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The anesthetic, pentobarbital, is excreted chiefly 
as 5-ethyl-5-(3-hydroxy- 1-methylbutyl) barbituric acid2a 

(III). Studies using pentobarbital-2-C14 show that 
over 70% of the drug is hydroxylated.* It has been 
stated that these metabolic products have no pharma
cological activity.3 With the synthesis (Scheme I) 
of adequate quantities of material, the pharmacological 
properties of III have been reinvestigated. 
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Pharmacological Data.—Female, Swiss-Webster mice 
were treated with the test compounds suspended in 
1% Methocel and administered orally by stomach 
tube. Two hours after drug administration, the 
animals were tested by the maximal electroshock 
method of Toman, Swinyard, and Goodman.4 Di-
phenylhydantoin at a dose of 10 mg/kg was found to 
be more effective than III at a dose of .500 mg/kg in 
protecting against the tonic extensor component of 
convulsions. 

By intraperitoneal administration of III as a 1% 
Methocel suspension, the ED58 in the maximal electro-
shock test was found to be 310 (252-381) mg/kg. Xo 
indication of anesthesia or ataxia was noted even in 
doses of 1 g/kg. 

It is concluded from these experiments that III 
has a very weak anticonvulsant activity and no an
esthetic properties. It is doubtful if any of the action 

(1) Inquiries should be sent to the E. C. Britton Research Laboratory. 
(2) (a) E. W. Maynert and H. B. van Dyke, J. Pharmacol. Exptl. Therap., 

98, 184 (1950); E. W. Maynert and J. M. Dawson, J. Biol. Chem., 195, 
389 (19S2); (b) E. Titus and H. Weiss, ibid., 214, 807 (1955). 

(3) R. T. Williams, "Detoxification Mechanisms," John Wiley and Sons, 
Inc., New York, N. Y., 1959, p 600. 

(4) J. E. P. Toman, E. A. Swinyard, and L. S. Goodman, J. N'europhysiol., 
9, 231 (1946). 

of pentobarbital can be ascribed to accumulations 
of the metabolite. 

Experimental Section 

Diethyl Ethyl(l-methyl-3-oxobutyl)malonate (I).—Diethyl 
ethylmalonate (188 g, 1.0 mole) was added to a stirred solution of 
sodium (1.3 g, 0.056 g-atom) in 150 ml of dry ethanol at 25°. 
3-Penten-2-one (67.2 g, 0.8 mole), prepared by the method of 
Alexander and Coraor,5 was added at 10° over a 1-hr period. 
The mixture was stirred at 10° for 2.5 hr, then neutralized with 
acetic acid. It was added to 300 ml of water, and the oil layer 
was separated. The aqueous layer was extracted with two 
50-ml portions of ether. The ether extract and the oil layer 
were combined, and the solvent was removed by distillation. 
The residue was distilled to yield I (193 g, 88.7%), bp 102-
103° (0.5 mm), ns5D 1.4440. The product assayed 98% by glc. 
Infrared and nmr spectra were consistent with the assigned struc
ture. 

Anal. Calcd for C H H O A : C, 61.8; H, 8.85. Found: C, 
61.7; H, 8.91. 

Ethyl EthyI(3-hydroxy-l-methylbutyl)malonate 5-Lactone (II). 
—A solution of I (29.5 g, 0.11 mole) in 100 ml of absolute ethanol 
was reduced with Raney Xi at 3 atm of H2. The solution was 
filtered and the solvent removed by distillation. Distillation 
of the residue gave II (20 g, 79%), bp 102° (0.1 mm), n'-hi 
1.4560. Infrared and nmr spectra were consistent with the as
signed structure. Purity was 98% bv glc. 

Anal. Calcd for C12H2o04: C," 63.2; H, 8.77. Found: 
C, 62.9; H, 8.81. 

5-Ethyl-5-(3-hydroxy-l-methylbutyl)barbituric Acid (III).— 
Urea (15 g, 0.25 mole) was added to a stirred solution of sodium 
(5.75 g, 0.25 g-atom) in 150 ml of dry ethanol. This was stirred 
to solution at 40°, and then II (19 g, 0.09 mole) was added over a 
30-min period. The solution was then refluxed for 40 hr. The 
solvent was removed at 20 mm until the pot temperature reached 
50°. The residue was dissolved in 200 ml of water at 5-10° 
and extracted with two 50-ml portions of ether. The aqueous 
solution was neutralized to a pH of 6.0 with 5 Y HC1 and the 
dissolved ether was removed under reduced pressure. The solu
tion was cooled and filtered to give I I I (10.9 g, 51.2%), mp 
170-175°. The crude product was recrystallized from water 
to give 6.7 g of III , mp 187-188° (uncor). Infrared and nmr 
spectra were consistent with the assigned structure. 

Anal. Calcd for CUH1<5X203: C, 54.5; H, 7.45; X, 11.58. 
Found: C, 54.7; H, 7.43; X, 11.26. 

Samples of I I I were compared with material extracted from 
the urine of a cat anesthetized with pentobarbital. The urine 
was acidified to pH 6.4 and extracted with ethyl acetate. Samples 
were chromatographed on Whatman Xo. 1 paper with 1-butanol 
saturated with 1% ammonia as the descending solvent. The 
chromatograms were sprayed with a 0.1% saturated solution 
of cobalt acetate in pyridine. The barbiturate derivatives gave 
a dull purple color with this reagent. The Rt of the synthetic 
material in this system was 0.80 which compares favorably 
with the material (Rt 0.78) extracted from the urine. 
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The substituent at the 3-position of the steroidal 
estrogens plays an important role in the pharmacologi
cal activities of these compounds. A vast improve
ment in the ratio of the hypocholesterolemic and geno-
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tropic1 activities to the estrogenic activity has been 
achieved by the elimination of the 3-hydroxyl group 
of the natural estrogens2 or by the preparation of various 
aminoalkyl ethers of this group,3 respectively. These 
changes have greatly lowered the estrogenicity of these 
compounds, which still retain a relatively large propor
tion of their antiovulatory and/or hypocholesterolemic 
activities. The introduction of fluorine atoms onto 
the nucleus of a variety of steroid hormones had led, 
in several instances, to additional or greatly enhanced 
activities for these compounds.4 The substitution 
of a fluorine atom for the oxygen function tit the im
position of the estratriene nucleus should lead to an 
interesting comparison of the effects of these two small, 
highly electronegative atoms. 

3-ITuoroestra-l,3,o(10)-trien-17-one (III) was pre
pared by a Schiemann reaction of 3-aminoesti'a-l,3,n-
(10)-trien-17-one (II).1 Other ^-substituted estra-
trienes have previously been prepared by Hecker6 

by replacement of the corresponding diazonium ion 
prepared from 17/3-acet o.vy-3-aminoestra-l ,3,5(10)-
triene. The starting aniline II was readily prepared 
from estrone in r>8%c over-all yield by the general 
method developed by Scherrer for the conversion 
of phenols into anilines.7 This synthesis seems to be 
superior, from the standpoint of both yield and con
venience, to that previously employed for the prepa
ration of this compound."' Estrone was condensed 
with 4-chloro-2-phenylquinazolines to give 3-(2-phenyl-
4-quinazolinyloxy)estra-l,3,5(10)-trien-17-one (IV), 
which was pyrolyzed at 330° to yield 3-(4-oxo-2-
phenyl-3(4H)-(minazolinyl)esti'ii-l,3,")(10)-ti'i(Mi-17-one 
(V). This material was hydrolyzed to give 3-amino-
ostra-l,3,5(l())-trien-17-one (II), which was converted 

0 0 

<1) M . I.. Black, ,/. I'harm. Pharmacol, 13, 127 (1961). 
i,2) A. H. G o l d k a m p , W. H. Hoehn , H. A. Mikulec , E . F. N u t t i n g , ami D. 

L. Cook, ./. Med. Chem., 8, 409 (1965). 
\:$) D. I ) . E v a n s , 1). E . Evans , G. S. Lewis, P. ,1. Pa lmer , and I). .!. Weyell, 

./. I'hann. 1'harmacol, 16, 717 (1964). 
t4) N . Applezweitr, , ,Steroiil D r u g s , " McGraw-Hi l l Book Co., Inc . , New 
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(6) E . Hecker , Chem. Ber., 95, 977 (1962). 
(7) K. A. Scherrer , Abs t r ac t s of Papers , 145th N a t i o n a l Mee t ing of the 
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(8) M. M. E n d i c o t t , E . Wick, M . L. M e r c u r y , and M . L. Sherrill , ./. .4 m. 

Chun. Soc. 68, 1299 (1946). 

to III by a standard Schiemann reaction.3 A similar 
process was previously used to convert l-hydroxy-4-
methylestra-l,3,o(10)-trien-17-one to the correspond
ing 1-fluoro derivative.1" Sodium borohydride reduc
tion of III yielded the estradiol derivative VI, and treat
ment of III with methylmagnesium bromide afforded 
the corresponding 17a-methyl analog VII. 

These three 3-fluoroestra-1.3,."H10)-trienes (III, VI. 
and VII) as well as the aromatic amine II were inactive 
as genotropic agents1 when assayed orally in mice at 
•"> mg/kg,'day." No oral hypocholesterolemic activity 
was found for these four compounds in rats at 2..1 
nig /kg 'day.1- The estradiol analog VI had no de
tectable antiestrogenic activity and was a very weak 
estrogen when compared with estradiol in rats (CM. 
1 "100).,:t 

Experimental Section14 

3-Aminoestra-l,3,5(10)-trien-17-one (II).—A solution of 20.4 g 
(0.098 mole) of estrone in 1 1. of dried diglyme was treated with 
4.Si) g (0.104 mole) of a 51 ' , ' dispersion of NaH in mineral oil. 
The mixture was stirred under an atmosphere of nitrogen until 
the evolution of hydrogen ceased. To this solution was then 
added 25.3 g (0.105 mole) of 4-chloro-2-phenylquiiiiizoline,s and 
the resulting mixture was stirred and reffuxed under nitrogen for 
1.5 hr. The cooled mixture was poured into ice-water, and the 
product was collected by filtration, washed well with water, and 
dried under reduced pressure. The crude 3-(2-phenyl-4-quin-
azolinyloxy)estra-l,3,5(10)-trien-17-one (IV), which weighed 
50.45 g and exhibited \„1HX 256 nip (e 31,000) and 280 m,u it 
16,200), was used directly for the next step. 

A suspension of 25.2 g of crude IV in 250 ml of heavy mineral 
oil was covered with an atmosphere of nitrogen, stirred, and 
heated at 330-335° for 5 hr. The solution was then cooled to 
room temperature, diluted with 500 ml of petroleum ether (bp 
35-60°), and filtered. The crude 3-(4-oxo-2-phenyl-3(4H)-quin-
azolinyl)estra-l,3,5(10)-trien-17-one (V), which weighed 25.0 g 
and exhibited \„,„x 270 lrtju (e 14,100), was used directly for the 
next step. 

A solution of 25.0 g of crude V in 1500 ml of absolute ethanol 
was treated with 350 ml of 40c

 ( aqueous NaOH solution and reffuxed 
for 7 hr. This solution was then cooled in ice, treated with 650 
ml of 12 .V HC1, and allowed to stand overnight at room tem
perature. The mixture then was stirred and reffuxed for 1.5 hr. 
cooled, and filtered. The XaCl precipitate was washed well 
with ethanol and discarded. The filtrate and washings were 
concentrated under reduced pressure, poured into water, and 
filtered. The filtrate was made alkaline with NaOH solution, 
saturated with K2CO3, and filtered. The precipitate was washed 
well with water, dried under reduced pressure, and sublimed at 
105° (0.1 mm). The sublimate was reerystallized from benzene 
cyclohexane to yield 7.65 g of II, nip 193-105° (lit.3 mp 192 
192.6°). The yield of product based upon starting e-nrone wa-
5 8 ' , . 

3-Fluoroestra-l,3,5(10)-trien-17-one (III). -A solution of 1 .no 
g (3.72 mmoles) of 3-aminoesira-l,3,5(l0)-1rien-l7-ime i l l ) in 
20 ml of ethanol and 10 ml of 4 8 ' , fiuoroloric acid was cooled to 
0°, treated with a solution of 0.26 g (3.77 mmoles) of X'aXO; in 1 
ml of water, and stirred at. 0-5° under an atmosphere of nitrogen 
for 1.5 hr. The solution was then diluted with 1 1. of ether and 
filtered. The precipitated diazonium fluoroborate salt was dried 

.9) A. Hoe. Org. lieaiiwns, 5, 193 1 19-19;. 
ill)) I ) . F . Morrow anil M . E. Butler , ./. Org. Chem., 29, IStW ,196-1). 
(11) R. Q. T h o m p s o n , M. S r u r t e v a n t , and 0 . I>. Bird. Sri,,.re, 118, I'.'u 

i l95: i ) . 
;12) C. Hodney, M. I.. Black, a n d O. I). Bird, Bwchem. I'hnrmm-nl., 14, 

145 (196.)). 
(lit) The met hods used arc essentially those of O. 1 >. Duncan . S. (', Les te r . 

.1. .1. Clark, and I), Lednicer [Pror. Sor. ICxpll. Bwl. Med.. 112, 4o9 i l96:! i l 
with a slight modification in the an t ies t rogen assay in which tile test com
pound and estradiol were admin is te red for 7 days beginning 8 days after 
ovar iec tomy. 

1 14) Mel t ing po in t s were de te rmined on a Fisher-.Johns block and are cor
rected. The ul t raviole t spec t r a were run in m e t h a n o l . Opt ical ro ta t ions 
were de te rmined on a 1 % solution in C f l C F . All c o m p o u n d s had infrared 
spec t ra which agreed with thei r assigned s t ruc tu re s . 
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under reduced pressure at 70°, at which temperature it decom
posed to give the crude 3-fluoro compound. This crude material 
was dissolved in benzene, filtered, and chromatographed on 
alumina (Woelm, neutral, activity grade I ) . The product was 
eluted with 10% ether in benzene and recrystallized from meth
anol to give 0.24 g (24%) of I I I , mp 178-180°, [a]24D +143° . 

Anal. Calcd for Ci8H21FO: C, 79.38; H, 7.77; F, 6.98. 
Found: C, 79.39; H, 8.00; F, 6.83. 

3-Fluoroestra-l,3,5(10)-trien-17/3-ol (VI).—A solution of 1.00 g 
(3.69 mmoles) of 3-nuoroe.stra-l,3,5(10)-trien-17-one (III) in 
100 ml of ethanol was treated with 4 ml of 10% NaOH solution 
and 0.53 g (14.0 mmoles) of NaBH4. After 1 hr at room tem
perature the solution was poured into water, and the product was 
extracted with ether. The extract was washed with water, dried, 
and concentrated to dryness. The residue was recrystallized 
from hexane to yield 0.65 g (65%) of VI, mp 112-114°, [« ] 2 4 D 
+ 84°. 

Anal. Calcd for C l sH23FO: C, 78.80; H, 8.45; F, 6.92. 
Found: C, 79.00; H, 8.71; F, 6.67. 

3-Fluoro-17a-methylestra-l,3,5(10)-trien-17/3-ol (VII).—A so
lution of 0.84 g (3.09 mmoles) of 3-fluoroestra-l,3,5(10)-trien-17-
one (III) in 80 ml of ether was treated with 3.5 ml of 3 M methyl-
magnesium bromide solution. The resulting mixture was stirred 
and refluxed for 1 hr, cooled, and treated with NH4CI solution. 
The ether layer was separated, washed with water, dried, and 
concentrated to dryness. The residue was recrystallized from 
ether-petroleum ether to give 0.40 g (45%) of VII, mp 108-110°, 
[a]»D + 5 8 ° . 

Anal. Calcd for Ci9H25FO: C, 79.13; H, 8.74: F, 6.59. 
Found: C, 78.90; H, 8.75; F, 6.24. 
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The unique psychopharmacological effects of ethanol, 
easily formed by biological processes, have been ap
preciated since antiquity. Recent studies have in
dicated that hydroxyl derivatives of histamine,2a the 
catecholamines,*'0 7-aminobutyric acid,3 tryptamine,4 

and serotonin5 can be metabolites of these biogenic 
amines. Furthermore, the resultant biogenic alcohols 
may possess physiological properties. An example is 
7-hydroxybutyric acid, a metabolite of 7-aminobutyric 
acid3 which has effective sleep-producing properties.6 

(1) Research Fellow supported by Training Grant 5126-08 from the Na
tional Institutes of Health, U. S. Public Health Service. 

(2) (a) T. Nakajima and I. Sane, Biochim. Biophys. Acta, 82, 260 (1964); 
(b) J. Axelrod, I. J. Kopin, and J. P. Mann, ibid., 36, 576 (1959); (c) M. 
Goldstein, A. J. Freidhoff, S. Pomerantz, and C. Simmons, ibid., 39, 189 
(1960). 

(3) S. P. Bessman and W. X. Fishbein, Nature, 200, 1207 (1963). 
(4) A. A. Smith and S. B. Wortis, Biochim. Biophys. Acta, 40, 569 (1960). 
(5) S. Kveder, S. Iskric, and D. Keglevic, Biochem. J., 85, 447 (1962). 

Tryptophol was identified as a metabolite of trypt
amine in rats pretreated by the aldehyde dehydrogenase 
blocking agent, disulfiram.4 Kveder, et al.,5 presented 
good evidence that 5-hydroxytryptophol may be the 
second most important metabolite of serotonin in the 
rat, rather than N-acetylserotonin as first thought.7 

Bartholini, Pletscher, and Bruderer8 found a neutral 
metabolite of serotonin released from isolated blood 
platelets by reserpine and have presented chromato
graphic evidence that it is 5-hydroxytryptophol. 
Evidence has also been presented for the presence of 
5-methoxytryptophol and 5-hydroxytryptophol in 
pineal tissue9 rather than /3-carbolines, once thought 
to be constituents.10 

It was necessary for us to prepare a collection of 
substituted tryptophols, the acetate esters, and re
lated acids for our studies of metabolism, isolation, 
and pharmacology of these substances. Acetylation 
alters markedly the hormonal properties of 5-methoxy-
tryptamine. The latter is without effect on frog
skin lightening while the acetylated analog (melatonin) 
is a potent frog-skin-lightening hormone11,12 and dis
plays marked inhibitory effects on the incidence of 
estrus in rats.13 Therefore, it was of importance to 
see if chain acetylation of 5-methoxytryptophol might 
also produce a compound with special biological proper
ties not seen in the precursor. 

5-Methoxytryptophol was prepared by the lithium 
aluminum hydride reduction of either 5-methoxy-
indole-3-glyoxyloyl chloride or 5-methoxyindole-3-ace-
tic acid. The reduction of the former produced a con
siderable amount of by-product which could not be 
removed by distillation or fractional crystallization. 
However, the 5-methoxytryptophol could be purified 
by conversion to a solid picrate derivative. Reduction 
of the acid gave a better product which was easily 
purified without recourse to the picrate. It was a 
yellow oil which was acetylated with acetic anhydride 
to give an oil that did not solidify, but that could be 
converted into a useful picrate. The metabolic fate 
and effects on sexual development of 3-(2-acetoxy-
ethyl)-5-methoxyindole in the female rat were investi
gated; the latter study is reported in this paper, and 
the former will be reported elsewhere. 

Other substituted tryptophols prepared were com
pounds which could be potential metabolites of 5-
methoxytryptophol O-acetate and serve as chromato
graphic standards. For the selection of authentic 
compounds to be synthesized for chromatography, 
three possible metabolic transformations were antici
pated. These are described together with synthetic 
routes (Chart I) being: (1) 6-hydroxylation only to 
give VII; (2) 6-hydroxylation and hydrolysis to give 
V; (3) 6-hydroxylation, ester hydrolysis, and oxida
tion to give III. Usually, indole-3-acetonitriles can 

(6) H. Laborit, J. M. Jounay, J. Gerard, and F. Fabiani, Presse Med., 68, 
1867 (1960); M. Blumenfeld, R. Suntay, and M. Harmel, Anesthesia Anal
gesia, Current Res., 44, 721 (1962). 

(7) W. M. Mclsaac and I. H. Page, J. Biol. Chem., 234, 858 (1959). 
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(9) W. M. Mclsaac, G. Farrell, R. G. Taborsky, and A. N. Tavlor, Science, 

148, 102 (1965). 
(10) G. Farrell and W. M. Mclsaac, Arch. Biochem. Biophys., 94, 543 

(1961). 
(11) A. B. Lerner and J. D. Case, J. Incest. Dermatol, 32, 211 (1959). 
(12) A. B. Lerner, J. D. Case, and R. V. Heinzelman, J. Am. Chem. Soc, 

81, 6084 (1959). 
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