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After ingestion (rat), phenyltrimethylsilane ix absorbed and eliminated in the urine as both phenyl- and

methyl-hydroxylated metabolites.
silicon at the silicon-hydride position.
tbe silicon-hydride bond is nat.

The urinary metabolic end products of aromnatic evbm-
pounds have been studied by a numbtr of investigators.*
In general, these compounds undergo hydroxylation
cither on the aromatic ring or on the alkyl substituent.
(rermane to this report is the work of Williams on the
fate of {-butylbenzene* and isopropylbenzene.” Aftoer
being given orally to a rabbit, each of these ecompounds
is hydroxylated on the alkyl portion of the molecult
and eliminated as a ghieuronide conjugatt or as u
higher oxidized product. Williams did not report any
aroniatie ring-hythoxylated metabolites.®

CH. ’H.

CH, CH,

405
CH rabhil
L
@ “SCH,
(|‘H~ (|‘H:O© | 0on
O O+ O
CH. CH,

CH,
509, 259 25%

——

@ = glucuronide

The title compounds were chosen for study becanse
they contain two key structural features common to
many organosilicon compounds-—the silicon-phenyl
bond and the silicon-hydride bond. In addition, sinew
little work has been reported in the area of orguno-
silicon metabolism,” these two structures provide a
suitable starting point for future work in the area. = ¢

The goal of the project was the identification of the
major urinary metabolites of the title compounds I and
11, as well as the obtaining of data concerning the ab-
sorption and elimination of these compounds after oral
dosing.

(1) This research was supported by D'ublic Healtlc Researeh Grant (1N
15860 from the National Institute of General Medical Sciences.

(2) Alfred P. Sloan Fellow, 1965-1969.

(3) For a general reference see W. 1{. Fishman, "“Chemistry of Drog
Metabolism,” Charles C Thomas, Publisher, Springfield, I1l., 1961,

(4) D. Robinson and R. T. Williams, Biochem. J., §9, 159 (1955).

(3) D. Robinson, J. N. Smith, and R. I Williams, ibid., 89, 153 (1935).

(6) Preliminary evidence from thiz laboratory indicates that ring »yv-
droxylation also occurs with t-hutylbenzene (rat).

(7} R.J. Fessenden and C. Aulfors, J. Med. Chem., 10, 810 {1067].

Phenyvldimethyvlsilanie iz also absorbed, bnt hydroxyviation oceurs on the
The data indicate thai the silicon-phenyl hond is stable /n vivo, while
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I"'or convenience, male Long Evans rats (300-400 g)
were used and the compounds were administered as
single, neat doses with o stomaeh tube.  Only the
urinary metabolites wert studied; no attempt was
made to provitle an over-all material balance,

I'or the purpose of tracing the metabolites, radio-
active labeling of the dosed componnds was necessary.
Becanse silicon has no suitable 1sotope for this type of
study, the j14-Clmethyl-silicon label was nsed. In
using this type of satellite labeling it must be assumeud
that the silicon-methyl group remains intaet 7n vive and
15 eliminated 1 the urine withont cleavage. The
method therefore requires that the final metabolic
product(s) be charucterized structimrally before con-
elisions can be made from radioactive-connting data
abont the metabolie fate of the silicon atom.

Phenyltrimethylsilane (I).— After the aral dosing of 1,
324097 of the radioactivity appeared in the nrine
within the first 24-hr period.  Another S-209 appearctl
during the sccoid 24-hr period, and the activity dropped
1o trate amonnts after the sevand day.  In ane ran, the
respired CO. was enllected and shown to be inactive.

Pooled nrine Irom a number of rats was extracted
with I2tOAe, and the coneentrated extraet was stub-
jtetetd to tle separation procedures. Three radioactive
metabolites wert isolated and characterized: (hydroxy-
methyl)dimethylphenylsilane  (IIT), p-trimethylsilyl-
phenol (IV), and an unknown conjugate of ITT (V).
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In another run, using an isotopic dilution technique,
37 of the total urinary activity was shown to be from
lhexamethyldisiloxane,  One of the metabolites, p-
trimethylsilylphenol (TV). is known to undergo re-
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arrangement to trimethylsiloxybenzene (VI).38 This
compound, in turn, reacts with water to form phenol
and trimethylsilanol, which undergoes dehydration to
hexamethyldisiloxane. It is felt that the small amount
of hexamethyldisiloxane found was due to the chemical
rearrangement and cleavage rather than to a biological
process.

A H:0
p-HOCH.S81(CH;); —— CsH,081(CHs)s —2> CsH.0OH +
v Vi

—H.0
(CH;3)sS10H —> (CH;)381081(CHj)s

Although the tle isolation procedure did not yield
analytically pure materials, the procedure did con-
centrate the radioactive material to a poiut where g
combination of ir, nmr, and mass spectral data pro-
vided sufficient evidence for structural assignment.
As further evidence for the assignment of structures to
the radioactive metabolites, the phenol IV and the
hydroxymethyl compound III were synthesized by
independent routes and their spectra were compared to
those of the isolated metabolites.

In the case of the unknown conjugate, the structure
of the conjugate was not determined; the structure of
the silicon part of the compound is based upon spectral
evidence. This metabolite clearly is not III or IV as
determined by tle R; values. The nmr spectrum in-
dicated the presence of silicon-phenyl and silicon—
methyl groups. The ratio of the silicon-phenyl to
silicon-methyl protons in the nmr was approximately 5
to 6. The mass spectrum of this material (direct probe)
showed a base peak at m/e 135 which can be assigned to
the ion, C¢HsSi(CHj).T. These data indicate that the
metabolite contains a conjugated hydroxymethyl-
silicon group rather than a conjugated hydroxylated
ring,

Phenyldimethylsilane (IT).—After oral dosing of II,
889, of the radioactivity appeared in the urine within
36 hr. After the pooled urine was made slightly acidie,
the activity was easily extracted (Et:0). A mass
spectrum of the crude concentrated extract showed a
base peak at m/e 137 (369, of the total ionizing current).
The synthetic silanol VII also shows a base peak at
m/e 137 (959, of the total ionizing current), but the
corresponding disiloxane VIII does not.

The crude extract was purified by the tle procedure.
Two active spots were observed, 9097 on the plate and
109, at the origin. Collection and spectral analysis of
the 909 spot showed this material to be diphenyltetra~
methyldisiloxane (VIII).
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I'rom the mass spectral data before and after purifi-
cation, it 1s clear that the metabolite was phenyldi-
methylsilanol (VII) (or a conjugate of the silanol),
which underwent condensation to the disiloxane VIII
during purification.

Unlike the cases of isopropylbenzene, ~-butylbenzene,
and trimethylphenylsilane, other hydroxylated products
were not observed. We conclude that the silicon—

(8) J. L. Speier, J. Am. Chem. Soc., T4, 1003 (1952).
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hydride is not stable iz vivo aud that this bond is the
prineipal site of metabolie attack on this compound.

Experimental Section®

Plieayldimethyl[!*C]methylsilane (I).—Phenyldimethylchloro-
silane, bp 48-52° (3 mm), was prepared in 639, yield by the re-
actian of 1.0 mole of PhMgBr with 4.0 moles of dimethyldi-
chlorositane. To 0.2 g (8.3 mmoles) of Mg in 8 ml of dry Et.O was
added 1.0 g (6.9 mmoles) (ca. 50 uCi) of ["*C]Mel. The mixture
was heated at reflux for 30 min. To this Grignard reagent was
added 2.4 g (14 mmoles) of PhSiClMe; and the mixture was
heated at reflux for 2 hr. Then 10 ml of 0.6 N HCl was added
slowly. The organic material was extracted (Et,O) and dried
(Na:80,). To the Et,0 solution was added 1.0 g of nonradio-
active I. Fractional distillation through a 15.2-cm glass helices
packed column yielded 1.52 g (499 of the product, bp 164-165°,
with an activity of 15.5 uCi/g. In repeat runs the yields were
47-699, with levels of activity of 23.6-34.5 uCi/g. Prior to dos-
ing, the material was further diluted with nonradioactive I.

Phenylmethyl[*C]methylsilane (II).—Phenylmethylchloro-
silane, bp 50° (3 num), was obtained in 5279, yield from PhMgBr
and methyldichlorosilane. Using the procedure described above,
the chlorosilane was added to [1*C]MeMgl to yield 1.38 g (41%)
of the active product (II), bp 151-153°, 20.5 uCi/g.

Comparison Compounds.—(Hydroxymethyl)dimethylphenyl-
silane!® aud p-trimethylsilylpheitol!! have been prepared pre-
viously in our laboratory. Diniethylphenylsilanol was obtained
from the hydrolysis of an Et:O solution of phenyldimethyl-
chlorosilane. Et,O was removed using a rotary evaporator and
the residue was used directly for spectral analysis. This silunol
was heated to effect condensation to the diphenyltetramethyl-
distloxane, bp 190° (10 mm).!2

Dosing, Elimination, and Extraction. A. Phenyltrimethyl-
silane (I).—A male Long Evans rat (300-400 g) was given a
single oral dose of 0.4 ml (5.3 uCi) of I by means of a stomach
tube. The rat was placed in a metabolism cage and allowed
food and water ad libitum. The urine and the fecal material were
collected separately for each 24-hr period. Only the urinary
metabolites were investigated. Within the first 24 hr, 1.8 uCi
(349,) appeared 1 the urine, and, in the second 24 hr, 0.85 uCi
(16%). On the third and fourth days only trace amounts of
activity could be detected. A total recovery of 509, (2.65 uCi)
was effected. For the isolation work, the first 48 hr of urine of
43 rats was collected. The per cent of dosed activity eliminated
by individuals in this group varied from 32 to 409; on the first
day and 8 to 209 on the second.

In one experiment, a dosed rat was placed in a cage equipped
for the collection of CO, by passing the respired air through NaOH
soluton. No CO; could be detected.

A number of extraction procedures were tried with varying
degrees of success. Although BuOH was an effective solvent for
the extraction, large amouuts of nonactive organic material,
which interfered with the final purification, were also extracted.
Et:0 was not effective. The use of continuous extraction was
explored but was discarded because of emulsion formation.

The pooled urine from six to ten rats (50 ml) was filtered
through glass wool then placed in a separatory funnel and
extracted with ten 200-ml portions of EtOAc. By this procedure,
85-907%, of the activity was extracted from the urine. EtOAc
was removed by a rotoevaporator at room temperature. No
activity was lost in this concentration. The residue was taken
directly into the tle separation procedure.

B. Phenyldimethylsilane (II).—The procedure described for
I was also used for II. The rats were given 0.2 ml (3.67 uCi) of
II and eliminated 3.24 uCi (889) of the dosed activity in the
urine within 36 hr. Oral dose levels of 0.3-0.5 ml of II were
toxic. No attempt was made to assay for respired *COs.

{9) A Packard EX-314 scintillation counter was used for all radioactive
measurements. The scintillation solution contained toluene—ethanol
(80:20) and 4.4 g/1. of Packard Pre-Mix M. The aliquot counted was
either 50 or 100 pl. The e¢pm were converted to dpm and expressed in this
report as pCi. The ir spectra were obtained using a Beckman 1R7 equipped
with & beam condenser and micro cell, the nmr spectra using a Varian
HA-60 IL instrument, and the mass spectra using a modified CEC-103.

(10) R. J. Fessenden and M. D. Coon, J. Med. Chem.. 8, 262 (1966).

(11) R. J. Fessenden, K. Seeler, and M. Dagani, J. Org. Chem., 81, 2483
(1966).

(12) W. H. Daudt and J. F, Hyde, J. 4m. Chem. Soc., T4, 386 (1852).
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The pooled urine front nine rats was acidified to pH 28 wud
extracted with two 100-ml portions of ether. The Et.O solution
was dried (NasSQ.), then concentrated with a rotoevapovator.
Over 909 of the activity was extracted {rom the urine. The
16620 eoncentrate was taken directly inte the mnss spectromerer
(xee bhelow).

Isolation and Identification of Urinary Metabolites, A.
Phenyltrimethylsilane (I). Hexamethyldisiloxane.--To 1he
crude urine from three rats was added 100 ml of ether containing
1.0 g of nonlabeled hexamethyldisiloxane. After acidification,
the wine was extracted once. The ethereal solution was cou-
centrated to 25 ml, and a portion was subjected to glpe separa-
tion. The peak corresponding to the hexamethyldisiloxane wax
collected and counted. Of the total nrinary activity, 3¢ conld
be accounted for as hexamethyldisiloxane.

Extracted Metabolites.——An aliquot (0.256 xCi) from the
bEitOAc concentrate was spotted on a tle plate (zilica gel) and
developed with ether-petroleunt ether (30--60°) (1:11.  Active
=pots were found at Ry 0.68 (0.044 pCi, 1790), 0.56 ((LO70 w(,
319.), and the origin (0.090 uCi, 357 ). The first two componndsx
were separated on preparative tle plates and were remaved from
the silica gel with Ety0. The compounds at the origin on thesc
plates were removed from the silica gel with MeOH aud were
rechromatographed with EtOAc¢--PrOH 71:1)  Oue active spol
(I2; 0.09) was observed and this compound also was izolated by
preparative tle. Numerous other spots were observed in these
tle runs. Since they did not show activity, they were ignared.

This ixolation procedure did nat yield analytically pnre ma-
terial. However, the metabolites were snfficiently pure 1har
their structires could be identified by spectral methods; for the
radioactive metabolite ¢ 0.68 (IV): ir (CCly, 3.0 (vs), 3.4
(W), 3.8 (w), 6.2 (z), 6.6 (), 7.0 (5] 7.3 1w), 7.9 {vs), 85 iw],
0.0 (vs) w; nmr (CCly), 6 7.0 (multiplet), 6.6 (tiiplet) (combined
area 7), 3.5 (singlet) (area 1), 0 (singlet) larea 14.5); 1muass
spectrum (Zi5), wee 105 (2), 107 (4), 135 74y, 151 732), 132 (8},
155 (3), 168 (6), 167 (1), 180 (3); for syuthetic p-1rimethylsilyvl-
phenol: v (CClyy, 3.0 (vx), 3.4 (w), 8.3 15, 6.7 =1, 7.1 1=},
T4 (w), 8.0 (vs), 8. (w), 9.0 fvshopr nmre (CCL, 6 7015, 7.04
tdoulilet), 6.34, 6.46, 6.56 (triplet) (enmbined area 1.0}, 0 (area
2.3); mass spectrum (Zy5.), 105 525, 107 13), 135 120, 151 (64,
152 (10), 153 (3), 166 (7), 167 {1), 168 ((1.8).

Authentic samples of o- and w-irimethylsilvlphenol were also
available.!!  Comparison of the ir and nmr spectra of these two
compounds with those of the metabolite s 0.68 showed that ihe
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metabolite was neither of these compomids,  The differences
between the three were particularly evideut in the fine struciure
and symmetry of the aromatic region (8 7-7.5) of the nnir specira:
spectral data for radivactive metaboliie R: 0.56 (11T i» (CCley,
2.9 Ty, 3.0 fwl 008D (=1 T (R), 7295 08, 805 151, 0.0 €8
umr 1CCLy, 6 6.96 fhroand multiplett faren 451 3,15 =inglets
taren 21, 0 dsinglel  vurea 6); mass spectnm (X, /e 13103,
F35 1520, 136 /X0, 137 1350 spectral data for ssonherie thydroxy-
meithyhdimerhyiphenylsilane: i (neat), 3.0 &1, 5.1 (w), 7.0
(<5, 8 vs1, 0.0 6y, 100 (<1 £ CCleY, 8 7.0 hiroad multiplen
varew o), 315 1singlen) tarea 23, 0 isinglet) (arew By, s spec-
LTI 2050, i fe 11 (T4 185 (680, 136 (L1, 187 (4); speerral daia
toy radionctive marerial 2, .09 ir, no daty, solubile only 1a HhLO;
nmr (D:0), 6 6,98 (sduglet) {area 5.63, 3.2 (singler) Carea 25, D
{xinglet! tares D81 mass speetrum (livect peobet $X5.5 w
0L (R.5), TO7 1455, 185 153, 136 (8.5, 137 (5.0 147 (151, IS
(2), 149 (2, 151 §7.5), 152 (2.3), 153 (1.2

B. Phenyldimethylsilane (II).--A poriion of cilier coneentrate
wis baken divecily 1o the muss spectrometer.  The remaindee nff
the material was porified nsiag preparative tle and the “pryified™
material wie anaddyzed psing speeciral methods.  Sbice the com-
positinn of the metabolite changed npon “purification™ both seix
of speciral duta are given and disenssed in 1the text: mass <pectrim
of radioactive metabolite prior to tle portfication (VI1i: ws
(2000 105 (4e 10T (7.0, 122 G, 125 630, 137 (36.5), 138 (.85,
1839 (350, FA2 11si, 153 130 tad (2.5, 193 11050, TO4 ¢3), 115
VAN 2TL TS0 272 o 2T 01y nass spectennn of svitheie
dimethylphenylsilanol: e e 1253 157 0031, 138 (10), 139 (44,

Isolation of the Metabolite. - -Au alignot 10.255 pCi) of the ether
concentrate was =ubjected yo tle (sdica gel, ether). Two aetive
colpoaelils were observed: one at Iy 0.80 (0.23 4Ci, 004 0]
the wetivitnyd and another yiear the origh. Prepacative tle was
pred 1o isolaie the componnds.  Attempts o identify the com-
ponndys) giving rise to the spal near the origin were unsuecessfnl;
spectta daia for radioacrive B2y 0.80 meiabolite: v (CCly, 3045
(W), 7. isd, Skt 9.0 is1, 90 (verws omr (CClyy, 8 7.0 unnhii-
pleti, 1) isinglel 1 mass specirim YEG wife SO B, 0D 17,
H07 140, 121 (30, 122 04), 123 t45, E25 200, 135 (79, 163 113, 155
Phy, LTO 630, B0y 24, 194 ey, 125 b, 271 (1) 272 (b, 273
(1 spectral dara bor syuthetic diphenylietramethyldisiloxane: ir
(neat), 3.4 1w, 7.0 153, X0 (vs), RO {vsl, 9.0 (v g nmr yCClLy,
& 7.0 aunltiplety, O isinglet); 1mss spectrinn 1260, e fe N9
(155 128 (708 13507, 103 (30, 104 071, 195 14), 271 2 1), 272
(4), 271 (1,

2,3-Diphenylbenzo- and 5,6-Polymethylenebenzofurans,

1,2-Diphenylnaphthofurans, and Some Related Compounds'

H. . 8. Caawrna, PO I GroveRr, Nimva ANann,
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Aumng 2-phenyl-3-( p-g-t-aminoalkoxy- and thivalkoxyphenyD-3,6-2ub=rituted henzoturans, naphthol2,1-4-
firans, and some related componnds =ynthesized and tested, 1-1 p-g-pyrrolidinoethoxyphenyl-2-phenyinaphiho-
[2,E-b1fnran (26) and 2-phenyl-3-(p-g-pyrrolidinaethoxy phenyl -3, 6-tetramerhylenebenzofuran (50) were fonnd

Lo possess marked amiimplantation activity in rats.
for it antifertility activity.
tory activiry.

The synthesis of some substituted 2,3-diphenyl-
benzofurans and the antifertility activity of 2-phenyl-
3~(p-8- pyrrolidinoethoxyphenyl) - € - methoxyvbenzofur-
an'l were reported earlier. This led to a further
exploration of this group of compounds for antifer-

() {a) Commanication No. 1381 from the Central Drug Research Insti-
lute, Lucknow. (b} P. K. Grover, H. P. 8. Chawla, N. Anand. V. P.

Kamhoj.and A. I3, Kar, J. Med. Chem., 8, 720 (1963); (¢) A. D, Kar, V. .
Koo, and 3. 8 8er1y, Indiun J, Exp. Bidl., 8, 80 (1067 ).

Extended biological sindies huve been earried ont with 26
2,3-Bistp-inethoxyphenvli-3,6-dimethylbenzofmran showed significant antiinflaimma-

tility activity and a study of their structure-activity
relationship. The results are reported in this commun-
ication.

2-Phenyl-3- (p-hydroxyphenyl)benzotirans (I)? were
prepared by a modification vf the method of Brown,

»2y Romar nmimenide cefer co 1he 1vpe of coonponnds, while Arabve puloerals
refer ta the speciiie onuponnds as They appear in Tabile 1.


MciliriiK.il

