
November 1966 4-AMINOBUTYHOPHENONES AND PYRIMIDINYLHYDRAZONES 945 

Synthes i s and Cytotoxicity of 4 -Aminobutyrophenone Hydrochlorides 

and Their Subs t i tu ted Pyrimidinylhydrazones 1 

SHU-SING CHENG, CLAUDE PIANTADOSI,2 AND J. LOGAN IRVIN 

Departments of Medicinal Chemistry and Biochemistry, University of North Carolina, Chapel Hill, North Carolina 

Received December 27, 1965 
Revised Manuscript Received June 24, 1966 

The hydrochlorides of 4-aminobutyrophenone and its para-substituted derivatives were synthesized as amino 
ketone analogs of 7-aminobutyric acid for biological study. The hydrochlorides exist in the form of open-chain 
7-amino ketones rather than the cyclized pyrroline derivatives. These compounds and some of their pyrimidinyl
hydrazones were tested for growth-inhibitory activity against bacteria, KB and L cell cultures, and the non
parasitic protozoan, Tetrahymena pyriformis. The hydrochloride of 4-aminobutyrophenone was also tested 
against several tumor systems in mice. 

Based on biochemical rationale, a- and /3-amino 
ketone analogs of amino acids were synthesized as 
potential metabolic inhibitors and have been found 
to be active against microorganisms in vitro.3~5 Al
though the mechanism of action is not known, the 
structural similarity between these amino ketone 
analogs and the parent amino acids seems to provide 
a chemical basis for the postulated biochemical antago
nism. Further, amino ketones are known to antagonize 
amino acids of related structures.6 The extension of 
this concept to other series of amino ketones analogous 
to natural amino acids might further substantiate this 
hypothesis. 

Among a few naturally occuring 7-amino acids, 
7-aminobutyric acid (GABA) has been studied more 
than other members of this group. Although the 
presence of 7-aminobutyric acid in bacteria, plants, 
and mammals has been demonstrated,7'8 little is known 
of its physiological significance on microorganisms. 
GABA is one of the metabolic products in the pathway 
of arginine metabolism in Streptomyces griseus. The 
deguanidase enzyme systems of this organism have been 
shown to convert 7-guanidobutyrate to 7-amino-
butyrate.9-11 An adaptive enzyme system in this 
organism oxidatively decarboxylates arginine to guani-
dobutyramide, which is hydrolyzed with the formation 
of guanidobutyrate and is then converted into GABA 
by deguanidases. GABA can be utilized by some 
species of bacteria such as Clostridium mninobutyricum 
as a source of carbon, nitrogen, and energy.12 In mam
mals, GABA is present exclusively in the spinal cord 
and brain.13 The possible role of this amino acid 
in the transmission of nerve impulses has been expressed 
by different workers.14-16 
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In view of the wide distribution of 7-aminobutyric 
acid among biological systems, it was of interest to 
investigate the biological activity of 7-amino ketones 
structurally analogous to GABA. This might shed 
some light on the metabolic significance of this amino 
acid in bacteria as well as in mammals. 

In consideration of the fact that aryl homologs of 
a- and /3-amino ketones possessed equal or greater 
bacteriostatic activity as compared with alkyl homologs 
it was decided to prepare 4-aminobutyrophenone and 
its phenyl-substituted homologs for biological study. 
A literature survey revealed that an attempted syn
thesis of 4-aminobutyrophenone hydrochloride resulted 
in the isolation of 2-phenyl-A2-pyrroline hydrochloride.17 

This further prompted us to attempt the synthesis 
of 4-aminobutyrophenone and its phenyl substituted 
homologs for the purpose of exploring the nature of 
the chemical reaction. Concurrently with the syn
thetic work, the biological activities of these compounds 
were studied. 

Gabriel and Colman17 attempted the synthesis of 
4-aminobutyrophenone hydrochloride by preparing 4-
phthalimidobutyric acid, the acid chloride, and the 
4-phthalimidobutyrophenone and subsequently remov
ing the protective phthaloyl group from the ketone 
with a mixture of concentrated hydrochloric acid and 
glacial acetic acid in a sealed tube at 150-155° for 1 hr. 
From the elemental analysis for chlorine, they con
cluded that dehydration and cyclization had occurred 
in the course of hydrolysis, and thus they assigned the 
structure 2-phenyl-A2-pyrroline hydrochloride to the 
product. 

The present report will demonstrate that 4-amino
butyrophenone hydrochloride is obtainable. The re
action sequence of Gabriel and Colman was repeated, 
the only exception being the conditions of hydrolysis. 
The removal of the phthaloyl group from 4-phthalimi
dobutyrophenone was carried out in an open system 
at about 107° rather than in a sealed tube, because 
it was felt that the 2-phenyl-A2-pyrroline hydrochloride 
of Gabriel and Colman must have been derived from 
the expected 4-aminobutyrophenone hydrochloride 
under the influence of hydrogen chloride at 150° in 
the sealed tube. I t is reasonable to expect that these 
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conditions might favor the cyclization of the 7-amino 
ketone to form a pyrroline derivative. The product 
isolated from our experiment proved to be the expected 
4-aminobutyrophenonc hydrochloride rather than the 
pyrroline derivative. Verification was provided by 
elemental analyses and by spectral evidence. The 
same reaction condition was applied with equal success 
to the hydrolysis of five other 4-phthalimidobutyro-
phenones with n para substituent on the benzene nu
cleus. The elemental analyses and spectroscopic 
evidence proved that, all the hydrolytic products are 
the expected 4-aminobutyrophenone hydrochlorides 
rather than the pyrroline derivatives. 

The hydrochlorides of 4-aminobutyrophenone and 
its para-substituted homologs were tested for their 
cytotoxicities against protozoa, mammalian cells, and 
several species of bacteria. The pyrimidinylhydrazone 
derivatives of some 4-aminobutyrophenones were 
also prepared and their cytotoxicities were tested in the 
same screening systems in view of the biological sig
nificance of pyrimidines as important components of 
nucleic acids. As can be seen from the data presented 
below, the pyrimidinylhydrazones of 4-aminobutyro
phenones in general possess cytotoxicities about twice 
as great as (hat of the parent 4-aminobutyrophenones. 

Experimental Section18 

4-Chloro-4-phthalimidobutyrophenone.—7-Phthalimidobuty-
ryl chloride (40 g, 0.158 mole) was dissolved in 120 ml of dry hot 
chlorobenzene. Anhydrous A1C13 (practical grade) (72 g, ra. 
0.54 mole) was added in six portions during a 1-hr period while 

(18) Mic roana lyses were performed by Alfred B e r n h a r d t Al ic roanaly l ica l 
Labora to r i e s , R u h r , G e r m a n y . All me l t ing po i n t s were t a k e n in a Fisher-
J o h n s mel t ing po in t a p p a r a t u s and are cor rec ted . 

the solution was kept vigorously stirred and maintained at 90°. 
The reaction mixture was stirred for an additional 2 hr and then 
was poured into a mixture of 200 ml of 1 A" HC1 and 200 g of 
crashed ice. The aqueous layer was separated and extracted 
with four portions of 60 ml of benzene and the extracts were 
combined with the chlorobenzene solution. The organic solution 
was first washed with water then with i>c"r XaL>COs solution and 
dried (Na2SO.i). The solid obtained from vacuum distillation 
of the solution was recrystallized from 95 rf alcohol to give 36 g 
(69c"f) of white crystal's, mp 120-121°. Other 4-phthalimido-
butyrophenones prepared by a similar procedure are listed in 
Table I. 

4'-ChIoro-4-aminobutyrophenone Hydrochloride. 4'-Ohloro-
4-phthalimidobutyrophenone (32.96 g, 0.1006 mole) was dissolved 
in 350 ml of hot glacial acetic acid. Concentrated H O (100 ml I 
was gradually added to the well-stirred solution. The mixture 
was then heated to reflux for 14 hr while a constant stream of 
HC1 gas was passed through it. The temperature of the boiling 
mixture was about 107°. After heating for 24 hr, the mixture 
was cooled in an ice bath and filtered to remove phthalic acid. 
Phthalic acid (6.5 g) was obtained from the crude product after 
purification through its sodium salt. A second batch of 2.5 g of 
phthalic acid was obtained after (he filtrate was concentrated: 
total yield 9 g. 

The filtrate from the removal of phthalic acid was concentrated 
to dryness and the syrupy liquid was dissolved in 30 ml of ab
solute alcohol. The crystals which separated out on standing 
were collected by filtration to give 12.8 g of the hydrochloride, 
mp 204-206°. A second batch (5.7 g) was obtained by the addi
tion of anhydrous ether to the mother liquid. The two crops-
gave a total of 18.5 g (78 r , ) of the hydrochloride. Other 4-
aminobutyrophenone hydrochlorides prepared from the hydrol-
yses of the corresponding 4-phthalimidobutyrophenones by a 
similar procedure are listed in Table II along with 2-aminoaeeto-
phenone hydrochlorides which are included as model compounds 
for comparing their biological activities. 

Attempted Preparation of Picrates.—4'-ChIoro-4-aminobut yro
phenone hydrochloride (0.1040 g, 0.00044 mole) was dissolved in 
2 ml of boiling '.)r>f, alcohol. To this solution 4 ml of a 4 ' , 
solution of picric acid in 95'",' alcohol was added dropwise and a. 
yellow precipitate formed immediately. The reaction mixture 
was allowed to stand at room temperature for 10 min and then 

46.fi
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TABLE I I I 

T H E PYRIMIDIXYLHYDRAZONES OF 4'-HALOGENO-4-AMINOBUTYROPHENONE HYDROCHLORIDES 
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T- 1 /w 

C H Br CI F 

44.51 5.11 18.51 8.21 . . . 
49.55 5.47 . . . 18,43 . . . 
52.01 5.74 . . . 9.80 5.12 

N 

16.16 
18.16 
18.69 

S 

a 
8.47 
8.58 

Analysis was not performed for this element. 

was filtered. The precipitate was washed with 9 5 % alcohol and 
recrystallized from 8 ml of boiling 9 5 % alcohol, yielding 0.1438 g 
(76%) of shining yellow crystals, mp 215-218° dec. The ele
mental analyses of the product agree with the structure for the 
corresponding 2-(4-chlorophenyl)-A1-pyrroIine picrate. 

6-Methyl-2-methylthio-4-pyrimidinylhydrazone of 4'-Chloro-4-
aminobutyrophenone.—4'-Chloro-4-aminobutyrophenone hydro
chloride (1.760 g, 0.0075 mole) was dissolved in 10 ml of water. 
To this solution was added a solution of 1.275 g (0.0075 mole) 
of 6-methyl-2-methyl-thio-4-pyrimidinylhydrazine19 in 10 ml of 
hot water. A white precipitate formed immediately. The re
action mixture was heated to 80° for 5 min, allowed to cool to 
room temperature, and filtered. The white powder obtained was 
recrystallized from 12 ml of boiling water; the yield was 1.5 g 
(52%). The compound decomposed between 218-222°. The 
elemental analysis and the following chemical reactions indi
cated that the hydrazone existed in the form of an amine hydro
chloride. The aqueous solution of this product gave a white 
precipitate of AgCl upon addition of AgNOs, and a yellow pre
cipitate upon addition of an aqueous solution of picrolonic acid. 
The alcoholic solution of this product yielded a yellow precipitate 
upon the addition of picric acid. The hydrazones are listed in 
Table I I I . 

4'-Chloro-4-(dichloroacetamido)butyrophenone.—To a solu
tion of 0.79 g (0.0033 mole) of 4'-chloro-4-aminobutyrophenone 
hydrochloride in 7 ml of water was gradually added 4 ml of 16% 
NaOH and 1.60 g (0.0109 mole) of dichloroacetyl chloride while 
the mixture was kept vigorously stirred and cooled in an ice 
bath. The pH of this mixture was then adjusted to 10 by the 
dropwise addition of 16% NaOH solution. An oil formed in the 
course of the reaction, which solidified gradually into a white 
powder. The solid was collected by filtration, washed with 
water, and then treated with 4 ml of 0.3 N HC1 and again washed 
with 3 ml of water. The crude product was recrystallized from 
absolute alcohol by adding water dropwise to the solution. 
The scale-like crystals (0.35 g, 36.5%) melted at 102-104°. 

Anal. CalcdfordsH^ClsNOj: C, 46.68; H, 3.92; N, 4.54; CI, 
34.48. Found: C, 46.69; H, 4.13; N, 4.37; Cl,34.23. 

The 2,4-dinitrophenylhydrazone melted at 222-224°. 
Anal. Calcd for C18H16CI3N506: C, 44.23; H, 3.29; CI, 21.77; 

N, 14.33. Found: C, 44.09; H, 3.23; 01,21.72; N, 14.26. 
Structure Elucidation.—The elemental analyses of all the 

hydrochlorides are consistent with data expected for 4-amino-
butyrophenones, but do not agree with those for pyrroline de
rivatives. Since pyrroline derivatives possess less hydrogen and 
oxygen (equivalent to 1 mole of H 20), the calculated percentage 
elemental contents of carbon, nitrogen, and chlorine should be 
significantly greater than those for the corresponding 4-amino-
butyrophenones. Thus the percentage contents calculated for 
phenylpyrroline hydrochloride, C10H12CIN, are: C, 66.10; H, 
6.66; N, 7.77; 01,19.53; for 4-aminobutyrophenone hydrochlo
ride, C I O H H C I N O : C, 60.13; H, 7.07; N, 7.02; CI, 17.77; 
O, 8.01. The percentages found by analysis are C, 60.43; H, 
7.27; N, 7.52; CI, 18.40, thus excluding the structure for phenyl
pyrroline hydrochloride. 

The structures of the 4-aminobutyrophenone hydrochlorides 
are further proved by the formation of derivatives of the car-
bonyl and amino functions. The preparation of 4'-chloro-4-
(diehloroacetamido)butyrophenone and its 2,4-dinitrophenyl
hydrazone provides evidence for the presence of amino and car-
bonyl groups in the product. 

In addition, the infrared absorption data indicate the presence 
of a conjugated carbonyl function (1640-1680 cm - 1 , 6.10-5.95 M 
strong absorption) and an ammonium structure (2200-3000 cm"1, 
4.54-3.33 ju broad band) in all the hydrochlorides examined in 
KBr pellets or Nujol mulls. The unusually low frequency of 
infrared absorption for these phenyl-conjugated carbonyls com
pared with the usual range of 1665-1700 cm"1 (6.00-5.88 M) 
should not be mistaken as the absorption frequency of - N = C < 
(1610-1660 cm-1 , 6.21-6.01 n). In fact, the infrared absorption 
maximum for - N = C < of 2-phenyl-A1-pyrroIine occurs at 1620 
cm"1 (6.17 /i) according to a French patent.20 This latter evi
dence further indicates that the product we obtained from the 
hydrolysis of 4-phthalimidobutyrophenone is not a hydrochloride 
of 2-phenyl-A1-pyrroline but 4-aminobutyrophenone, since the 
product has an absorption maximum at the frequency of 1680 
c m - 1 (5.95 M)- Further evidence that the hydrolytic product 
from 4'-methoxy-4-phthalimidobutyrophenone is not a hydro
chloride of the corresponding pyrroline derivative comes from 
the fact that 2-(4-methoxyphenyl)-A1-pyrroline displays an 
absorption maximum at 6.20 ,u21 (1613 cm - 1 ) . Thus this com
pound should be 4'-methoxyl-4-aminobutyrophenone hydro
chloride, since its absorption maximum occurs at 6.10 n (1640 
cm"1) . 

Growth Inhibition Tests against Bacteria.—The antibacterial 
activity of all the hydrochlorides was tested in vitro by the broth 
dilution method as reported previously.5 The organisms used 
in the tests were obtained from American Type Culture Collec
tion: Escherichia coli 11775, Klebsiella pneumoniae 13883, 
Proteus vulgaris 13315, Pseudomonas aeruginosa 10145, and 
Staphylococcus aureus 6538P. The growth was measured in 
terms of turbidity and absorbance at 490 m/j, with a Spectronic 20 
colorimeter after 36 hr of incubation at 37°. The logarithms of 
the per cent inhibition were plotted vs. the drug concentrations. 
The 50% inhibition dose was then read from the logarithmic 
plots. The minimum total inhibitory concentration (MIC) 
observed and the IDs,, are recorded in Table IV. 

Growth Inhibition Tests against Tetrahymena pyriformis.— 
The significance of using the nonparasitic protozoa, Tetrahymena 
pyriformis, as an in vitro screening system for potential antibac
terial agents has been rationalized.22 I t has also been dem
onstrated that this system is able to detect the greatest number 
(73/89) of tumor-active agents among twelve microorganisms 
used as screening tools.23 

In our test, the ciliate T. pyriformis ATCC 10542 was used. 
The stock culture was maintained at room temperature in broth 
containing 2 % proteose-peptone (Difco) and 0.2% liver fraction 
2 (Wilson Laboratories), and was transferred to fresh broth every 
3 days. For each compound, the test was carried out in a dupli
cate series of 50-ml erlenmeyer flasks containing 6 ml of broth 
and the proper amount of drug to give final drug concentrations 
of 1000, 750, 500, 250, 125, 50, 20, and 0 Mg/ml. Each flask was 
inoculated with 0.3 ml of a 3-day broth culture and incubated 
at room temperature for 72 hr. The ID M and MIC were deter
mined in the same manner as described for antibacterial screen
ing. The data are presented in Table IV. 

Cytotoxicity Test against the L Strain of Mouse Fibroblasts 
and the KB Strain of Human Epidermoid Carcinoma Cells.— 

(19) K. Takagi and T. Ueda. Chem. Pharm. Bull. (Tokyo), 11, 1382 
(1063). 

(20) French Patent 1,330,761 (1963); Chem. Abstr., 60, 2906a (1964). 
(21) A. I. Meyers, J. Org. Chem., 24, 1233 (1959). 
(22) G. W. Kidder and V. C. Dewey, J. Biol. Chem., 178, 383 (1949). 
(23) G. E. Foley, R. E. McCarthy, V. M. Binns, E. E. Snell, B. M. Gurard, 

G. W. Kidder, V. C. Dewey, and P. S. Thayer, Ann. N. Y. Acad. Sci.. 76, 
413 (1958). 



048 S.-S. ( ' H E M ; . ( ' . I ' I A X T A D O S I , . \ \ D .1. I.. l i ; v i \ Vol. 9 

TABLE IV 

C,ompd 
7 

8 
9 

10 
11 
12 
IS 
1 1 
l.i 
Hi 
IT 

7 
S 
il 

HI 
11 
12 
13 
14 
l"i 

IB 
17 

« MIC = 

T H E in. 1 
i-:. 

coli 

-
5 5 . 2 
46 . 8 

17.9 
2 1 . 3 
16.0 
11.(1 
12.1) 
27 . 1 
29 , it 
2 1 . 3 

2 7 . 6 
14 

> 13.0 
•1,1:1 
4 . 4 9 

2 2 . 5 
2 . 3 4 
5 . 1 8 
8 . 12 

2 3 . 8 
1 6 . 0 

'ilm ANTIMICROBIAL ACTIMTI 

K. pneu
moniae 

: 
4 6 . 8 

32 
32 
46 
17 . : ! 
12 .9 
2 7 . 1 

4 . 9 9 
0 , 0 7 

> 5 5 , 2 
37 , 5 

> 43.fi 
3 . 7 7 
o.r.n 

2 1 . 8 
3 . 0 2 
3 , 8 9 
5 , 6 8 
3 . 5 9 
2 . 4 3 

i\ vul
garis 

J', aeru
ginosa 

M I C X 1 0 - i mole i 

55. 2 
4 6 . 8 
(3 ti 
10 .8 
21 . 1 
3 1 , 5 

5 .81 
6 . 4 S 

20 . ti 
4 , 99 
(i. 07 
I Ds" 

2 0 , 3 
12 .9 
10 

2 . 1 5 
ti. 63 

1 1 . 3 
1 .05 
3 . 2 4 

16 .5 
1.59 
2 19 

= the minimum total inhibit' 

3 7 . 6 
3 5 , 1 

26 9 
32 1 

:',:! 
11 ,6 
25 . it 
2 0 . 3 

1 .96 
2 4 . 3 

Ixg/mV' 
15.0 
11.9 
1 5 , 3 
1-1,1 
18.2 
13 .1 

9 . 0 6 
14.3 
6. 5 

1 2 . 4 
14.1 

.s. 
aureus 

a 

-IB. 8 

17.9 
10 .7 

5 .81 
12 ,9 
27, 1 

3 , 19 
1 ,86 

> 55 . 2 
3 2 . 8 

> 43 , 6 
6 . 4 5 
8 . 5 

> 4 6 
4 . 1 8 

11.9 
14 .9 

1 99 
2. 19 

ary concentration. 

T, pyri -
formis 

5 5 . 0 
23 4 
13, 6 
3 59 
5 .34 

23 
2. 32 
3 . 2 1 
ti. 77 
1 .(Id 
(i. 07 

9 . 2 7 
2 . 5 8 
3 . 7 0 
1 ,44 
1.28 
6 .2 
0 . 8 1 
1.94 
3 . 6 5 
3.1!) 
3 . 89 

'' 11)50 
= theoO'/r inhibitory concentration. 

Since Eagle and Foley24 pointed out the possibility of using tissue 
culture cytotoxicity tests for the detection of carcinolytic agents, 
a considerable amount of work25-27 has been conducted to im
prove the reliability and simplicity of the method. The cell 
culture method is now used as a primary screen in the Cancer 
Chemotherapy National Service Center (CCNSC) cell culture 
program for selecting possible antitumor agents.2S 

The cytotoxicity test procedure of our laboratory is similar to 
that used by CCNSC screening laboratories. CCNSC used the 
procedure of Smith, et al.,21 which was a simplification of Eagle 
and Foley's original method24 for the in vitro screening. A 
modification of these procedures was adopted for our experi
ments described herein. The main reason for the modification 
was based on the fact that most of the compounds that we tested 
at moderate concentrations caused an early detachment of the 
monolayer after 5-7 hr of incubation. Thus, in processing the 
culture for protein analysis, the growth medium containing the 
detached cells, the washings, and the Lowry's solution C used 
for dissolving the cells were all passed through a sintered-glass 
funnel in order to avoid losing the protein. 

The cell lines used for the cytotoxicity test were the L strain of 
mouse fibroblasts and the K B strain of human epidermoid car
cinoma cells obtained from Microbiological Associates, Bethesda, 
Md. Since the monolayer cultures of HeLa, KB, human leu
kemia ( J - l l l ) , human embryonic intestine (Henle), human liver 
(Chang), human conjunctiva (Chang), human thymus (Foley), 
human amnion (Foley), monkey kidney (Eagle & Foley), and 
mouse sarcoma (S180) tested by Eagle and Foley24.26 have been 
found to respond similarly to drugs, the K B strain of human 
carcinoma was selected as the only cell line for routine screening 
of cytotoxic compound in the CCNSC program because of its rapid 
and reproducible growth rate as a monolayer culture.25 In our 
experiments, the L strain of mouse fibroblast was also included 
because it has the same advantages possessed by the KB cell. 

The L-cell monolayers were cultured in medium 199 containing 
10% horse serum, whereas the K B cultures were grown in Eagle 
medium containing 1 0 r / calf serum. The test cultures were 
grown as monolayers on one glass wall (approximately 14 cm2 

surface) of 28-g screwcap prescription bottles in 6 ml of medium. 
Twelve hours after the plantation, monolayers which had at
tached well to the glass were selected. Several cultures were 
sampled for the determination of the initial protein content. 
At the same time, 0.1 ml of drug solution containing different 

(24) H . E a g l e and G. E . Foley, Am. J. Med., 2 1 , 739 (1956). 
(25) G. E . Foley and H. Eagle , Cancer Jtes., 18, 1012 (1958). 
(26) H . E a g l e and G. E . Foley , ibid., 18, 1017 (1958). 
(27) C. G. Smi th , W . L. L u m m i s , and J. E . G r a d y , ihid., 19, 843, 847 

(1959) . 
(28) J . Loiter , 15. J. A b b o t t , and S. A. Hrhopar tz , ibid., 25 (Suppl . I), I 

(19115). 

amounts of the test compound was added to the growth media 
'tf the test cultures, whereas only growth medium was used fur 
(he control cul iuro. The test and cuiiii'oi cultures were in
cubated at 37° for 72 hr and then chilled at 5° until the time for 
processing. Samples from the control group were analyzed for 
final protein content. 

For protein analysis of the cultures, the scheme of Oyama and 
Eagle59 was used. This is based on the procedure of Lowry, </ 
al.,3" using Folin-Cioealteau phenol reagent31 for the colorimetric 
determination of protein in terms of tyrosine, by the reaction 
between tyrosine and phosphotungstic-phosphomolybir com
pounds.32 

The cytotoxicity of different concentrations of drugs on the 
test cultures was determined in terms of the inhibition of protein 
synthesis of the cells and was expressed in per cent inhibition of 
protein synthesis, ]1 - [('/' - C0)/(C - <"0)]!l00. In this 
formula, T is the protein content of the lest culture, C, is the 
initial protein content for each culture, and C is the final protein 
content of the control. To find the 5 (.)(', inhibition dose (ID.-,,,) 
of the drug being tested, 1 lie percent ages of inhibition were plot ted 
against drug concentrations, and the I Da was read from the plot. 
The data on cytotoxicity tests of the compounds are presented 
in Table A". 

TABLE V 

T H E in Vitro INHIBITORY EFFECT ON THE GROWTH OF 

MAMMALIAN CELL CULTURES 

O i l ••— I D u , 1 0 - ' M (Mg. m l ; - -
cu l tu re 9' 10'' IK 16 17 

K B " 17,4 vtO) .10.8(30) 3 , -12(8 ; 1 7 . 9 ( 4 5 ) 3 . 8 9 u8j 
I..'' 95.8<'220) 51.7(1-141 6 3 . 3 ( 1 4 8 ) 1 3 . 2 ( 3 3 ) 2 .91 (til 

" Eagle medium, calf serum 10 r ) . '' Medium 199, horse serum 
10'-c. •- In the alkaline culture medium the compound exist> 
in the form of 2-substituted A'-pyrroline. 

In Vivo Antitumor Screening of 4-Aminobutyrophenone Hy
drochloride.—4-Aniinobutyrophenone hydrochloride was selected 
for in vivo screening against four transplantable mouse tumors, 
namely, Adenocarcinoma 755 (Ca755), lymphoid leukemia L1210, 
Ehrlich asicites carcinoma, and Sarcoma 180 (S180). The tests 
were performed by CCNSC screening laboratories. The screen
ing against, Ehrlich ascites carcinoma was carried out in our labor
atory as described previously.33'34 The data are recorded in 
Table VI. The 6-methyl-2-methylthio-4-pyrimidinylhydrazone 
of 4'-bromo-4-aminobutyrophenone hydrochloride was also 
tested against Ehrlich ascites tumor in mice. A daily dose of 

TABLE VI 

T H E CARCINOSTATIC ACTIVITY OF 4-AMINOBUTYKOPHENONE 

HYDROCHLORIDE" ON TRANSPLANTED M O U S E TUMORS'' 

Dose, 
mg. 'kg 

day 

90 
l i t ) 
:i(> 

120 
9(1 

110 
125 
.125 

Sur
vivor* 

10/10 
10/10 
7/8 

:s/s 
0/6 
6/6 
4/6 
0/6 

T u m o r 
growth . 

T r . 
rag or ml 

486/988 
085/1457 
2 .3 /2 .78 
2.07/2 65 
8 ,8 /9 ,0 
S.:'!/8.5 
528/906 
522/799 

',. 
i n h i b 

50 
5M 
17 

• > • ) 

:i 
• >(> 
42 
8.5 

" In physiological pH the compound exists in the form of 2-
phenyl-A'-pyrroline. b Screenings were performed by CCNSC 
laboratories, with the exception of the test vs. Ehrlich ascites 
which was carried out in our laboratory. 

(29) V. I . O y a m a a n d 11. Eagle , Proc. Soc. Exptt. Biol. Med., 9 1 . 305 
(1956). 

(30) O. H . Lowry , X. J . Kosebrough , A. L. Fair , and R. t. R a n d a l l , ./. 
Biol. Chem., 193, 265 (1951). 

(31) O. Fol in and V. Cioea l teau , ibid., 73 , 627 (1927). 
'32) O. Folin and \V. Denis , ibid., 12, 245 (1912). 
(S3) .1. E. Wilson, J . I.. I rv in , J. E. Suggs, and K. Liu, Cnnrer Res., 19, 272 

(195!i;. 
i34) .1. E . Wilson, .1 E, Suggs, and ,1. L. I rvin , ibid., 21 (Suppl . 10), 092 

.1961) 

43.fi
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30 mg/kg of body weight caused only 3 % inhibition, but the 
tumor growth could be inhibited to 8 5 % by increasing the dose 
1O 120 nig/kg. 

Discussion 

The Structure of Picrates.—'The elemental analyses 
of the picrates prepared from 4'-aminobutyrophenone 
hydrochlorides indicate that the products have been 
dehydrated. Perhaps dehydration occurred during the 
process of converting the hydrochlorides into the pic
rates. Since all the picrates were subjected to pro
longed heating in absolute alcohol during recrystalliza-
tion, it seemed reasonable to suspect that the heating 
caused dehydration. In order to test this premise, the 
attempted picrate of 4'-chloro-4-aminobutyrophenone 
was also prepared by adding an aqueous solution of 
picric acid to the aqueous solution of 4'-chloro-4-amino-
butyrophenone hydrochloride. The precipitate was 
thoroughly washed with water and dried at 40°. The 
infrared spectrum and the melting point of this product 
proved that the compound was identical with a sample 
of 2-(4-chlorophenyl)-A1-pyrroline picrate. This experi
ment indicated that dehydration and cyclization took 
place at room temperature and was not due to the 
influence of heat during recrystallization. The detailed 
structures of these pyrroline picrates will be discussed 
in a subsequent paper. 

Structure-Activity Relationships.—The in vivo anti
tumor screening of 4-aminobutyrophenone hydrochlo
ride indicated that this compound possessed a weak 
carcinostatic activity, but the effect was not significant 
from a practical view point. The in vitro cytotoxicity 
tests against protozoa, bacteria, and mammalian cells 
disclosed three interesting generalities for structure-
activity relationships. In general the growth-inhibitory 
activity of the pyrimidinylhydrazones of 4-amino
butyrophenone hydrochlorides are twice as great as that 
of the parent 4-aminobutyrophenone hydrochlorides. 

A program of screening silicon compounds for bio
logical activity revealed a small group of closely related 
structures that have strong herbicidal activity. Al
though there exists extensive literature concerned with 
the herbicidal properties of thousands of chemical com
pounds, no reference could be found for such activity 
in an organosilicon compound. Therefore, these 
results were especially interesting as the first of their 
kind. 

(1) Communications concerning this paper may be addressed to J. I.. 
Speter, Dow Corning Corp. 

The second generality points out that the growth-
inhibitory activities are greater for the hydrochlorides 
with an electronegative halogen atom at the para posi
tion of the benzene nucleus than for those carrying an 
electropositive moiety such as hydrogen, methyl, or 
methoxyl at the same position of the phenyl ring. The 
third generality indicates that the growth-inhibitory 
activities of the 4'-halogeno-4-aminobutyrophenone hy
drochlorides and their pyrimidinylhydrazones vary with 
the sizes of the halogen atoms. Thus the activity of the 
bromo derivative is greater than that of the chloro 
derivative, which, in turn, is greater than that of the 
fluoro derivative (Tables IV and VII). Consequently, 
it seems that both inductive and mesomeric effects play 
a role in determining the magnitudes of the growth-
inhibitory activities of the compounds being tested. 

T A B L E VII 

RELATIVE GROWTH-INHIBITORY ACTIVITIES OF 

4-AMINOBUTYROPHENONE HYDROCHLORIDES AND 

2-AMINOACETOPHENONE HYDROCHLORIDES 

Organism 

E. coli 
K. pneu

moniae 
P. vulgaris 
P. aeru

ginosa 
S. aureus 
T. piri

formis 
KB cell 

culture 
L cell 

culture 

13 > 

16 > 
13 > 

15 > 
16 > 

13 > 

17 > 

17 > 

" The numbers 
II-III. 

10 > 

13 > 
16 > 

13 > 
17 > 

10 > 

10 > 

16 > 

11 > 

17 > 
17 > 

8 > 
13 > 

11 > 

16 > 

10 > 

Order of activity" 

14 > 

10 > 
10 > 

16 > 
10 > 

14 > 

9 > 

11 > 

correspond to 

15 > 8 > 17 > 12 > 16 > 7 > 9 

14 > 11 > 15 > 12 > 8 > 9 > 7 
14 > 11 > 9 > 12 > 8 > 15 > 7 

17 > 12 > 14 > 10 > 7 > 9 > 11 
11 > 14 > 15 > 8 > 9 > 12 > 7 

8 > 16 > 15 > 9 > 17 > 12 > 7 

11 

9 

the compounds listed in Table; 

Among five species of bacteria and one species of 
protozoa tested, the P. aeruginosa test system seemed 
to show more irregularities in adhering to the above 
generalities than other test systems. 

Active compounds had RCHXSiMeY2 for their 
structure with R = H or CH3; X = CI, Br, or I; and 
Y being CI, F, or an alkoxy group. Variations of this 
structure such as RCX2SiMeY2 or RCHXSiMeY or 
RCHXSiY3 showed no activity. (Trichloromethyl)-
methyldimethoxysilane [Cl3CMeSi(OMe)2] was active 
and an exception to the above generalizations. 

Hydrolysis of Y and the formation of siloxane poly
mers would be expected during the testing of all of the 
active compounds. Therefore the corresponding poly
mer [ClCHoMeSiO]* was prepared. It had very little 
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A large number of organofunctional silicon compounds were examined for biological activity. A small, 
closely related group of (haloalkyl)silicon compounds was found to have strong herbicidal activity in both pre-
emergence and postemergence screening tests, and to act in some cases as defoliants. The active compounds 
are leachable in moist soil but seem to become fixed upon drying. These compounds seem to be the first organo
silicon compounds that have been found to have herbicidal activity. 


