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Experimental Section5 

2,7-Dihydroxy-9-fluorenone (III).-4,4'-I)ihydroxybipheiiyl-2- 
carboxylic acid3 ( 5  g)  was piilverized with 10 g of anhydrous 
ZiiClp. The mixtiire wah heated to 200" for 10 min while stirring 
conataiitly, cooled, and deconiposed in  water. The precipitate 
was filtered aiid dried t o  yield 4.0 g (87Ci), mp 325-328". Re- 
crystallization from aqiieoii- alcohol gave dark red crystah, mp 
:3::8" (lit,.3 nip 338'). 

2,7-Dihydroxyfluorene (IV).-Compoiind I11 ( 2  g)  was dis- 
solved i n  40 nil of hot diethJ-lene glycol. Hydrazine hydrate 
(8.57, 10 ml) wits added, and the mixture vias refllixed at 120' 
for 1 hr. KOH (4 g )  was then added, and t,he temperature was 
raised to 200-20,5°, Heating was continued withoiit a condenser 
for 2 hr. The reactiou mixtiire way then cooled, treated wit,h 
30 ml of cold wnter, aiid acidified with 1% ml of concentrated 
HC1 to precipitate I \- :  yield 1.7 g (00.9:;), mp 262-263'. Three 
recrystallization> from aqueoiis alcohol gave white flakes, mp 269- 
270'6 (lit. mp 283"' aiid 249-250"*). 

. Inu / .  Calcd for CI3H1,,0p: C, 78.7s; H, 5.05. Fouiid: 
C, 78.67; 11, 5.12. 
2,7-Di(methanesulfonyloxy)fluorene (V).-To compound I T  

( I  g)  in 15 ml of pyridiiie, 2 ml of methanesiilfonyl chloride was 
added slowly while s t  iyriiig a t  0' .  hfter refrigeration overnight. 
the coiitent,s wei'e poured into 100 ml of cold water. The re- 
sulting precipitate >~-a. filtered, wa-hed with cold water, aiid dried. 
ltecrystallizatioii from a mixtiire of CHCI, and alcohol gave long, 
colorless needle., mp  l(i6-1GT0, yield 1.5 g ( 8 4 5 ) .  

Anal. Calcd for C,jHl~O&: C, 50.85: H, 3.98; S, 16.08. 
Found: C, 50.88:  H, 

2,7-Fluorenedisulfo I )  w a d  made by mixing I 
(20 g) with I'Cli (31 g)  and heating over a steam bath for 2 hr. 
The mixtiire was decomposed in ice, filtered, washed with cold 
water, mid dried iinder vacuiim. It was recrystallized from 
ethylene dichloride, mp 2%;" (lit.9 mp 22.5'). 

Dimethyl 2,7-Fluorenedisulfonate (VII).-To sodium (0.9 g, 
PO mmoles) in  101) ml of aiihydrolis methanol, 1-1 (7.3 g, 10 
mmoles) was added in small portioiis at, room temperature, 
The precipitate wa. collected, and the filtrate was evaporated 
rinder vaciiiim. The residiie was combined with the original 
precipitate, and the whole waa .tirred with 25 ml of cold water and 
filtered. ltecrystallizatioii from methaiiol gave white micro- 
needles, mp 1!)3-194", yield 4.2 g ( G O " ; ) .  

dna/ .  Calcd for CljH1&6&: C, 50.85; H, 3.98; S, 18.08. 
Foiind: C, 50.88: 11, 4.12: S, 18.29. 

Animal Experiments.-Male, CAFl/Jax mice were employed in 
this study. Three weeks prior to administration of the com- 
poiind-, the mice received a siibaxially transplant of a keratiniz- 
ing sqiiamoiis cell The mice were divided into 
groiiph of three. Oiie group consiited of control animals which 
received 0.2 ml ip of a 0.5"; solution of methylcellulose, the 
vehicle for iiijectoii, each alternate day. Compound \-, at 
dobe> of 25 and 30 mg/kg aiid compound \TI, at a dose of 500 
mg/kg, were admiiiihtered to  three groiiph of animals. The 
treatment schediile was coiitiiiiied for 21 days by injecting the 
compounds on alteriiate days. Oil the day of drug administra- 
tioii, estimates of the size of the t,umors were made. Tumor 
areas ("2) were plotted against the number of dags. .Inimal 
weights were also recorded on the same days and plotted. After 
termiiiatioii of the treatment, tiinior sizes were estimated for 

The animals were further observed for a period 
of 5 weeks to determine the iirimber of survivals among t,reated 
and coi i~ro l  aiiimalr. 
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Several of the best known biological ;ill;ylating ageiith 
that were found effective as antineoplastic drugs3 
and/or insect chei~iosterilants~ contain aziridine (ethyl- 
enimine) rings as their reactive functional groups. 
I n  this laboratory there has been particular interest in 
the syntheRis and study of a series of ring-substituted 
bis(1-aziridiny1)phosphinylurethaiiq ("dual antago- 
nists"); as well as such other ring-substituted aziridine 
derivatives6 that might be capable of undergoing Sx1- 
type reactions under biological conditions.7 

Diaziridiries (I) were shown recently to undergo acid 
hydrolysis by an Sx1 mechanisms which must involve 
ring opening with the formation of a carboriiuin ion 
(11). It wah thought that diaziridiiics might act as 

biological alkylating agents if their ring-opening reac- 
tion is sufficiently 'iactivatedfJ by electroIi-attracting 
Ry substituents similar to those that were proved 
effective in the case of the aziridiries (C=O, P+O, 
P-4, etc.). It seemed, therefore, of interest to pre- 
pare some diaziridinyl analogs of the ring-substituted 
bis(1-aziridinyl)phosphinylurethanj and tri-(1-aziridi- 
1iyl)phosphine oxide3 series of known chemotherapeutic 
agents. 

While on the basis of analogy6 arid rationale,' the 
corresponding derivatives of 3,3-dialkyldiaziridines 
would seem to be the most desirable ones; unfortu- 
nately, such diaziridine rings (derived from ketones) 
are known to be unstable toward acylating reagent~.g>~O 
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Experimental Sectionl7 

1-n-Butyl-3-ethyldiaziridine (IIIc).-To 150 g (2.05 moles) of 
butylamine in 300 ml of ether was added dropwise, 120 g (3.08 
moles) of propionaldehyde in 200 ml of et,her. 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 KgC03, and, 
after evaporation of t,he solvent, the residue was distilled under 
reduced pressure; yield 187 g (81 %) of N-propylidenebutyl- 
amine,l8 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-0-sulfonic acid during 30 min while keeping 
the temperature under 12'. Stirring was continued a t  0-10' 
for 2 additional hr, and the aqueous layer was separated and ex- 
tracted with several portions of ether (total volume 500 ml). 
Sfter drying, the ether was evaporated in vucuo, and the residue 
was distilled a t  16 mm to give fraction .4, bp <69' (30.9 g), and 
fraction B, bp 69-73' (170 g). Iodometric titrations indicated 
t,hat the former contained 5 5 5 ,  and the latter 80% of the calcu- 
lated diazidiridine. Fraction A was redistilled, and the fraction 
collected between 66 and 69" (20 g, 7570 diaziridine) was com- 
bined with fraction B. To this was added, in several portions 
under cooling, 63 g of anhydrous oxalic acid in 450 ml of metha- 
nol. After allowing i t  to crystallize in the refrigerator overnight, 
the oxalate salt of the diaziridine was separated by filtration (92 
9). The mother liquor was concentrated t'o 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 
(29.87,) of pure I I Ic  oxalate (iodometricallyo determined diaziri- 
dine cont,ent, 100%). The salt has no sharp melting point and 
started decomposing a t  108'. 

Bnal. Calcd for CgHI8N204: C, 49.60; H, 8.30; 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 YaOH 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&Os and evapo- 
rated. The residue, 49.5 g (27.54;.), was essentially pure (99.8'1, 
by iodometric titration) 1-n-butyl-3-ethyldiaziridine with nmr 
absorption a t  2.0-2.5 (3 H, ring CH and YCHZ), 1.2-1.7 (6 H, 
3 methylene groups), and 0.8-1.2 (6 H, 2 methyl groups) ppm. 

The known9 I I I a  and I I Ib  were prepared analogously in yields 
of 45 and 52%, respectively. 

Ethyl [Bis( l-n-butyl-3-ethyldiaziridinyl-2-)phosphinyl] carba- 
mate (IV).-Freshly distilled dichlorocyanatophosphine oxide12 
(9.6 g, 0.06 mole) was converted to t,he ethyl carbamate deriva- 
tive in the previously described6312 manner. To the obtained 
toluene solution (160 ml) was added dropwise under cooling and 
stirring, a solution of IIIc (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, 937,), and the filtrate was con- 
centrated in uacuo. The residue was triturated in n-pentane 
(150 ml), and the solution obtained was decanted from resinous 
material. The pentane solution was stored a t  -20' for 2 weeks, 
during which time 1.5 g of the product (IT) crystallized; mp 
54-55', unchanged after recrystallization from toluene-pentane. 
Iodometric titration gave the calculated diaziridine content indi- 
cating that the product was pure; v",: (cm-l) 3120 (w) (NH), 

1290 (s) (P=O), 1250 ( 6 )  (CY), 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, i.e., bis(1-aeiridinyl)phosphinylcarbamates.5 The nmr 
spectrum shows the quartet of the urethan CH2 protons (6 4.2), 
in addition to multiplets corresponding to the ring CH (6 2.11, 

3000 (s) (CH), 1740 (s)  (C=O), 1460 (a) (CHz), 1480 (w)  (CHI), 
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Figure 3.-Effect of diaziridine derivatives on the priming 
activity of calf thymus DNA in a DXA-dependent, RNA- 
polymerase system: X = D S A  control (16 and 60 hr), 0 = 
DNA incubated with I\' for 16 hr, = same, for 60 hr, 0 = 
DNA incubared with Va for 16 hr, 0 = same, for 60 hr. See 
detailb 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 in 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,13 giving 50% inhibition in the 10-25-pg/ml 
concentration range and full inhibition at 100 pg/ml. 

In  vitro experiments using a DSA-dependent RKA- 
polymerase from L~ficrococcus 1 y s ~ c l e i l z t i c u s , ~ ~  indicate 
that both IV and Va may be capable of alkylating D S A  
under physiologic conditions. Calf thymus DNA, 
on incubation with the compounds a t  3 7 O ,  showed 
significant decrease in its ability to serve as "template" 
in the RKA-polymerase 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.I5 By 
this assay, Va was considerably more active than IV 
(in line with its greater reactivity in the Sxl-type ring- 
opening hydrolysis) and was comparable in activity 
to some aziridine derivativesjazl6 that had shown sig- 
nificant antitumor effects a t  relatively high nontoxic 
dose levels. 

(13) G. E. Foley and B. P. Drolet, Proc. SOC. 8zpiZ. B i d .  M e d . ,  Sa, 347 
(1956). 

(14) T. Nakamoto, C. F. Fox,  and 8. B. Weiss, J. B i d .  Chem., 239, 167 
(1966). 

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

(16) Z .  F. Chmielewicz, R. J. Fiel, T. J. Bardos, and J. L. Ambrus, to  he  
published. 

I - 
alkyl CH2 and CHI protons. 

Anal. Calcd for C 1 7 H ~ ~ N ~ O ~ P :  C. 52.49: H. 9.26: N. 17.99. .. .. . , I  , I  

Found: C, 52.43; H, 9.31; G, 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 

(li) Microanalyses by Galbraith Laboratories, Knoxville, Tenn. The 
nmr  spectra were determined (Varian A-60) in CClr solution, with tetra- 
methylsilane as internal standard. 

(18) K.  B. Ererard and L. E. Sutton, J. Ckem. Soc., 2319 (1949). 




