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CHOLINE~-LIKE NITROSOCALKYLUREAS AND THEIR ANTITUMOR ACTIVITY
A. A, Belyaev, L. B. Radina, G. M. A4noshina, UDC 615.277.3:547,495.4]1.012.1

N. M, Peretolchina, and Z. P. Sof'ina

We have previously obtained some nitroscalkylureas (NAU), derivatives of choline-like
alkylammonium salts, which show high antitumor activity and toxicity [1]:

OR
i +
R1I—NCNCH,CH,\Me;, R =H, NO; R = Me, CH,CH,Cl, ¢=C¢Hy;; R =NO, H.
& TsO-

Reasoning fromthe mode of breakdown of NAU [6], in order to reduce toxicity by increas-
ing stability or varying the structures of the decomposition products, we have prepared some
novel di~ and tri-substituted NAU derived from quaternary ammonium salts (XX~XXVII) which dif-
fer from previously synthesized compounds in the length of the alkyl chain connecting the urea
moiety with the quaternized nitrogen (XX~XXV), or the absence of a urea proton (XXVI-XXVII).

w T
_RINCO RiNHC \'(cx-ig) NMe, M2
i
0

R
I—I11 VX1

Me,N(CH,),NHR

+x +
—> RINHC N(CHyJnNMe; —22% RIN c';\;(CH,),,x.\ieg
i N fl -
4 TsO ROk TsO
XI1—XIX XX—XXVII
R=Hd, I, IV—IX, XII—XVII, XX, XXIII), Me (11], X, XI, XVIII, ¥IX, XXVI,
XXVID, NO(XXII, XXIV, XXV), H, NO (XXI, mixture of isomers) -

Rt=Me (IV, VII, X, XII, XV, XVIII, XX, XXIII, XXVI), CH,CH,Cl (v, VIII,
X1, XIII, XVI, XIX, XXI, XXIv, I)\)NIXX) c- an VI, IX, X1V, XVII,
XXII V) .
R =H (XXII, XXIV, XXV), NO (XX, XXIII, XXVI, XXVII), NO, H (mixwre o}
isomern. xxn
2 (111, Iv, X, XI, \\»m XIX, XXVI, XXVIDh, 3 (I, Vv, VI, VII-XIv, XX~
xXx1D), 4 (11, VII=IX, XV—XVII, XXVIII—XXV).

N,N~Dimethvlpropanediamine(I), N,N-dimethylbutanediamine (II), and N,N,N'-trimethylethylene-
diamine (III) were carbamoylated with the appropriate alkyl isocyanates to give the ureas (IV-
XI), which wére quaternized with methyl tosylate followed by nitrosation of the quaternary am-
monium salts with dinitrogen trioxide in dry acetone or acetonitrile. The resulting NAU (XX~
XXVII) were pale yellow crystalline solids which were highly soluble in water (apart from
(XXI) and (XXIV), which were of an oily consistency at room temperature). Compounds (IV),
vy, (VIiI), (VIII), (X)), (XI), and (XIX) could not be cbtained in the crystalline state, and
therefore they were not identified, but were used in the subsequent stages without isolation
or further purification.

The compositions and structures of the products were confirmed by their elemental analy-
sis and their IR, UV, and PMR spectra, which are shown in Table 1.

Nitrosation of the disubstituted NAU (XX-XXV) could give two nitrosoderivatives. The
site of entry of the nitroso-group was established by PMR spectroscopy. For example, on ni-
trosation of the ureas (XI1) and (XV}, the doublet for the protons of the CHg4N group under~
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goes a low-field shift such as is characteristic of the CH,N(NO) group [3], and tecomes a
singlet, the signal for the urea NH proton being a triplet. Nitrosation of the cyclohexyl
compounds (XIV) and (XVII) gives nitroso-compounds the PMR spectra of which show a triplet
for the CH:N(NO) protons and a doublet for the single NH proton. Nitrosation of the chlero-
ethylurea (XVI) results in the appearance in the spectrum of a signal for the protoms of the
CH,N(NO) group at 3.80 ppm, overlapping 2 narrow multiplet for the protons of the CI1CH;CHN
group, which becomes a singlet when the spectrum is obtained in D,0. These results show that
the disubstituted NAU (XX, XXII-XXV) are pure compounds, although in the case of (XXIV) the
presence of a low-intensity triplet at 4.17 ppm, corresponding to the protons of the CHaN(NO)
group in the chloroethyl group [5], indicate that 5% of the isomer with the nitroso-group
attached to the nitrogen carrying the chloroethyl group is formed.

When the chlorcethylurea (XIII) is nitrosated, a mixture of isomers with respect to the
pesition of the nitro-group (XXIa and XXIb) is obtained,

CICH,CH,NCNH(CH,) 4% Mes chHscrzszﬁ.\;(cwa)s,\*Mes
ON C‘) TsO- ONO Ts0-
XXla XXIb

as shown by the presence of a triplet for the CH,N(NO) protons of the chloroethyl group in
isomer (XXIa) at 4.12 ppm, and a narrow multiplet for the protons of the CICH,CH.N group in
(XXIb) at 3.80 ppm, superimposed on a triplet for the CH,Cl groups in (XXIa) and CH,N(NO)

in (XXIb) at 3.6-3.9 ppm, the signals for the other methylene protoms not occurring in this
region, as confirmed by the PMR spectra of (XX) and (XXII). The two singlets for the proton
of the ﬁ(CHs)a group at 3.04 and 3.08 ppm are apparently also a consequence of the formation
of the isomer mixture.

Based on the number of protons of the appropriate groups, and representing the relative
amount of the isomer (XXIa) in the mixture by Z and the isomer (XXIb) by (1 — Z), an expres-
sion can be written for the ratio of the intensities of the signals in the PMR spectrum at
4.12 ppm [CH,N(NO) XXIa] and in the region 3.6-3.9 ppm [CICH, XXIa, C1CH.CH,N and CH,N(NO)
XXIbl:

Iy 2Z 27
Togese  2Z2-+4(1—2)~2(0—2Z) T 6—4Z

The ratio I, 12/Is,6-3,9 actually found from the spectrum was 2/15. Solution of Eq.
(1) gives the isomer content of (XXIa) as 0.32, and of (XXIb) 0.68. Similar values (0.35
and 0.65) were obtained when the isomer contents were calculated from the ratios of the in-
tensities of the N(CHs)s protons, the signal at lower field (3.08 ppm) corresponding to the
igomer (XXIa).

A study of the rates of decomposition of the NAU obtained (except for (¥XI), which is
an isomer mixture) in a phosphate buffer of pH 7.4 at 37°C showed that the disubstituted NAU
(XX} and (XXII-XXV) are 2-3 times, and theé trisubstituted compounds (XXVI) and (XXVII) 20-100
times more stable than the previously obtained choline-like NaU [2].

Under these conditions, the rate constants for the decomposition of (XX) and (XXII-XXVII)
(kdeccmp'lo“, sec”™') were 0.504, 1.01, 0.306, 1.06, 0.719, 0.01, and 0.176 respectively.

The antitumor activity of the NAU (XX) and (XXII-XXVII) was examined in animals. The
activity of the compounds was assessed with respect to leukemia by the increase in the life~
span of the animals (ILA, %), and to solid tumors by the inhibition of the growth of the tumor
(IGT, %) in the treated animals are compared with the controls., The toxicities of the com-
pounds were measured by the maximum tolerated dose (MTD, mg/kg), which was also the thera~
peutic dose. '

The test results showed that in the case of the disubstituted NAU (XX) and (XXII-XXV),
the stabilities of which differed little from the choline-like NAU, the toxicities were main-
tained at the level of the latter (10-30 mg/kg), but in the trisubstituted compounds (XXVI)
and XXVII), the stability of which was greater by 1-2 orders of magnitude, the toxicity was
considerably less (MID 250-300 mg/kg) than that of the choline-like NAU [1].

The highest antitumor activity was shown by (XXVII), which in a dose of 250 mg/kg has
a considerable, but evanescent effect {87% IGT in Lewis lung cancer, 88% IGT in mammary ade-
nocarcinoma Ca=-755, and 58% ICT in sarcoma 37), Moderate activity was shown by (XXV}, which
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TABLT 1. Nitroscaklylureas (¥XX)-(XXVII) and Intermediates in
Their Synthesis
: : Found,. %
Com= mp, T | gmoirical IR spectrum, PMR spectrum,
ound |solvent) Calculated, % !
P 90 & formula U . ,CM &, ppm
c | u |~
Vi czsscm C1aHu N0 63,89 111,351 18,62 gggg.{ﬁs&(‘;—s&
e ¢ 1538 =0), 27
| (CHy §3,40| 17,08 78,48 1 H g o
XD 79 CysHs ;0 64,71111,36117,2013315, 1575 (N=H).
(CH,CN) B4.67 | 77,28 | 77,41 | 1813 &“‘0) 5
X1 - CuHnNO5 152,451 8.22112,18 3300, 550 (N-M)] 6,12 T {NH). 5,809
55,15 7.86 72,15 1825 (C=0)
{NH3}, 3,053 {a\ (CH-}:)'
4 2.84d (CH,N). 3.20
irg}?—i, andcn,.\*), 1,90t
2 ]
-- CoHeaCINGO, S| 48,57 | 7,201 10,74 | 3350, 1560 (N—H).| 6,45 m (NH). 3.50m
X Rttt 575 | TTTE | 7557 | 1650 (C=0) {CICH.CHzN), 3.30m
(NCH, and CH,N). 3,098
+
138 N0 850 8.77 110,21 | 3360. 3300, 1563 | 500t s aam
: CaHpsN,0,5 | 58, T, . 5300, 1 5.95miNH). 3.30m
XV qaremy |70 ) 550 | 555 | ToTe | (N—H). 1620 (C=D) +
{NCH, and CH,N), 8068
+
(N {CHy)s), 1.90MT1 (CH,),
130 | HaeN,0,8 | 58,47 7,97 11.50] 3340, 1570 (NebD) a'gg?(\fn)ﬁ gsq(un)
T\ " 3 1 » aad ¥ ¥ 11 P Wy
X\ acetolie~| ¢ T 58,45 8.15| 711,50 1620 (C=0) +
CH,CN) ) 3,30 M (NCH, and -CH,N),
+
?Cg;ssﬁ (CH,),%.CHM&&
erl 118 1:0,5]49.90( 7.28110,28| 3320, 1570 (x—m.| (3n Ha)
pgt CoHaCIN, O 8 6.32m (NH3, 3,50
Hacetone— | ™4 =5ty | 745 | 76750 | 1620 (C=0) (IR, sscr?n
CH,CN}
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%N ICH, )5}, 1.60m
2 AN -

XVIT| I8 | CubarN,0,s (38,71 8,88 0,79 3280, 1565 (N—H. §,90m(NH), 5.30m
(CHyCN~ 58,08 8,74| 9,83 0 (C=0 . Y
acetone) (NCH, and CH,N), 3,025

+
(N (CHy)s)y 1,60m
(CH,CH,) ;
XVIII] 135 [ CuHeNO$ 52,431 8,03112,21 3320.(1(3530%——3)‘ 8.44q. (NH). 3.50m
har-aar-v3 1] === o
(acetone) $2.15| 77,88 12,16 {NCH CH.N}, 3.008
R (CH,) 3. RS 8“5(«:}: Ny,
58d 3 ] 3
xx 140 CraHasN,0,s 147,881 6,80 15,50 ?‘:?gg 1(3338(\‘_”)' 8.33{{3\’}{)' 3,40m{KCH,
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TABLE 1 (Continued.)

i Found, %o IR spectrum
spectr
<Com- | mp, °C | Empirical Calculated, % u P -1 | PMR spectrum,
pound ,(501vem) formula maxs cm
, c | u |~ 5, ppm
XNVI i 145 CiaHaNGOS [ 48,60 7,44 [ 14,37 }6?0 (c'i_=00|. 3, 76mM(NCH,CH.N). 3,135
48,11 6,94 | 13,96 1470 (N=0) - .
decomp. (R(CH,)y). 3.078
- (CH,N{NO) and CH,N)
NXVII 133 C.¢Hs:CIN,O,8{ 43,57 6.52 | 13,42 1690 (C=0). 4,051 (\(No)cﬂg, 3.65L
- decomp i3.34| 544 | T3 23| 1485 (N=0) (CICH,), s.82m
(NCH\CH,N), 3,148
+
(N(CHy)y). 3.098(CH,N)

Note. UV spectra of (XX-XXVII), *max, nm (lg =): 223 (4.17),
395 (1.93); 223 (4.18), 395 (1.90); 223 (4.16), 395 (7.89);
223 (4.19), 395(1.95); 223 (4.18), 395 (1.90); 223 (4.18),
395 (1.92); 223 (4.16); 380 (1.92): 223 (4.17), 385 (1.90).

in a dose of 30 mg/kg gave 71% IGT with sarcoma 37. The remaining NAU were inactive in non-
toxic doses.

Hence, increasing the length of the aliphatic chain between the quaternary nitrogen and
the urea group in disubstituted NAU over those previously examined results in a slight de-
crease in the rate of decomposition, which in practice has no effect on the toxicities of
the NAU. Replacement of the amide proton in choline-like NAU by methyl to give trisubstituted
NAU results in a decrease in the decomposition rate by 1-2 orders of magnitude, a consider-
able decrease in toxicity, and the appearance of antitumor activity.

EXPERTMENTAL CHEMICAL PART

The purity of the compounds was checked by TLC on acid (Woelm, West Germany) and neutral
(LSLyss 5/40, Czech SSR) alumina in the system chloroform—methanol (4:1) and acetone—water
(9:1) respectively, the spots being developed with iodoplatinate [4] and by UV. UV spectra
were recorded on a Specord UV-VIS instrument in water, IR spectra om a UV-20 in a thin film
of vaseline oil, and PMR spectra on a Tesla BS-467A (100 MHz) in DMSO-de¢ (TMS). The rates of
decomposition of the compounds were determined as described by Belyaev et al. [2].

1-{3-Dimethylaminopropyl)~3-cyclohexylurea (VI). To a solution of 0.7 g (6.9 mmole) of
(1) in 5 ml of dry acetonitrile was added with stirring and cooling at 0°C a solution of 1.03
g (8.2 mmole) of cyclohexyl isocyanate. After 0.5 h, the solid which separated was filtered
off and washed with acetonitrile to give 1.07 g (67%) of (VI).

l-(4—Dimethylaminobutyl)-3—cyclohexy1urea (IX). Obtained as for (VI), from 0.83 g (7.2
mmole) of (II) and 1.1 g (8.8 mmole) of cyclohexyl ixocyanate. Yield 1.3 g (75%).

3-(3-Methylureido)propyltrimethylammonium Tosylate (XII). To 0.7 g (12 mmole) of methyl
isocyanate in 8 ml of dry acetonitrile was added with stirring at —5°C 1.0 g (10 mmole) of (I)
in 5 ml of dry acetonitrile. After 1 h, 2.38 g (13 mmole) of methyl tolsylate was added to
the mixture, and after a further 2 h the solution was evaporated under reduced pressure. The
residue was triturated with dry ether, and recrystallized from a mixture of acetone and aceto-
nitrile to give 2.58 g (75%) of (XII).

3-(3~Cycloexylureido)propyltrimethylammonium Tosylate (XIV). To a solution of 1.07 g (4.4
mmole) of (VI) in 15 ml of abs. ethanol was added at room temperature 1.06 g (5.7 mmole) of
methyl tosylate. After 2 h, the mixture was evaporated under reduced pressure to half its
initial volume, and the (XIV) crystallized by adding dry ether. Yield 1.65 g (87%).

4~(3-Methvlureido)propyltrimethylammoniumTosylate (XV). Obtained as for (XII), from 0.5
g (8.8 mmole) of methyl isocyanate, 0.83 g (7.3 mmole) of (II), and 1.4 g (7.5 mmole) of
methyl tosylate. Yield 1.98 g (77%).

4~13-(2-chloroethyl)ureidolbutyltrimethylammonium Tosvlate (XVI). Obtained as for X1D),
from 0.93 g (8.8 mmole) of 2-chloroethyl isocyanate, 0.83 g (7.3 mmole) of (II), and 1.4 g
(7.5 mmole) of methyl tolsylate at —10°C. Yield 2.15 g (74%).

é;£3-Cvcldhexy1ureido)butvltrimethvlammonium Tosylate (XVII). Obtained as for (XIV),
from 1.0 g (4.1 mmole) of (IX) and 0.85 g (4.6 mmole) of methyl tosylate. Yield 1.51 g (85%).
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2-(1,3-Dimethylureido)ethyltrimethylammonium Tosylate (XVIII). Obtained as for (XII),
from 0.7 g (12 mmole) of methyl isocyanate, 1.0 g (9.8 mmole) of (III), and 2.2 g (12 mmele)
of methyl tosylate. Yield 2.8 g (83%).

3-(3-Methvl-3-nitrosoureido)propyltrimethylammonium Tosylate (XX). Into a solution of
1.0 g (2.9 mmole) of (XII) in 15 ml of dry acetonitrile at —~10°C was passed gaseous Nz0s until
a blue coloration appeared. After 0.5 h, the mixture was evapeorated under reduced pressure
at a temperature no greater than 35°C, and the residue triturated with dry ether. Yield
0.85 g (78%).

Mixture of Positional Isomers of the Nitroso-Group in 3~{3-(2-Chloroethvl)-nitroso-
ureidolpropvltrimethviammonium Tosvlate (XXI) Obtained as for (XX), from 1.0 g (2.5 rmole)
of (XIII). Yield 0.88 g (82%).

3-(3~Cvclohexvli~l-nitrosoureido)propvltrimethylammonium Tosylate (XXII). Obtained as
for (XX), from 0.75 g (1.8 mmole) of (XIV). Yield 0.68 g (85%).

4=(3-Methvl~3-nitrosoureido)butyltrimethvlammonium Tosylate (XXIII). Obtained as for
(%¥X), from 1.0 g (2.8 mmole) of (XV). Yield 0.68 g (88%).

4-{3~(2-Chloroethyl)~l-nitrosorueidolbutyltrimethylammonium Tosvlate (XXIV). Obtained
as for (XX), from 1.0 g of (XXVI). Yield 0.92 g (86%).

4~({3~Cyclohexyl-l-nitrosoureido)butvltrimethvlammonium Tosylate (XXV). A solution of
0.5 g (1.2 mmole) of (XVII) in a mixture of 10 ml of acetonitrile and 4 ml of DMF was nitro-
sated and worked up as for (XX). Yield 0.3 g (56%).

2-(1,3~Dimethvl-3-nitrosorueido)ethyltrimethylammonium Tosvlate (XXVI). Obtained as
for (XX), from 1.0 g of (XVIII). Yield 1.05 g (97%).

2-[3=(2~Chloroethyl) ~l-methvl-3-nitrosoureidolethyltrimethviammonium Tosvlate (XXVII),
To a solution of 0.61 g (5.8 mmole) of chloroethyl isocyanate in 5 ml of dry acetonitrile was
added dropwise with stirring at —-10°C a solution of 0.37 g (3.6 mmole) of (III) in 3 ml of
acetonitrile. After 2 h, 1.0 g (5.4 mmole) of methyl tosylate was added, and the sclution
kept at —10°C for ome hour, then evaporated under reduced pressure. The residue was triturated
with dry ether to give a viscous oil, which was dissolved in 10 ml of acetone. Gaseous N;O,
was passed into the resulting solution at -10°C until a blue coloration appeared, whereupon
the (XXVII) separated as a solid, and was filtered off and washed with cold acetone to give
1.0 g (62%) of product.

EXPERIMENTAL BIOLOGICAL PART

The antitumor activity of the compounds was investigated in the biology department of
the Problem-Sclving Laboratory for the Synthesis of Anticancer and Antitumor Drugs cof the
S. M. Kirov Urals Polytechnic Institute, and in the Laboratory of Experimental Chemotherapy,
NII E4iTO VONTs AMN SSSR by the methods emploved at the VONTs AMN SSR. Tests were carried
out on mice of strain £57B1/6, BDFI hybrids, and mongrels. The experimental tumor models
emploved were La Leukemia, L 1210 lymphoblastic leukemia, Lewis epidermal lung cancer (LLC),
mammary carcinoma Ca-755, and sarcoma 37. The compounds were readily soluble in water and
physiological saline. Solutions of the compounds were administered to the mice dailv by
the intraperitoneal route, for five days.
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