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Summary - The extent of intramolecular cyclization in a series of Mannich bases derived from 2-arylidene-1,3-dike- 
tones (series 5) was probably influenced by the steric and electronic properties of the different basic groups. Replace- 
ment of one of the keto groups in series 5 by hydrogen, methyl, carboethoxy and phenyl functions gave series 6 in which 
the intramolecular cyclization process was abolished. Evaluation of the compounds versus the EMT6 cells in vitro indi- 
cated that cytotoxicity did not appear to be influenced by the ratio of cyclic and acyclic species but in series 6 bioactivity 
was correlated with the electronic nature of the substituents. Two compounds had approximately one-sixth of the activ- 
ity of the reference compound, melphalan. 

RCsumB - Cyclisation intramolkulaire et cytotoxicitk de quelques bases de Mannich dCrivCes de styryl&tones. 
L’ttendue de la cyclisation intramoleculaire dans une strie de bases de Mannich d’arylidene-2 dicttones-1,3 (serie 5) est 
influencee probablement par les proprittes steriques et tlectroniques des differents groupes basiques. Le remplacement 
d’un des groupes cttoniques dans la strie 5par l’hydrogtne, un groupement mtthyle, carboethoxy ou phtnyle donne la 
strie 6 dans laquelle la cyclisation intramoleculaire est inexsitante. L’tvaluation de ces composes contre les cellules EMT6 
in vitro a indiqut que la cytotoxicite n’etaitpas influenctepar laproportion des formes cyclique et acyclique, mais en strie 
6, I’activite biologique est en correlation avec les effets tlectroniques des substituants. Deux composes sont six fois moins 
cytotoxiques que le compost de reference, le melphalan. 

Mannich bases / styryl ketones / intramolecular cyclization / EMT6 cells 

Introduction 

A number of Mannich bases of a$-unsaturated ketones 
1, designed to alkylate thiols rather than amino or 
hydroxyl groups found in nucleic acids, demonstrated 
anticancer activity both in vitro [l] and in vivo [2]. The 
hypothesis was advanced that replacement of the proton 
at the cx position in series 1 by electron-attracting groups 
would increase the fractional positive charge on the p car- 
bon atom, leading to greater alkylating ability which may 
result in the formation of compounds displaying improved 
antineoplastic activity. This consideration led to the prep- 
aration of 2 series of compounds 2 and 3, some representa- 
tives of which demonstrated anticancer properties in vivo 
[3, 41. However, high resolution 1H NMR spectros- 
copy revealed that in the absence of ortho substituents, 
series 2 and 3 existed principally in the cyclic forms 4 in 
deuterium oxide. 

The objectives of the present investigation were as 
follows: firstly, to prepare a number of compounds in 
which the dimethylamino group in 2 and 3 was replaced 

by other basic functions (5b-d) and also to replace one of 
the keto groups of 2 and 3 by other substituents (series 6); 
secondly, to observe whether these molecular changes 
affected the cyclization process; thirdly, to examine the 
possibility that changes in the ratio of cyclic/ acyclic 
species could be correlated with different toxicities to 
cancer cells. ’ 

Chemistry 

Initially 5a was considered as the lead compound and the 
decision was made to prepare the analogous morpholino, 
piperidino and N-methylanilino derivatives. Preliminary 
experimentation showed that attempts to prepare the 
mono-morpholino compound analogous to series 2 gave 
only the dibasic compound 5b; hence the other derivatives 
in series 5 were modelled on series 3. Compound 5c was 
prepared successfully, but reaction of N-methylaniline, 
formaldehyde and 3-(phenylmethylene)-2,4-pentane- 
dione gave rise to a small quantity of product identified as 
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This compound is likely to have been produced via forma- 
tion of the 4-methylaminobenzyl carbonium ion as sugges- 
ted by Grillot and Lau [5] which on interaction with N- 
methylaniline would give bis(4-methylaminophenyl)- 
methane. Condensation of 2 molecules of this compound 
with formaldehyde would furnish 7. Since the morpholino 
derivatives Sb displayed greater cytotoxicity to EMT6 cells 
than 5a, c, vide infra, series 6 was prepared using this base. 

7 - 

Results and Discussion 

High resolution iH NMR spectra of Sa-c and 6 in deute- 
rium oxide at 37oC were recorded 10 min and 2 h after 
dissolution of the compound. These times correspond to 
that of the initial spectra as well as the contact times of the 
compounds with the tumour cells, vide infru. At the end 
of 10 min, compounds 5a-c existed in the cyclic forms to 
the extent of 79,28 and 43% respectively, and the spectra 
were essentially unchanged at the end of 2 h. In contrast, 
there was no evidence of cyclization in series 6 over the 
time frame of 2 h. After 10 min, the spectra recorded for 
6a, b, d were in accord with the proposed structures and 
revealed the absence of geometrical isomers. Compound 
6c existed in an isomeric ratio of 68:27, as noted by inte- 
gration of the olefinic protons at 8.06 and 8.10 ppm respec- 
tively, and assuming that the ester group is more shielding 
than the keto function, the olefinic proton at 8.06 ppm is 
likely that of the 2 isomer. After 2 h, the percentage of 6a 
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in solution had fallen to 86% and the corresponding de- 
aminated product, with the characteristic vinyl ABC sys- 
tem, was formed (14%). After 2 h, while the spectrum of 
6b was unchanged, the percentage of both 6c and d had 
dropped to 70% and one or more compounds were present 
in solution as revealed by iH NMR spectroscopy. In both 
cases, there were a number of peaks in the olefinic region 
of the spectra (5.3-7.3 ppm with 6c and 6.6-6.9 ppm in 
the case of 6d), and thus the corresponding deaminated 
products may have been formed from 6c, d as well as from 
6a. 

One may deduce from these spectroscopic studies that 
firstly, replacement of one of the keto groups in 5a-c by 
either a hydrogen atom or methyl, carboethoxy and phe- 
nyl functions abolished the cyclization process in series 6; 
and secondly, these observations permit some general 
conclusions regarding the influence of steric and electronic 
factors in the cyclization process in 5a-c. In regard to this 
latter consideration, Char-ton’s steric parameter v for the 
morpholino and piperidino groups are apparently unavail- 
able and thus the constants for the analogous alkyl groups 
were employed. The v values of the isopropyl (correspond- 
ing to dimethylamino) and cylcohexyl (considered analo- 
gous to both morpholino and piperidino) groups are 0.76 
and 0.87, respectively [6]; and hence the reduced cycliza- 
tion in 5b, c in comparison to 5a may be explained, at least 
in part, on steric grounds. Electronic considerations may 
influence the difference in extent of cyclization between 
5b, c. Thus the pK, of N-methylmorpholine and N-methyl- 
piperidine are 7.38 and 10.38, respectively [7]; and hence 
the greater basicity of the piperidino group with an in- 
creased nucleophilicity for the electron deficient carbon 
atom adjacent to the aryl ring may be responsible for the 
higher concentration of cyclized species in 5c than in 5b. 

In view of the current emphasis in evaluating candidate 
antineoplastic agents initially in vitro rather than commenc- 
ing studies with animal models [8], the proposal was made 
to screen the compounds against the EMT6 tumour 

Table I. Percentage of surviving EMT6 cellsa after exposure to various concentrations of Sa-c, 6. 

Compound Concentrations of compounds (pM)b 

500 250 200 100 50 10 IGo WV 

5a 37.4 f 11.6 - - 46.3 k 11.2 61.5 2 11.1 86.5 2 15.4 85 

5b 0 0 0 1.12 -c 1.15 6.56 k 4.61 74.6 + 12.2 16 

SC 2.97 k 1.76 - - 67.1 k 12.4 83.3 k 26.1 93.2 k 14.6 150 

6a 0 0.08 + 0.03 0.62 r 0.30 17.3 + 3.0 57.7 + 7.3 93.1 + 8.9 52 

6b 17.5 t 13.4 - - 76.5 ?z 18.3 91.2 k 9.6 95.5 ?I 5.1 200 

6c 0 0 0 1.48 it 0.73 6.66 rt 3.15 81.6 + 23.9 18 

6d 0 0.13 2 0.01 0.43 k 0.05 18.4 2 5.5 52.9 r 9.1 75.3 + 11.9 51 

“EMT6 cell plating efficiency = 0.72 + 0.10. 
bThe symbol - means that the compound was not tested at this concentration. 
The ICso is the estimated concentration of compound which will produce 50% survival of the cells. 
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in vitro. In particular, an examination of whether cyclic or 
acyclic species favored activity was sought. The effect of 
!?a-c, 6 on EMT6 cells is summarized in Table I. The 
results indicate that no correlation between the extent of 
intramolecular cyclization and cytotoxicity is apparent. 
Thus the percentage of acyclic species in 5a-c is 21,72 and 
57 respectively, but cytotoxicity is in the sequence 5b > 5a 
> 5c. In addition, the average I&, value for 5a-c, which 
exist as a mixture of cyclic and acyclic species in solution 
is 84 PM which is comparable to the average I&, value of 
series 6 (80 PM) in which only acyclic species were detected. 

If the bioactivity of the compounds in series 6 is due to 
reaction with thiols at the methine function adjacent to the 
aryl ring, then the electronic properties of the R group 
should influence cytotoxicity . The R and F values for these 
groups are as follows, namely hydrogen (0.00, O.OO), 
methyl (-0.13, -0.04), carboethoxy (0.15, 0.33) and 
phenyl (-0.08,0.08) [9]. Thus the predicted order of cyto- 
toxicity is 6c> 6a, d > 6b, which is found to be the case. 
Of particular interest in this series is compound 6c which 
as one-sixth of the activity of the clinically useful alkylating 
agent melphalan. In addition, this Mannich base may be 
considered a soft drug [lo] insofar as it contains an ester 
function which would be predicted to be hydrolyzed read- 
ily to the corresponding acid in viva, thus permitting rapid 
excretion by conjugation. Hence 6c serves as a useful lead 
compound for further molecular modification with the 
goal of producing cytotoxic agents with the potential for 
lower mammalian toxicity than the corresponding hard 
analogs [lo] such as other compounds in series 5 and 6. 

In summary, procedures for preventing the process of 
intramolecular cyclization which occurs in the case of a 
number of Mannich bases have been found and these stud- 
ies have revealed several compounds with useful cytotoxic 
properties. 

Experimental protocols 

Chemistry 

All melting points are uncorrected. Elemental analyses were performed 
by Mr. K.-fioms, Department of Chemistry, UniGersity of Saskatche- 
wan and are within *0.4% of the theoretical values. ‘H NMR spectros- 
copy was undertaken using either a Bruker WH 400 spectrometer in the 
Department of Chemistry, University of Alberta or Bruker AM 300 FT 
and Varian T-60 spectrometers in the Department of Chemistrv. Uni- 
versity of Saskatchewan. The mass spectrhm was obtained froi ‘a VG 
Micromass MM16F mass spectrometer with a 2025 data system. Column 
chromatography was performed using Baker silica gel (60-200 mesh). 

Synthesis of compounds 

Preparation of the unsaturated ketones required in the synthesis qf5and 6 
3-(Phenylmethylene)-2,4-pentanedione Irequired in the preparation of 
5) and ethyl 3-oxo-2-(phenylmethylene)butanoate, which was a precur- 
sor for C, were prepared by a reported procedure [ll] except that the 
oils were not purified bv distillation. The intermediate 4-ohenvl-3- 
buten-Zone from which 6a was prepared was obtained from thk Aldrich 
Chemical Company, Inc. 3-Methyl-4-phenyl-3-buten-2-one was synthe- 
sized by a reported procedure [12] for use in the preparation of 6b and 
used without purification by distillation while 3,4-diphenyl-3-buten-2- 
one required in the synthesis of 6d was prepared by a literature method 
[13]. The ‘H NMR (60 MHz) of the synthesized compounds were in 
accord with the proposed structures. 

Preparation of the Mannich bases 5a-c, 6 
Compound 5a was synthesized by a literature method [3]. The Mannich 
reagents N-methylenemorpholinium chloride and N-methylenepiperidi- 
nium chloride (0.01 or 0.02 mol) required in the synthesis of 5b, c, 6 were 
prepared by adding slowly a solution of acetyl chloride (0.25 &oi) in dry 
methylene chloride (200 ml) to a stirring solution of the appropriate his- 
ami.nomethane (0.25 mol) in dry methylene chloride (200 ml) cooled by 
an ice bath. The solid that precipitated was filtered, washed with dry 
methylene chloride (150 ml) and dried under vacuum to obtain the 
Mannich reagent. The structures of these compounds were confirmed by 
*H NMR spectroscopy (60 MHz) in dimethylsulphoxide-d,. 

The general procedure for preparing the Mannich bases Sb, c, 6 was 
as follows. The Mannich reagent (0.01 or 0.02 mol) was added to a solu- 
tion of the appropriate styryl ketone (0.01 mol) in dry acetonitrile 
(lo-30 ml). The mixture was heated under reflux for a few minutes to 
ensure complete dissolution and the resultant clear solution was then 
shaken at 37oC (65oC for 5b) for 18 (5b, 6a), 24 (6b-d) and 48 (Se) h. 
After cooling at -ll°C overnight, the precipitate was collected and 
recrystallized from ether-methanol to give the following compounds 
(mp UC, % yield): 5b (1980,55), 5c as the dihydrate (1660,58), 6a (1560, 
65), 6b (1670,65), 6e (1640,56) and 6d (1590,54). Compounds 5a-c, 6 
gave satisfactory combustion analyses (C,H,N) and ‘H NMR spectra 
(300 MHz) was in accord with the proposed structures. 

Attemoted svnthesis of 5d 
A mixture of 3-phen$lmethylene-2,4-pentanedione (1.88 g, 0.01 mol), 
N-methvlaniline (2.14 e. 0.02 mol1 and an aoueous solution of formal- 
dehyde 137% w/i, 0.6-i, 1.6 ml, 6.02 mol) w’as stirred at room temper- 
ature for 24 h. The solvent was removed in vacua to give a residue which 
was triturated with aqueous sodium carbonate solution (10% w/v, 
10 ml). Chloroform was added to the aaueous extract and evaooration 
of the solvent gave a residue (0.3 g). Chromatography using a’ column 
of silica gel and an eluting solvent of chloroform:methanol (8:2) gave a 
product which after washing with ether furnished NJ&dimethyl-N,Nl- 
bis[4-(4-methylaminophenylmethyl)phenyl]methylenediamine 7 as a 
pale yellow solid (0.18 g, 8%) mp 177OC. IH NMR (CDC&, 60 
MHz):6:7.07(m, 8, aryl H ortho to amino groups), 6.73 (m, 8, aryl H 
ortho to methylene functions), 4.40 (s, 6,3 x CH,), 3.49 (s, 2,2 x NH) 
and 2.93 (s, 12, 4 x NCH3). Mass spectrum: m/z:464 (M, 2.1%), 345 
(M-CH,-C6H4-NHCH,, 5.1%) and 106 (C6H5-NCH3, 40%). Anal. 
C3&& (C,H,N). 

‘H NMR spectroscopy 
The 400 MHz 1H NMR spectra of solutions of 5a-c, 6 in deuterium 
oxide (approximately 4 mg per ml) were determined at 37oC. The iden- 
tification and quantitation of cyclic and acyclic species was made using 
our reported procedure [4]. Briefly this method involves integration at 
2 different parts of the spectrum at least, principally the methine protons 
(benzylic in the cyclic species and olefinic in the acyclic form), the pro- 
tons of the dimethylamino group and 2 methylene functions between the 
carbonyl group and the nitrogen atom. In the case of 5a, after 10 min 
the ratio of cyclic:E:Z isomers was 79:13:8. The ratio of cyclic:acyclic 
species for 5c was 43:57 after 10 min and 4456 after 2 h. The spectra of 
5a, b did not change between 10 min and 2 h. 

Quantitation took place in series 6 by integration of the olefinic pro- 
tons. Compound 6a gave rise to the deaminated product (14%) after 
2 h. When the experiment was repeated using dimethylsulphoxide-d6 as 
solvent (in which the compounds were dissolved prior to cytotoxicity 
screening), the compound remained stable at 370C for 2 h. The spectrum 
of 6c determined after 10 min showed the presence of Z and E isomers 
plus a third compound (present to the extent of 5%). After 2 h 6c still 
with a Z:E isomeric ratio of 68:27 was present to the extent of 70% and 
at least one other decomposition product had been formed. 

Cytotoxicity screeniog 

Evaluation of 5a-c, 6 versus the EMT6 tumor in vitro 
The EMT6 / RW mouse mammary carcinoma cells were maintained as 
described previously [14] in Waymouth’s MB 752/ 1 media supplemented 
with Clex 15% * . The compounds were dissolved in dimethylsulphoxide 

*Clex media supplement, obtained from bovine calf blood; Dextran 
Products Ltd., Scarborough, Ontario, Canada. 
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and control experiments used this vehicle alone, which was shown to be 
noncvtotoxic at the amounts used. 

Fresh media (10 ml) containing 1000 U of penicillin and 1 mg of strep- 
tomvcin was added to EMT6 cells which were growine exnonentiallv as I , 
monolayers in milk dilution bottles. The vehicle or solitions of the com- 
pounds (100 ~1) were added to the media giving the final concentrations 
listed in.Tabie I. After an exposure time &f 2 hy the media was removed 
and the cells, after washing with phosphate buffered saline, were removed 
from the container by trypsinization. A sufficient number of cells were 
placed in plastic dishes (60 mm) containing fresh media (5 ml) so that 
approximately 100 colonies formed when cells were allowed to grow to 
a countable size for 10 days. Comparison of the ulating efficiencv of 
drug-treated versus vehicle-treated cells enabled the su&ving fraciion 
to be calculated. Each compound including the reference substance mel- 
phalan was tested in duplicate on at least 4 separate occasions and the 
numbers presented in Table I are the mean values -t SD. 

The IC,, values were estimated from nranhs of oooled data. In the 
case of mejphalan, the percentage of su&&g EMT6 cells (concentra- 
tion in PM) was as follows namely 20.4 + 4.5 (20), 35.8 f 3.1 (lo), 
45.1 + 6.9 (4) and 64.7 + 4.2 (1). The IC,a value was 3 PM. 

Use of the Student’s t-test revealed that there were significant differ- 
ences in the activities between the following pairs of compounds, 
namely 5a and 6b at 500 PM (P=O.O5), 5b and 6a at 100 PM (P~O.OOl), 
5c and 6b at 500 PM (PsO.001) and 6a and 6d at 250 PM (P=O.OOl). 
On the other hand, there were no significant differences between the 
cytotoxicities of 5h and 6e at 100 PM (P=O.24), 5c and 6b at 100 PM 
(P=O.24) and 6a and 6d at 200 PM (P=O.24). 
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