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30 mg/kg of body weight cansed only 39 inhibition, but the
timor growth could be inhibited to 859, by increasing the dose
(o 120 mg/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 hyvdrochloride. 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)-Al-pyrroline picrate. This experi-
ment indicated that dehydration and eyclization took
place at room temperature and was not due to the
influenice of heat during recrystallization. The detailed
structures of these pvrroline 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.
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The second generality points out that the growth-
nthibitory activities are greater for the hivdrochlorides
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,
1t seems that both inductive and mesomeric effects play
a role in determining the magnitudes of the growth-
inhibitory activities of the compounds heing tested.

Tasuy VII
RELATIVE GROWTH-INHIBITORY ACTIVITIES OF
4-AMINOBUTYROPHENONE HYDROCHLORIDES AND
2-AMINOACETOPHENONE HYDROCHLORIDES

Organism Order of activity®?
E. coli I3>10> 11> 14>15> 8>17>12>16> 7> 9
K. pneu.

moniae 6> 13> 17> 10> 14> 11 >153>12> 8> 9>

P. vulgaris I3>16>17>10> 14> 11> 9> 12> 8> 15>
P. aeru.

ginosa I5>13> 8> 16> 17> 12> 14>10> 7> 9> 11
S. aureus 16>17>13>10>11>14>15> 8> 9> 12> 7
7. pyri-

Jormis I3>10>11>14> 8>16>15> 9> 17> 12> 7
KB cell

culture 17> 10> 16> 9> 11

L cell

culture 17>16>10>11> 9

¢ The numbers correspond to the compounds listed in Tables
II-111.

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,
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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 componnds that have been found to have herbicidal activity,

A program of screening silicon compouuds 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.
Speier, Dow Corning Corp.

Active compounds had RCHXSiMeY, for their
structure with R = H or CH;; X = Cl, Br, or I, and
Y being Cl, I, or an alkoxy group. Variations of this
structure such as RCX,SiMeY: or RCHXSiMeY or
RCHXSiY;s showed no activity. (Trichloromethyl)-
methyldimethoxysilane [Cl;CMeSi(OMe).] 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 [CICH.MeSiO]; was prepared. It had very little
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v RaGings ave on a1 seale of 100 = kill, 0 = no effect.

activity.  This suggests that the biologically active
specles i these tests may have been silanols or water-
soluble low polymers of the formula HO[CICH,Me-
SiOH in which @ had low values, perhaps 1, 2, or 3.

The compounds listed in Table T were applied to
the surfuce of the soil for the effect upon preemergent
seeds and applied as » spray upon healthy foilage.
Nouc of these compouiids showed un effect upon aquatic
plants or upon algae.

The data in Table T indicate that silicon compounds
of the type XCSi(Y)C were most active as herbicides
when X was chlorie, and slightly less aetive when X
was brontine or iodine.  As long as Y remained any of
the groups commouly known to be subject to easy
hyvdrolysis frour silicon, changes in Y had only minor
offeets upon the activity of the compound. Changing
the nuntber of Y groups on silicon to 0, 1, ov 3, or the
nuntber of X groups on carbon to 0 or 2, destroved the
activity.

‘T'richloromethylniethyldimethoxvsilane [CLCMeSi-
(ONMe)s] is active, but 1,2-dichloroethylmethyvldime-
thoxysilane [CICH,CHCIMeSi{OMe), | which scems to
nicet the requirentents of the above generalized formula
proved to be inuctive.

Chloromethylmethyldiethoxysilane was selected for
niore exfensive tests in o greenthouse us i preeniergent
herbicide.  'The results of these tests are shown in
Table IT.

The response plants showed to chloromethyvlmethyl-
dicthoxysilane was unusual.  The broadleafed species
of plauts emerged ax seedlings and the first leaves
opetted normally.  The leaves then wrinkled, browned
at the cdges, berame malformed, and in some cases
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Tapra I1
PreemEreENcE Tegrs® witn CICTH.ALeSi(OFt).
e 0of CLOHMeSi{OE )2/ 12w oen

Test plants 2.24 1.12 0.56 0.22 0.1
Sovbeans 100 100 100 HO0 100
Sugar beers 100 100 100 100 100
Cotton 100 100 10D 100 (30
Cranberry beans 100 100 100 90 B
Sudan grass 100 09 99 60 40
Whent 100 100 100 40 40
Barlev 100 100 100 10 10
Crabgrass 100 100 05 0 (i
AMeadow fescene 100 00 a) 20 0
Japanesce nillef 100 0K (. 40 0
Wild oats 08 R0 60 S0 0
Johuson griss a5 a0 (0 0 0

+ Raings are an a seale of 100 = kill, 0 «= no effect.

dropped from the plant.  The growing tips burncd aud
i11 severe cases the plants died.  Grass seedlings nsually
did not cmerge at the higher rates of application.  Af
lower rates, the grass seedlings emerged, turited n pale.
vellowish green and died back from the tips.

Chloromethylmethyldiethoxysilate was dispersed in
water and sprayed onto plants at the conceutrations
shown i Table ITI. The plants were spraved {o
wetless,

The responsc of broadleafed plauts showed tlirec
effects to varving degrees, Tirst, the plants were
stunted: sccond, the foliage becanie vellow aud
necrosis started at the tips aud edges of the leaves;
and third, the plauts were defoliated.  The typical
respottse of grass wis that of stunting with yellowing
of the folinge.
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TasLE 111
PosTEMERGENCE TEsTs® oF CICH:MeSi(OLit)
— Conen of spray, ppm————

Test plants 10,000 5000 2000
Pigweed 100 100 80
Pinto bean 100 90 90
Marigold 100 100 50
Cuciimber 98 80 60
German millet 08 40 20
Large crabgrass 95 80 30
Japanese millet 40 20) 20
Wild oats 40 30 0
Radish 40 20 10
Corn 30 20 0
Sudan grass 30 20 20
Meadow fescue 20 20 0

s Ratings are on a scale of 100 = kill, 0 = no effect,

The ease with which chloromethylmethyldiethoxy-
silane was leached through soil was measured in
columns 45.7 ecm deep and 7.6 cm in diameter. The
compound was applied to the top of the column at a
rate of 2.24 g/m? and leached with water. In one
series of tests the water was applied immediately. In
a second series, the soil was permitted to stand dry for
1 week before the leaching.

In the first series, the active chemical was detected
at a depth of 20.3 em in the column when water to a
depth of 15-30 em was used for leaching. In the second
series, the penetration was only 5 ecm. The distribu-
tion of the chemical in the soil was measured by com-
paring the growth of seeds planted in soil taken from
different levels in each columun. The data indicate
that the silicon compound is fairly mobile in wet soil,
but that once it dries on the particles of soil, it becomes
resistant to the leaching effects of water,

In order to determine persistence, the herbicide was
applied at 2.24 g/m? as a preemergent treatment to
soil in 20.3-cm glazed crocks. The soil was watered as
required for good growth of plants but not enough to
cause leaching through the bottom of the pots. Plant
growth was observed during 4 weeks, after which the
plants were carefully removed from the soil. A second
planting was made in the same soil and the cycle was
repeated with no further application of the chemical
until herbicidal effects were no longer observed. Re-
sults of these tests shown in Table IV indicate that the
effeet of the chemical disappears during the fourth
month.

TaBLE IV

MoxTtHLY PranTiNGs IN Soin TrEaTED ONCE
wiTH CICH:MeSi(OEt )

Plant- Cran-
ing Japanese Wild berry
no. millet Radish oats bean

1 95 40 90 100
2 90 0 20 70
3 70 0 0 30
4 0 0 0 0

e Rating on a scale of 100 = kill, 0 = no effect.

Experimental Section

Reagents.—Methyltrichlorosilane, dimethyldichlorosilane,
methyltrimethoxysilane, and n-propyltrimethoxysilane were
redistilled commercial materials sold by Dow Corning Corp.
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Chlorination of trimethylchlorosilane was carried out as de-
scribed by Speier.2 The chlorinated products were separated
by distillation. Chloromethyldimethylchlovosilane, bp 115°
(734 mm), and dichloromethyldimethylchlorosilane, bp 148°
(734 mm), were isolated. Dimethyldichlorosilane was similarly
chlorinated. Distillation then gave the compounds previously
described: chloromethylmethyldichlorosilane,® bp 122°; di-
chloromethylmethyldichlorosilane, hp 149°;* and trichlorometh-
yimethyldichlorosilane, mp 99-97°.2

Chlorometliyldimethylethuxysilane was prepared from the
corresponding chlorosilane as previously deseribed,® bp 132°.

Dichloromethyldimethylmethoxysilane was prepared by adding
anhydrous methanol (3.8 moles) to a solution of dichloromethyl-
dimethylchlorosilane (3.4 moles) in 500 ml of petroleum ether
(Skelly F). The mixture was heated to reflux briefly to drive out
most of the HCI that formed. The solution was then cooled to
room temperature, saturated with anhydrous NHj, filtered free
of NH4Cl, and distilled to give 470 g (799 yield), bp 66° (35
mm), n2Dp 1.4392, d?, 1.1260, Rp 0.2333, caled Rp 0.2336.%

Chloromethylmethyldimethoxysilane was prepared in the
preceding manuer from chloromethyimethyldichlorosilane, bp
138°, n2p 1.4094, d25, 1.058, Rp 0.2343, caled Rp 0.2368.

Chioromethylmethyldiethoxysilane wax prepared from chloro-
methylmethyldichlorosilane (481 g, 3 moles) aud ethyl ortho-
formate (1,000 g, 7 moles) by the procedure of Shorr? in 859,
yield, bp 74° (30 mm), n¥p 1.4123, d%, 0.9952, Rp 0.2502,
caled Rp 0.2315.

Anal. Caled for CeH\sClOSi: Si, 15.39.
15.44.

Chloromethylmethyldiisopropoxysilane was prepared from
chloromethylmethyldichlorosilane and isopropyl alcohol in
petroleum ether, bp 91° (40 mm), n%p 1.4114, d%, 0.951, Rp
0.2613, caled Rp 0.2617.

Dichloromethyimethyldimethoxysilane was prepared from di-
chloromethylmethyldichlorosilane (3.6 moles) and anhvdrous
methanol (7.5 moles) in 300 ml of petroleum ether. Distilla-
tion gave 588 g (8777 yield), bp 88° (30 mm), n?p 1.4332, d%,
1.1917, Rp 0.2181, caled Rp 0.2131.

Trichloromethylmethyldimethoxysilane was prepared in the
same manner from trichloromethylmethyldichlorosilane (465 g)
in unusually low yield (137 g), bp 80° (25 mm), n%»p 1.441,
d%,1.2521, Rp 0.2122, caled Rp 0.2118.

Iodomethylmethyldiethoxysilane.—Chloromethyimethyl-
diethoxysilane (320 g, 1.75 moles) and Nal (300 g, 2 moles) in
acetone (750 ml) were stirred and refluxed intermittently for
6 days. At the end of this time, a vapor phase chromatogram
(vpe) indicated that the metathesis was greater than 999
complete. The mixture was then filtered and distilled to give
374 g (1.37 moles, 789, vield) of purity greater than 999 by
vpe, bp 101° (30 mm), n%p 1.4660, d?, 1.414, Rp 0.1939, caled
Rp 0.1972.

Anal. Caled for CsHi;10.8i: 81, 10.23.
10.31.

Bromomethylmethyldimethoxysilane was prepared from the
corresponding dichlorosilane, which was made by brominating
dimethyldichlorosilane with BrCl by the method of Speier.*®
The bromomethylmethyldichlorosilane had bp 350° (25 mm),
n®p 1.4758.

Anal. Caled for BrCH:MeSiCls: neut equiiv, 103.9. Found:
neut equiv, 104.1, 104.7.

This product was heated to reflux 3 hr with a slight excess of
methyl orthoformate and stripped free of volatiles nnder vacinm
to give bromomethylmethyldimethoxysilane, n%¥p 1.4352, d%,
1.324, Rp 0.197, caled Rp 0.197.

Chlorination of ethylmethyldichlorosilane (3375 g, 25 moles)
wasg performed by the photocatalyzed reaction with chlorine in
an apparatus designed to favor the formation of monochlorinated

Found: S§i, 15.43,

Found: §i, 10.37,

(2) J. L. Speier, J. Am. Chem. Soc., 73, 824 (1951},

(3) R. H. Krieble and I. R. Elliott, ibid., 67, 1810 (1945).

(4} A. D. Petrov, V. F. Mironov, and N. A. Pogankina, Dokl. Akad.
Nauk. SSSR, 81, 100 (1955).

(5) H. Freiser, M. V. Eagle, and J. L. Speier, J. Am. Chem. Soc., 75, 2824
(1953).

(6) Specific refractions, Rp, were calculated using the values for bond
refractions published by E. L. Warrick, ¢bid., 68, 2455 (1946), and revised
by the use of C~C and C-H values of A, I. Vogel, W. T. Creswell, and J,
Leicester, J. Phys. Chem., 58, 174 (1954).

(7Y L. M. Shorr, J. Am. Chem. Soc., 76, 1300 (1934),

(8) J. L. Rpeier, thid., 78, 826 (1951).
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praducts.® The products were cavefully fraciionated. The
first. produet was  l-chloroethylmethyvidichlorasilane (1647 o,
0.3 moles, 370¢ vield), bp 136.7°, n®n L4477, 4% 1210, Ro
0.2196, caled Rp 0.2185.

Anal.  Caled for MeCHCISIMeCla: neut equiv, 88.8.
neut equiv, 88.9.1

This fraction was followed by o rather large intermediate
fraetion which by vpe analysis was a mixture of four componnds
ineluding the above, two which were not identified, and 2-
ehloroethylmethyldichlovosilune, the highest boiling af the four.
Discillation at 100 nun gave a large fraction of the last of these,
essentially pure by vpe (15327 g, 8.6 moles, 3477 vield), hp 95°
(100 mm), n?p 14561, J7%;1.241, R 0.2191, caled Rp 0.2185.1

Anal. Caled  for CICH.CH.SiMeCl™ neur  equiv, 502,
FFound: neurequv, 60.1.

1-Chloroethyimethyldimethoxysilane was preprived by adding
methyl orthoformate (232 g, 2.2 moles) dropwise to l-chloro-
ethylmethyldichlorosilane (177 g, 1 mole) and by heating the
solurion to reflux overnight. Methanol (12 ml) was then added,
and the solution wax permitted 1o stand until the next day before
it was distilled to give 157 g (9297), bp 60° (25 nun), n2w 1.4149,
d%y 1.028) R 0.2433, caled Rp 0.2448.  The sample was essen-
tially nentral wifh a nentralizarion equivalent greater 1han
21,000,

2-Chloroethylmethyldimethoxysilane wuax prepared from 2-
chlorocthyvimethyldichloresilane (177 g, 1 mole) in the same
wmanner; yield 153 g (914%), bp 68-70° (23-25 nmun), n¥p 1.4218,
%, 1.040, Rp 0.2443, caled Rp 0.244%.

Jdual. Caled?  for CICH.CH.MeSitONMe):  neui
168.7.  Found: neut oquiv, 168.3, 169.33.

3-Chloropropyidimethylethoxysilane wuas a portion of the
sample deseribed by Saam and Spejer.?

3-Chloropropyltrimethoxysilane wus n portion of 1the simple
previously deseribed. '

sym-Bis(chloromethyl)tetramethyldisiloxane was prepared by
hivdrolysis of chloramethyldimethyvleldomsilane  and had  the
properties described. 1"

Methoxymethyimethyldimethoxysilane wus prepared in anhy.
drous methanol from chloromethylniethyldimethoxysilane and an
excess of sodinm methoxide at roowr temperature,  The progress
of the reaction was followed by vpe analyses.  Tn abont 8§ days,
about 10¢, of 1the cldoride remained.  NMost of it had been con-
verted o a mixinre made up of about 909 of the methyl ether
and 100, methyloimerhoxysilane.  'The methanol was then
removal under vacemnu. The residue was shaken with pe-
tralenm ether and  filtered free of solid:. The filtrate was

Found:

equiv,

‘4 . L. Speier, 1. 8, Patent 2,710,149 (June 6, 1950,

{101 V. A, Ponomarenka, B. A. Sokalov, and A, D, Petrov, Bull. dcad.
Seic USSR, 633 (1956), deseribie (s campeonnd as having Ly 134° (701
mma, itn 10000, d2 12170,

J111 VO F Aliremay and V. V. Mepoanming, 1bhid., 1231 (1049), descrilie
s companmd gs buving Ly V375 (7040 ), n ¥y 14309, 49,4 1.2608, R
1,200,

21 1. 1 Semmaer, DL, Bailey, W. AL Strong, and F.o C, Whitmardy,
J.odm. Chem, Soc., T0, 1869 (1948), showed that the ehlorine g8 ta silican
wax Hiratalile as a strong aenl. Therefare thie nentral equivalenri is 1l
medecnlar weight divided by 3 for this compoand.

03y T 0 Raam aald J0 L Speier, . Qe Clem, 24, 110 (19a9),

(LT JJ0 WS Ryan, G0 KL Menzies and 0 Ll Speder, S Am, Chesa. Soe., 82,
SHA0 o6

(Za T L Speier, ahid, T, 2738 (Ll

Vol 9

distilled.  Lach fraction was contaminated by amonnts ol
chloramechylmethyldimethnxysilane detectable by vpe analyses.
The hest Tractivns woere combined o vedistithad. Threr fia
tums were obrained (34.69; yield) whieh contained no chlorde
and which appeared to be better than 99¢% pure by vpe, bp
47 (30 nun ), #%p 1.3917, 425, 0.938%9, Rv 0.2534, caled Rb 0.2504,

nal. Claled for CiHLGO0sS:: O, 10000 11, 9420 Si, ST
Found: €, 40.2; H, 9.8; Si, 18.60.

Chioromethylmethyldifluorosilane wus prepared by adding
chloromethylmethvldicllorosilane ~lhwly 1o 0 scrred =olntion
(200 mly of 500, 1T in a polvethylene botde.  The xtrenm o
HCT and flnorosilioe deet was generated wax condensed inlo a
Dy lee conled trap. The rap wag then permitted o warm
very <lowly 1o room 1emperarure <o that nmst of the HCT evagne-
rded.  The vesidne was distilled (o give 46 vield of praduet,
bp 647 (744 aun p¥n 18526, ¥, 1207, Bo 00179, ealed Ho
0179,

Aaiad.
2N,

The mur H? speetrinn of this componud shows u Lriplet at
7 0.49 for the CHR8iFs protans, and a triplet at 7.18 for the C1CH.~
SiFy protons.

1,2-Dichloroethyltrimethoxysilane - Vinylirichlorosilane (168
«, 1.04 moles) was chlorinated with chlorine (63.4 g, .89 mole)
al 40-30° with strong illumination and the product was distilled.
1,2-Dichloroethyltrichlorosilane (197 g, 0.82 mole} wis oblained;
hp RB° (30 ), n2n 1.4852.%

Anal, Caled tor CICH,CHCISIC: nenc equiv, 8.1,
neit equiiv, H8.1.

An excess of methyl orthoformate was cantionsly added yo
aportion of the above produet (56.8 g, 9.25 mole). A very vigor-
onx reaction look place.  When it subsided, the prodnet wax
distilled to give 1,2-dichloroethyltrimethoxysilane (45.5 g, 0.24
male), bp 69-71° (8903 nun), n*n 1.4369, 42, 1.227, Rn 0.2143,
caled Ro 0.2138.

Anad. Caled for CIJCHLCHCISIOMe 6 pent equiv, 219,
Foand: neii equiv, 214.

1.2-Dichloroethylmethyldimethoxysilane wus prepaved by the
preceding method from vinylmethyldichlorosilane.  The crude
product was not purified.  Vapor phase chromalography indi-
cated that it was at least 959, pure. It was used as such.

cAnal, Caled for CICH.CHCISIMe(OMe)s:r ncur eqitiv, 203,

Caled  for CLHRCHIFGSE F, 2000 Famd: 280G,

Fannd:

Ioand: neut equiv, 190,
2.3-Dichlorapropyltrimethoxysilane was prepared from nllyi-

rrichlorvosilane in the manner deseribed io form 2.5-dichlova-
propylirichlorosilane, bp 105° (30 mm), n®n 1.4872.5%  Mechyl
arthoformare converied this to 2,3-dichlororrimethoxysilane in
8800 vield, bp 206°, n¥p 1.4412, 4%, 1.203, Ry 0.2194, caled
in 0.2217.

Acknowledgment. -~ Most of the syntheses reported
here were done by M. C. Musolf and Marilyn Stober
i the Organic Researclh lahoratory, Dow Corning
Corp.

167 This synthesis is essentially that of € L. Agre and W, Willing, d/id.,
74, 3804 11941), wha repart bp 63+-65° (13 mm), n%p 1..(&76.

1T N D Perrav, Vo Miranayv, V.o Gl Cluklbovisey, and Y. P. Bgarov,
Bull., lead. Seio PSSKA Do Chera, Seds, 1081 (19873, reparted] hp 208,57
CT1T mn), nfen 11,4884,


file:///veisi-ht
3f.Nl

