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Experimental Section’

2,7-Dihydroxy-9-fluorenone (111).—4,4'-Dihydroxybiphenyl-2-
carboxylic acid?® (5 g) was pulverized with 10 g of anhydrous
ZuCly.. The mixture was heated to 200° for 10 min while stirring
constantly, cooled, and deconiposed in water. The precipitate
was filtered and dried 1o vield 4.0 g (87¢¢), mp 325-328°. Re-
crystallization from aqueons aleohol gave dark red crystals, mp
338° (lit.? nip 33%°).

2,7-Dihydroxyfluorene (IV).—Compound IIT (2 g) was dis-
solved i1 40 nil of hot diethylene glvecol. Hydrazine hyvdrate
(85%%, 10 ml) was added, and the mixture was refluxed at 120°

for 1 hr. KOH (4 g) was then added, aud the temperatire was
raised to 200-205°. Heating was coutinned without a coudenser
for 2 hr. The reaction mixture was then cooled, treated with

30 ml of cold wuter, aud acidified with 12 ml of concentrated
HCl to precipitate IV; yield 1.7 g (90.9¢% ), mp 262-263°. Three
recrystallizations from aquieous alcohol gave white flakes, mp 269-
2701°8 (1it. mp 233°7 and 249-250°8).

Anal. Caled for CHiO.: C, 78.78; H, 3.05.
C, 78.67; 11, 5.12.

2,7-Di( methanesulfonyloxy)fluorene (V)—To compound IV
(1 g) in 15 ml ot pyridine, 2 ml of methanesulfonyl chloride was
ndded slowly while stirring at 0°.  After refrigeration overnight,
the contents were poured into 100 ml of cold water. The re-
sulting precipitate was filtered, washed with cold water, and dried.
Recrystallization from a mixture of CHCl; and aleohol gave loug,
colorless needles, mp 166-167°, vield 1.5 g (849,).

Anal. Caled for CisHuOeS.: C, 50.85; H, 3.98; S, 18.08.
Found: C, 50.88: H, 3.99; 8, 18.04.

2,7-Fluorenedisulfonyl chloride (VI) was made by mixing I
(20 g) with PCL; (31 g) aud heating over a steam bath for 2 hr.
The mixture was decomposed iu ice, filtered, washed with cold
water, and dried under vacuum. It was recrystallized from
ethyleue dichloride, mp 227° (lit.? mp 225°).

Dimethyl 2,7-Fluorenedisulfonate (VII).—To sodium (0.9 g,
20) mmoles) i1 100 ml of anhydrous methauol, VI (7.3 g, 10
mmoles) was added in small portions at room temperature.
The precipitate was collected, aud the filtrate was evaporated
under vacuum. The residie was combined with the original
precipitate, and the whole wax stirred with 25 ml of cold water and
filtered. Recrystallization from methanol gave white micro-
needles, mp 193-104°, vield 4.2 g (6047 ).

Anal, Caled for Ci:HuO68:: C, 50.85; H, 3.98; 8, 18.08.
Fouud: C, 50.88; H, 4.12; S, 18.29.

Animal Experiments.—\lale, CAF,/Jax mice were emploved in
this study. Three weeks prior to administration of the com-
pounds, the mice received a subaxially transplant of a keratiniz-
ing squamous cell carcinoma.’® The niice were divided into
groups of three. Oue group consisted of coutrol animals which
received 0.2 ml ip of a 0.5% solution of methylcellnlose, the
vehicle for injectou, each alternate day. Compound V, at
doxes of 25 aud 50 mg/kg and compound VII, at a dose of 500
mg/kg, were administered to three groupx of aunimals. The
treatment schedule was coutinned for 21 days by injecting the
compounds on alternate days. On the day of drug administra-

Found:

tiou, estimates of the size of the tumors were made. Tumor
areas (mm?) were plotted agaiust the number of days. Animal
welghts were also recorded on the same days aud plotted. After

termination of the treatmeut, tumor sizes were estimated for
another 14 days. The animals were further observed for a period
of 5 weeks to deterniine the number of survivals among treated
and coutrol animals.
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Several of the best known biological alkylating agents
that were found effective as antineoplastic drugs?
and/or insect chemosterilants? contain aziridine (ethyl-
eniniine) rings as their reactive functional groups.
In this laboratory there has beei particular interest in
the synthesis and study of a series of ring-substituted
bis(l-aziridinyl)phosphinylurethains  (“dual  antago-
nists”)® as well as such other ring-substituted aziridine
derivatives® that might be capable of undergoing Sn1-
type reactions under biological conditions.”

Diaziridines (I} were shown recently to undergo acid
hydrolysis by an Snx1 mechanism® which must involve
ring opening with the formation of a carbonium ion
(I1). Tt was thought that diaziridines might act as
+
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biological alkylating agents if their ring-opening reac-
tion is sufficiently “activated” by electron-attracting
Rs substituents similar to those that were proved
effective in the case of the aziridines (C=0, P-0,
P—S, ete.). It seemed, therefore, of interest to pre-
pare some diaziridinyl analogs of the ring-substituted
bis(1-aziridinyl)phosphinylurethan and tris(l-aziridi-
nyl)phosphine oxide? series of known cheniotherapeutic
agents.

While on the basis of analogy® and rationale,” the
corresponding derivatives of 3,3-dialkyldiaziridines
would seeni to be the niost desirable ones; unfortu-
nately, such diaziridine rings (derived from ketones)
are known to be unstable toward acylating reagents,®1
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Therefore, ouly diazividines with one C-alkyl substit-
uent (IHTa-¢) could be considered as starting materials
for the synthesis of the desired compounds.  These
diaziridines were prepared by the reaction of hydroxyl-
amine-O-sulfonic acid with the Schiff base devived from
the appraprinte aldehyde and alkylunine, using »
modification of the methods described in the ltern-
ture,Y -
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These diazividines (ITI) were treated in benzene
solution with dichlorophosphinylurethan!? in the pres-
ence of triethylamine, in the manner deseribed for the
preparation  of the corresponding aziridine deriva-
tives.®* It was found, however. that this reaction
procecds much ore slowly in the case of the diazivi-
dines, and it could not be carried to completion at room
temperature with either of the two N-cyelohexyl deriva-
tives, ITTa or ITIb.  On warming the reaction mixtures
above 40°, deconiposition  produets  were  fornred.
More successful was the reaction of the N-n-butyl
dinzividine ITTe which, at voom temperature after an
extended reaction tinte, gave the desived produet IV,
The Intter was identified by elemental analysis, by
infrared and nmr speetra, and by the characteristic
reaction ot diazividine rings with hydrogen iodide.?
This reagent is oxidized by 1V to iodine in a quantita-
tive manner (corresponding to 2 oquiv of dingiridine/
mole) but at @ much slower rate than by TlIa-c¢ oy
other alkyldiazividines,

Reaction of ITIe¢ with phosphorus oxychloride re-
sulted i the replacement of only two chlorine atoms to
give Vi On dissolving Va in aqueous aleohol, it was
immedintely  hydrolyzed  (with  the  release  of 1
equiv of HCD, presumably, to Vh.

Results of a kinetic study of the hydrolysis of the
dinzividine rings i1 1 N sulfuric acid-509% aqueous
cthanol solution nt 22° arve shown in Figure 1. The rate
of disnppearance of the diazividine rings was followed
by iodometrie titration.  Thix rte was slower for IV
than for the corresponding “free” diazividine Illc,
which had o rate constant. b, of 0.17 X 10~% see—1,
At the same time, the oxidation rate of hydrogen iodide
by IV increased relatively rvapidly through the first
12 hy of hydrolysis (see IMigure 2) indicating the forinma-
tion of an intermediate diaziridine derivative;  this,
rather than IV itself, may be the species primarly
widergoing  the ring-opening  reaction.  Such  inter-
niedinte  dinzividine derivatives might arise by the
~plitting of one of the 14N bonds of 1V to give either

11y Ol Pager o O X0 Davass S U ed, Chorn,, T, 020 (1054).

(121 Z. 1 Papanpsiassinu aud 1. 0. Bardos, ib5d., §, 1000 (1852).
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Figure 1--Semilognrithmie plot of the mtes of ring opemug
i eld hydrolysis (1 2V HaSO-2097 gqueons etbanol, 22°) af
dinziridine derivatives: O = IV, A = Ille, © = Va. The re-
raaining amounts of iutaet dinzividine rings, ax determined by
iodometvie {itration (nsing the I-hr ttmtion valhes, 7% ¢f.
Figure 2) and expressed as percentages of the theoretical value
for the giveun eomponnd, ave plotted ngainst the duration of
hydroly=is o the samples,
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Figare 2.—iTect »f neld hydrolysis ou the rates of reaction of
the diaziridine derivatives witke HI: O = IV, A = Ill¢, & =
Vi, The relative amounts of lodine liberated duriug the first
10 win (197 as percentages of the total muounts of lodine
libernted dariug 1 hr (1,77 following the addition of HI (o the
smples are plotted against the times of acld hydrolysis i/,
Fignre 11 of the smuples prior to the addition of HI.

the “free” diazividine [IIe or o earbamate-free hydroly-
six product similar to Vb, Sinee the oxidation rate of
hvdrogen iodide by Va was found to be as fast as by
[IIc, it ix conceivable that Vb is formed as the first
intermediate in the ncid hydrolysis of TV,

Both IV and Va showed some, but very low, alky-
fnting activity in the (usually Sx2-type) reaction with
the wucleophilic reagent 4-(p-nitrobenzyl)pyridine at
80° under the previously deseribed conditions.”™  In
thiz reaction, they showed approximnately the same
alkylating activity as the 2,2,3,3-tetramethylaziridine
analog of TV (ke = 0.4 X 1073 min—!) which has the
Jowest activity in the nziridine series.®
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Figure 3.—Effect of diaziridine derivatives on the priming
activity of calf thymus DNA in a DNA-dependent, RNA-
polymerase system: X = DNA control (16 aud 60 hr), O =
DNA incubated with IV for 16 hr, @ = same, for 60 hr, O =
DNA incubared with Va for 16 hr, ® = same, for 60 hr. See
details in Experimental Section.

Biological Activity.—Due to the poor solubility of IV
and the instability of Va, some difficulties were encoun-
tered in the initial #n vivo testing of these compounds
against transplanted animal tumors, and the results ob-
tained, so far, are inconclusive. Both compounds
showed moderate cytotoxicities against a Sarcoma 180
cell line,'® giving 509 inhibition in the 10-25-pg/ml
concentration range and full inhibition at 100 ug/ml.

In vilro experiments using a DNA-~dependent RNA-
polymerase from Micrococcus lysodetkticus,'* indicate
that both IV and Va may be capable of alkylating DNA
under physioclogic conditions. Calf thynwus DNA,
on incubation with the compounds at 37°, showed
significant decrease in its ability to serve as “template”
in the RNA-polynierase system (see Figure 3), This
effect is qualitatively similar to that shown under iden-
tical experimental conditions by the biologically active
aziridine derivatives and nitrogen mustard,'®* By
this assay, Va was considerably more active than IV
(in line with its greater reactivity in the Sx1-type ring-
opening hydrolysis) and was comparable in activity
to sonie aziridine derivatives®'® that had shown sig-
nificant antitumor effects at relatively high nontoxic
dose levels.

(13) G. E. Foley and B. P. Drolet, Proc. Soc. Ezptl. Biol. Med., 93, 347
(1956).

(14) T. Nakamoto, C. F. Fox, and 8. B. Weiss, J. Biol. Chem., 289, 167
(19686).

(15) A study on the effects of nitrogen mustard and of a series of biologi-
cally active aziridine derivatives on tlie priming activity of DNA in this
enzyme system, in correlation with changes in the physicochemical proper-
ties of the macromolecule, was reported at the Annual Meeting of tlie
American Association for Cancer Research, Denver, Colo,, May 26-28, 1966,
and will be published in detail.

(16) Z. ¥. Chmielewicz, R. J. Fiel, T. J. Bardos, and J. L. Ambrus, to be
published.
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Experimental Section

1-n-Butyl-3-ethyldiaziridine (IlIc).—To 150 g (2.05 moles) of
butylamine in 300 ml of ether was added dropwise, 120 g (2.08
moles) of propionaldehyde in 200 ml of ether. The addition was
carried out in the course of 1 hr under continuous (magnetic) stir-
ring and cooling below 10°. After 1 hr, the aqueous layer (31
ml) was separated, the ether solution was dried over K.COs, and,
after evaporation of the solvent, the residue was distilled under
reduced pressure; yield 187 g (819;) of N-propylidenebutyl-
amine,® bp 35° (20 mm), To this Schiff base (160 g, 1.42
moles), 400 ml of water, and 310 g (3.05 moles) of triethyl-
amine was added under cooling (ice-salt bath) 160 g (1.47 moles)
of hydroxylamine-O-sulfonic acid during 30 min while keeping
the temperature under 12°. Stirring was continued at 0-10°
for 2 additional hr, and the aqueous layer was separated and ex-
tracted with several portions of ether (total volume 500 ml).
After drying, the ether was evaporated in vacuo, and the residue
was distilled at 16 mm to give fraction A, bp <69° (30.9 g), and
fraction B, bp 69-73° (170 g). Iodometric titration? indicated
that the former contained 559, and the latter 80¢ of the calcu-
lated diazidiridine. Fraction A was redistilled, and the fraction
collected between 66 and 69° (20 g, 759, diaziridine) was com-
bined with fraction B. To this was added, in several portions
under cooling, 63 g of anhydrous oxalic acid in 450 m! of metha-
nol, After allowing it to crystallize in the refrigerator overnight,
the oxalate salt of the diaziridine was separated by filtration (92
g). The mother liquor was concentrated to yield several more
crops of the oxalate salt which were combined with the first
crop and recrystallized from 270 ml of methanol; yield 92 g
(29.89,) of pure Illc oxalate (iodometrically? determined diaziri-
dine content, 1009;). The salt has no sharp melting point and
started decomposing at 108°,

Anal. Caled for CgH;gN,Oys: C, 49.60; H, 830; N, 12.82.
Found: C, 49.72; H, 8.25; N, 12.68.

The above oxalate salt was suspended in water (200 ml), a
layer of ether was added, and, under stirring and cooling, a con-
centrated aqueous solution of 36 g of NaOH was added dropwise,
while keeping the temperature below 15°. The precipitated so-
dium oxalate was filtered and washed with ether, and the com-
bined ether layer and washings were dried with K,CO; and evapo-
rated. The residue, 49.5 g (27.59;), was essentially pure (99.89,
by lodometric titration) l-n-butyl-3-ethyldiaziridine with nmr
absorption at 2.0-2.5 (3 H, ring CH and NCH,), 1.2-1.7 (6 H,
3 methylene groups), and 0.8-1.2 (6 H, 2 methyl groups) ppm.

The known?® IIIa and I1Ib were prepared analogously in yields
of 45 and 529, respectively.

Ethyl [Bis(1-n-butyl-3-ethyldiaziridinyl-2-)phosphinyl]carba-
mate (IV).—Freshly distilled dichlorocyanatophosphine oxide!?
(9.6 g, 0.06 mole) was converted to the ethyl carbamate deriva-
tive in the previously described®? manner. To the obtained
toluene solution (160 ml) was added dropwise under cooling and
stirring, a solution of IIl¢ (15.4 g, 0.12 mole) and triethylamine
(12.2 g, 0.12 mole) in dry toluene (100 ml). After 12 days at room
temperature, the precipitated triethylamine hydrochloride was
separated by filtration (16.5 g, 939%), and the filtrate was cou-
centrated in vacuo. The residue was triturated in n-pentane
(150 ml), and the solution obtained was decanted from resinous
material. The pentane solution was stored at —20° for 2 weeks,
during which time 1.5 g of the product (IV) crystallized; mp
54-55°, unchanged after recrystallization from toluene-pentane.
Todometric titration gave the calculated diaziridine content indi-
cating that the product was pure; vhor (em™!) 3120 (w) (NH),
3000 (s) (CH), 1740 (s) (C=0), 1460 (s) (CH,), 1480 (w) (CH,),
1290 (s) (P==0), 1250 (s) (CN), 1200 (s) (CO), 1060 (w), 1090
(m), 975 (w), 925 (m), 850 (m), 780 (m), These spectral bands
are generally similar to those of the analogous aziridine com-
pounds, 1.e., bis(1l-aziridinyl)phosphinylcarbamates.5 The nmr
spectrum shows the quartet of the urethan CH, protous (5 4.2),
in addition to multiplets corresponding to the ring CH (5 2.1),
alkyl CH; and CHj; protons.

Anal. Caled for CyHyxNsO:P: C, 52.49; H, 9.26; N, 17.99.
Found: C, 52.43; H, 9.31; N, 17.89.

The mother liquor from IV was evaporated to give 8 g of an
oily residue which appeared to be identical with the crystalline

(17) Microanalyses by Galbraith Laboratories, Knoxville, Tenn. The
nmr spectra were determined (Varian A-80) in CCly solution, with tetra-
methylsilane as internal standard.

(18) K, B. Everard and L. E. Sutton, J. Chem. Soc., 2319 (1949).
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waterial in speciral and chemical properties but could not be in-
dueed to yield more crystals.
Bis(1-n~butyl-3-ethyldiaziridinyl-2-)phosphinic Chloride (Va).
—To a solution of IIIe¢ (10 g, 0.0785 mole) and triethylamine (15
g, 0.146 mole) iu tolueue (300 wml), cooled to —15°, was added
POCL (6 g, 3.7 m1, 0.04 mole) iu taluene (30 ml),  After 3 davs
atl room temperature with exclusion of air, the precipitated tui-
ethylamine hydrochloride was filtered (10 g, 149), and the =ol-
velll was evaporated in vacuo.  The residue, a very hygroscopic,
oily substance, was completely soluble in pentane.  In 50 aque-
oux ethalol, it was immediately hydrolvzed (presumnbly ta Vh)
with lowering of the pH to 4 and quantitative liberation of |
equiv of ehloride lon (based on the molecular weight culculated
for Va), ax determined by titration with AgNOu.  Atrelpt= {o
ixolate Vb from the aqueous soliution led ta partially polvnierized
svrupy materinl.  Todometric determination of the dinzividite
graups? also gave resultx in agreement with structuve Va; »S00
ety 3000 (3) (CH), 1460 () (GHy), 1480 (m) (CI11,), 1200

e to the instability of the compound, au elemental aualy=is was
ot performed.

Hydrolysis Rate Studies.--The compound (L1 g) was dix-
~olved iu a mixture of ethanol (10 ml) aud 2 N aqueous 80, (10
), and the salution was kept in n thermostat at 22°.  After the
specified period, 2 1al of 01 207 agqueous KI was added 1o the
sample, aud the lodine was titrated after 10 miu, then again afier
I hr, with 0.1 N7 NaaxO;.

Effects on the Activity of DNA as “Template’’ in a DNA-De-
pendent RNA-Polymerase System.>—A solution of calf thymus
DNA, 1.5 wg/ml in 0.1 3 phosphate huffer, pH 5.3, was iueun-
bated with 15 gmoles of each of the compounds at 37° for 16 aud
60 hr. The DNA was precipitated by the addition of ethanol
and ixolated by ceutrifugation.  Coutrol samples of DNA (inen-
bated in the same buffer, without the compounds) were prepared
it an identieal mauner.  The “temiplate’ activities of the treated
and coutrol DNA sangles were compared i a DNA-dependent
RNA-polvinerase systen, using 1 modification® of the assay
dexcribed by Nakamoto, et ¢l.14 The reaction mixtine, 0.5 wml,
conlained varying amounnts of DNA, RNA-palymerase (15-30
units ), 0.4 pmole each of the triphosphates of uridine, cyvtidine,
and guanoesine, 0.2 gmole of 8-1C-adenosine triphosphate (2.5 X
103 counts/min), 0.8 wmole of spermidine phosphate, 1.25 pmoles
of MnCly, and 50 wmoles of Tris bulfer, pH 7.5. After inenba-
tinn with agitation for 30 min at 30°, the reaction was terminated
by immersion iu ice and addition of 0.1 ml of 50¢¢ trichloroace-
tic acid (TCA). Carrler ribouncleie acid, 0.1 ml (2.0 mg/nil},
was added, and the final volume wax brought to 1.0 ml by addi-
Hou «f 53¢ TCA. The solids were collected by centrifugntion,
wished twice with 5¢; TCA, and dissolved iu formic neid.  Ali-
quots were plated ou staiuless steel planchets, dilited with water,
and dried, and the radioactivity was determined in a gas-flow
comter.  Tucorporation  of BC-ATP  {milimicromoles’  wis
plotted s, the concentration of DNA (micrograms per tube, on
the baxix of optical density at 260 mu)'® to give the comparative-
acetivity cirves shown in Figure 3,
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(14) 1.4 Bardos, J. Lo Ambras, Z. ¥, Clinielewiez, AL G, Penny, and C.
M. Avmbirus, Cancer Ras., 25, 1238 (1965).
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A extenstve investigation of the anticiuieer activity
of S-substituted  dervivatives ot purine-6(1H)-thione
would be of great interest becuise nuerous investi-
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gitors® have prepared alkylthiopnrvines il fomd it
they showed aetivity against Adenocareinoma 755% wnd
Sarconit 1804 comparable to that of purine-6EH j-thi-
one.  Grillot, ¢f ol had voted eavlier that Mannich
reartinns mvolving thiophenol asx well as =ubsfitited
tliiophenols gnve S-substititted thiophenols instead of
C-nlkylated prodiets. This observation prompted ns
to =tndy the reaction of purine-G(1H)-thione with aqgne-
ous formaldelhyde and a<econdiry amine =uch ax piperi-
dine or morpholine.  These reactions gave good yields
of proditets, with <harp melting points, which gave one
spot. on thin Inver chromatograns, Tl nltraviolet
spectr ol these compotnds <howed Ay A28 hig Cepy,g
21,400) for the morpholine derivative (11) and N,
327 1 (e, 18.000) for the piperidino derivative (12).
Theze ultraviolet speetrn lead ux to believe that =nb-
stitution  was not oceirving at the thiono group of
purine-G(1H)-thione.  Buvekhalter and DIl treated
theophylline with aqueons formaldehyde and second-
ary anines to o give 7-(dinlkylaminomethyi)theophy-
lines (eaffeine derivatives),  However, the ultraviolet
spectry of the productz obtmned from purine-GeH)-
thione did not show the bathochrontie <hift expected {or
A 7-substituted purvine”  The faet that the produets
showed absorptions very =imilay to purine-6(1Hj-thi-
ONC, Apae 328 Mg (e 16.800), indicated that snb-
stitution was occenrring in cither the 1, 8 or 9 positions.
Bredereck and co-workers® fonnd that vaffeine was hy-
droxviethyviated in the 8 position by aqueous formal-
dehvde,

Compound 13 was obtained when morpholinomethyi-
purine-6(1H)-thione in aqueous ethyl alcohol contain-
ing sodimn hydroxide was treated with n-propyl tiro-
mide at 457, Compound 13 is identieal with the prod-
uct formed from 6-(r-propylithio)purine, mjueons for-
maddehyde, and morpholine. When 13 was treated
with dimedon i ethyl aleohol at room temperntnre,
asohid formed which proved to be the dimedon-for-
maldehyde ndduct.  Evaporation of the filtrate, which
remained after the adduct was colleeted. gave 6-(n-
propylthio)pnrine.  Thix evidence, in contbination with
the nhiraviolet spectrn, thin kwer, wud paper chroma-
tographic  data, mdicates that purine-6(1H)-thione
undergoes the Maunieh reaction af the 9 position,

The failure of 9-cvelopentvi-9H-purine-6(1H)-thionc
to morpholinomethylate when (reated with aqueons
formaldehiyde and morpholine nuder the usunt condi-
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