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p-Trimethylsilyl- and p-trimethylsily11iiethylphenelhylaniine were obtained by LiAIH4 reduction of the ni- 
triles, prepared from the respective benzyl halides and NaCN. oL-l-p-Trimethylsilylmethylphellyl-~-amillo- 
propane, a silicon analog of amphetamine, was also prepared. Preliminary pharmacological evaluation of ten 
such phenethylamines containing silyl groups a t  various positions in the aromatic nucleus showed that the p- 
silyl-substituted phenethylamines, contrary to the ortho and meta isomers, had a blood pressure lowering activity, 
the extent of which depended on the type of substituents attached to the silicon. p-Trimethyldyl- and p -  
trimethylsilylmethylphenethylamirie were found to have also a wide spectrum of antibacterial activity as coni- 
pared to phenethylamine. 

We wish to  report on experiments undertaken to 
study the effect of the introduction of trisubstituted- 
silyl groups a t  various positions on the ring of phenethyl- 
amines. On the one hand, the silyl groups are bulky, 
and as mentioned, may produce a depressor effect. 
On the other hand, these groups have an electron-with- 
drawing effect which can affect the resistance of the 
phenethylamine toward biological oxidation. The 
introduction of a methylene group between the tri- 
methylsilyl group and the nucleus stabilizes the com- 
pound to  electrophilic attack.2 The phenethylamines 
containing trisubstituted-silyl groups can be expected 
to have physical properties, e.y., solubility, partition co- 
efficient, and permeability to physiological membranes, 
different from the analogous compounds not containing 
silicon. This may have a bearing on the biological 
effects of these compounds. 

We have previously reported the synthesis of a num- 
ber of phenethylamines having a trimethylsilyl group 
a t  various positions of the aromatic n u ~ l e u s . ~  Pre- 
liminary biological evaluation of the compounds showed 
interesting depressor activity especially for the para- 
substituted derivatives. These findings prompted us 
to synthesize other phenethylamines containing still 
bulkier trisubstituted silyl groups such as dimethyl- 
p -  tolylsilylphenethylami~ie,~ dimethylbis(p-@-amino- 
ethylphenyl)~ilane,~ p-triethylsilylphenethylamine, p -  
trimet hylsilylmet hylphenethylamine, and DL- 1 -p- tri- 
methylsilylmethylphenyl-2-aminopropane. The syn- 
thesis of the last three is reported here. 

Triethyl-p-tolylsilane (I)5 was converted to  p -  
triethylsilylbenzyl bromide (11) by reaction with K- 
bromosuccinimide. The bromide (11) was converted 
to the cyanide (111) by reaction with sodium cyanide 
and reduced with LiAlH4 to p-triethylsilylphenethyl- 
amine (IV). 

p-Trimethylsilylmethylbenzyl chloride6 was con- 
verted to the respective nitrile by heating with NaCN in 
DMSO, which in turn was reduced to p-trimethyl- 

(1) Dedicated to Professor TI]. Reichstein in sincere appreciation on the 
occasion of his seventieth birthday. 

(2) C. Eaborn, “Organosilicon Compounds,” Butterworth and  Co. Ltd.. 
London, 1960, p 146. 

(3) .\I. Frankel, M. Broze, D. Gertner, and A. Zilkha, J .  C h e m .  Soc.. C ,  
379 (1966). 

(4) A. Rotman, D.  Gertner, and A. Zilkha, Can. J .  Chem.,  45, 1957 
(1967). 

( 5 )  R.  A. Benkesser and H. Landesman, J .  A m .  C k e m .  Soc.,  76 ,  904 (1954). 
(6) N. S. Nametkin, A. V. Topchiev, and N. A .  Pritula, Iss led.  u Obl.  

Kremniiorgan. Soedin., S i n t e z  i F i z . - K h i m .  Svoislva, Akad. Nauk SSSR ,  
Inst. S e f t e k k i m .  Sinteza, Sb. Statei, 156 (1962); C k e m .  Abstr., 69, 3943 
(1963). 
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silylmethylphenethylamine (V). Hydrolysis of the 
nitriles gave the respective phenylacetic acids. 

Me3SiCHz CH2CH2NH2 
w 
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DL-1-p-Trimethylsilylme thylphenyl- 2 - aniinopropane 
(DL-p-trimethylsilylamphetamine, VI) was obtained by 
the reaction of p-trimethylsilylmethylbenzylmagne- 
sium chloride with acetonitrile and reduction of the 
intermediate imine with LiAlH4.7 

M e 3 S i C H 2 e  CHZCHNH2 
I 

CH3 
- 
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Preliminary Biological Evaluation.-The following 
silicon-containing phenethylamines were tested on cats 
or guinea pigs for blood pressure effects; hydrochlorides 
were used in their aqueous solutions. p-Trimethylsilyl- 
phenethylamine hydrochloride (1) , o-trimethylsilyl- 
phenethylamine hydrochloride (2), n~-trimethylsilyl- 
phenethylamine hydrochloride (3), p-triethylsilylphene- 
thylamine hydrochloride (4), p-(dimethyl-p-tolylsily1)- 
phenethylamine (5), dimethylbis(p-/?-aminoethylphen- 
y1)silane (6), N,S-dimethyl-p-trimethylsilylphenethyl- 
amine hydrochloride (7), p-(p-trimethylsilylpheny1)-n- 
propylamine hydrochloride (8), DL- (p-trimethylsilyl) - 
amphetamine hydrochloride (9), and p-trimethyl- 
silylmethylphenethylamine hydrochloride (10). 

The preliminary pharmacological results (Table I) 
show that  the compounds having a trisubstituted-silyl 

(7) A. Rohland and H .  R. Sullivan, J .  Am. Chem. Soc., 7S, 5898 (1953). 
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TABLE 111 
PSYCHOTROPIC TESTS 

Rotating rod," 
70 redn in Meriones digging Conditioned avoidance 

performance afterb Activity cage,c -teste results after'- response,Q 70 redn 
Coinyd Dose, mgikg  15 min 30 min rednd 30 min 60 min ip SC 

7 5 3 
10 0 1 /4 0/4 11 
20 0 0 24 4/4 3 /4 30 0 
40 40 0 29 I 0 

8 5 3 
10 25 2/4 014 35 
20 0 0 27 3 /4 4/4 61 
40 0 0 37i 74 0 

2 3- 

9 20 0 Oh 

Carried out on six mice per group, intraperitoneal injection (S. W. Dunham and T. S. Miya, J .  Am. Pharm. ~ZSSOC., 46, 208 (1957). 
Ten mice were used for each dose level; 30 min following intrapen- 

toneal injection of the examined compounds, the mice were tested individually for 10 min in a photoelectric circular activity cage. 
Controls were injected with saline. e Carried out on 4 meriones per 
dose level, intraperitoneal injection [Triangle. Sandoz J .  M e d .  Sci., 4, 244 (1960)l. f Numerat,or indicates number of animals which 
did not dig. Average per cent reduction 
1 hr after injection [D. Bovet, L. Catti, and LT. Frank, Sci. Rept .  Ist. Super. Sanita, 1, 127 (196l)l. Slight piloerection was observed. 
' Under identical conditions, amphetamine (10 mg/kg ip) increased motor activity by 70%. 

No reduct,ioii in performance was observed after 60 or 90 min. 

d .iiverage per cent reduction of activity 30 min after injection. 

Denominator indicates number of animals injected. 0 Three rats per dose level were t,ested. 

Experimental Sections 
1Ielting points were determined on a Fisher-Johns apparatus 

and are uncorrected. 
p-Triethylsilylbenzy1 Bromide.-K-Bromosuccinimide (69.3 g, 

0.39 mole) was added to a stirred solution of p-triethylsilyltoluene 
(85 g, 0.4'1 mole) in dry CC14 (350 ml), followed by dibenzoyl 
peroxide (1 g), and heated to reflux to start the bromination. 
The reaction mixture was heated for 2 hr and cooled in ice and 
the succinimide which formed was filtered off. The filtrate was 
washed thoroughly (4% NaOH, H20), dried (CaCI?), and dis- 
tilled. The product (81 g, 70yc) distilled a t  143" (3 mm). 
Anal. (C13HZ1BrSi) C, H, Br, Si. 

p-Triethylsilylbenzy1 Cyanide.-To a stirred solution of NaCN 
(13 g, 0.26 mole) in H 2 0  (15 ml), p-triethylsilylbenzyl bromide 
(34 g, 0.12 mole) in EtOH (30 ml) was added and the mixture was 
stirred and heated under reflux for 6 hr. EtOH was removed in 
uacuo, and t,he salts were filtered off and Ryashed with EbO. The 
organic layer was separated and the aqueous layer was extracted 
with Et20. The combined organic layers were dried (Na2S04) 
and fractionally distilled. The cyanide (19.5 g, 71%) distilled 
a t  149' (1.3 mm), 130" (0.3 mm). Anal. (C14H21NSi) C, H, N, 
Si. 
p-Triethylsilylphenethy1amine.-A solution of p-triethylsilyl- 

benzyl cyanide ( 7  g, 0.03 mole) in dry Et20 (80 ml) was dropped 
wit,h stirring under argon into a siispension of LiAlH4 (1.7 g, 
0.045 mole) in dry Et20 (120 ml) and heated under reflux for 3 hr. 
The reaction mixture was cooled to - I so ,  and cold HzO (3.3 
ml, 0.18 mole) was dropped in cautiously to destroy excess rea- 
gent, stirred for 30 min, and filtered. The precipitate was ex- 
tracted thoroughly with CH&. The organic layer and extracts 
were combined, dried (NasSO4), and distilled in vacuo. The 
amine (4.2 g, 59%) distilled a t  122" (0.5 mm), 128" (1 mm). 
Anal. (ClaH2K3i) C, H, X, Si. 

Dry HC1 was passed through a solution of p-triethylsilylphen- 
ethylamine (1 g) in dry Et20 for 3 min. The hydrochloride pre- 
cipitated out in quantitative yield, was collected, and washed 
with dry EtrO; mp 130". 
p-Triethylsilylphenylacetic Acid.--il solrition of KOH (2.5 g, 

0.044 mole) in H20 (4 ml) was added to p-triethylsilylbenzyl 
cyanide ( 3  g, 0.013 mole) in diethylene glycol (24 ml), and the 
mixture was heated under reflux for 10 hr. The solution was 
cooled, acidified with 5% HCl to pH 1, and extracted with EtlO, 
and the extract was washed with H 2 0  remove diethylene glycol. 
The organic acid wits taken up  in 4 NaOH solution, pi,ecipi- 
tated with (*old 3(,; IICL, extracted th EtyO, dried (Ya2SO4), 
and distilled in vacuo; bp 170" (1.3 mm), mp 24O, yield 2.4 g 
(74%). 

p-Trimethylsilylmethylbenzyl Cyanide.. p-Triniel ti  ylsilyl- 
methylbenzyl chloride6 (42.5 g, 0.2 mole) was dropped during 

<Anal. (C14H2cClNSi) C, H, N, C1. 

-4nal. (C1,H2,02Si) C, H, Si. 

(8) Where analyses are indicated only by symbols of tlie elements or 
functions, analytical results obtained for those elements or functions Irere 
within &0.4% of tlie theoretical ralues. 

10-15 min into a stirred solution of NaCN (10.6 g, 0.216 mole) in 
DMSO (50 ml) a t  40-30". The  reaction mixture was stirred at  
40-50" for 3 hr, cooled, diluted with H 2 0  (150 ml), and extracted 
thoroughly with Et,O (six 50-ml portions). The combined 
ethereal extracts were washed with 6 A' HC1, H20, and dried 
(LLIgS04). The Et20 was removed in uacuo and the product 
(39 g, 97%) was distilled a t  134-136" (5 mm). Anal. (C12H17- 
XSi) C, H, IT. When the reaction was carried out in H20-EtOH, 
lower yields of the nitrile were obtained. 

p-Trimethylsilylmethylphenethylamine.-p-Trimethylsilyl- 
methylbenzyl cyanide (20.3 g, 0.1 mole) in dry Et20 (170 ml) 
was added dropwise to a stirred suspension of LiAlH, (5.1 g, 
0.134 mole) in dry Et20 and heated under reflux for 22 hr. Ex- 
cess reactant was destroyed with a 20% solution of sodium 
tartrate. The ethereal layer was separated and washed with 
tartrate solution, dried (MgSO4), and distilled. The amine 
(15 g, 737,) was collected at  109" (3 mm). Anal. (GIH?lNSi) 
C, IT, h'. 

The amine hydrochloride, mp 169", was obtained as before. 
Anal. (C12H&1NSi) C, H, N, C1, Si. 

p-Trimethylsilylmethylphenylacetic Acid.-p-Trimethylsilyl- 
methylbenzyl cyanide (1 g) in AcOH ( 1  ml) and 1:  1 H$Oa (2 ml) 
was heated under reflux for 3 hr. H20 (12 ml) was added, the 
aqueous layer was decanted off, and the crude phenylacetic acid 
crystallized out. I t  was purified by dissolving in dilute Na2COl 
and precipitating with acid, yield 0.71 g (65yc), mp 72" after 
recristall&ation ~ from petroleum ether- (bp 40-60"). ilnal. 
(CI2H1R02Si) C. H. Si. , .. ~~ ~ 

~~-l-p-TrimethylsilyImethylphenyl-2-aminopropane (DL-p- 
Trimethylsilylmethylamphetamine).-A solution of p-trimethyl- 
silylmethylbenzyl chloride (15.9 g, 0.0745 mole) in dry Et20 (45 
ml) was dropped in with stirring to Mg turnings (1.83 g, 0.075 
g-atom) in dry Et20 (8 ml) and heated under reflux for 2 hr. 
MeCN (2.67 g, 0.06 mole) in dry Et20 (6 ml) was added, and the 
reaction mixture was heated under reflux for 4 hr. A sliirry of 
LiAlH4 (2.82 g, 0.074 mole) in dry T H F  (28 ml) was added slowly 
and the mixture was boiled under reflux for 8 hr. The solvents 
were removed in vacuo, and dry EtzO was added to the residue 
followed by a solution of sodium potassium tartrate until two 
phases were formed. The Et& solution was separated, washed 
with tartrate solution, dried (AlgSOI), and distilled. The product 
(4.2 g, 31%) was collected at  125 (5 mm). .4nal. (C13H23SSi) 
C, H, N. 

Pharmacological Evaluation.-Experiments on the effects on 
blood pressiire, heart, rat,e, and respirat.ion rate, due to the silicon- 
aoiitainiiig compounds, were carried out on cats or guinea pigs as 
described previously.~ The  compounds were injected into the 
left femoral vein. Blood pressure was measured from a carotid 
artery and recorded on a kymograph. The electrocardiogram 
was recorded using needle electrodes secured tinder the skin. 
Respiration was recorded kiy means of a thermocoup~e iirserlrcl 
into a tracheal cannula and connected to a polygraph. 

(9) I. Belsky, D. Gertner, and 1. Zilklia. J .  Med.  Cliem., 11, 451 (1968). 




