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ful for the small-scale synthesis of phenoxybenzamine-

21 The key to the success of this synthetic niethod
lies in the geparation of N-(phenoxyisopropyl)etharnol-
amine (I) from the product, N-benzyl-N-(phenoxy-
tsopropyDethanolamine  (IT).  Nikawitz and  co-
workers? achicved separation of T und II by fractional
distillation ¢n vacuo.  This mode of separation proved
urtsuccessful in our hands because of the small quanti-
ties that were involved. Tt was found that T and II
could be separated by utilization of Hinsberg’s method?
sinee the reaction product of benzenesulfonyl chloride
with T can be geparated from IT by solvent extraction.

Experimental Sections

Hs3-Labeled N-Benzyl-N-(phenoxyisopropyl)ethanolamine (1II).
—A mixture of 1.114 g (5.71 mimoles) of I, 360 mg (2.86 mmoles)
of benzyl-I* chloride,” 333 mg (3.14 mmoles) of powdered anhy-
drous NusCO;, and 8.6 1nl of absolute ethanol was heated under
reflux for 21 hr. The ethanol was then distilled at reduced
pressure and 1.73 ml (5.71 mmoles) of benzenesulfonvl chloride
and 8.0 mt of 2.5 .V aqueous NaOIl were added. The mixture
was nechanically shaken for 30 min and then extracted three
times with 6-ml portions of anhyvdrous ether. The basic aqueouns
layer wus disecarded and the combined ethereal extracts were
shiken with three 6-mil portions of 1 N TICL.  The pooled acid
lnyvers were extracted with 2 ml of ether, which were discarded.
The pooled ncid solutions were made basic with 1.72 ml of 10 Y

(4) L. J. Nikawitz, W. 8. Gawp, J. I'. Kerwin, aud C. 1%, Ullvot, J. Am.
Chem. Soc., T4, 2438 (1052).

(5) R. L. 8hriner, R. C. I'usop, aud D. Y. Curtiu, “The Svstematic ldenti-
fication of Organic Cowpounds,’” 4th ed, John Wileyv and Sous, Inc., New
York, N. Y., 1936, p 103.

(6) Melting points were taken wilh a Thowmas-Hoover melting point a).-
paratus and are uncorrected. Infrared spectra were obtained between Na(l
plates (for II) or as KDBr pellets (for I1I) using the Perkin-Eliner Model
137D Infracord. Radioactive measurements were doue asing a Packard
1'ri-Carb liqaid scintiliation systein.

(7) Obtained from New Ingland Nuctear Corp., Boston, Mass,, with a
specific activity of 35 meuries/mole.
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NaOH and estracted with three 6-ml portions of ether.  After
pooling of the combined phases and drving (Nua5304), distillation
of the ether solution yielded IT as a vellow oil.

H3-Labeled Phenoxybenzamine Hydrochloride (1II).---The
conversion of IT to ITT was accomplished by converting it 10 the
salt form with 2 ml of CHCl; previously made acid by satination
with anhydrons TICL A mixture of SOCL (0417 wml, 574
mmoles; n 2 1wl of CHClL was then added avd heated under
reflux for 2 hr. Distillaticn of the chloroform mnder reduced
pressure left o vellow oil which was induced 10 crysiallize by
trituration with ether.  Three recrvstallizations from ethanol
and ether gave 376 mg of pure white crvstals of HI. The over-
all vield waus 309 based on benzyl-H?® chloride. "The melting
point was I37-138% idenrieal with ponradionctive nmterinl,
and the melting point of @ mixture of the two was not depressed.
Comparison of the infraved spectra of TIT and the nouradiomer
showed them 1o be essentinlly identical.  Chromatography on
silica gel Coixtnhly with o =olvent system composed of heptane-
chloroform-methanol {140:45:253 showed TIT to be bomogencons
snd have an identieal /2¢ with nonlabeled material Governge
2cof TL 047 averwge £¢ of TIL 0.005  ITT was found o bave
cspecific aetivity of 36,3 memdes/ mnole and reverse isotope
dilution analyszis showed it to be radiochemically pure.

Pharmacology.-—-Tritium-labeled  pheunoxybenzaumine  hydro-
chloride (ITI) was found to posses< the espected adrenergic
blocking activity. Ineubation of ITI (concentration .1 ug/mtyfor
5 min produced an almest complete blockade of the response to
norepinephrine in preparations of the seminal vesicle of the rat
according to Teitch.®  Preliminary results of the use of ITI for
labeling receptors based on the concept of receptor proteciion?
have been presented.
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Silicon-Substituted Medicinal Agents.
Phenyl-Substituted Silacarbamates!
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In the course of our work on silancarbamates related to mepro-
bamate,® it wag convenient to prepare some phenyl-substituted
silaenrbamates. The synthetic reaction and the biological
screening procedures were similar to those deseribed in our pre-
vious publication® and will not be repeated in detail in this report.
Tu general, these new carbamates showed muscle relaxant activ-
ity of short duration.

n=0,12
(1) Tivs research was supported by Public Heaith Service Research
Cirant GM 10122 from the National Institute of General Medical Sciences.
(2) Alfred P. Sloan [Fellow, 19651967
(3> R.J. Fessenden and M. D, Coon, J. Med. Chem.. 8, 604 (1965).

Experimental Section*

(Hydroxymethy!)dimethylphenylsilane Carbamate.—'Tlie rc-
action of 21.1 g (0.093 mole) of (bromomethyl)dimethyviphenyl-
silane with 19.7 g (0.20 mole)} of KOA¢ and 65 ml of acetic acid,
after a 24-hr reflux, work up, and distillation, gave (hydroxy-
methyl)dimethylphenylsilane acetate, bp 91-103° (3.0 mim),
n*p 1.5087, in 699, vield. The product was not purified further,
but was carried directly into the next step. (Hydroxymethyl)-
dimethylphenylsilane, bp 123-124° (5.0 mum), n??p 1.5241 [lit.®
bp 130-135° (30 mm), n2p 1.5220], was obtained in 75%; yield
by the LiAlH, reduction of the acetate. Treatment of 23.9
¢ (0.143 mole) of the hydrosymethyl compound with 25.0 g
(0.16 mole) of phenyl chloroformate and 60 ml of pyridine, fol-
lowed by reaction of the carbonate intermediate (1ot isolated)
with liquid NHj,2 vielded 17.2 g (539¢) of the carbamate, bp
147-150° (2.2 mm), n?*np 1.5265.

Anal.  Caled for CioH):NO.SI: €, 57.87; M, 7.24; N, 6.69;
81, 13.41. Found: C, 57.25; II, 7.19; N, 6.84: Si, 13.27.

The infrared spectrum (thin film) wus consistent with the struc-
ture assignment and showed bands at 2.9 (doublet, NH,), 5.85
(CO), 7.0 and 9.0 (SiCsll;), 8.0 (SiCH;), and 9.4 (COC) .

The LDs: was assayed to be 400 mg/kg, and the ED g in the
rotating rod test wus determined to be 111 (103-120) mg/kg.

(4) All melting points (I'isher-Johus melting point apparatus) are cor-
rected. Tbhe carbon, hydrogeu, and nitrogen analyses were performed by the
Berkeley Microanalytical Laboratory. Silicon analyses were performed in
this laboratory using the wet ash method.

(5) H. Gilman and W. J. Trepka. J. Org. Chesm., 28, 2201 (1960).
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At the EDyg in the rotating rod test, the duration of activity was
determined to be about 15 min.

(Hydroxymethyl )benzyldimethylsilane Carbamate.—(Chloro-
methyl)benzyldimethylsilane, bp 89-90° (4 mm), n?*p 1.5175,
was prepared in 749 yield from 100 g (0.70 mole) of (chloro-
methyl)dimethylchlorosilane and 1.1 moles of benzylmagnesium
chloride.

Anal.  Caled for CoH¢CISi: Si, 14.05. Found: Si, 14.18.

From 65 g (0.32 mole) of the (chloromethyl)silane, there was
obtained 63.5 g (909) of the acetate, bp 108° (2.0 mm), n*p
1.4972.

Anal. Caled for C,Hi 0581 8i, 12.62. Found: S8i, 12.71.

The preparation of the hydroxymethylsilane was accomplished
by hydrolysis.é To 39.3 g (0.18 mole) of the acetate was added
300 ml of aqueous methanol and 4 drops of concentrated H,SO..
The mixture was heated at reflux for 24 hr. Fractional distil-
lation gave 28.8 g (90%) of the crude material. After repeated
distillation, an analytical sample was obtained.

Anal.  Caled for CioHgOSi: Si, 15.55. Found: 8i, 15.37.

Using 18.9 g (0.105 mole) of the hydroxymethyl compound,
the carbamate, bp 170° (5.5 mm), n%p 1.5240, was obtained iu
439, vield. The product solidified, and crystallization fiom
acetone yielded 5.3 g, mp 65-66°.

Anal. Caled for CrHuNO:SI: C, 59.14; H, 7.69; Si, 12.57.
Found: C, 59.30; H, 7.5; 8i, 12.63.

The LDs of this carbamate was found to be greater than 1000
mg/kg; the EDs for the rotating rod was 318 (294-344) mg/kg.
The duration of activity was observed to be 10 min at the EDs
level.

Hydroxymethylphenethyldimethylsilane Carbamate.—(Chlo-
romethyl)phenethyldimethylsilane, bp 113-113° (5 mm), n%*p
1.5100, was obtained in 509 vield from phenethyvlmagnesium
bromide and (chloromethyl)dimethylchlorosilane. No attempt
was made to obtain an analytical sample. From 70.1 g (0.046
mole) of the (chloromethyl)silane, there was obtained 70.4 g
(909,) of the acetate, bp 128-130° (4.2 mm), n2*p 1.4939.

Anal. Caled for C3HieSi: Si, 11.87. Found: Si, 11.88.

Hydrolysis® of 43.4 g (0.19 mole) of the acetate yielded 18.4 g
(509) of the crude (hydroxymethyl)silane. Repeated redistil-
lations gave a pure sample, bp 130-131° (6 mm), %D 1.5141.

Anal. Caled for C,,HsO81: 8i, 14.41. Found: Si, 14.27,

From 10.7 g (0.058 mole) of the (hydroxymethyl)silane was
obtained 7.7 g (58%) of the carbamate, bp 174-176° (4 mm),

n%p 1.5170. When chilled, the carbamate solidified; mp 36—
37°.

Anal. Caled for CHNOSSI: C, 60.70; H, 8.09; N, 5.90;
Si, 11.82. Found: C,60.70; H, 7.94; N, 5.85; i, 11.98.

The infrared spectrum, consistent with the expected structure,
showed a doublet in the 2.9-u region and the expected bands at
5.7,6.23, 8.0, and 9.4 u.

The LDs was observed to be greater than 1000 mg/kg; the
EDs, for the rotating rod was 308 (290-326) mg/kg. The dura-
tion of activity at the EDse level was 20 min.

Acknowledgment.—The authors are indebted to Mr. J. Dias for
aid in the synthetic work.

(8) It should be noted that this procedure, which is in deviance with our
usual procedure of reduction, gave inferior results when the purity of the
product and the difficulty in obtaining an analytical sample are considered.
Although never applied to the preparation of this particular compound, the
authors consider the LiAlH reduction procedure superior to this method.
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In 1960, Segaloff and Gabbard? demonstrated that 5a-andro-
stane (Ib) was able to stimulate the seminal vesicles and prostate
of the castrated rat. This indicated that oxygenated funtions

(1) Laboratory of Medicinal Chemistry, College of Pharmacy, The TUni-
versity of Michigan, Ann Arbor, Mich. 48104
(2) A.Segaloff and R. B. Gabbard, Endocrinology, 67, 887 (1960).

New COMPOUNDS 263

at the 3- and 17-positions of androstanes was not obligatory
for androgenic activity. For spectroscopic reasons, Sa-estrane
(Ia), the 19-nor analog of Ib, as well as 58- (II) and 5a,10a-
estrane (III) have now been prepared. These isomers were
readily obtained by Wolff-~Kishner reduction of the previously
described 3,17-diketones.? Intramuscular administration of Ia
in castrated male rats showed it to have less than 19, of the
androgenic activity of testosterone propionate.*

R H

H H
Ia, R = H 11 111
b, R = CH3

Experimental Sections

5a-Estrane (Ia). General Method.—A solution of ja-estrane-
3,17-dione? (2.7 g), 1009% hvdrazine hydrate (3 ml), and KOH
pellets (2.0 g) in diethylene glycol (20 ml) was refluxed for 1 hr.
The condenser was removed and the external temperature was
raised. A stream of nitrogen was passed into the vessel for 20
min. The external temperature was raised to 230° and the mix-
ture refluxed for 2 hr. The solution was allowed to cool and was
poured into ice water (100 ml). The mixture was extracted
with three 50-ml portions of ether and the extract was washed
successively with two 25-ml portions of 2 N HCl and water (25
ml). The ether phase was dried (Na,SO, and Darco) and the
solvent was removed by distillation. The residual oil (1.6 g)
was distilled i vacuo to afford pure Ia (see Table I).

TaBLE I
18-H,

Bp, °C [a]2D, 8 % found®
Estrane (mm) deg n%p  (ppm) C H
Sa 133-135(4) 420 1.517 0.692 88.22 12.19
58 102-103 (0.05) +135 1.514 0.700 87.63 12.02
5a,10a 83-85(0.03) —15.5 1.524 0.675 87.95 12.42
@ Anal. Caled for CisHy: C, 87.73; H, 12.27.

(3) R. E. Counsell, Tetrakedron, 15, 202 (1961).

(4) The author is grateful to Dr. F. J. Saunders for providing the biologi-
cal information,

(5) Optical Rotations and analytical data were furnished by Dr. R. T.
Dillon of our Analytical Department. The optical rotations were obtained
in CHCl,, The nmr spectra were obtained in CDCl; with a Varian high-
resolution Model V-4300B using tetramethylsilane as the internal standard.
These spectra were kindly provided by Dr. McNiven, Worcester Foundation
for Experimental Biology.
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Lora-Tamayo,! et al., and Hoggarth® have reported syntheses
of a number of aroyl-l-methyl-S-isothiosemicarbazides. These
compounds, as well as the related aroylthiosemicarbazides, show
antimicrobial activity. The preparation of the bioisosteric
arylsulfonyl-1-methyl-S-isothiosemicarbazides (I) from the cor-
responding arylsulfonylthiosemicarbazides is given here as a
further utilization of the latter compounds, whose preparation
and evaluation were reported® elsewhere. While the experi-

(1) M. Lora-Tamayo, G. Alonso, and R. Madronero, Bull. Soc. Chim.
France, 259 (1964).

(2) E. Hoggarth, J. Chem. Soc., 1918 (1949).

(3) M. Lora-Tamayo, C. Sunkel, and R. Madronero, Bull. Soc. Chim.
France, 248 (1964).



