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After ingestion, bis(hydroxymethyhdimethylsilane dicarbannte (1), thydvaxynmethyljdimethyl-n-propyl-
silane carbamate (IV), and bis(hydroxymetliylmethyl-n-propylsiline dicarbamate (silammeprobamate) (V) ave

absorbed and elimiiuated in the nrine of rats.

IIT is eliminated nichanged.
methyl)tetramethyldisiloxane dicarbamate (VI) was izolated from the uriue.

IV is metabolized; bis(hydroxy-
V' is also inetabolized; two prod-

nets isolated from the urine were a disiloxane VII as the minor compoueut and bisthydroxymethyl)(2-hydroxy-

propyl)methylsilane dicarbamate (VIII) as the major component.

The data indicate that dealkylation is oue

of the metabolic paths far elimination of organosilicon compounds.

Although organosiliconr compounds are used both in
commerce and in medicine, little is known about their
metabolic fate. Paul and Pover? have provided
evidence that methyl w-(t1imethylsilyl)dodeconate and
srimethylsilylhexadecane are absorbed frour the gastro-
intestinal tract of rats. Dow Corning?* has reported
that [MC Jmethylpolysiloxane is 1ot excreted as 1#CQ..
Our own interest i the metabolism of organosilicon
compounds was stintulated by the lack of oral activity
of silameprobamate (V), although it showed the same
IiDj (rotating rod) as nieprobamate (I) when it was
dosed intraperitoneally.” It was felt that this differcuce
in aectivity eould be due cither to a lack of absorption
of the silicon compound when dosed orally or to a
different detoxification pathway.

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

SCHEME |

CHLCLCHLG(CHO)(CHLOCON Hay )y —
1
CH,CHOHCH.C(CH) CHOCON L), =
I
CILCOCHC(CH)(CILOCON ). +
HO,CCH,CH,C(CH, ) (CHLOCON H, ),

This study is concerned with the identification of
the metabolites appearing in the urine arising from the
oral dosing of some silacarbamates, bis(thydroxy-
niethyl)dimethylsilane dicarbamate (III), (hvdroxy-
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niethyl)dimethyl-n-propylsilane carbamate (IV), and
silameprobamate (V).
CHSCHCILOCONTL ) n-CIESHCThOCHLOCON .,
138 IAY
n-CERICTHHCTLOCONTL Y,
*

It our previous work,” we were able to show that 111
showed no pharnacologieal activity (rotating rod test)
at intraperitoneal dose levels up to 500 mg/kg. In
the present study, when IIT was orally dosed in rats,
339% of the ingested material was isolated from the
uriie as the crystalline unaltered compound. No
imetabolites were observed for this particular com-
pound.

Compound IV showed an [EDj of 158 (148-169)
mg/kg ip.? After oral dosing of IV iu rats, about 909,
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 cliromato-
graphic separation. A white crystalline solid, mp 68
70°, was isolated. The nmr spectrum of this material
showed two sharp singlets and a broad band, which,
from the chemical shifts and areas under these bands,
suggested that the solid is the disiloxane VI. The
infrared spectruni and the elemental analysis of this
material are in agreement with this structure assign-
nlent. This metabolite accounts for 299, of the silicon
of the ingested silacarbamate IV. No other silicon
imetabolites were detected.

H Ll CH,
NH,COOCH,SiOSiCH,0CONH.

N —

H.C CH,
A2
After oral dosing of silameprobamate, 60-909; of

the ingested silicon was found in the urine within 3
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 nnalytically pure form.
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On the basis of spectral evidence, the solid can be
tentatively assigned the structure of the disiloxane VII.
Tlie chemical shifts in the umr 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
upfield 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
CONH,, SiCH;, and SiOSi functions.’

HC CH,

vV —_

(NH,COOCH.),SiOSi(CH,OCONHL,)  +
VII (minor)

CH,CHOHCH,Si(CH, XCH.,OCONH,),
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 lodoform and ceric
nitrate tests, and contains 10.59 silicon. Structure
VIII should contain 11.29, silicon and should also
give positive iodoform and ceric nitrate tests. The
infrared spectrum of this compound showed a broad
hand at 2.8-3.1 p, which can be assigned to the com-
bined absorption of the OH and NH, groups. Absorp-
tion was also observed at 3.85 and 6.25 (characteristic
of the carbamate function), 7.95 (SiCHj), and 9.2 p
(C-0). The characteristic SiOSi absorption at 9.5 u
was abseut.

The umr spectrum of the oil in D,O is summarized
in the Experimental Section. There were observed
two singlets (SiCH; and SiCH,0) and three peaks in the
alkvl region (overlapping doublets, CH;CHOHCH,Si).
The multiplet for the proton on the hydroxyl carbou
(CH,CHOHCHS,Si) is partly masked by the singlet of
the SiCH,O group but is evident slightly upfield from
the siuglet. 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 D,O
and, indeed, a stroug peak at & 4.65 (water) was evident.

From these data, it can be coucluded that dealkyla-
tion, as well as oxidation, is one of the metabolic
pathways for organosilicon 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 w-1 carbon atom
of alkyl groups is well kuown.® With a propylsilane,
such oxidation would oceur 8 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
B to a silicon atom can result in dealkyvlation.® 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-u region
and is very broad and intense. Absorption for C-0 is generally observed
in the 9.2-u region, but is sharper and less intense. In this case, both bands
were observed in the spectrum.

(8) (a) R.T. Williams, "'Detoxication Mechanisms,” 2nd ed, John Wiley
and Sons. Ine.,, New York, N. Y., 1959, p 593 ff; (b) E. W. Maynert and
H. B. vanDyke, Pharmacol. Rev., 1, 217 (1949).

(E.J) For a summary of S-elimination reactions, see C. Eaborn, ''‘Organo-
silicon Compounds,' Academic Press Inc., New York, N. Y., 1960: and V,
Bazant, V. Chvalovsky, and J. Rathousky, '‘Organosilicon Compounds,
Part 1,'* Academic Press Ine., New York, N. Y., 1965,

Muranorisy oF SILTCON-CONTATNING CARBAMATES 811

CH,(NH,CO,CH,),SiOH, in the case of V], which
would be water soluble and which would readily con-
dense!® to the observed disiloxanes under the condi-
tions employved for isolation,

|
CHﬁHCH._,Ti— + HO —

| _
CH,CH=CH, + —Ti—OH + Hf

In summary, it has been shown that the carbamates
ITI-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 -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
L

Experimental Section!!

The preparation of the carbamates IIT-V has beeu described
n a previous paper.’

Dosing and Urine Collection—Female rats (Long-Evans),
250300 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 aud fecal material. Food and water were
given, ad (ibitum, immediately after dosing. The urine was
pooled and stored under toluene. Silicon-containing materials
were 110t observed iu the toluene layer. The fecal material was
not investigated.

Silicon Analysis.—The pooled uriiie was filtered through Celite.
The volume was measured, a 25-ml aliquot was trausferred to a
Pt crucible, and 25 ml of coucentrated H,SO, was added carefully.
The mixture was digested 20-30) miun 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 lignid 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-
tweell the two weights was taken as the amount of 8i0, preseut.
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 Si0,/25 ml
as determiued by this method. The weight of the SiO, obtained
from the urine of the dosed animals was corrected by this vahue,
Unfortunately, elimination of 8i0; by a normal rat is extremely
variable (0-16 mg/25 ml); therefore, the correction can ouly be
au approximation.

Thin Layer Chromatographic Analysis.—Development of the
plates was carried out using toluene-methanol (2:1), and
visnalization of the plates was generally accomplished nsing 19,
iodine in methanol. Visualization of the carbamates, however,
was effected by warming the plates in an oven at 90° aud then

(10) The ease of condensation of silanols to disiloxanes depends upon the
hindrance around the Si atom. For example, trimethylsilanol is very diffi-
ciilt 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 downfleld from TMS in é§ (ppm) with CHClz or H«O as an
internal standard.
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immersing them in a chlorine atimosphere tor at least 10 min.
After the ininiersion, air was blowu across the plate to rewove
the muborud chlorine and the plates were spraved with a 27/
=olution of potassinm iodide containing thimline.  Contral rons
showed that thix proeedure was specific Tor the arinary
carbamates.

Bis(hydroxymethyl)dimethylsilane Dicarbamate (III).--A total
of 1.6 g of III, mp 104--106°, was administered (o three vats n a
suspension of g tragacanth,. The arine was collected for 48
b Anadysis for sificon indieated that approximately 70¢, of the
administere:dd dose was present in the wrine.  The urine was
extracted continnousty for 12 hr with ether.  Removal of the
ether nnder vacunm and crystallization ol the resnling sohd
from water atforded 0.80 g (53" () ol the nnchanged dicarbamate,
wp 99-101°, mump (with IIT) 98.5- 101°, The infrared specirnm
of this material was identical with that of 1I1.

(Hydroxymethy!l)dimethyl-n-propylsilane Carbamate (IV).---A
total of 7.8 g of IV was administered neat 1o 17 rats, and their
urine was collected for 4 days.  Analvsis of the wrine for silicon
indicated that approximately 9077 of the dosed silicon was
present. The urine was extracted overnight with ethyl acetate.
The solveut was removed under vacuuni, and the residue was
dissolved in acetone and filtered to remove the precipitated wren.
Iivaporation of the acetone afforded 5.3 g of a dark oil.  Chro-
matography of the oil through 200 g of almina, activiey 111,
was carried out nsing the solvent scheme of chlovotorm-ether
(1:1), 100 ml, and ether, 200 ml. Iighty {vactious were coltected.
Tle of these fractions iudicated that ouly one carbamate (in
[ractions 43-78) wax present.  Combination of these tractions
mud  erystallization from ether-petrolenm cther (bp 30-60°)
vielded 1.8 g (209,) of the dicarbamate disiloxane VI, wp 68-70°.

Anal. Caled for CeHaNOs=1: ) 34,250 H, 7.200 N, 9.00,
Faund: €, 34.45; H, 7.06; N, 0.5

The mr spectrnm of VI in CHCL showed a singlet at § 0.3
(RICHy), a singlet at 3.8 (SICH,OCONIL), and 2 broad baud at
5.2 (CONH,). The CHCl proton was used as the internal stand-
ard. The two singlets showed au arvea ratio of 4:11. The siguifi-
cant bauds i the infrared spectrnm (CHCly) were 2.85, 2.95
(NIL,), 5.85, 6.25 (CONH.), 7.05 (SICILY and 0.5 p (Si0=0).
In another min, extraction of the nrine with ether, followed by
tle anulysis of the resulting oil, failed to reveal the prescuce of
nnattered carbamate.  Coutral rmns indicated that this method
conld deteet about 20, of the dosed amonnt.

Bis(hydroxymethyl)methyl-n-propylsilane Dicarbamate { Sila-

Compounds Acting on the Central Nervous System.
Studies in 1-Pyridyl-4-substituted Piperazines.
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meprobamate) i V).~ I'welve grams ol Vo was desed 10 62 rais
and the urine was collected for 3 days.  Silicon munlvsis ac e
end of s perimd indicated that approximately 8077 of the
ingested <iliven Liad been eliminated. "T'he nrine was exteaeted
vveriight with ethyl aeetate. Remenval o the ethyl acetare
the nrea alforded 8.6 g of o dark ol Cliooatography of this
uterial was carvied ot nsing 400 g oF aluwinn, activity T
Sixty 10-mb fractions were enllected, nsing the follbpwing sulvein
scheme: benzene ethyl neerate 11:13, 150 wml; benzene cthyl
avelate o225 50wl ethyl acctate, S0 ml: ethyl acciate-
acetane (1210, 50 mi: nectone, S mil; acetone -methavol ¢4 13
Aok and wethanol, 200 b Thin hiyver chrommtography of
the chited Nactions showed the preseuee ol two carbamates:
[0 U5 ininor compouenty, appeaving o heactions 14 and 20
and Ao a7 laajor component ), appearing in fractions 2454,

The Hrst component, Ry 055, 200 g, was a white solid with
mp H4=58°0 The mur speetrn of this material in CHCly <howed
threc bands: 8 0.30, singlet; 4.0, singlet: and 5.2, a broad hand.
The aren ratio nnder the two =inglets was G:8.4.0 The infravel
spectriun (CHCL) showed the signifieant peaks at 2,84, 3.0, 5.8,
6.3, and 705, and a beead hand av 9.7 g,

The secound component, Ky 0.57, 2.5 g, was an oil. This ma-
terial was emubined and rechromatographed throngh ahunin,
activity [V, using ethyl acetate as=nlvent. "The umr of the einted
waterial, in DL0O showed a singlet at 8 0.2 drelative aven, 3.0,
three peaks thut not a wiplew) at bth 1,15, and 1.25 (combinel
avesy, 5,25, o singlet at 3.9, and a mnliiplet starting av 4.0 teom-
bined area mnder the singlet and the nnltiplet, 5.0, The in-
fraved spectrum (thin fihny showed a broad and intense absonp-
ton in the 2.0-p vegioy and other signiticant bands appearing at
AR5, 6,25, 94 Gliap), and 705 4o Using the Beckman Th-4
spectrophotometer and LiF apties, tie hroad band av 2.9 u conld
not be resolved. The eluted il gave a positive iodoform test and
i positive corie nitrate test bhut failed ta vield o solid devivative
with g-naphtlhivt isncvanate,

Anad. Caled for ColO, NS Si t]12 Found: =i, 1005,

In another rin, the nrine was first extracted 12 e with ether,
Tle analysis of the other extract showed 1o evidence of silane-
probamte.  Couteol rins indicated that 10 mg of silamepraba-
nate in 100wl of nvine cabane 207 of the dose) canld he detected,
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A number of 1-pyridyl-4-substitnted piperazines have been syuthesized and evaliated for their pharniacalogi-

cal aetion.
couvulsant and antireserpine properties.

A mniber of I-(3-amino-4-pyridyl)-4-phenylpiperazines have been shown to possess marked and-
Their structure-aetivity relationship is discussed.

In particular,

1-(3-aniino-4-pyridyt)-4- (3-trifinoromethylphenyl)piperazine has shown promising anticonvulsaut activiry.

In 2 study reported earlier’? it was found that the
pattern of biologieal activity of 3,4- and 2,3-diamino-
pyridines was greatly changed when oue of the amino
groups was substituted by a B-arylalkyl- or g-aza-
cyelonlkane radieal, and a number of new activities

(1) M. M, Vohra wul =0 N, Prdbian, ek, Iutera, Phavaaendyn., 160,
413 (1964).

(29 M. M. Vohra, 8. N, Iyadtian, ¥ O doin, &0 W, Clatierjee, wad N,
Ananand, J. Med. Chere., 8, 206 (1D65).

not associated with the parent compounds appeared
in the resulting derivatives, which included hypotensive,
antipyretic, auticonvulsant,® and antiinflammatory®
activities. In continuation of this study of substituted
diaminopyridines, making one of the amino groups part

13y 1. €L Jain, V. Kapoor, N. Anand, A. Ahmad, G. K. Patnaik, and M.
M. Vuhra, Internatipnal CNS Drpgs Symposinm, Hyderabad, htia, TG 6,
3.8, Sidbu, I. K. Kaeker, . B. Rattur, G. Thyagarajan, anid Vo R, K. Pur-

yoabamsa, Bd,, Couneil of Spientific and lndustrial Researel, Toskia, g0 320
a4y RO Srimal (onpuldishsd ilaca),
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