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Although organosilicoii compounds are used both in 
commerce and in medicine, little is known about their 
metabolic fate. Paul and Pover3 have provided 
evidence tha t methyl a)-(trimethylsilyl)dodeconate and 
trimethylsilylhexadecane are absorbed from the gastro­
intestinal tract of rats. Dow Corning4 has reported 
tha t [14C]methylpolysiloxane is not excreted as 1 4 C0 2 . 
Our own interest in the metabolism of organosilicoii 
compounds was stimulated by the lack of oral activity 
of silameprobamate (V), although it showed the same 
E D M (rotating rod) as meprobamate (I) when it was 
dosed intraperitoneally.8 I t was felt that this difference 
in activity could be due either to a lack of absorption 
of the silicon compound when dosed orally or to a 
different detoxification pathway. 

The metabolism of I itself has been studied by a 
number of investigators.6 Oxidation of the propyl 
group provides the major pathway of detoxification. 
Carboxymeprobamate, ketomeprobamate, and hy-
droxymeprobamate (II) have been identified as metabo­
lites (see Scheme I) . The relative amounts of these 
metabolites vary with the species; however, the al­
cohol II is the major detoxification product. 

SCHEME 1 

(MI3ClI..aiI2C(CH3)(CH2OCONH..)2->-
I 

(Mf;1CII()HCH2C(,0[I3)(C]I2()CO\II,)2 -r 
I I 

( : H S C ! ( . ) C . H 2 C ( C H 3 ) ( C 1 I 2 ( ) C ( ) N H 2 ) 2 + 

H02(X)II2CH2C(CH3)(CH2OCONH2)2 

This study is concerned with the identification of 
the metabolites appearing in the urine arising from the 
oral dosing of some silacarbamates, bis(hydroxy-
methyl)dimethylsilane dicarbamate ( I I I ) , (hydroxy-
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methyl)dimethyl-?i-propylsi]ane carbamate (IV), and 
silameprobamate (V). 

(4l3>Si(('ir3)(CH>OeoN,I2)2 rt-C:JI7Si(CIIa):.OIU>CONM.. 
nr IY 

/<-('3n-Si(OI!;i)(CIU>C(>NI]2)2 

A' 

In our previous work,5 we were able to show tha t I I I 
showed no pharmacological activity (rotating rod test) 
at intraperitoneal dose levels up to 500 mg/kg. In 
the present study, when I I I was orally dosed in rats, 
5 3 % of the ingested material was isolated from the 
urine as the crystalline unaltered compound. No 
metabolites were observed for this particular com­
pound. 

Compound IV showed an E D M of 158 (148-169) 
mg /kg ip.5 After oral dosing of IV in rats, about. 90% 
of the ingested silicon could be detected in the urine 
within 4 days. In the ethyl ether extract of the urine, 
no unchanged IV could be detected. From an ethyl 
acetate extraction, there was obtained a silicon-
containing oil, which was subjected to chromato­
graphic separation. A white crystalline solid, mp 68 -
70°, was isolated. The nrar spectrum of this material 
showed two sharp singlets and a broad band , which, 
from the chemical shifts and areas under these bands, 
suggested tha t the solid is the disiloxane VI. The 
infrared spectrum and the elemental analysis of this 
material are in agreement with this structure assign­
ment. This metabolite accounts for 2 9 % of the silicon 
of the ingested silacarbamate IV. No other silicon 
metabolites were detected. 

H,c CH, 
I I 

IV * NH2COOCH2SiOSiCH,OCONH2 

H,C CH3 

VI 

After oral dosing of silameprobamate, 60-90% of 
the ingested silicon was found in the urine within I? 
days. Extraction and chromatographic separation 
afforded a solid material (mp 54-58°) and a viscous 
oil. Unfortunately, neither of these substances could 
be obtained in an analytically pure form. 
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After ingestion, l>Ls(lmlroxyniiM.hyl.)dimethylsilane dicarbamufe (III; , lhydroxyinethyl)dimethyl-tt-propyl-
silaue carbamate (IV), and bis(hydrox\anethyl)methyl-n-propylsilane dicarbamate (silameprobamate) (V) are 
absorbed and eliminated in the urine of rats. I l l is eliminated unchanged. IV is metabolized; bis(hydroxy-
methyl)tetramethyldisiloxane dicarbamate (VI) was isolated from the urine. V is also metabolized; two prod­
ucts isolated from the urine were a disiloxane M I as the minor component and bis(hydroxymethyl)(2-hydroxy-
propyl)methylsilane dicarbamate (VIII) as the major component. The data indicate that dealkylation is one 
of the metabolic paths for elimination of organosilicoii compounds. 
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On the basis of spectral evidence, the solid can be 
tentatively assigned the structure of the disiloxane VII. 
The chemical shifts in the nmr spectrum of this material 
are almost identical with those of the nmr of the di­
siloxane VI, except that the ratio of the area under the 
upheld singlet to that under the downfield singlet was 
6:8, rather than 4:11, as observed for VI. The infrared 
spectrum showed absorption characteristics of the 
COXHs, SiCH,, and SiOSi functions.7 

H,C CH, 

V • (NILCOOCH2),SiOSi(CH2OCONIT,) + 

VII (minor) 

OH;1CHOHCH2Si(CH3)(CH,OCONH2)2 

VIII (major) 

A combination of chemical and spectral evidence 
was used to assign tentatively the structure of the 
hydroxysilameprobamate VIII to the oil. The oil is 
soluble in water, gives positive iodoform and eerie 
nitrate tests, and contains 10.5% silicon. Structure 
VIII should contain 11.2% silicon and should also 
give positive iodoform and eerie nitrate tests. The 
infrared spectrum of this compound showed a broad 
band at 2.8-3.1 p., which can be assigned to the com­
bined absorption of the OH and XH2 groups. Absorp­
tion was also observed at 5.85 and 6.25 (characteristic 
of the carbamate function), 7.95 (SiCH3), and 9.2 n 
(C-O). The characteristic SiOSi absorption at 9.5 n 
was absent. 

The nmr spectrum of the oil in D20 is summarized 
in the Experimental Section. There were observed 
two singlets (SiC#3 and SiC#20) and three peaks in the 
alkyl region (overlapping doublets, C#3CHOHCi/2Si). 
The niultiplet for the proton on the hydroxyl carbon 
(CH3CHOHCH,Si) is partly masked by the singlet of 
the SiCH20 group but is evident slightly upheld from 
the singlet. The relative areas under these three 
groups of bands are in the ratio of 3.0:5.2:5.0. The 
acidic protons can be expected to exchange with D20 
and, indeed, a strong peak at S 4.65 (water) was evident. 

From these data, it can be concluded that dealkyla-
tion, as well as oxidation, is one of the metabolic 
pathways for organosiheon compounds. It should be 
pointed out that the loss of an alkyl group from an 
organosilicon compound is not an unexpected observa­
tion. Oxidative hydroxylation at the «-l carbon atom 
of alkyl groups is well known.8 With a propylsilane, 
such oxidation would occur /3 to the silicon. It can 
be expected that, during the course of the metabolic 
oxidation, an electron-deficient center (illustrated as a 
carbonium ion below) would be generated. In the 
laboratory, the formation of an electron-deficient center 
j3 to a silicon atom can result in dealkylation.9 Al­
though evidence is lacking, it is probable that the de-
alkylated metabolites were actually silanols [e.g., 

(7) The infrared absorption of the disiloxane group is in the 9.5-^ region 
and is very broad and intense. Absorption for C-0 is generally observed 
in the 9.2-^ region, but is sharper and less intense. In this case, both bands 
were observed in the spectrum. 
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and Sons, Inc., New York, N. Y., 1959, p 593 ff; (b) E. W. Maynert and 
H. B. vanDyke, Pharmacol. Rev., 1, 217 (1949). 

(9) For a summary of ^-elimination reactions, see C. Eaborn, "Organo­
silicon Compounds," Academic Press Inc., New York, N. Y., 1960; and V. 
Bazant, V. Chvalorsky, and J. Rathousky, "Organosilicon Compounds, 
Part I," Academic Press Inc., New York, N. Y., 1965. 

CH3(NH2C02CH2)2SiOH, in the case of V], which 
would be water soluble and which would readily con­
dense10 to the observed disiloxanes under the condi­
tions employed for isolation. 

CHjCHCH.Si— + H,0 -

CH,CH— CH,—Si f O—H „ 

"II 
H _ 

CH,CH=CH, + —Si—OH + Hf 

I 
In summary, it has been shown that the carbamates 

III-V are absorbed from the gastrointestinal tract of 
rats and that IV and V are metabolized. For IV, only 
the dialkylated metabolite VI was found in the urine. 
The detoxication path of silameprobamate (V), in­
volving cu-1 oxidation of the propyl group, appears to be 
similar to that for meprobamate (I). The major 
isolated metabolite for V was the hydroxy compound 
VIII, which is analogous to the major metabolite from 
I. 

Experimental Section11 

The preparation of the carbamates I I I -V has been described 
in a previous paper.5 

Dosing and Urine Collection.—Female rats (Long-Evans), 
250-300 g, were starved overnight, then individually orally 
dosed with the desired compound. The animals were housed 
separately in metabolism cages constructed to allow separate 
collection of urine and fecal material. Food and water were 
given, ad libitum, immediately after dosing. The urine was 
pooled and stored under toluene. Silicon-containing materials 
were not observed in the toluene layer. The fecal material was 
not investigated. 

Silicon Analysis.—The pooled urine was filtered through Celite. 
The volume was measured, a 25-ml aliquot was transferred to a 
Pt crucible, and 25 ml of concentrated H2SO4 was added carefully. 
The mixture was digested 20-30 min on a hot plate. In some 
cases, a few drops of fuming nitric acid was added to aid the 
oxidation. The excess acid was fumed off using an open flame, 
with care being taken that the liquid did not splatter. The 
crucible was then flamed to red heat, cooled, and weighed. A 
few drops of HF was added. The crucible was again taken to 
dryness and flamed, cooled, and reweighed. The difference be­
tween the two weights was taken as the amount of Si02 present. 
All analyses were run in triplicate, and the results are reported 
as the extrapolated value to the total volume. 

Normal rat urine contains an average of 6 mg of Si02/25 ml 
as determined by this method. The weight of the Si02 obtained 
from the urine of the dosed animals was corrected by this value. 
Unfortunately, elimination of Si02 by a normal rat is extremely 
variable (0-16 mg/25 ml); therefore, the correction can only be 
an approximation. 

Thin Layer Chromatographic Analysis.—Development of the 
plates was carried out using toluene-methanol (2:1), and 
visualization of the plates was generally accomplished using 1% 
iodine in methanol. Visualization of the carbamates, however, 
was effected by warming the plates in an oven at 90° and then 

(10) The ease of condensation of silanols to disiloxanes depends upon the 
hindrance around the Si atom. For example, trimethylsilanol is very diffi­
cult to isolate and condenses very readily to hexamethyldisiloxane. Tri-
ethylsilanol can be distilled but is readily converted to hexaethyldisiloxane 
under dehydrating conditions. See ref 9 for general reviews of this area. 

(11) Melting points are corrected and were determined on a Fisher-Johns 
melting point apparatus. C, H, and N analyses were performed by the 
Berkeley Microanalytical Laboratory and Si analyses in this laboratory. 
Infrared spectra were obtained using a Beckman IR-5 spectrophotometer. 
The nmr spectra were obtained using a Varian A-60 spectrometer. Values 
are reported downfield from TMS in 5 (ppm) with CHCI3 or H2O as an 
internal standard. 
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immersing them in a chlorine atmosphere for at least 10 mm. 
After the immersion, air was blown across the plate to remove 
the unbound chlorine and the plates were sprayed wiih a 2', ' 
solution of potassium iodide containing thiodine. Control runs 
showed that this procedure was specific for I he urinary 
carbamates. 

Bis(hydroxymethyljdimethylsilane Dicarbamate (III). —A total 
of 1,5 g of I I I , mp 1()4--U)G°, was administered to three rats in a 
suspension of gum tragacanth. The urine was collected for 4S 
hr. Analysis for silicon indicated that approximately 70 ' , of the 
administered dose was present in the urine. The urine was 
extracted continuously for 12 hr with ether. Removal of the 
ether under vacuum and crystallization of the resulting solid 
from water afforded (1.81) g (53','i) of the unchanged dicarbamate, 
mp 99-11)1°, ramp (with I I I ) 98.5 101°. The infrared spectrum 
of this material was identical with that of III . 

(Hydroxymethyl)dimethyl-fl-propylsilane Carbamate (IV). A 
total of 7.8 g of IV was administered neat to 17 rats, and their 
urine was collected for 4 days. Analysis of the urine for silicon 
indicated that approximately 90 rc of the dosed silicon was 
present. The urine was extracted overnight with ethyl acetate. 
The solvent was removed under vacuum, and the residue was 
dissolved in acetone and filtered to remove the precipitated urea. 
Evaporation of the acetone afforded 5.3 g of a dark oil. Chro­
matography of the oil through 209 g of alumina, activity III , 
was carried out: using the solvent scheme of chloroform-ether 
(1:1), 100 ml, and ether, 200 ml. Eighty fractions were collected. 
Tic of these fractions indicated 1hat only one carbamate (in 
fractions 4.3-78) was present. Combination of these fractions 
and crystallization from ether-petroleum ether (bp .30-00°) 
yielded 1.8 g (29%) of the dicarbamate disiloxane VI, mp (>N-70 = . 

Anal. Calcd for C8H.,oN205si,: (.', 34.25: II, 7.20: V, 9.99. 
Found: C, 34.43; 11,7.06; N. 9.S2. 

The nmr spectrum of VI in CflCb showed a singlet at <S 0.3 
(SiCtf3), a singlet at 3.8 (SiCH.OCONIL). and a broad band at 
5.2 (COXHO- The CIIC13 proton was used as the internal stand­
ard. The two singlets showed an area rat io of 4:11. The signifi-
cant bands in the infrared spectrum (CHCb) were 2.S5, 2.95 
(NII2), 5.85, 6.25 (COXIl,), 7.95 (SiCTE), and 9.5 M (SiOfii). 
In another run, extraction of the urine with ether, followed by 
tic analysis of the resulting oil, failed to reveal the presence of 
unaltered carbamate. Control runs indicated that this method 
could detect about 2' , of the dosed amount. 

I5is(hydroxymethyl)methyl-»-propylsilane Dicarbamate (Sila-

In a s tudy reported earlier1,2 it was found tha t the 
pa t tern of biological activity of 3,4- and 2,3-diamino-
pyridines was greatly changed when one of the amino 
groups was substi tuted by a /3-arylalkyl- or /3-aza-
cycloalkane radical, and a number of new activities 

(1) M . M . Vohra ami S. X. P r a d h a n , Arrh. Intern, /•hnrmiirnili/i,., 150, 
•113 (1964). 

(2) M. M . Vohra, S. X. P r a d h a n , P. <'. Ja in , S. K, ( 'hat i erjee, unit \ . 
Anan. t , J. AM. Chem., 8, 20(1 (l'.MifO. 
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meprobamate) (V). Twelve grams of V was dosed to 62 rats 
and the urine was collected for 3 days. Silicon analysis at the 
end of this period indicated that approximately SO'j of the 
ingested silicon had been eliminated. The urine was extracted 
overnight wit h el hyl acetate. Removal of t he ethyl acetate and 
I he urea afforded 8,6 g of a dark oil. Chroma.tography of this 

1 material wa- carried out using 400 g of alumina, activity 111, 
i Sixty 10-ml fractions were collected, using the following solvent 
i scheme: benzene-ethyl acetate ' I : 1 ;, 150 ml: benzene ethyl 

acetate i l :2 t . 50 ml: ethyl acetate, 5(1 ml: ethyl acetale-
! acetone (1 : 1 ). 50 mi; acetone, 50 ml; acetone -methanol i l l : , 

50 ml; and methanol, 200 ml. Thin layer chromatography of 
i I he eluted fractions showed the presence of two carbamates: 

Hi 0,53 (minor component), appealing in fractions ]9 and 20, 
and /',- 0.37 'major component i, appearing in fractions 24 54, 

The lirst component. lit 0.53, 20 mg, was a white solid with 
mp 54-58°. The nmr spectrum of this material in CI1C1,, showed 
three bands: 5 0,30, singlet; 4.0, singlet: and 5.2, a broad band. 
The area ratio under the two singlets was 0:8.4. The infrared 

; spectrum iCHCb) showed the significant peaks at- 2.85, 3.0, 5.s5, 
6.3, and 7.95. and a broad band at 9.5 in. 

The second component, /i\- 0.37, 2.3 g, was an oil. This ma­
terial was combined and rechromatographed through alumina, 
activity IV, using ethyl acetate as solvent. The nmr of the eluted 
material, in \)-X) showed a singlet at 5 0.2 (relative area, 3.0). 
three peaks (but not a triplet) at 1,0. 1,15, anil 1.25 (combine,1 
area, 5.2!, a singlet at 3.9, and a multiple!, starting at 4.0 {com­
bined area under the singlet and the multiple!., 5.0). The in­
frared spectrum (thin film) showed a broad and intense absorp­
tion in the 2.9-M region and other significant bands appearing at 
5.85, 6.25, 9.4 (sharp), and 7.95 p.. 1 "sing the Beckman Ili-4 
spectrophotometer and l.iF optics, the broad band at 2.9 n could 
not. be resolved. The eluted oil gave a positive iodoform test and 
a positive eerie nitrate test but failed to yield a solid deiivativc 
with fJ-naphthyl isoeyanale. 

Audi. Calcd for CJI^O.-.N.Si: Si, 11.2. Found: Si, 10.5. 
In .another run. the urine was first extracted 12 hr with ether. 

Tic analysis of the ether extract showed no evidence of silame-
probamate. Control runs indicated that 10 mg of silameproba-
mate in 100 ml of urine i about, 2'"c of the dose) could be detected. 
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not associated with the parent compounds appeared 
in the resulting derivatives, which included hypotensive, 
antipyretic, anticonvulsant,3 and antiinflammatory1 

activities. In continuation of this s tudy of substi tuted 
diaminopyridines, making one of the amino groups part 
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Studies in l -Pyridyl-4-subst i tuted Piperazines. A New Class of Anticonvulsants 
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A number of l-pyridyl-4-substituted piperazines have been synthesized and evahiated for their pharmacologi­
cal action. A number of l-(.3-amino-4-pyridyl)-4-phenylpiperazines have been shown to possess marked anti­
convulsant and antireserpine properties. Their structure-activity relationship is discussed. In particular, 
]-(3-amino-4-pyridyl)-4-(3-trinuoromethylphenyl)piperaziiie has shown promising anticonvulsant activity. 
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