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As the initial step in a program of the evaluation of 
the effect of a silicon atom as a substitute for a carbon 
atom in the skeletons of known active systems, we have 
prepared (a-aminoethy1)dimethylphenylsilane hydro- 
chloride (l), which has a structure similar to that  of 
some synipathoniinietic amines. The direct carbon 
analog of 1, compound 2, has been studied previously2 
but mas resynthesized in this work so that the two 
compounds could be compared under equivalent bio- 
logical conditions. 

IH3 + 
CH3 

I 1  I I  
C6H&!i-CHh~. e l  C& -CHNH3. E1 

6 H 3  6Hs 
1 

kH8 6Hg 
2 

Because the silicon-carbon bond is longer than the 
carbon-carbon bond, 1 and 2 would be expected to 
differ subtly in geometry. At the same time, 1 and 
2 would be expected to differ in their acidities due to 
the differences in electronegativity between carbon 
and silicon. The acidities of 1 and 2 were measured 
and indeed the pKa of 1 was found to be 10.26 while 
that  of 2 was 9.73. 

It is significant that  preliminary pharmacological 
evaluation reveals no gross difference in the activity 
of 1 and 2. The toxicities of 1 and 2 appear to be 
equivalent: 1, LDSO, 105-113 nig./kg. (0.49-0.51 
mmole/kg.) ; 2, LDSo, 102-107 mg./kg. (0.51-0.53 
mniole/kg.). The ECG and EEG show qualitative 
siniilarities. At toxic doses, neither compound showed 
analeptic activity on anesthesised rats (sodium pento- 
barbital), but both did induce an  increase in the depth 
and the rate of respiration. 

Experimental3 

(a-Chloroethy1)dichlorophenyIsilane.-To a solution of 793 
g. (4.0 moles) of (a-chloroethy1)trichlorosilane" in 750 ml. of 
ether was added, over a period of 2 hr., 4.0 moles of phenyl- 
magnesium bromide. The mixture was refluxed for 12 hr., then 
suction filtered using Filter-Cel. The filtrate was concentrated 
by distillation a t  atmospheric pressure, then refiltered. Frac- 

( 1 )  'rliis work was supporteti tly a  rant 
Insti tutes of Health, U. S. Public Health Service. 

(2) C. &I. Suter and A. W. Weston. J .  Am. Chem. Sor . ,  64, 5.73 (1942). 
(3) All melting points are corrected and were obtained using a Fischer- 

Johns melting point apparatus. Distillations were accomplished using an  85- 
cm. modified Podhielniak column (cf. .I. Cason and H. Rapoport ,  "Labora- 
tory Text in Organic Chemistry," Prentice-Hall, Inc., Englewood Cliffs, N. 
J.. 19ti2, p. 289). 1Llicroanalyses were performed b y  the Berkeley Analytical 
Laboratory, Berkeley. Calif. T h e  n.m.r. spectrum was obtained using a 
Varian A-60 instrument and was run in 15-wt. % carbon tetrachloride solu- 
tion using tetraxnethylsilane as a n  internal reference. 

(4) L. H. Sommer and F. C. Whitmore, J .  Am. Chem. Soc., 68, 485 (1946). 
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(26 mm.), n 2 6 D  1.5383. 

Anal. Calcd. for C,H&l,Si: C. 40.08: H.  3.76. Found: 
, I  - - -  

C, 39.71; H, 3.77. 
(a-Chloroethy1)dimethyIphenylsilane.-To 930 ml. (2.7 moles) 

of commercial 3 iM methylmagnesium bromide was added, over 
a period of 40 min. with cooling, 290 g. (1.2 moles) of (a-chloro- 
ethy1)dichlorophenylsilane. After the addition had been com- 
pleted, the mixture FTas heated a t  reflux for 24 hr. Water 
work-up, followed by fractional distillation, yielded 177.2 g. 
(71%) of material of b.p. 90-97" (4 mm.), n Z 4 ~  1.5200. An 
analytical sample was obtained with a silicone preparative 
g.1.p.c. column. 

Anal. Calcd. for CIOH&lSi: C, 60.0; H, 7.62. Found: 
C, 60.50; HI 7.27. 
(a-1odoethyl)dimethylphenylsilane.-A mixture of 60.2 g. 

(0.30 mole) of (a-chloroethyl)dimethylphenylsilan~, 120 g. 
(0.30 mole) of sodium iodide, and 300 ml. of acetone was heated 
a t  reflux for 11 days. The mixture was concentrated by distil- 
lation then Tvorked up with water. Fractional distillation 
yielded 68.3 g. (78%) of an oil, b.p. 130' (10 mm.), n Z 3 ~  1.5700. 

Anal. Calcd. for C,OHlJSi: C, 41.38; H, 5.21; I, 43.73. 
Found: C,41.22; H, 5.07; I, 43.38. 
(a-Aminoethyl)dimethylphenylsilane Hydrochloride.-In a 

sealed bomb were placed 16.6 g. (0.057 mole) of (a-iodoethg1)- 
dimethylphenylsilane and ca. 75 nil. of liquid ammonia. The 
mixture was heated at  165' for 3.5 hr. After the excess ammonia 
was allowed to escape, the residue was transferred to a flask, 
made strongly basic with 6 A' sodium hydroxide solution, and 
then extracted with ether. Upon distillation of the ethereal 
extract, 5.2 g. (51%) of the free amine, b.p. 90-103" (2.0 mm.), 
nZ2D 1.5178, was obtained. The yield varied from 23 to 62% 
using equivalent reaction conditions. 

Then 
6 N hydrochloric acid was added dropwise until the amine 
dissolved. The pH of the solution was readjusted to 7.0 by the 
addition of sodium bicarbonate solution. The excess water was 
evaporated using a hot plate until white fumes were noted. The 
liquid (ca. 20 ml.) was chilled and the resultant solid was filtered. 
Recrystallization from methanol-acetone yielded 7.1 g. (69%) 
of the hydrochloride, m.p. 192.5-193'. 

Anal. Calcd. for CloHlaClNS: C, 55.68; H, 8.35; C1, 16.47; 
Si, 12.99. 
2-Amino-3-methyl-3-phenyIbutane Hydrochloride.-The pro- 

cedure of Suter and Weston2 was employed. Reaction of phenyl- 
acetone and methyl iodide in the presence of sodium isopropoxide 
gave a 37yG yield of l-met~hyl-l-phenyl-2-propanone, b.p. 88" 
(8  mm.), n2% 1.5089. Dimethylation was carried out using 
methyl iodide and potassium t-butoxide. Gas phase chroma- 
tographic analysis of the distillation fractions boiling a t  83-89' 
(8  mm.), nZ7D 1.5179-1.5089, showed, besides the starting 
monomethylat'ed material, two other components. ilft,er re- 
peated distillation, the higher boiling material was isolated, 
b.p. 89" (8  mm.), nZ7D 1.5089. N.m.r. analysis of this material, 
in agreement with the assigned structure, showed singlets a t  
6 1.40, 1.80, and 7.05. The ketone was converted to the amine 
hydrochloride using the procedure described by Suter and 
Weston in 64y0 yield, m.p. 217-219" (lit.2 m.p. 213.5-215'). 

Pharmacological Studies.-The toxicity of 2 has been reported 
by Suter and W'eston as 160 mg./kg. using oral administration 
and female mice. In the present work Webster Swiss white 
mice, 15-20 g., were used. The amine hydrochloride ~m in- 
troduced intrapcritoneally in a phosph:ite (0.01 M) 1)uffcred 
solution (pH 7.4). Death ocwrrcd within 15 min. (Jf i n j ( ~ t i o n .  
l h e  ahsolute vulws of tho toxic: t l ( l  v:tricd frc1111 thy t ( ~  (1:iy. 
l h t ~  vnliics r(:poi-td w o w  ot)t:tiiitti f rom i i i j c~ t . io i i s  w d i i i i r l i s t  wed 
within a given 4-hr. period using 50 mice per c~mipound within 
t)he dosage range of 90 mg./kg. to 130 mg./kg. and using 10 mire 
per level. The ECG and ISEC studies m-ere carried ont with 
rats (Sprague-Dawley, 800-400 g., sodium pentobarbital sedation) 
with both compounds at  equivalent doses. Yo analept,ic. activit,y 
was noted. Rate and depth of respiration increased initially, 
followed by death from respiratory failure. Mice given non- 
lethal doses of either compound exhibited intense excitement. 

Acidity Measurements.-The pK. of each compound was 

To 8.6 g. of the Eree amine was added 75 ml. of water. 

Found: C, 55.60; H, 8.18; C1, 16.68; Si, 13.05. 
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irie:isurrd usirig the poterit,ioiiietric. iiirtlioci, titrating tht, : i i i i i i iv  

hydroclilorjde with sodium hytlrositie. The  value for 1 is t):iscatl 
upon 55 points distribut,ed ctrnong three coticcritratiorlcjttioris ivith :tii 

;iver:igt' deviation of  0.039 ph', units. F o r  2, 54 points tiistri-. 
1)utcv.i miong three coiiceritratioiw n - i ~ r c ~  i i s r t l .  I'li t '  :ivrr:igc' cli,vi:i- 
I ioii \vas 0.043 pKli,units. 
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Cyclopropane Analogs of Choline Ethers' 

Ailtliougli iiiaiiy csters aiid rthers of choline have 11cvii 
csainined for their activity in cholinergic and cholin- 
esterase systeiiis, the effect of coiiforniatioiial chaiigeb 
of the -0-C-('-9 segment has not yet been defined. 
-1 transition froni cisoid to transoid shapes has heen 
considered as a possible source of the stimulatory and 
depressant coniponents of such conipounds. Branch- 
ing of the carbon chain with siiiall alkyl groups greatly 
prolongs the activities, probably by steric iiiterfereiicc. 
with the reactions of the rcspectiw coiiipouiids a t  
hiocatalytical In  such branched compouiids. 
marked diff ereiiccs in tlic activities of optical isoiiiers 
and diastereoisomers have been observed. lye arc 
now wcordiiig the synthesis and biological evaluatioii 
of soiiic 2-S-all;oxycyclopropyl-S,S,S-tPilnethyIa1ii- 
inoniuni salts in which the methyl group of the L Y -  

a i d  ~-1i1ethy1choline cther5, or the iiiethyleiie groiip 
of thc iiiuscarinic agent (2-nirthosyal1yl)trimcthyl- 
:~iiiiiioiiiiint hydroside5 have hcrn incorporated i i i  :I 

sinal1 rigid ring. In  the case of S-(2-benzyloxycyclo- 
propyl) -S, S, S-triiiieth~laiiiiiioi~i~iiii iodides, both tliv 
(is arid trans forms have heen isolated and tested. 

'I'hese compounds were qynthesized by subjectiiig 
poiidiiig 2-alkoxycyclopropaiiecarbo..;ylic acids 

to  iiiodified Curtius degradations and quaterniziug the 
respective 2-alkosycyclopropylaiiiines with iiiethyl 
iodide. During the Curtius procedures, the azides 
u ( ' i ~  i~arrangcd rither to the isocyanates, or better. 
t i aiisforiiied to the corresponding brnzyl carbaniatrs : 
tho latter could hc hydrolpctl or hydrogciiolyzed to 
t l i v  :tniinw. 

Th(. (mifigurations assigiid to the S-(?--benzyloxy- 
(dyclopi opy1)-S,S, S-trlliiethylaiiiiiioiiiiini iodides arc 
hupportcd by thc n.1u.r. spectra of these salts ( s e ~  

'falilts 1). 111 thc ttunx isoiiicr, thv positiw iiiti'ogoii 
iiiay hr, clxpcctcd to  ('ausc' a large1 hliift of thc piotoii 
peak in th r  ?-position due to its higher shielding effcrt. 
I ~ u r t t ~ c ~ ~ ~ ~ i o i e ,  thr peak of thr. 1)crizyl a-protoiis should 
h c ,  shifted less 111 the case of the trans isoiiic'i.. shonii 
i i i  the Expcrinir~ntal scrtioii. the t j  nu s  isoi1it.r prrdonii- 
iiatcs in the Icactioii iili\;turc,. 

Arguiiieiits supporting t h  tmm CtJilflgUlatiOll of t h b  

oiily isomer isolatcd in the case of S-(2-buto\S-c'yc'io- 
propyl)-S,?;,S-trinicthylariiiiiot~i~iiii iodidr :HY pi'('- 
wi tcd  in the Experiiiiental wctioii 

Pharmacology.---Tlie incthodology f o r  t ehty  u 11 11 
c ' i ~ - 2 - S - b e i i z y l o x y ~ ~ ~ ~ ~ l o p r o p ~ l - ~ ~ . S . S  - ti~imetli~~laiii~iio- 
iiiuni iodide ( I ) .  the trnii.5 imiiei (IT), a i d  trnrls- 
S - (2-  a- butos\.c~?.c.lopi.opyl~ - S, S, S - trinicthylan~ino- 
i i i [ i n i  iodide (111) i b  summarized 111 the  Experimeiital 
-ccatioii.'J Oii thc, isolated ileum of the guitiea pig, 
I had 110 choliiiergic activity up to 1 0  ? iiig. i n 1  

* i t  1 '2 x 1 0 - 3  iiig. n i l .  it iwluced acct~lclioliiic~-caii 
csoiitrartioiih I)?. .5Oc;. i t  10 ? iiig. 1111. IT h h o \  
iicithcr a clioliiicrgic iior aiiticholiiiergic actioii, \vlii1(3 

111 at 3 x 10-3 2.3 x 10 
tioris of short duratioir. This coiiipares with a siniilar 
c+fecdt of acetylcholiiic~ :It 2.5 x 10 h I I I ~ .  '1n1. 111 
c.oiitiast t o  arctylcholiuc. t l i c i  dfcct of I tT wab i u i t  

c*ancrllrd l'y atropiiir hut 
1111. of hexauiethoiiiuii~ 

- i t  0.25 ing., kg., 1 raised tlic blood piessurr 1)riefl) 
111 thr aitesthetized cat; a rise of A0 i i i i i i .  occuixd 
after O.,! rug. 'kg., hut after I iiig., lig. it rtniouiited to 
oiily 30 i i m i . ,  a d  could 110 longer hr de~iionstratcrl 
after 2 iiig. kg. The pressor effect was iiot affcc.tc~1 
hy lirsaiiiethoiiiuiii, hut \\-as gwatly dcci~casctl 1 I? I 
iiig. kg. of pheiitola~iinc~. By coiitrast. thv I I  (I/!.\ 

i h o t i i v r  (11) rauscd 110 vffcct up t a  1 iiig. lig.? aii(1 5 iiig 

hg. led to aii :tcutc drop iii pressurc with full i~cc.ovoi~~ 
withiii 3 mi11 ('oriipouiid 111 (0.1 iiig. kg.) produced 
3. stroiig pressor cffrct3 of short duration which could 

awtl iiiodet~ately by atropine. l'hentolaniiiic~ 
o r  lic~saiii~tlioiiiiit~i gwatly dwreased the pressor cffccat 
of large doses of IIJ, and abolished it after low doseh. 
,I c~mbination of the two agents always cancelled 
the pressor eft'cvt). Pretreatment with reserpine (,iet. 
IC.;periiriental wctiori) decreased the pressor actioii 
of 11 I :  :I c.l(w ~ I Y W W  dfcct was : w h i c v t l  wit 11 0 .7 

I t i f f .  1111. led to  co1ltl~ac.- 

ah abolishetl 1)y IO-' iiig. 


