
intramolecular charge repulsion is not a primary factor in these salt effects 
on viscosity. However, interpretation of these results is complicated by the 
fact that xanthan gum, as supplied by thc manufacturer, a n t a i m  some cellular 
material and ions. Typically, monovalent cations, (principally sodium and 
potassium) amount to 3-6% (w/w) of the finished produd.  Divalent cations, 
principally calcium and magnesium, make up 4.15-0.35% by weight of the 
commercial polymer3. For the samc reason, i t  is difficult to compare results 
of this study with many previous reports for which purified gum was uti- 
lized. 

The utility of xanthan gum as a stabilizer of aqueous suspensions and other 
disperse systems is due, in  part, to the pseudoplastic nature of gum solutions. 
At high shear the viscosity is quite low. permitting shaking, pouring, and 
pumping without high resistance. On the other hand, the high viscosity aug- 
mented by existence of a gel-like state at very low shear accounts for the high 
resistance to particle sedimentation. Viscosity, the degrec of pseudoplasticity, 
and the value of the transition from gel-like to pseudoplastic behavior are 
dependent on xanthan gum concentration. The effect of addition of a salt on 
viscosity of xanthan gum solutions is complex. A 0.3% xanthan gum solution 
exhibits negligible viscosity changes when a salt is added. Higher concentra- 
tions of xanthan gurn show increased viscosity. and lower xanthan gurn con- 
centrations undergo a reduction in viscosity. All of these effects seem to reach 
limiting values at -lo-’ iV to 3.3 X IW3 N salt concentration. Based on the 
small number of salts studied. viscosity changes appear to be independent of 
the salt. However, certain ions in particular pH ranges exhibit more specific 
effects on viscosity ( I  I ) .  

3 J .  Baird. Kclco Division of Merck and Co.. Inc.. personal communication 
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Abstract 0 A number of analogues of 3-dimethylamino-2-dimethylami- 
nomethyl-I -(4-methoxyphenyl)- I-propanone dihydrochloride (Ila) and re- 
lated compounds which showed activity against P388 lymphocytic leukemia 
were prepared, and of the I6 analogucs, three met the criterion for activity 
in this screen. The toxicit) of Ila was examined in rats and either a single dose 
of 25 mg/kg or ninc daily doses of 12.5 mg/kg administered by the intra- 
peritoneal route produced marked irritation and damage to the tissue with 
which it came into contact. Compound Ila did not show significant activity 
against eight other tumor systems. 

Keyphrases 0 Mannich bases-derived from acetophenones, antileukemic 
activity in  the P388 screen, toxicological assessment in rats 0 Antileukemic 
agents-potential, Mannich bases derived from acetophenones, P388 screen, 
toxicological assessment in rats 0 3-Dimethylamino-2-dimethylami- 
nomethyl- 1 -(4-methoxyphenyl)- 1 -propanone dihydrochloride-synthesis, 
antileukemic activity in the P388 screen, toxicological assessment in rats 

A number of Mannich bases have been synthesized and 
evaluated against murine P388 lymphocytic leukcmia (1 -3). 
Under certain conditions, Mannich bases undergo elimination 
leading to the formation of the corresponding a,&unsaturated 
ketones (4, 5), which have a marked affinity for nucleophiles 

(6,7). This property may account for certain of the biological 
properties of Mannich bases (8 ,9) .  

Series I was rcccntly evaluated against P388 leukemia in 
mice and shown to be inactive (10). However, if  a second di- 
methylaminomethyl group is inserted into the molecule, as in 
Ila, the deamination product would retain a dimethylami- 
nomethyl function attached to the olefinic carbon atom a to 
the carbonyl group. Since, on occasions, the pH of tumor cells 
has been claimed to be more acidic than normal cells ( 1 1-1 3), 
deamination of IIa could give rise, possibly preferentially in 
malignant tissue, to a compound bearing a protonatcd nitrogen 
atom. Hence nucleophilic attack by cellular macromolecules 
would be enhanced since the intermediate formed as a result 
of Michael addition would be stabilized by two electron- 
withdrawing functions, namely the carbonyl group and the 
positively charged nitrogen atom. 

A representative compound, IIa, was synthesized and shown 
to increase the median survival time in mice with P388 lym- 
phocytic leukemia by 28 and 24% at dose levels of 25 and 12.5 
mg/kg, respectively. A comparison of the bioactivities of I Ib-f 
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with la-e was made in order to explore the generality of this 
molecular modification on antileukemic activity. It was found 
that IIb-f increased the median survival time by 36, 38, 17, 
16, and 8%, respectively, and this gradation in biological ac- 
tivity followed, in general, the values of the Hammett CT con- 
stants of -0.27, -0.17, 0.00, 0.23, and 0.60 for the nuclear 
substituents of IIb-f, respectively (10). The stabilities of 
representative compounds in I and I1 which possessed extremes 
of Hammet u values (Ia,e and IIb,f) were examined under 
simulated physiological conditions (phosphate buffer, pH 7.4, 
at 37OC). While I was stable for at least 1.5 h, IIb and f broke 
down to the corresponding olefinic ketones at rates which 
seemed to suggest that elimination was favored by electron- 
withdrawing substituents on the aromatic ring. It was con- 
sidered possible that an optimal rate of breakdown was asso- 
ciated with anticancer activity, i .e.,  if decomposition was too 
rapid (as in the case of IIf), then the a,P-unsaturated ketone 
generated was sequestered prior to interaction with leukemia 
cells, whereas if it was too slow or even refractory to deami- 
nation (as suggested by the data for I), there would be insuf- 
ficient a,o-unsaturated ketone present for presumed nucleo- 
philic attack. 

The aims of the present investigation were twofold. First, 
since the promising lead compounds IIa-c possessed nuclear 
methoxyl and methyl groups with Hammett u values of 
--0.2, it was proposed to synthesize 111, which principally 
contained these groups and in which the Hammett u value for 
the substituents on the aromatic ring for IIIa-f were +O.  12, 
-0.15, -0.03, -0.37, -0.07, and -0.24, respectively. Thus, 
the rate of release of the a,&unsaturated ketone would be 
expected to vary, and the validity of the rate of breakdown of 
111 with antileukemic activity could be explored further. 
However, the rate of release of the conjugated styryl ketones 
in uiuo could also be influenced by the pKa of the basic group 
and, hence, the preparation of IV was envisaged. The pKa 
values for dimethylamine, pyrrolidine, piperidine, morpholine, 
and trimethylamine are 10.77, 11.27, 11.22, 8.70, and 9.80, 
respectively (14), and thus the rate of decomposition predicted 
is IVd > 1Ve > IVa > IVb,c. Since the dibasic compounds in 
I1 were, in general, more active uersus P388 lymphocytic 
leukemia than I, a comparison of the antineoplastic activities 
of 111 and IV with the monobasic derivatives V and VI was 
deemed profitable to shed more light on the generality of this 
observation. Second, IIa has been designated a Selected Agent 
Compound by the National Cancer Institute, and it seemed 
of importance, therefore, to explore the toxicity of IIa in order 
to further evaluate its potential as a candidate anticancer 
drug. 

R l ~ ] - C H z C H 2 N ( C H &  - HBr 

U R; 
I 

a. R' = OCH3; R2 = H 

c. R' = Rz = H 
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e. R1 = R' = Cl 

b. R' = CH3; R' = H 

~CH,N(CHJz 
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b. R' = - N 3 ;  X = HBr 
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c. R1 = -N 0 ;  X = HBr 
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(+) (-) 
d. R' = N (CH3)3; X = Br 

RESULTS AND DISCUSSION 

Compounds IIa, IIIa-c, e, f, and IVb-d were prepared by treating aceto- 
phenone or a substituted acetophenone with an excess of formaldehyde and 
amine and converting the products into the corresponding dihydrohalide salts. 
Utilization of this general procedure in attempting to prepare IIld gave rise 
to the nuclear bis(aminomethy1) product, VII (Scheme I). To obtain exclu- 
sively side chain aminomethylation, the nuclear hydroxyl group of p-hy- 
droxyacetophenone was protected by a tetrahydropyranyl function ( 1  S), and 
TLC of the product of a Mannich reaction with this ketone showed a mixture 
of diamines was formed in which both protected and free hydroxyl groups were 
present. The mixture was then treated with hydrogen bromide to give the 
desired product IIId (Scheme I). 

The mass spectrum of this compound was of interest insofar as the base peak 
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Scheme I 
differed from four related compounds Ilb and d-f, although common frag- 
mentation pathways were found in all fivecompounds (Table I; Scheme 11). 
The peak due to the dimethyl(methylene)ammonium ion (f, ni/z 58) is the 
base peak except for Illd, in which case it is the acylium ion (g) m/z 121. 
Stabilization of the positive charge in the acylium ion by the powerful elec- 
tron-releasing mesomeric effect of the hydroxyl group (up+ = -0.85) (16) 
could account for this phenomenon (Scheme Il l ) .  It is of intercst to note that 
a major ion in the fragmentation pattern of I lb  is m/z 135, due to the related 
p-methoxy aeylium ion. Other observations of interest from Scheme I1  are 
as follows. 

1. The radical ion of the free diamine (a) which could be formed is absent 
in all five cases. On the other hand, each spectrum shows peaks of equal in- 
tensity a t  m/z 80 and 82 due to [HBr]+ and also at  m/z 79 and 81 due to 
Br+. 

2. The peak due to the radical ion of I-aryl-2-dimethylaminomethyl-2- 
propen-l-one (b), which could arise from loss of dimethylamine from a. is also 
absent. This pathway, however, cannot be ruled out since the data obtained 
suggest that ion b is formed, but is of low intensity because of its fragmentation 
to give c, m/z 84. 

3. The c a r h a t i o n  (d) may account for the peak having the highest 
mass-charge ratio in each case. Hornolytic fission of the bond y to the carbonyl 
function in d gives the radical ion of the acrylophenone (e). 

Compound IVa was prepared by Mannich condensation of Ic with pyrro- 
lidine and formaldehyde, and quaternization of the free base of Ild and Ic with 
methyl bromide gave IVe and Vld, respectively. The remaining compounds 
in series V and VI were prepared essentially by the method of Maxwell (17). 
The physicaldataof Ilaand Ill-Vllandtheefficacyofmostof thecompounds 
against P388 lymphocytic leukemia are given in Table 11. 

Compounds Illb, d, and f, like the active diamines IIb and c, have nuclear 
substituents with an average Hammett (T value of -0.25, and both l l lb  and 
f are active against P388 lymphocytic leukemia while llld possesses marginal 
activity. It is conceivable that facile 0-glucuronidation minimizes the anti- 
leukemic efficacy of IIId. The remaining three compounds Illa, c, and e, with 
an average nuclear Hammett value of 0.02, were inactive. There was slightly 
higher activity in the case of IIIa, d, and e (average T/C% = 1 15) than with 
their monobasic counterparts Va-c (average T/C% = 105). No correlation 
between the predicted case of breakdown in series IV with anticancer activity 
was apparent, and compounds Vla, b, and d were inactive. However, two 

Thermal 
decomposition 

CHzN(C&)z t' 

-e + HBr - [HBr]" - Br' 
/ 

RZ 
p c f  CHzN(CH,X m/z 80, 8 2  m/z 79, 81 

1 
+ 

(CH,)zNCH,C=CHz 
(c); m/z 84 

+ 
HZC=N(CH,)z 

(f);  m/z 58 
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Table I-m/z (Relative Intensity) Values of the Principal Ions Observed in 
the 70-eV Mass Spectra of the l-Aryl-3-dimethylamino-2- 
dimethylaminomethyl-I-propanone Dihydrobromides IIb, d-f, and IIId 

Com- 
pound m/z (Relative Intensity) of Principal Ions 

Table 11-Physical Data on the Mannich Bases IIa and 111-VII and 
Activity Against P388 Lympbocytic Leukemia in Mice 

IIb 206(18), 202(6), 162(35), 135(78), 107(1 I ) ,  92(18), 84(12), 
82(28), 81(11), 80(28), 79(1 l ) ,  77(24), 58(lOO), 45(16), 

IIf 246($j, i44(6), 240(3), 202(9), 200(14), 117(4), 175(27), 
173(42), 149(2), 147(11), 145(16), 109(10), 84(9), 82(21), 
81(8). 80(22). 79(8). 75(6). 74(8). 58(1001.45(15). 44(27) 

i t id  192( i i j ;  188(4j; 148(4i), iii(ioOj,.93(22),'84(8j, 82(21 j, ' 

8 1 (8), 80(21), 79(8), 65(23), 58(93), 45(24), 44(44) 

compounds (IVa and d) increased the median survival time in mice with P388 
lymphocytic leukemia by -20%. It was hoped that VII would give rise to the 
ortho quinone VIII in uiuo (Scheme I),  but the lack of both antineoplastic 
activity and marked murine toxicity suggested that this pathway did not 
materialize. The screening results observed in this study reveal a continuation 
of a trend observed earlier (10) that, in general, higher anticancer activity is 
found among dibasic derivatives of substituted acetophenones than with the 
corresponding monobasic analogues. 

The second phase of this investigation was to examine the disposition of Ila. 
As mentioned earlier, significant antineoplastic activity was found a t  dose 
levels of 12.5 and 25 mg/kg. During the first trial with IIa, a single 12.5-mg/kg 
ip injection was administered to rats. Three test and one control rats were killed 
2,4,6,8,  10, and 15 d postinjection. During the second trial, three rats were 
given a single 25-mg/kg injection of IIa. The rats were closely observed, and 
one rat was killed 5, and two others a t  30, and 48 h postinjection, Following 
this, a single 12.5-mg/kg injection of 1Ia was repeated in three animals. One 
of the test rats and one control were killed 24,48, and 84 after the injection. 
In the final trial, it was proposed to give nine daily injections of IIa (12.5 
mg/kg) to nine rats and to examine the animals 3 ,8 ,  and 15 after the ninth 
injection. 

The results obtained were as follows. On both occasions a single 12.5-mg/kg 
injection of IIa produced no gross or microscopic lesions in the rats. After the 
single 25-mg/kg injection of Ira, the rats appeared very depressed, were re- 
luctant to move and were "hunched over." One rat (no. 1) was killed 5 h after 
injection. Twenty-four hours after injection, the remaining rats (nos. 2 and 
3) were depressed and reluctant to move. Porphyrin stained the forelimbs, 
faces, and heads; the hair coats were rough and spiky. The abdomen of one 
animal was tense and contracted. 

At necropsy, all three rats were observed to have hydroperitoneum. The 
proximal intestine was flaccid, dilated, and fluid filled. The contents of the 
distal jejunum, ileum, and large intestine were very dry. Numerous white 
opaque areas of coagulation necrosis and saponification were scattered 
throughout the abdominal fat and the fat associated with the spermatic cords 
in rats 2 and 3. The cecal wall of rat I was edematous and contained a perfo- 
rated ulcer at the distal end. Microscopic examination revealed interlobular 
pancreatic edema and edema of the colonic muscularis. Rat 2 was killed 30 
h after the injection. Opaque areas present in the pancreas represented acute 
necrosis of the peripheral lobules. The subserosal longitudinal muscle of the 
stomach, small intestine, and colon had also undergone acute necrosis. The 
myonecrosis ranged from focal to diffuse; in places it extended through the 
circular muscle into the submucosa and was accompanied by hemorrhage. 
The walls of the seminal vesicles and coagulating glands were similarly af- 
fected, with the necrosis extended through the entire wall in areas. Rat 3 was 
killed 48 h after injection. A fibrinous peritonitis was present with fibrinous 
adhesions joining the liver to the diaphragm and the pancreas to the stomach, 
and fibrin coated the seminal vesicles, coagulating glands, and the mesentery. 
Petechial hemorrhages were visible on the serosa of the cecum, colon, and 
rectum. The histopathological lesions were similar to those of rat 2. The ne- 
crosis and hemorrhage in the wall of the stomach and intestine were more 
diffuse and often extended into the lamina propria. Small ulcers were present 
in the squamous portion of the stomach. 

Table I11 indicates the changes in  weight resulting from the multiple-in- 
jection trial of the animals surviving this treatment regimen; a marked weight 

Scheme I I I  

Melting 
Com- Yield, Point, Maximum Toxicity 
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Elemental analyses for C, H, and N were conducted for all compounds. Unless 
otherwise noted, all values were within f0.4% of the theoretical values. Ratios of the 
survival time of the treated (T) to control (C) animals expressed as a percentage. Com- 
pounds were initially screened at 200, 100, and 50 mg/kg; if mortalities occurred at these 
doses, they were reduced to nonlethal levels. A compound should increase the median 
survival time by at least 20% to be considered active. The dose in mg/kg is in parentheses. 

Numbers of survivors 5 d after commencement of the dosage schedule of nine daily 
doses, except for Illb-f. IVb, IVe (50-mg/kg dose), and VII in which cases five daily 
doses were administered. Calc. for C, 40.79; found, 39.96. Calc. for C, 48.23; found 
47.77.fCalc. for C, 45.30; found 44.88. g Lit. (18) mp 197.O-l97SoC. Lit. (19) mp 
189.5-190SoC. ' Lit. (20) mp 238°C. 

loss was observed after completing the injection schedule, although 15 d after 
the last injection, some weight gain was noted (rats 5 and 6). 

Four animals (nos. 4 and 7-9) died before the termination of the multi- 
ple-injection trial. Porphyrin staining of the faces was marked in all the rats. 
Necropsy revealed mild hydroperitoneum, a dilated fluid-filled proximal small 
intestine, and a large intestine filled with dry ingesta. Rat 7 was killed after 
it had received its second 12.5-mg/kg injection of Ira. The animal was very 
quiet, reluctant to move, had a tense contracted abdomen and a spiky coat. 
Histopathological examination revealed acute degeneration and necrosis of 
the subcapsular muscle fibers of the seminal vesicles with infiltration by 
granulocytes. The bladder wall was edematous, and the subserosal myofibers 
had undergone acute necrosis. The intestinal serosal mesothelium was hy- 
pertrophied. 

A second rat (no. 8) died after it had received its second injection. In ad- 
dition to those necropsy findings previously mentioned, all serosal blood vessels 
were very congested. Areas of necrosis were scattered throughout the ab- 
dominal fat and the fat associated with the reproductive organs. Numerous 
small ulcers extended into the submucosa of the squamous stomach. 
Throughout the intestine and bladder there was necrosis of subserosal muscle. 
Fibers were eosinophilic and shrunken. Nuclei were absent, pycnotic, and 
karyorrhectic. Peripheral pancreatic acini had undergone acute necrosis, and 
granulocytes had infiltrated the affected areas. 

A third test rat (no. 9) died after receiving its fifth injection of IIa. He- 
maturia had been reported on the previous day. In addition to heavy porphyrin 
staining of the face and forepaws, blood stained the fur around the prepuce. 
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Table 111-Weight Changes of Male Wistar Rats after Intraperitoneal Injection of I1a and Saline for Nine Consecutive Days 

Weight Difference Weight, g Weight Difference 
Between Days Day Day Day BetweenDay I 

Rato Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 1 and 9, g 12 17 24 Day of Examination, g 

1 350 340 330 325 320 305 290 300 295 -55 295 
2 348 328 315 328 325 305 295 290 295 -53 285 
3 360 345 340 315 310 300 310 295 305 -55 
4 580 368 355 340 340 355 335 330 325 
5 334 315 320 305 292 275 270 270 270 
6 380 370 365 360 355 330 320 300 315 
I 350 330 
8 3s4 33s d 
9 342 335 325 305 290 

Control 1 358 352 355 355 355 350 335 350 355 
Control2 330 340 345 340 335 330 335 335 335 

-55 
-64 
-65 

- 3  
t 5  

3f5 

360 
340 

-55 
-63 
-55 

335 + I  
315 - 5  

+ 2  
+I0 

Control3 355 340 330 315 320 335 340 345 340 -15 375 +20 

Rats 1-9 were injccted with Ila at 12.5 mg/kg, while controls 1-3 were injectcd with 0.9% NaCl (salinc). Rat 4 died on Day 14. Rat 7 was killed after receiving a second 
injection. Rat 8 died after receiving a second injection. Rat 9 d i d  after a fifth injection. 

The fluid contained in the stomach, duodenum, and jejunum was blood stained. 
There were areas of hemorrhage and necrosis in the pancreas, circular hem- 
orrhages in the cecal mucosa, and blood in the urinary bladder. Histopatho- 
logical examination revealed an acute diffuse peritonitis, characterized by 
the presence of fibrin and granulocytes on the intestinal scrosa and in the 
connective tissue and fat associated with the seminal vesicles, coagulating 
glands, and the right spermatic cord. The duodenal serosa was coated with 
granulocytes, which extended through the edematous muscularis in some areas 
to the submucosa. Acute myonecrosis was noted in the duodenal wall. Similar 
lesions were scattered throughout the wall of the intestine and bladder. An 
ulcerative cystitis consisted of areas of mucosal necrosis, granulocyte infil- 
tration into an edematous submucosa, and necrosis of single mucosal cells 
which sloughed into a blood-filled lumen. 

The fourth animal (no. 4) died 5 d aftcr the ninth injection of IIa. The an- 
imal was autolyzed; however. a large area of necrosis bounded by hemorrhage 
was noticed in the right inguinal subcutis and body wall. 

Two test animals (nos. 1 and 2) and one control (no. 1) were killed 3 d after 
the ninth injection. One of the test animals was lame in the right hind limb. 
In both test animals, fibrous adhesions joined large areas of the subcutaneous 
tissue and body wall in the right inguinal region. In  each rat, an area of ne- 
crosis, 1-1.5 cm in diameter, in the body wall was bounded by a distinct red 
line; grossly, the viscera appeared normal. The coagulation necrosis extended 
through the body wall to the peritoneum. Many of the necrotic muscle fibers 
were calcified. Granulation tissue has replaced much of the necrotic tissue, 
and muscle fibers bordering the areas of necrosis showed signs of regeneration 
with very long, plump nuclei and multinucleate areas. The necrotic subcuta- 
neous fat had been replaced with granulation tissue. In the intestine and 
bladder, areas of the serosa and outermost muscularis had been replaced by 
regenerating muscle fibers, fibroblasts, and capillaries. The orientation of the 
regenerating fibers was irregular. Areas of mesenteric fat necrosis had been 
replaced by granulation tissue and lymphocytes. 

One rat (no. 3) was killed 8 dafter  the last injection. This rat was also lame 
in the right hind limb. During necropsy, a large area of necrosis was found 
in the subcutis of the right inguinal area. A severe chronic peritonitis was 
prcsent; all intestine loops were tightly adhered to each other, the bladder, 
seminal vesicles. and sublumbar musculature. The intestines were dilated and 
contained fluid. Normal fecal pellets were present in the rectum. Areas of the 
intestinal wall werc thickened; however, the intestine was patent although the 
lumen was greatly reduced. A mass 1.5 cm in diameter occupied a position 
in thedorsal body wall midway between the right kidney and the bladder. The 
mass had a fibrous wall, was filled with clear fluid, and involved the right ureter 
and sublumbar muscles. The right ureter proximal to the mass was dilated 
with clear fluid. There was hydronephrosis of an enlarged right kidney. The 
right seminal vesicle was shrunken; atrophy of the right testis was seen during 
microscopic examination. Few spermatogonia were present in the seminal 
tubules; however, spermatozoa were prcsent in the cpididymal tubules. The 
walls of the intestines, seminal vesicles, and coagulating glands were thickened 
with a layer of granulation tissue. Areas of abdominal fat necrasis had been 
walled off with fibrous tissue; many of these areas had calcified. Fibrous tissue 
thickened the pancreatic capsule and extended between acini. Gastric ulcers 
extended into the muscularis mucosa. Beneath the ulcers, the muscularis and 
submucosa were infiltrated by fibroblasts, angioblasts, and numerous eosin- 
ophils. The medulla of the right kidney was compressed, and there was peri- 
vascular and cortical edema. 

The thick fibrous wall of the fluid-filled mass extended into the adipose 
tissue and the muscles of the dorsal abdominal wall. It surrounded blood 
vessels, nerves, and sublumbar lymph nodes. Areas of mineralizing necrotic 

muscle. were present in the mass; lymphocytes and multinucleate giant cells 
were prominently associated with these areas. Thrombosed blood vessels and 
areas of fat necrosis were also trapped in the mass. The central cavity appeared 
to be lined by fibroblasts. 

The last two test animals (nos. 5 and 6) were sacrificed I 5  d after the ninth 
injection. Hematuria had been reported in one of these animals after the eighth 
and ninth injections. Diarrhea was reported at the same time for theother rat. 
An ulcer 1 cm long was present in one animal in the skin fold between the right 
stifle and right inguinal area. Further examination revealed ulceration, ne- 
crosis, and replacement with granulation tissue that extended through the 
dermis and subcutis and into the body wall. Fibrous adhesions between ab- 
dominal viscera were extensive in both rats; adhesions trapped the right testes. 
epididymes, and spermatic cords in the scrota1 sacs. The right testis from one 
rat was extremely small and lacked spermatogonia. The seminal vesicles and 
bladder were adhered together. Areas of necrotic seminal vesicle had under- 
gone mineralization. Epididymal fibrosis was prominent in the rat no. 6; no 
spermatozoa were present in the cpididymal or seminal tubules. Large num- 
bers of abnormal cells, including multinucleate giant cells, were present in 
the seminal tubules. Sertoli cells were very prominent. 

One may summarize these disposition studies by noting that when the rats 
received a single 25-mg/kg injection of Ila, it appeared that any portion of 
the abdominal viscera coming into contact with the substance underwent 
necrosis. Adynamic ileus, produced by peritonitis and pain, resulted in a large 
volume of fluid pooling in the anterior intestine and probably caused severe 
electrolyte imbalance. Acute gastric ulceration was probably also a mani- 
festation of the stress produced by abdominal pain. Although a single dose 
of 12.5 mg/kg produced no gross or light microscopic lesions, nine daily doses 
a t  the same level resulted in severe myonecrosis and peritonitis. Throughout 
the series of injections, the rats exhibited behavioral manifestations of stress 
and pain and lost a significant amount of weight. After cessation of injections 
there was tissue healing; however, the permanent damage produced would 
interfere with intestinal, reproductive, and (in one instance) renal function. 
It must be concluded that the compound, at a single 25-mg/kgdoseor a series 
of 1 Z.S-mg/kg doses, is very irritating and severely damages any tissue with 
which it comes into contact. 

Finally, the screening of the Selected Agent Compound IIa versus a number 
of tumors (21) was undertaken (Table IV). In tumor systems 3-8 inclusive, 
IIa was inactive and although some reduction in tumor weight was found in 
the colon and lung xenografts, it was insufficient to meet the criteria for ac- 
tivity. 

EXPERIMENTAL 

Melting points are uncorrected. Elemental analyses were undertaken lo- 
cally', and organic extracts were dried with anhydrous magnesium sulfate. 
TLC was carried out using sheets of silica gel with fluorescent indicator2 and 
a solvent mixture of toluene-methanol (9:l). Mass spectra3 were run at  70  
eV, and the 60-MHz N M R  spectra4 were determined in deuterochloroform 
or deuterium oxide using internal standards of tetramethylsilane and sodium 
2,2-dimethyl-2-silapntane-5-sulfonate, respectively. 

Syntheses of Compounds-I -Aryl-3-dimethylamino-2-dimethylamino- 

1 Mr. R. E. T d ,  Department of Chcmistry, College of Arts and Science. University 

3 VG Micromass MM16F mass spectrometer with 2025 dam system. 

of Saskatchewan, Saskatoon. 
Eastman-Kodak Co. 

Varian T-60 spectrometer. 
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Table IV-Evaluation of Ira Against Various Tumors in Mice 

Treatment Maximum 
Tumor Schedule T/C%" Toxicitv6 

CX- 1 Colon Four daily injections 38(25) 0/6(100), 3/ 
xenograft 6(50), 6/6(25) 

LX-1 Lung One injection every 4 d; 64(50) 0/6( loo), 6/ 
xenograft total of three injections 6(50) 

MX-I Breast Oneinjection every 4 d; lOl(12.5) 0/6(100), 5/  
xenograft total of four injections 6(50), 6/6(25) 

CD8Fl One injection 103(7.8 1) 1/10( 1 2 3 ,  
Mammary 3/10(62.5), 
tumor 10/ lO(3 I .25) 

Colon 38 One injection every 7 d; 102(25) 0/1 O( loo), 

B16 Nine daily injections 102(25) 0/10(50), 10/ 
Melanocarcin- lO(25) 
oma 

L 1210 Nine daily injections 1 lO(25) 1/6(50), 6/ 
Lymphoid 6(25) 
leukemia 

Lewis lung Nine daily injections 105(12.5) 1/10(50), lo/ 
carcinoma 1 O(25) 

P388 Nine daily injections 128(25) 0/6(100), 2/ 
Lymphocytic 6(50), 6/6(25) 
leukemia 

total of two injections 1/10(50), 
10/ lO(25) 

a Figures for tumors 1-5 are the weight differences of the treated animals compared 
with controls expressed as a percentage. A value of <20 for the first four tumors indicates 
activity; values of <42 in the case of the colon 38 tumor are considered active. The figures 
for tumors 6-9 are the ratios of the median survival time of treated animals compared 
with controls expressed as a percentage. A compound should increase the survival time 
by 25,2.5,40, and 20%, respectively, to be considered active. Doses in mg/kg are in pa- 
rentheses. 

methyl-1 -propanone Dihydrohalides ([la, I l l a - c , e~ -A mixture of the 
substituted acetophenone (0.05 mol), aqueous solutions of formaldehyde (37% 
w/v, 0.15 mol) and dimethylamine (25% w/v, 0.15 mol), and ethanol (25 mL) 
was heated under reflux for 3 h (Ha, IIIa,e), 24 h (lllb,f), or 30 h (IIIc). The 
solvent was removed in uacuo, and the mixture was extracted with ether (3 
X 20 mL). The combined ethereal extracts were washed with water, dried, 
and then the solvent was removed under reduced pressure to give the Mannich 
base, which was dissolved in acetone and treated with either hydrogen chloride 
or hydrogen bromide. The colorless solid which precipitated was removed by 
filtration, dried, and recrystallized from methanol to give the desired Mannich 
base salts. 

3-Dimethylamino-2-dimethylaminomethyl-I- (4-hydroxyphenyl) -1 - 
propanone Dihydrobromide (Il1d)-A mixture of 4-hydroxyacetophenone 
(13.6 g, 0.1 mol), 2,3-dihydro-4H-pyran (10.4 g, 0.12 mol), an acidic ion- 
exchange resin5 (1.5 g), and benzene (1 25 mL) was stirred vigorously at  room 
temperature for 24 h. The reaction was monitored by following the disap- 
pearance of 4-hydroxyacetophenone (Rf 0.65) using TLC. After removal of 
the resin by filtration, the mixture was passed through a column of silica gel 
(60-200 mesh, benzene). The resultant yellow solution was washed with 
aqueous sodium hydroxide solution (10% w/v, 3 X 20 mL) and then with water 
(4 X 20 mL). After drying, the benzene was removed in uacuo to give a yellow 
solid, which was recrystallized from n-hexane to give 4-(2-tetrahydropyran- 
yloxy)-acetophenone ( I  5.6 g, 71%) as yellow crystals, mp 84-86OC [lit. (22) 
mp 89.5-91.0°C]; Rf0.82; IH-NMR (CDC13): 6 7.82 (d, 2, ArH at Czand 
c6), 7.00 (d, 2, ArH at C3 and CS) ,  5.45 (t, 1, tetrahydropyranyl H at Cz), 
3.68 (m, 2, tetrahydropyranyl H at CS), 2.54 (s, 3, CH,), and 2.20-1.40 ppm 
(m. 6, tetrahydropyranyl H at C3, C4, and C5). 

A mixture of 4-(2-tetrahydropyranyloxy)-acetophenone (2.2 g, 0.01 mol), 
an aqueous solution of formaldehyde (37% w/v, 2.4 mL, 0.03 mol), dimeth- 
ylamine (25% w/v ,  4.5 mL, 0.025 mol), and ethanol (10 mL) was heated at  
reflux for 30 h. The ethanol was removed in uacuo, the mixture was extracted 
with ether (2 X 10 mL), and the combined organic extracts were washed with 
water (3 X 5 mL) and dried. After filtration, an additional quantity of an- 
hydrous ether (10 mL) was added, and the solution was treated with hydrogen 
bromide to give a light-yellow solid, which was recrystallized from methanolic 
hydrogen bromide (1% W/V) and then from methanol to give IIId (1.4 g) as 
a bright-yellow solid. 'H-NMR (DzO): 6 8.04 (d, 2, ArH at C2 and CS), 7.04 
(d. 2, ArH at C3 and CS), 4.04-3.20 [m. 5, C2H(CH2)2], and 2.95 ppm [s, 
12, 2N(CH3)2]. The yield is based on the use of 4-(2-tetra- 
hydropyrany1oxy)-acetophenone as the starting material. 

3-Dimethylamino-1 -phenyl-2- ( 1  -pyrrolidinylmethyl) -1 -propanone 
Dihydrobromide (1Va)-A mixture of 3-dimethylamino- I-phenyl-l-pro- 

At day 5; doses are in parentheses. 

panone hydrochloride (5.35 g, 0.025 mol) (17), an aqueous solution of 
formaldehyde (37% w/v, 24 mL, 0.03 mol), pyrrolidine (2.5 mL, 0.03 mol), 
and ethanol (35 mL) was heated at  reflux for 3 h. The solvent was removed 
in uacuo, and water (40 mL) followed by excess aqueous sodium hydroxide 
(40% w/v) were added to the crude mixture; the aqueous phase was then ex- 
tracted with ether (50 mL). The organic extract was dried, and removal of 
the ether gave an oil, which was dissolved in acetone and treated with hydrogen 
bromide. The resultant crude dihydrobromide salt was recrystallized from 
ethanol to give IVa as colorless prisms (4.3 g). The yield was based on the use 
of 3-dimethylamino- 1 -phenyl- 1-propanone hydrochloride as starting mate- 
rial. 
3-Amino-2-aminomethyl-I-phenyl-1-propanone Bihydrobromides 

(IVb-d)-These compounds were prepared using the general procedure de- 
scribed for the synthesis of Ira, IIIa-c, e, and f vide supra. In the synthesis 
of IVb-d, the time of heating at reflux in ethanol was 24, 3, and 24 h, re- 
spectively. 

3-Dimethylamino-2-dimethy laminomethyl-1 -phenyl-I -propanone Di- 
methobromide (IVe)-3-Dimethylamino-2-dimethylaminomethyl-l-phe~ 
nyl- 1 -propanone dihydrochloride was prepared as colorless crystals, mp 
163-164°C [lit. (23) mp 164-165"Clin 20% yield by a reported procedure 
(lo), except that hydrogen chloride was passed through a solution of the free 
base in acetone and not hydrogen bromide. An aqueous solution of the diamine 
dihydrochloride (5.8 g, 0.02 mol) was cooled to 5°C and rendered basic to 
litmus with triethylamine. The mixture was stirred with ice-cooling for 15 min 
and extracted with ether (3 X 15 mL). The combined organic extracts were 
washed with water (3 X 10 mL) and dried, and then the solvent was'removed 
under reduced pressure to give a pale-yellow oil, which was dissolved in dry 
acetone and treated with excess methyl bromide. The solid was removed by 
filtration, washed with dry acetone, dried, and recrystallized from acetone- 
methanol to give IVe as a colorless solid (5.4 g). 

3-Dimethylamino-l -aryl-1 -propanone Hydrobromides (V)-The sub- 
stituted 1-propanone hydrochlorides were prepared by a literature method 
(17) and then converted into the hydrobromide salts by a reported procedure 
(10). The crude hydrobromides were recrystallized from acetone-methanol 
(Va and c) or methanol (Vb). The percentage yields listed in Table I1 are based 
on syntheses from the appropriate substituted acetophenone and not from the 
crude hydrochloride. 

3-Amino-I-phenyl-l -propanone Hydrobromides ( Vla-c)-The appro- 
priate 1 -propanone hydrochlorides were prepared essentially by a literature 
method (1 7) using the required amine hydrochloride in place of dimethylamine 
hydrochloride. The times of heating the reactants at reflux were 2 h (VIa and 
c) and 3 h (VIb). The hydrobromides were obtained from the hydrochloride 
salts by a literature method (1 0) and purified by recrystallization from ace- 
tone-methanol. The percentage yields in Table I1 are based on the quantity 
of acetophenone used. 

3-Dimethylamino-l -phenyl-I -propanone Methobromide (V1d)-Aqueous 
sodium carbonate solution (10% w/v) was added to an aqueous solution of 
crude 3-dimethylamino-1-phenyl-1-propanone hydrochloride (17) (4.27 g, 
0.02 mol) in water until basic to litmus, and the mixture was extracted with 
chloroform (4 X 15 mL). After the combined organic extracts were washed 
with water (3 X 5 mL) and dried, the chloroform was removed in uacuo to give 
a pale-yellow oil, which was dissolved in anhydrous ether (1 5 mL) and treated 
with methyl bromide (1.6 mL, 2.77 g, 0.029 mol). The solution was cooled 
to -4°C for 3 h, and the precipitate was removed by filtration, washed with 
dry ether, dried, and recrystallized from methanol-acetone (4:l) to give VId 
as colorless crystals. The yield recorded in Table I1 was based on the quantity 
of acetophenone used. 

3,5-Bis(dimethylaminethyl)-4-hydroxyacetophenone Dihydrobromide 
(VI1)-A mixture of p-hydroxyacetophenone (6.8 g, 0.05 mol), an aqueous 
solution of formaldehyde (37% w/v, 8.9 mL, 0.1 1 mol), dimethylamine (5.0 
g, 0.1 1 mol), and ethanol (50 mL) was heated at reflux for 20 h. After removal 
of the ethanol and water in uacuo, the resultant viscous oil was dissolved in 
acetone and treated with hydrogen bromide. The precipitate was removed by 
filtration, washed with acetone, dried, and recrystallized from methanol to 
give VII as colorless prisms (8.8 8). IH-NMR (D20): 6 8.00 (s, 2, ArH at C2 
and c6),4.45 (s,4, 2 X CHzN), 2.98 [s, 12, 2 X N(CH3)2],and 2.62 ppm(s, 

Biological Evaluations-Screening of Compounds-The antineoplastic 
evaluation of the compounds described herein was undertaken by the National 
Cancer Institute, Bethesda, Maryland, using their protocols (24). The com- 
pounds listed in Table I1 were injected by the intraperitoneal route into male 
or female Swiss, B~DzFL,  or C D ~ F I  mice. The derivatives were dissolved in 
saline prior to injection, except for IVe and VId which were administered in 
hydroxypropyl cellulose; VIb was injected in both saline and saline containing 
polysorbate 806. Compounds IVc and VI had been previously assessed by the 

3,COCH3). 

Amberlyst H-15; Rohm and Haas, Philadelphia, Pa. 
~ 

Tween 80; Atlas Chemical Industries. 
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National Cancer Institute, although not against P388 lymphocytic leu- 
kemia. 

The data in Table IV was generated as follows. Compound Ila was dissolved 
in saline and administered to mice hosting tumors 1-3 by the subcutaneous 
route and intraperitoneally in the remaining cases. The xenografts (tumors 
1-3) were inoculated into NU/NU athymic Swiss mice by subcutaneous in- 
jection. The activity recordcd is the mean tumor weight change between day 
0 and the final evaluation days which were 15, 1 I ,  and 11 d, respectively. The 
CD8Fl mammary and colon 38 tumors in  CD8FI and B ~ C ~ F I  mice, respec- 
tively, were evaluated after 34 and 20 d. The activity noted for the CD8Fl 
mammary tumor was the median tumor weight change, and for the colon 38 
tumor, the median tumor weight was estimated from the diameter of the 
tumor. The 816 melanocarcinoma was injected intraperitoneally into B L C ~ F I  
mice and evaluated on day 60. Both L1210 and P388 leukemias were injected 
by the intraperitoneal route into CDzFl mice and evaluated on day 30. The 
Lewis lung carcinoma was injected intravenously into B ~ C ~ F I  mice and 
evaluated on day 60. The activity of the last four tumors is expressed as  the 
effect on median survival time. The toxicity of Ila uersus the nine tumors listed 
in Table IV was evaluated on days 15. 11 ,  1 1 ,  34.20, 5, 5 ,  5, and 5, respec- 
tively. 

Disposition Studies with Ila-Doscd male Wistar rats, weighing 220-250 
g (first trial), 285-300 g (second trial), and 240-250 g (third trial) were in- 
jected with Ila dissolved in sterile saline (0.9% w/v) by the intraperitoneal 
route, while control animals received sterile saline (0.9% w/v). All animals 
were necropsied after sacrifice, and the following tissues were fixed in 10% 
buffered formalin: lung, heart, thymus, trachea, thyroid, liver. spleen, pan- 
creas, kidney, adrenal, stomach, duodenum, jejunum, ileum, cecum, colon, 
rectum, lymph nodes, bladder, and reproductive organs. Tissues were processed 
routinely, sectioned at  5 pm, and stained with hematoxylin and eosin. 
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Abstract 0 The tackiness of coating solutions containing high concentrations 
of polymers was determined using a parallel plate technique. Kinematics of 

in practice, display “delayed elastic effects” and require far larger impulses 
than nontacky materials. 

the film-splitting process was also investigated using a high-speed movie 
camera. ~h~ results showed that the impulse required to sp l i t  a liquid film of Keyphrases 0 Film-coating solutions-tablets, tack behavior, viscosity, 
highly solution in to a dilute so- concentrated polymer solutions 0 Viscosity--film-coating solvents for tablets, 
jution is related not to viscosity, but lo the internal structures of the system, tack behavior, concentrated polymer solutions 0 Polymers-concentrated 
Evidence has been found that the materials that are considered to be tacky solutions, viscosity. tack behavior, film-coating of tablets 

The technique of film-coating solid dosage forms has grown 
at an accelerating rate, employing a wide variety of materials 
and coating systems (1-3) .  One of the factors affecting the 
tablet-coating process is the tackiness of the coating formu- 
lations. The concentration of the film formers used in these 
coating formulations depends on the molecular weight, grade, 

and chemical structure of the polymers (4). Generally, the 
concentration of a polymer used in a film-coating formulation 
ranges from 2 to 10% ( 5 ) .  During the drying phase of the 
coating process, evaporation of the solvent occurs. Conse- 
quently, the concentration of the polymer increases, giving rise 
to increasing tackiness until the deposited film is esscntially 
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