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SYNTHESIS AND CYTOSTATIC ACTIVITY OF ACETYLFORMAMIDOXIME DERIVATIVES 

CONTAINING PIPERAZINE, HEXAHYDRODIAZEPINE, AND DISPIROTRIPIPERAZINIUM 

RESIDUES 

R. G. Kurmangalieva, I. A. Poplavskaya, 
K. A. Abdulin, T. A. Andreyanova, 
and T. S. Safonova 

UDC 615.277.3:547.447 

It was found previously that N-arylacetylformamidoxime derivatives exhibit antitumor 
activity [3, 5]. In the present study we have synthesized some acetylformamidoxime deriva- 
tives in order to investigate novel antitumor compounds and establish the relationship be- 
tween their structure and biological activity. These derivatives contain piperazine, hexa- 
hydrodiazepine, and dispirotripiperazinium residues, which form part of the structure of the 
antitumor drugs prospidin, spirobromin, and pipobroman [4, 7, ii, 12]. The starting mater- 
ials used were ~-chloro-~-isonitrosoacetone (la), its oxime (Ib), and semicarbazone (Ic). 
Reaction of dispirotripiperazinium dichloride with la and Ic in aqueous alcohol in the pres- 
ence of Et3N gave N,N'"-bis(l-hydroxyimino-2-oxopropyl)-N',N"-dispirotripiperazinium dichlor- 
ide (lla) and its semicarbazone (llc). The latter was isolated from the aqueous alcoholic 
solution as its tetrahydrate, which was then dried at 70~ for 6 h to give the monohydrate. 
Reaction of la with anhydrous piperazine in the presence of Et3N and in ether gave N,N'- 
bis(l-hydroxyimino-2-oxopropyl)piperazine (Ilia) in 51% yield. Reaction of la with pipera- 
zinc hexahydrate gave Ilia (18%) and N-acetyl-N'-(l-hydroxyimino-2-oxopropyl)piperazine (V) 
(10.2%). The latter is formed because in this case electrophilic attack on the second nitro- 
gen atom of the piperazine ring by the nitrile oxide generated from chloroisonitrosoacetone 
la occurs more slowly, and a proportion of the nitrile oxide is dimerized to diacetylfuroxan, 
which acts as an acetylating agent [i]. 

Reaction of anhydrous piperazine with Ib and of piperazine hexahydrate with Ic yields 
the oxime (lllb) and semicarbazome (lllc) in 92.5 and 74% yield respectively. On treatment 
of a suspension of these compounds in alcohol with an ethereal solution of HCI it is possible 
to obtain their hydrochlorides, which are rapidly hydrolyzed in water to the corresponding 
bases. Treatment of Ilia with hydrazine hydrate gives the hydrazone (llld) (Scheme I). 

The derivatives IVb and IVc are synthesized in a similar manner by reaction of hexahydro- 
diazepine dihydrobromide with compounds Ib and Ic. The structure of the resulting compounds 
is supported by the presence of absorption bands due to C=N groups at 1590-1630 cm -1 and from 
N-OH at 950-985 cm -I that are characteristic of amidoximes in the IR spectra of lla, llc, 
and IIIa-d. For V the bands are typical of acetylformamidoximes-- CO at 1690 cm -l and C=N 
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at 1630 cm -z The PMR spectroscopic data of compound V (see Table i) are also in good agree- 
ment with its structure. 

The (Z)-isomers in amidoximes containing secondary aliphatic amine residues are known 
to be unstable and they are readily isomerized to the (E)-form [6, 8, i0], being assisted 
by a number of factors (heating, polarity of the solvent, etc). It may therefore be assumed 
that compounds II-V have an E configuration of the amidoxime group while Oximes lllb and IVb 
and semicarbazones llc, lllc and IV have an amphi structure [6]. 

It was reported in [9] that amphi-glyoximes are fairly readily converted to furazans 
and furoxans. It was therefore of interest to determine the ability of dioximes lllb and 
IVb to undergo cyclization to the corresponding furazans and thus confirm their amphi struc- 
ture. It was established that heating of lllb and IVb with 2N NaOH yielded furazanyl deri- 
vatives of piperazine (Vl) and hexahydrodiazepine (VII) in 59.5 and 3.4% yield respectively. 
on treatment of dioximes lllb and IVb with NH40H followed by oxidation using potassium ferri- 
cyanide, furoxans VIII and IX were formed, and the yield of the piperazine derivative VIII 
(78%) was also much higher than that of the hexahydrodiazepine derivative (5.5%). 

By analogy with the results of two studies [2, 9], it might be expected that furoxans 
VIII and IX (A) and their isomeric derivatives (B) would be formed on oxidation of compounds 
lllb and IVb. It was established in these studies [2, 9] that compounds of type B are less 
stable than A and are readily isomerized on heating to A [2]. 

In our case the only compounds to be isolated were VIII and IX, to which we assigned 
structure A, because it was established in the case of VIII that it did not undergo isomeri- 
zation on prolonged heating in toluene. Moreover, in the UV spectra of VIII and IX there 
was an absorption maximum at 252 nm, while in 3-aminofuroxan derivatives the absorption maxi- 
mum occurs at about 300 nm [2, 9]. In the 13C NMR spectrum (in CF3COOH) of compound VIII 
signals occurred at 7.2 (2C, 2CH3) ; 45.13 (4C, piperazine ring); 114.63 (2C, 2C3); and 134.5 
(2C, 2C4) ppm, which were attributed to structure A because they corresponded to the 13C NMR 
spectroscopic data of aminofuroxans with structure A. 

In a biological study of amidoximes lla, Ilia-c, and IVb and IVc it Was found that they 
did not inhibit the growth of Jensen's sarcoma and had no effect on L-1210 leukemia. Oxime 
IVb [Increase in Lifespan (IL) 15%], containing the hexahydrodiazepine ring, and oxime lllb 
(IL 29%) and amidoxime lla (IL 28%), containing piperazine and dispirotripiperazine rings 
respectively, exhibited weak activity towards lymphocytic leukemia P-388. Semicarbazones 
IIc and lllc had virtually no effect on the development of leukemia P-338. Moderate cyto- 
static activity towards Lewis's pulmonary carcinoma (JT 78%) and adenocarcinoma 755 (JT 63%) 
was recorded for amidoxime Ilia with a piperazine ring. 
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TABLE i. 

Compound 

lla 

I tr 

Physicochemical Properties of Compounds Synthesized 

ImP' ~ Empiricalfo1~mla fIR SPeCt1~m' ~max' 1 " c m - ~ "  

290--3 C,SHa2CI~N604 3090 (OH); 
1694 (C=O); 
1605 (C=N); 
985 (N--OH) 

256--7 C~oH3~CI2N.~O4-H20 3450 (NH) 
1695 (C=O) 
1590 (C=N, NH2) 
970 (N--OH) 

IIo .4H20 246--7 C2oH38CI2N.204"4H20 
IIla 164--6 CloHi6N404 1710 (C=0) 

1630 (C=N) 
950 (N--OH) 

IIlb 209--10 CIoHIsN604 1610 (C=N) 
980, 934 (N--OH) 

II]-'C 203--4 C,2HnN,oO4.2HCI 3477 (NH) 
1690 (C=O) 
1620 (C=N) 
970 (N--OH) 

IIIc.2HCI 182--4 C,2H22N.oO4-2HCI 3460 (NH) 
1715 (C=O) 
1630 (C=N) 

llld 209--10 CIoHuoNaOu 3350, 3280 (NH~) 
1630 (NH2) 
1605 (C=N) 
985 (N--OH) 

IVb 192 C.H2oN604 3250 br. (OH) 
1630 (C=N) 
980, 927 (N--OH) 

IVc 198--9 CI3H24NIoO4 3495 (NH) 
�9 1700 (C=O) 

1585 (C=N, NH2) 
964 (N--OH) 

V 160--1 CgHIsN3Oa 1690 (C=O) 
1630 (C=O, C=N) 
985 (N--OH) 

VI 212--3 CIoHI4NnO2 1585, 1518, 1036, 878 
(furazan r ing)  
1240 (C--N) 

VII 117--9 CnHI6N60~ 1590, 1540, 1045, 865 
(furazan ring) 
1235 (C=N) 

VIII 227 CloHI4N604 1610, 1550, 1065 (@y- 
(furoxan r ing)  
1460 (N-~O) 
1220 (C--N) 

IX 135--6 .C,IH,6N604 1605, 1580, 1048 (qby- 
~s ,ring) 
1460 "(N-~O) 
1195 (C--N)  

PMR spectrum, ~'~ ~, ppm 

2,O s (6H,2CH3) 
3,44 (8H, 4CH2N 
4,0 (8H, 4CH2N 
6,2 (4H, 2NH~) 
9,3 (2H, 2NH) 

2,250 (6H, 2CH3) 
3,15s (8H, 4CH~) 
10,82s (2H, 2NOH) 
1,86s (6H, 2CH3) 
9,32s (2H, 2NOH) 
11,12,s (2H, 2NOH) 
1,9 (6H, 2CH3) 
3,77 (8H, 4CH2) 

1,93 s (3H, CH~) 
2,25 s (3H, CH3) 
3,15 m; 3,4 m (8H, 4CH2) 
11,1 s (IH, NOH) 
2,4s (6H, 2CH3) 

3,4s (8H, 4CH2) 
1,95quinte~2H, CH~) 
2,25s (6H, 2CH3) 
3,54 t (4H, 2CH2) 
3,65 S(4H, 2CH2) 
2,15 s(6H, 2CH8) 

3,35 s (8H, 4CH D 

1,94quintet~2H, CH2) 
2,25:.s (6H, 2CH3) 
3,54t (4H, 2CH~) 
3,64 s (4H, 2CH2) 

*Spectra of compounds llc, Ilia, lllb, V, VI, and VII were recorded in DMSO-d6; those 
of compounds IIIc, VIII, and IX were recorded in CF3COOH. 

EXPERIMENTAL (CHEMICAL) 

IR spectra of the compounds were'recorded on an IK-20 instrument with KBr pellets and 
UV spectra were recorded on a Specord UV-VIS spectrophotometer. PMR spectra were recorded 
on a BS-487c (80 MHz) spectrometer while I~C NMR spectra were recorded on a Bruker WP-80 
(20.15 MHz) spectrometer in CF3COOH. The elemental analysis data was in satisfactory agree- 
ment with the calculated values. 

N,N'"-Bis(l-hydroxyimino-2-oxopropyl)-N'N"-dispirotripiperazinium Dichloride (lla). To 
a suspension of 4.8 g (16 mmole) of dispirotripiperazinium dichloride and 4.04 g (40 mmole) 
of Et3N in 20 ml of water at 0~ and with agitation was added 4.88 g (40 mmole) of la in 8 
ml of ethanol. The mixture was agitated for, 3-4 h at room temperature and the product was 
filtered off and washed with ethanol. Yield 2.65 g (35.2%; from water). 

N,N"'-Bis(l-hydroxyimino-2-oxopropyl)-N,N"-dispirotripiperazinium Dichloride Semicarba- 
zone (llc). To 2.0 g (6.7 mmole) of dispirotripiperazinium dichloride in i0 ml of water was 
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added 1.36 g (3.4 mmole) of Et3N and a suspension of 2.4 g (3.4 mmole) of Ic in 35-40 ml of 
ethanol. The mixture was agitated for 4-5 h at room temperature and the product was fil- 
tered off and washed with water and 50% ethanol. Yield 3.6 g (92%) at the tetrahydrate, mp 
246-247~ After drying at 70~ for 6-8 h, compound llc monohydrate was obtained. 

N,N'-Bis(l-hydroxyimino-2-oxopropyl)piperazine (IIla). A. To a mixture of i g (11.6 
mmole) of anhydrous piperazine and 2.36 g (23.3 mmole) of Et~N in ether was added 2.83 g 
(23.3 mmole) of la in ether. The mixture was agitated for 10-12 h, the precipitate was fil- 
tered off, and the filtrate was evaporated. The residue was treated with water, yield 1.5 
g (50.5%) of product (from ethanol). B. A mixture of 1.94 g (i0 mmole) of piperazine hexa- 
hydrate, 2.07 g (15 mmole) of K2C03, and 2.43 g (20 mmole) of la in 20 ml of CH2CI 2 was agi- 
tated for 4 h. The precipitate was separated off and washed with CH2CI 2 and water. The 
product was recrystallized from ethanol to give 0.27 g (17.7%) of amidoxime Ilia. The 
CH2CI 2 solution was concentrated, mixed with water, and filtered. Yield 0.21 g (10.2%) of 
N-acetyl-N'-(l-hydroxyimino-2-oxopropyl)piperazine (V) (from ethanol). 

N,N'-Bis(l,2-Dihydroxyiminopropyl)piperazine (lllb). To 1.85 g (21.5 mmole) of anhy- 
drous piperazine in 40 ml of anhydrous ethanol with agitation and water cooling was added 
4.8 g (47 mmole) of Et3N and 6.4 g (47 mmole) of Ib in 50 ml of anhydrous ethanol. The mix- 
ture was agitated for 3-4 h and the product was filtered off and washed with water and etha- 
nol. Yield 5.7 g (92.5%). On treatment of a suspension of lllb in ethanol wtih an ether 
solution of HCI, the dihydrochloride was obtained, mp 180-182~ The latter loses HCI in 
water and does not dissolve. 

N,N'-Bis(l-hydroxyimino-2-oxopropyl)piperazine Semicarbazone (lllc). To a mixture of 
3.0 g (15.5 mmole) of piperazine hexahydrate and 3.12 g (31 mmole) of Et3N in 7 ml of water 
at 12-15~ and with agitation was added 5.5 g (31 mmole) of Ic. The mixture was agitated 
for 3-4 h and the product was filtered off and washed with water and ethanol. Yield 4.22 
g (74%). On treatment of a suspension of lllc in ethanol with an ether solution of HCI, the 
dihydrochloride of lllc was obtained, mp 182-1840C. 

N,N'-Bis(l-hydroxyimino-2-oxopropyl)piperazine Hydrazon e (illd). To a suspension of 
0.13 g of compound Ilia in 2 ml of anhydrous ethanol at about 70~ was added 0.2 ml of 98% 
hydrazine hydrate. The mixture was heated with agitation until the residue had completely 
dissolved. The mixture was cooled to room temperature and kept for 16 h. The product was 
filtered off, washed with ethanol, and dried. Yield 0.ii g (76%). 

N,N'-Bis(l~2-dihydroxyiminopropyl)hexahydro-l,4-diazepine (IVb). To a suspension of 
6.0 g (23 mmole) of hexahydrodiazepine dihydrobromide in 30 ml of ethanol at about 15~ was 
added 9.28 g (92 mmole) of Et3N in i0 ml of ethanol and 3.12 g (46 mmole) of Ib in 35 ml of 
ethanol. The mixture was agitated for 2-3 h and evaporated to dryness under vacuum, the 
residue was mixed with water, and the product was filtered off and dried. Yield 5.15 g 
(75.5%). 

N,N'-Bis(l-hydroxyimino-2-oxopropyl)hexahydro-l,4-diazepine Semicarbazone (IVc). This 
was obtained in a similar manner to oxime IVb. The product was dried at 70~ for 4 h. Yield 
66%. 

N,N'-Bis(3-methyl-l,2,5-oxadiazol-4-yl)piperazin e (VI). Compound lllb (2.0 g) was 
heated in 25 ml of 2N NaOH for 56 h at 100-110~ The product was filtered off, washed with 
water, and dried. Yield 1.3 g (59.5%) (from CHCI3). 

N,N'-Bis(3-methyl-l,2,5-oxadiazol-4-yl)hexahydro-l~4-diazepine (VII). This was ob- 
tained in a similar manner to compound VI. Compound IVb (2.0 g) was heated in 15 ml of 2N 
NaOH for 35 h. Yield 3.4%. 

N,N'-Bis(3-methyl-2-oxo-l,2,5-oxadiazol-4-yl)piperazine (VIII). To a mixture of 1.43 
g (5 mmole) of dioxime lllb, 16.4 ml of a 10% solution of NH~OH, and 16 ml of water was added 
at 0~ a solution of 14 g (40 mmole) of K3Fe(CN) 6 in 50 ml of water. The mixture was agi- 
tated for 2 h and the product was filtered off, washed with water and ethanol, and dried. 
Yield i.i g (78%). 

N__mN'-Bis(3-methyl-2-oxo-l,2,5-oxadiazol-4-yl)hexahydro-l,4-diazepine (IX). To a mix- 
ture of 1.0 g (3.3 mmole) of dioxime IVb, 5.4 ml of a 5% solution of NH40H and 5.4 ml of 
water was added at 0~ a solution of 8.8 g (25.6 mmole) of K~Fe(CN) 6 in 32 ml of water. The 
mixture was agitated for i h and the product was filtered off, washed with water and ethanol, 
and dried. Yield 0.06 g (5.5%). 
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EXPERIMENTAL (BIOLOGICAL) 

The acute toxicity of the compounds was studied on BDF l hybrid mice with a single ad- 
ministration. The animals readily assimilated all compounds without any visible symptoms 
of toxicity. The animals became diseased on administration of compounds IIc and IIIc at 
levels above i000 mg/kg while the same happened when the remaining compounds were admini- 
stered at levels above 2000 mg/kg. The LDz00 for compounds IIc and IIIc was above 2000 mg/ 
kg while for the remaining compounds it was above 2500 mg/kg. 

The antitumor activity was determined on L-1210, P-388, LLC, and Ca-755 mouse strains 
and rat Jensen sarcoma. The antileukemic activity of the compounds was determined from the 
IL (%) in mice with L-1210 and P-388. The compounds were considered active if the IL was 
equal to or greater than 25%. In Lewis strains and adenocarcinoma 755 the percentage inhi- 
bition of tumor growth was determined with a fivefold daily administration, and the activ- 
ity was assessed 7 days after administration of the compounds had been suspended. In Jen- 
sen strains the compounds were determined by the standard method with a tenfold administra- 
tion of 80 mg/kg doses. 
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