equipped with a V-6040 variable-temperature controller and probe. 
The microanalyses were performed by Dr. S. M. Nagy of the Massachusetts 
Institute of Technology. Where analyses are indicated only by symbols of 
the elements, analytical results obtained for these elements were within 
±0 .4% of the theoretical values. 



S28 MATHIAS P. .MERTES AXD E U G E N E A. C OATS Vol. 

The solution was stirred for 10 min with slight cooling and then 
a solution of 0.4 g (0.0(10 mole) of urea in 1 ml of H:() and :! 
drops of concentrated MCI was added. The reaction solution 
was immediately poured into 150 ml of cold H20 and extracted 
(EtOAc). The EtOAc solution was partially dried by filtering 
through CaSO« and enough petroleum ether was added to force 
M20 and a brown tar out of solution. The EtOAc-petroleum 
ether solution was decanted from )!;() and tar and clouded with 

more petroleum ether and allowed to crystallize at Dry Ice 
temperature. Properties of the product are listed in Table I. 

N,N-Bis[2-(p-toIuenesulfonoxy)ethyl]-p-nitrosoaniline (21 j . 
N,N-Bis[2-(p-tohtenesulfonoxy)ethyl]aniline9:l was uitrosated in 
a mixture of AcOH and 6 .V HC1 and worked up in the usual 
way.- The crude product was recrystallized from absolute 
EtOM to give a 75('y- yield of pure 21 as a green powder, nip 
1 17-1 IS° dec. Anal. i;C2,ITBN207S„) ('. II, X. 

Charge-Spatial Models, cis- and t rans-3- and -4-Subst i tuted Cyclohexyl 
Phosphates as Analogs of 2'-Deoxyuridme S'-Phosphate1 

.MATHIAS P . M E R T E S AND E U G E N E A. ( 'OATS 

Department of Medicinal Chemistry, School of Pharmacy, University of Kansas, Lawrence, Kansas 66044 

Received January 2h), \HHii 

The isomers of 3- and 4-substituted cyclohexyl phosphates were synthesized for examination of the binding 
sites of thymidylate synthetase. ra-3-Hydroxycyclohexanecarboxylic acid treated with diphenylphosphoro-
chloridate gave c/s-3-diphenylphosphorylcyclohe.xanecarboxylic acid (5a). Subsequent treatment with SOCb 
followed by NHiOII gave m-.'i-carbamoylcyclohexyl diphenyl phosphate (5b). Aeetylation of 5b gave cis-
3-N-acetylcarbamoylcyclohexyl diphenyl phosphate (5c). The synthesis of c/.s-'j-allophanoyleyclohexyl di
phenyl phosphate (5d) was accomplished by treating the acid chloride of 5a with urea. Pt-catalvzed hydro-
genolysis of the diphenyl phosphates 5b-d yielded the respective phosphates lb-d. The corresponding trans-o 
(2b-d), cfs-4 (3b~d), and mixed cis-trans-A (4b-d) phosphates were prepared by the-same sequence. The phos
phates were found to be weak inhibitors of thymidylate synthetase; highest activity resided in m-4-N-acetyl-
carbamoylcyclohexyl phosphate (3c) and c(.s-4-allophanoylcyclohexyl phosphate (3d). 

The commonest approach to the design of enzymatic 
inhibitors is based on analogs of the natural metabolites 
of the particular enzyme. While there is no question of 
the productivity of this approach, the metabolite varia
tions that can be designed as potential inhibitors are 
limited and in many cases the synthesis becomes ex
tremely laborious. 

Another approach to the design of enzyme inhib
itors that is unlimited in scope can be built on the prem
ise that the most important features in specific en
zymatic binding reside in a maximum of two or three 
portions of a molecule, and the remainder of the mole
cule is a template structure holding the correct charge 
sites in the proper spatial arrangement. Binding to 
the enzyme through these charge sites of the molecule 
relies on attractive forces such as exist between unlike 
charges, either dipoles or ion-ion pairs, hydrophobic 
bonding, or other physicochemical cohesive forces.2 An 
essential to binding is tha t these sites of the molecule 
are held in the correct steric -spatial relationship with
out steric interference of approach to the enzyme. 

In an attempt to examine these postulates initial 
studies were directed to the inhibition of thymidylate 
synthetase, the enzyme catalyzing the conversion of 
2'-deoxyuridine 5'-phosphate to thymidine 5'-phos
phate.3 Previous studies by many investigators have 

(3) This work was supported by a Public Ileal til Service predoctorul 
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demonstrated that the phosphate group is essential for 
binding. In addition, studies reported on azapyrimidine 
nucleotides and 5-fluoro- or 5-trifluoro-2'-deoxyuridine 
"/-phosphates suggest a requirement for an acidic func
tion (p7va = 9.5 to —7.0) at t heNsH-CiO portion of the 
pyrimidine ring.30 '4 The correct spatial relationship of 
these two moieties for maximum binding has not been 
studied. Assuming the syn or anti configuration for the 
pyrimidine ring and the fact that the 5'-phosphate is 
theoretically freely rotating, several possible spatial ar
rangements can be formulated. Using the substrate 
2'-deoxyuridine 5'-phosphate as the model, with a fully 
extended phosphate the syn and anti pyrimidine ring 
configurations show a range of 6.-1-7.6 A between the 
center of the P atom and the center of N-3. 

For the preliminary studies this range of 6.4-7.6 A be
tween the acidic function and a phosphate was selected. 
The models used were cyclohexyl phosphates substi
tuted cw or trams at positions 3 or 4: compounds lb -d , 
2b-d, 3b d, and 4b-d. The substituents used at these 
positions were the amide which is neutral and should be 
inactive, the X-aeetylamide, and the acylcarbamate 
group, both of which are weakly acidic. Although the 
\,'•]-(>• arts and the lA-cis systems are flexible, the dis
tances between the ionizable XI I and the P atom in 
these models, assuming extended phosphate and amide 
groups, are estimated to be 6.0 A (1,3-, rows), 6.4 A 
(1,3-«V), 6.S A (1,4-CTS), and 7.2 A (1,-l-lraiis). 

Catalytic hydrogenation of m-hydroxybenzoic acid-"' 
has afforded mainly CTS-3-hydroxycyclohexanecarbox-
ylic acid. On the basis of more recent favorable results 
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