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Synthese und zytostatische Wirkung einiger 2-substitulerter 2J-Dihy- 
dro-1,3,2-benzoxazaphosphorin-4-one und ihrer 2-Oxid-Derivate 

As a result of the reaction of salicylic amide with PCI, and POCl, 2-chlo- 
ro-2,3-dihydro- 1,3,2-benzoxazaphosphorin-4-one (1) and its 2-oxide 2 are 
obtained. Compounds 1 and 2 form amides with amines in 2-position. 
Antineoplastic action of the derivatives containing the bis(2-chloroeth- 
y1)amide group in 2-position was found. 

Salicylsaureamid reagiert mit PCI, bzw. POCI, zu 2-Chlor-2.3-dihydro- 
1,3,2-benzoxazaphosphorin-4-on (1) und dessen 2-Oxid 2. Diese bilden 
mit Aminen die entspr. Amide 3-8. Die 2-Bis(2-chlorethyl)amidderivate S 
und 8 wirken zytostatisch. 

~ ~ ~ 

For many years investigations have been carried out aiming at finding 
optimum antineoplastic drugs, i.e.. drugs revealing specific action and low 
toxicity, at the same time. A large group of antineoplastic drugs is formed 
by alkylating substances exerting non-specific effects on the DNA. The 
basic alkylating drug is 2-[bis(2-chloroethyl)]amino-tefrahydro-2H- 1,3,2- 
oxazaphosphorin-2-oxide(cyclophosphamide). In vivo the compound 
undergoes oxygenation to Chydroxy- and then 4-ket~yclophosphamide’~~). 

In the lit. there is no straightforward information as to 
which of the initial metabolites of cyclophosphamide is 
responsible for the antineoplastic The metabolic 
decomposition leads, in the final stage, among others to 
acroleine, an aldehyde responsible for the toxicity of cyclo- 
phosphamide. The toxicity is abolished by administering, at 
the same time, compounds containing a sulfhydryl group, 
e.g. MESNA9.l0). 

In our previous investigations weak antineoplastic activity 
and low toxicity of the derivatives of 2-phenyl-2,3-dihydro- 
1,3,2-benzoxazaphosphorin-4-on-2-oxide~1~ was found. 
This made us look for other benzene analogues of 4-ketocy- 
clophosphamide with groups known as pharmacophoric 
groups. The condensed structure of the 4-ketocyclophos- 
phamide rest with benzene makes the in vivo formation of 
acrylic aldehyde impossible. 

The reactions of salicylic acid with PCI3 and P0Cl3 have 
been investigated to a low extent only. Part of our results 
has been published previously12). 

For the synthesis we used salicylic amide, POC13 or PC13, 
and proper amines: bis(2-~hloroethyl)amine, bis(2-hydroxy- 
ethyl)amine, and morpholine. 

The structure of the compounds as well as their homoge- 
neity was established by means of spectral analysis (R, ‘H- 
NMR, 31P-NMR), (Table 2), tlc, and elemental analysis 
(Table 1). 

Compounds 3-8 were investigated for their antineoplastic 
activity on the development of L- 12 10 leukemia in mice. 

Experimental Part 

a )  Chemistry 

Melting temp.: Mikru-Heiztisch “Boetius” (non-corrected).- Elemental 
analysis: (N, C, H): apparatus for microanalysis “Heraeus”.- IR spectra: 
Unicam SP 2ooG (Pay-Unicam) spectrophotometer.- ’H-NMR spectra: 60 
MHz Varian apparatus.- 31P-NMR: Joel-60 (24.3 MHz).- The characteris- 
tics of the compounds are presented in Tables 1 and 2. 

h 

+) Part of the dissertation M. Porada, Med. Univ. Lodz, 1993. 
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H 

2.36 

2.12 

5.38 

5.40 

4.11 

4.63 

4-98 

3.98 

2-Chloro-2,3-dihydro-l,3,2-benzoxazaphosphorin-4-one (l)I3’ 

13.7 g (0.1 M) salicylic amide were dissolved in 150 cm3 anhydrous 
toluene. Then 15.7 g (10 cm’) (0.12 M) E l 3  was added at boiling temp. 
under reflux with a pipe filled with CaCI2 for 6 h and filtered when hot. On 
the following day crystals of 1 were filtered off; melting temp.: 91-92OC 
(according to lit.”): 156°C). 17.3 g, yield 86%. 

2-Chloro-2j-dihydro-1$,2-benzoxazaphosphorin~-on-2-oxide (2) 

1.37 g (0.01 M) salicylic amide were dissolved in 20 cm3 anhydrous 
ethyl ether, heated with 1.7 g P0Cl3 under reflux for 10 h and filtered 
when being hot. The solvent was distilled off in vacuo. The remaining oil 
was dissolved in THF (3 x 10 cm’). The solution was condensed to half its 
volume and left overnight. The deposit of 2 was filtered off and crystal- 
lized from cyclohexane: 1.1 g (52%) 2, m.p. 110-1 1 IOC. 

2-Morpholine-2,3-dihydro-l,32-benzoxazaphosphorin-4-one (3) 

2.0 g (0.01 M) chloride 1 were dissolved in 20 cm’ of anhydrous THF. 
Under argon 0.2 g (0.02 M) morpholine in 10 cm3 THF was pipetted in at 
0-10°C. Then the reaction mixture was stirred for 6 h at rOOm temp. Mor- 
pholine-HCI was filtered off. The solvent was distilled off in vacuo. The 
oily residue was extracted with ethyl ether (3 x 20 cm3). After evaporation 
the deposit was crystallized from nitromethane: 1.8 g (76%) 3; m.p. 196- 
198°C. 

2-[Bis(2-hydroxyethyl)amino]-2,3-dihydro-l,3,2-benzoxazaphosphorin-4- 
one (4) 

2 g (0.01 M) chloride 1 were dissolved in 30 cm3 CH2C12. 0.2 g (0.02 
M) diethanolamine in 20 cm3 CH2C12 were pipetted in under argon at room 
temp. After stirring for 5 h at room temp. the deposit of diethanolamine- 
HCI was filtered off. The solvent was distilled off in vacuo. The remaining 
thick oil was crystallized from diethyl ether: acetone 4:l. 2.1 g (88%) 4; 
m.p. = 176-177°C. 

2-[Bis(2-chloroethyl)amino]-2j-dihydro-I ,3,2-benzoxazaphosphorin-4- 
one (5) 

2 g (0.01 M) of chloride 1 were dissolved in 50 cm3 THF. 1.8 g (0.01 M) 
bis(2-chloroethy1)amine-HC1 and 2.0 g triethylamine were added. The 

reaction mixture was heated under reflux for 12 h under argon. The amine 
hydrochloride deposits were filtered off, and after evaporation the remain- 
ing oil was crystallized from cyclohexane-acetone 1O:l: 1.7 g (38%) 5; 
m.p. 201 -202°C.- With the free very toxic bis(2-chloroethy1)amine base 
the reaction gives a yield of 85% of 5. 

2-Morpholine-2,3-dihydro-1,32-benzoxazaphosphorin-4-on-2-oxide (6) 

2.2 g (0.01 M) oxide-chloride 2 were dissolved in 40 cm’ THF. 0.2 g 
(0.02 M) morpholine in 10 cm3 THF were pipetted in. The reaction mix- 
ture was stirred for 9 h. Morpholine-HCI deposit was filtered off. The sol- 
vent was distilled off in vacuo. The remaining oil was purified by cc (silica 
gel, 50 g (Kapsigel 60, 230 mesh)) with ethyl acetate-benzene 1:3. Frac- 
tions were collected by 5 cm3 and chromatographically controlled: 1.5 g 
(56%) 6, m.p. 152-153OC. 

2-[Bis(2-hydro.tyethyl)amino]-2$-dihydro-l.3,2-benzoxazaphosphorin-4- 
on-2-oxide (7) 

To 2.2 g (0.01 M) oxide chloride 2 in 40 cm3 THF 0.2 g (0.02 M) dietha- 
nolamine were added dropwise at -5 - c5”C. Then the reaction mixture 
was brought to room temp. After 3 h diethanolamine-HC1 was filtered off. 
The solvent was distilled off from the filtrate. The remaining thick oil was 
crystallized from n-propanol: 1.8 g (62%) 7, m.p. 182-183°C. 

2-[Bis(2-~hloroefhyl)amino]-2 ,3-dihydro-l,3,2-benzoxazaphosphorin-4- 
on-2-oxide (8) 

To 2.2 g (0.01 M) oxide chloride 2 in 40 cm3 THF were added 1.8 g 
(0.01 M) bis(2-chloroethyl)arnine-HC1 and 2.0 g (0.02 M) methylamine. 
The mixture was heated to reflux for 12 h. Hydrochloride deposits were 
filtered off. The filtrate was evaporated in vacuo. The remaining thick oil 
was purified by cc (silica gel (Kapsigel 60, 40 mesh)) with CHC13-acetone 
(3:l) .  Fractions of 5 cm3 were collected: 1.1 g (32%) 8, m.p. 210-212°C. 

b) Pharmacology 

Experiments were carried out on 60 Swiss mice for toxicity studies (18- 
22 g), female and on 79 BDF, mice (20-22 g) female. Animals were main- 
tained on laboratory diet and given water ad libitum. 

Tab. 1: Elementary analysis of 2-substituted 2.3-dihydro- I ,3,2-benzoxazaphosphorin-4-ones and their 2-oxides 

capand 
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2.32 

5-20 
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2,3 -Dih ydro- 1,3.2-benzoxazaphosphorin4-ones 

Acute toxicity of compounds was calculated by Deichtnunn, Lr Elanck 
method'4' to choose doses 10 investigate antineoplastic activity. 

Antineoplastic effect on the L-1210 leukemia development in vivo was 
examined according to Germ et u/,15), 

The L-1210 leukemia was propagated in DBA/2 mice, and transplanted 
into BDFl mice. All the animals were inoculated intraperitoneally with 3 x 
Id cell/mouse. They were divided into 8 groups. The 1st. unmated. con- 
trol group contained 30 mice. The 2nd control group contained the cyclo- 
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phosphamide treated mice - positive control. The animals of groups 3 to 8 
were given the investigated compounds. Each group consisted of 7 mice. 

The following schemes of injection of the investigated compounds were 
planned: 1) everyday injection for 5 days in the total dose 1/2 LDso. 2 )  h e  
1st. 5th. 9th days of the experiment in the total dose of IR LDsp The com- 
pounds were injected intraperitoneally starting the treatment 24 h after 
neoplasm implantation. The increase. of the life span (ILS%) of the mated 
mice in comparison with untreated animals was assumed as the an- 
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plastic activity. The increase of the life span of at least 25% in comparison 
to the survival of the untreated group testifies the antineoplastic activity of 
the medicine dose or the dose of the investigated compound. The observa- 
tion of the animals was conducted for 30 days; results are shown in Tables 
3 and 4. 

Discussion 

Six new compounds - derivatives of 2-substituted 2,3-dihydro- I ,3.2- 
benzoxazaphosphorin-4-on-2-oxide - were obtained, with pharmacophoric 
groups, i.e. bis(2-chloroethyl)amine, bis(2-hydroxyethyl)amine and mor- 
pholine at 2-position. 

The acute toxicity of 4-8 is similar to that of cyclophosphamide. Com- 
pound 3 is less toxic than cyclophosphamide. Compounds 5 and 8 given 
twice, in two therapeutic patterns, at a total dose of ID LDSO reveal anti- 
neoplastic action against L-1210 leukemia. The treated animals inoculated 
with L-1210 leukemia lived twice as long as the untreated ones (control 
animals). The effect is weaker than that of cyclophosphamide which 
caused life span increase by 330%. The remaining four compounds do not 
reveal antineoplastic activity against L-1210 leukemia. 

Out of the investigated compounds only those show antineoplastic 
activity which have the bis(2-ch1oroethyl)amine group in their molecule. 
This group is also present in cyclophosphamide. 
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